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Synthetic  Rubber. 

Rubber  enters  so  largely  into  engineering  manufactures  in 
one  form  or  another,  especially  in  matters  electrical,  and  is 
moreover  so  high  in  price,  that  the  announcement  by  Prof. 
W.  H.  Perkin,  of  the  Manchester  University,  before  the 
Society  of  Chemical  Research  in  London,  of  a  process  for  its 
artificial  or  synthetic  production  at  a  cost  greatly  inferior  to 
that  at  which  the  natural  product  is  now  sold  is  of  more  than 
ordinary  interest.  The  problem  is  one  upon  which  chemists 
have  been  working  for  a  long  time,  and  as  a  scientific  achieve- 
ment synthetic  rubber  is  not  a  new  thing.  Thirty  years  ago 
Sir  W.  A.  Tilden  in  England  and  M.  Bourchadet  in  France 
found  that  under  certain  conditions  isoprene,  a  sub- 
stance derived  from  some  of  the  alcohols,  was  converted  into 
real  rubber,  but  as  a  commercial  proposition  it  was  impractic- 
able on  account  of  the  difficulty  of  manufacture  and  expense. 
The  important  feature  of  the  present  discovery,  which  has 
been  effected  by  a  group  of  expert  chemists,  hoaded  by  Dr. 
Matthews,  and  organised  by  Messrs.  Strange  &  Graham, 
Ltd.,  the  well-known  technical  research  chemists  of  London, 
lies  in  the  fact  that  artificial  rubber  can,  it  is  claimed,  be 
manufactured  on  a  commercial  scale  at  a  price  which  will  put 
it  into  competition  with  the  pres&nt  plantation  product.  The 
essence  of  the  discovery  is  that  tlie  raw  material  consists 
simply  of  starch  derived  from  cereals  such  as  maize  or  potatoes 
which  can  be  produced  in  unlimited  quantities,  and  cost  on 
an  average  less  than  one  penny  per  pound.  According  to 
Messrs.  Strange  &  Graham  only  five  operations  are  required 
for  converting  this  starch  into  rubber,  and  these  are 
easily  performed,  and  give  good  results.  The  only  other 
materials  stated  to  be  required  are  common  salt  and  lime  each 
costing  about  30s.  per  ton,  in  addition  to  coal,  say  at  15s.  per 
ton.  It  is  asserted  that  the  total  cost  of  the  raw  materials  for 
】miking  one  pound  of  rubber  does  not  exceed  twopence,  and 
that  with  an  abundant  supply  there  is  a  large  margin  for 
manufacturing  expenses  if  a  shilling  per  pound  be  taken  as 
ilio  cost  price,  and  that  eventually  the   nianufaeturing  cost 
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may  be  reduced  to  even  sixpence  or  fourpence  per  pound. 
These  figures  will,  if  attained,  not  only  make  artificial 
rubber  a  practical  possibility,  but  render  it  a  very 
serious  competitor  to  the  plantation  product.  The 
present  price  of  raw  rubber  ranges  round  5s.  per  pound, 
and  notwithstanding  the  large  extent  to  which  it  is 
cultivated  in  plantations  this  price  shows  little  signs  of 
falling,  owing  to  the  extraordinary  demaiul  for  the  product , 
demands,  it  may  bo  observed,  which  will  increase  in  various 
directions  if  the  price  fell  materially.  It  is  in  fact  those  latent 
and  innumerable  uses  for  rubben'  which  will  prevent  any 
serious  reduction  in  price  for  years  to  com©,  so  that  present  in- 
vestors in  rubber  conoerns  need  not,  we  think,  feel  materially 
alarmed.  So  far  the  public  have  been  given  only  a  state- 
ment of  what  has  been  accoinplisliecl  in  the  laboratory,  and 
without  impugning  their  accuracy  it  may  be'  pointed  out  that 
between  the  laboratory  and  cormiiercial  production  of  a 
】n'aterial  is  a  big  siep  often  acconipanie'd  by  many  difficulties 
and  disappointments.  Experience  often  shows  that  an  art ic]p 
synthetically  produced  by  the  chemist  possesses  different 
qualities  to  one  built  up  by  nature,  although  both  are 
expressed  by  the  same  formula,  and  time  only  can  decifle 
whether  artificial  rubber  will  satisfy  the  requirements  of 
practice  so  well  as  the  natural  product.  So  far, 
only  a  few  pounds  of  artificial  rubber  have  been 
made,  and,  in  the  absence  of  adequate  durability  tests, 
the  announcement  and  claims  respecting  it  seem  a  little 
premature.  Some  explanation  of  this  was  offered  at  a  public 
demonstration  of  the  process  given  last  week  by  Messrs. 
Strange  &  Graham,  Ltd . ,  the  organisers  of  the  group  of 
chemists  who  have  conducted  the  researcli.  The  essential 
feature  of  tlie  discovery 一 viz.,  tliat  metallic  sodium  converted 
certain  higher  alcohols  into  rubber— was,  it  was  stated, 
made  some  tliree  niontlis  after  Dr.  Matthews  by  German 
chemists,  and  that  while  the  Anglo-French  group  have  been 
turning  tlieir  attention  to  clieapening  the  process,  the  German 
firms  have  been  making  quaiitities  of  synthetic  rul)l)er  from 
isoprene  regardless  of  cost,  for  the  purpose  of  a  big  show 
of  manufactured  goods  at  the  Chemical  Congress  tliis  autumn 
in  America.  In  view  of  this  the  syndicate  decided 
to  make  their  announcenient  to  secure  priority  for  the  fame 
of  their  discovery,  for,  apart  from  the  action  of  sodium  on 
isoprene,  the  cheap  production,  by  fermentation,  of  fusel  oil 
and  acetone,  the  exclusive  invention  of  the  Anglo-French 
syndicate,  is,  they  dairn,  even  more  important,  and,  as  the 
company  promotion  annoiuiceinent  that  has  since  appeared 
in  the  daily  papers  show,  is  to  constitute  the  first  cormnerciai 
outcome  of  the  affair.  As  a  couple  of  years  in  list,  even  accord- 
ing to  the  most  sanguine  estimate,  elapse  before  synthetic 
rubber  can  enter  the  market  in  quantity,  and  as  further  time 
will  even  then  be  required  to  demonstrate  its  merits,  present 
investors  in  the  rubber  industry  need  not,  we  think,  be  greatly 
concerned.  The  fact  that  the  reported  discoveries  have  been 
promptly  followed  by  the  request  for  money  from  the  pub^c 
will  probably  not  be  without  its  effect  on  shrewd  business 
men.  Discoverers  of  El  Dorados  certainly  do  not  often  invite 
outsiders  to  share  their  spoils. 


The  New  Coal  Mines  Act. 

The  new  Coal  Mines  Act,  which  came  into  operation  on  Mon- 
day last,  and  which  may  b&  regarded  as  the  outcome  of  the 
recommendations  of  the  Royal  Commission  on  Mines,  con- 
tains a  number  of  regulations  which  will  materially  add  to 
the  duties  and  anxieties  of  those  responsible  for  colliery  work- 
ing.   The  provisions  of  the  Act  are  mainly  concentrated  on 


the  promotion  of  safety  by  stricter  Tnanagemeni>,  more 
thorough  ventilation,  better  means  of  escape,  and  greater  care 
in  the  use  and  testing  of  safety  and  rescue  appliances.  Except 
in  the  case  of  small  mines,  the  approval  of  one  of  H.M. 
divisional  inspectors  will  be  necessary  before  a  manager  may 
undertake  the  supervision  of  more  than  one  mine  if  the  under- 
ground workers  exceed  1 ,000,  or  if  the  mines  are  more  than 
two  miles  apart,  and  wlien  this  year  has  expired  no  worker 
will  be  eligible  for  th&  position  of  fireinati  unless  he  is  over 
23  years  of  age  and  possesses  a  certificate  from  some  approved 
mining  scliool  that  he  is  competent  to  conduct  tests  for 
inflammable  gases,  speed  of  air  currents,  and  rumplies 
with  satisfactory  sight  and  hearing  tests.  To  these  provisions 
probably  little  exception  will  be  taken,  but  some  of  the  ven- 
tilation regulations  will  probably  not  secure  unanimous 
approval.  Henceforth  a  place  will  not  be  deemed  in  a  fit  state 
for  working  if  the  air  contains  less  than  9  per  cent,  of  oxygen 
or  more  than  1 J  per  cent,  of  carbon  diaxide  (C02),  while 
no  intake  air- way  will  be  deemed  normally  free  from  inflam- 
mable gas  if  the  average  percentage  exceeds  \  per  cent.  The 
ventilation  arrangements  must  also  permit  of  the  air  current 
being  reversed  in  new  mines,  while  no  fire  will  be  allowed 
below  for  ventilation  purposes.  In  new  seams  two  main 
intake  air- ways  must  be  provided,  only  one  of  which  is  to  be 
used  for  the  haulage  of  coal,  wliile  the  other  must  be  ke]>t 
free  as  an  additional  means  of  ingress  or  egress  from  work- 
ings. The  value  of  this  precaution  lias  been  demonstrated  in 
s"\  cral  disastrous  fires  and  explosions  during  recent  years,  and 
doubtless  accounts  for  their  enforcement,  as  also  for  the  stricter 
regulation  of  the  traffic  and  passage  of  workmen  along  haulag** 
r',  to  be  observed  on  and  after  January  1st,  1914.  Only 
officials  and  those  engaged  in  the  haulage  work  or  on  repairs 
will  tlien  be  ]>erniibted  when  haulage  is  in  operatio?! 
by  gravity  or  】nec'lianioa】  power,  unless  the  speed  is  under 
I。  miles  per  li— our  or  tlie  gradient  is  not  】nor€i  than  1  in  12, 
■md  ； I  clear  space  of  2ft.  is  provided  between  tlie  tubs  and  the 
side  of  the  road,  with  whitewashed  refuge  holes  at  intervals. 
The  new  Act  a】so  imposes  much  stricter  limits  an  the  use 
of  electricity,  especially  where  there  is  risk  of  explosion  from 
gas  or  coal  dust,  and  if  at  any  time  the  percentage  of  gas  in  a 
place  where  electrical  machinery  is  employed  ex<'eeds  1|  per 
cent .  tlie  curr&nt.  must  be  at  once  cut  off.  When  the  Act 
was  being  discussed  in  Parliament,  it  will  be  remembered, 
considerable  opposition  was  raised  by  miners  to  the  compul- 
sory use  of  lavatory  and  bath  accommodation  at  pit  heads  by 
men  on  leaving  work,  and  in  deference  to  tlie'  objections  raised 
hat'lis  and  clothes-drying  facilities  are  only  made  compulsory 
where  a  two-thirds  majority  of  the  workmen  intimate  their 
flesire  for  their  provision.  Under  an  order  of  the  Rescue 
and  Aids  Act,  the  organisation  and  maintenance  of  rescue 
brigades,  each  of  five  persons,  are  now  compulsory ― one  if 
the  undergroinul  workers  do  not  exceed  250，  two  if  not  less 
than  250  or  more  than  700，  three  if  not  less  than  700  or  over 
1 ,000.  There  are  numerous  other  rules  and  regulations, 
many  of  which  will  doubtless  prove  onerous  and  exceedingly 
difficult  to  enforce,  and  whatever  may  be  their  success  in 
promoting  safety,  it  is  in  ihe  nature  of  things  that  they  will 
iend  to  add  to  th-e  cost  of  getting  coal,  and  ultimately  to  the 
cost  of  iron,  steel,  and  other  engineering  materials  whose 
manufacture  depends  so  largely  on  the  use  of  coal  as  a  raw 
material. 

British  Museum  of  Safety  Appliances. 

It  is  satisfactory  to  learn  that  the  proposed  British  Museum 
of  Safety  Appliances  is  taking  practical  form.  The  Home 
Office  has  secured  a  site  at  Westminster,  plans  have  been  pre- 
pared, and  building,  it  is  stated,  will  be  begun  as  soon  as 
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possible.  The  great  educational  value  of  nuiseunis  of  this 
kind  has  been  discussed  by  us^  and  demonstrated  in  most 
continental  countries.  Institutions  of  the  kind  have  existed 
for  some  time  at  Paris,  Berlin,  Vienna,  Munich,  Amsterdam, 
and  Zurich,  in  addition  to  other  important  centres,  and  these 
examples  have  more  recently  been  followed  by  America,  where 
one  has  been  installed  at  New  York.  Where  employers,  work- 
men, engineering  students,  and  inspectors  can  obtain  access 
to  them ,  they  have  been  much  appreciated.  It  is  not  intended 
to  limit  the  scope  of  the  British  institution  to  mechanical 
devices  for  the  prevention  of  accidents,  but  to  embrace  indus- 
trial hygiene  for  the  prevention  of  diseases  of  occupation,  and 
to  illustrate  the  correct  principles  of  ventilation,  lighting, 
&c.，  subjects  which  are  of  growing  importance  to  the  medical 
practitioners,  as  well  as  those  engaged  in  particular  occupa- 
tions. Of  the  educative  influence  of  such  an  institution  we 
need  not  dilate,  but  to  reap  the  greatest  advantage  indus- 
trial centres  should  be  as  closely  in  touch  with  it  as  possible. 
Loudon  is,  of  course,  a  natural  centre  from  many  pointe  of 
view,  but  it  is  not  convenient  for  dwellers  in  the  great  manu- 
facturing towns,  with  whom  it  is  especially  desirable  the 
exhibits  should  be  brought  in  touch,  and  failing  which  such 
an  institution  would  not  attain  its  chief  object,  viz.,  that  of 
securing  the  adoption  of  safety  appliances  and  sanitary 
methods  in  workshops  and  factories.  It  is  too  imu'li  perhaps 
to  expect  that  the  large  manufacturing  towns  will  set  up 
local  museums  of  their  own,  though  money  is  frequently 
spent  on  less  deserving  objects,  and  we  think  if  interest  were 
roused  by  practical  demonstration  of  their  value  tliey  would 
in  many  cases  do  so.  For  this  reason,  therefore,  we  trust, 
when  a  collection  of  appliances  is  assembled,  efforts  will  be 
made  either  by  the  loan  of  exhibits  or  special  travelling 
facilities  to  bring  industrial  centres  in  contact  with  tliem. 
Actual  models  and  working  denionst rations  of  safety  appli- 
ances would  do  more  to  break  down  prejudices,  and  secure 
sympathy  and  co-operation  in  their  use  than  any  amount  of 
official  advice,  which  is  often  resented  by  employei^s  and 
workers  alike  as  an  intrusion  on  their  liberty.  The  idea  of 
local  museums  bearing  on  special  industries,  to  whicli  all  those 
engaged  can  secure  easy  access,  is  one  we  think  greatly  to  be 
encouraged.  Such  a  display  as  we  have  in  mind  would  be 
more  instructive  and  pertinent  to  their  needs  than  the  mis- 
cellaneous collections  of  curios,  second-rate  pictures,  ante- 
del  u  via  n  fossils,  &c'.，  whicli  under  the  designation  of  museums 
are  often  put  before  tliem  with  a  view  to  instruction,  but 
which,  in  tlie  majority  of  cases,  we  fear,  excite  only  a  languid 
interest. 

British  Motor-cars'  Victories  at  the  Grand  Prix. 

The  British  cars  in  the  international  motor-car  race  for  the 
Grand  Prix  of  the  Automobile  Club  of  France,  which  came  to 
a  termination  at  the  end  of  last  week,  scored  a  remarkable, 
victory  in  the  il  restricted  class,"  and  also  in  the  team  race. 
The  competitors  were  divided  into  two  classes ~~ the  "  open  sec- 
tion ，， for  cars  of  unlimited  power,  and  the  "  restricted  class  ，， 
in  which  the  maximum  engine  capacity  allowed  was  three 
litres.  The  honours  of  the  open  section  fell  to  a  Frenchman 
with  a  Puegot  car,  after  a  long  struggle  with  two  big  Italian 
cars,  but  he  stood  alone,  and  none  of  the  other  French  cars 
had  a  look  in  with  their  German  and  Italian  rivals.  In  the 
unlimited  class  no  English  makers  entered,  but  in  the 
restricted  or  11  three-litre  "  class  the  English  Sunbeam  cars 
took  first,  second,  and  third  place,  and,  further,  secured  the 
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fifth  and  sixth  positions  in  the  combined  race.  Apart  from 
the  first  place  in  the  unlimited  class,  French  cars  did  not 
show  any  prominence  or  enhance  their  national  reputation, 
being  beaten  all  round  by  cars  from  other  countries.  The 
result  speaks  well  for  the  healthiness  of  the  British  car  indus- 
try. Owing  to  legislative  restrictions  continental  car 
builders  in  the  early  days  had  a  big  pull  over  makers  liere, 
and  the  result  proves,  given  definite  conditions  of  competi- 
tion, British  workmanship  and  design  in  motor  engineering 
are  capable  of  holding  their  own  against  anything  continental 
competitors  can  put  against  them.  The  fact  that  no  British 
cars  entered  the  unrestricted  class  is  due  mainly,  we  believe,  to 
the  sound  commercial  instinct  that  tlie  purchasers  of  pure 
racing  cars  are  a  limited  few,  and  not  worth  special  cultiva- 
tion, or  likely  to  provide  so  profitable  a  inarket  as  the  small 
car  of  limited  power. 


Superheating  in  Portable  Locomotives. 

The  application  of  superheating  to  portable  locomotives  for 
agricultural  purposes  is  somewhat  of  a  novelty,  but  we  see  no 
reason  why  such  an  aid  to  economy  should  not  be  tried.  The 
particular  design  embodied  by  Messrs.  Ruston,  Proctor,  <fe  Co.， 
Ltd.,  and  exhibited  by  tliem  at  the  Royal  Show,  at  Doncaster, 
on  Tuesday  last,  and  illustrated  on  page  4，  is  interesting 
Unlike  most  railway  locomotives,  in  which  superheating  has 
been  mainly  confined  to  single  engines,  the  one  in  question 
is  a  conipound,  and  the  superheater  consists  of  a  series  of 
steel  coils  placed  in  the  smokebox,  whereas  in  railway  super- 
heaters the  trend  of  present  practice  is  to  place  the  super- 
heater elements  in  large  fire  tubes  to  secure  a  higher  tempera- 
ture than  is  possible  in  the  smokebox.  But  this,  while  con- 
t rilmting  to  economy,  demands  more  skilled  attention  to 
prevent  excessive  superheating,  and  in  vSclnnidt's  system  is 
acroinpanied  with  an  automatic  flain per  arrangement  as  a 
special  precaution.  It  is  probably  a  consideration  of  this 
|)ossihility,  coupled  with  the  fact  that  agricultural  engines 
have  occasionally  to  put  up  with  comparat ive】y  unskilled 
attention  and  that  boiler  pressures  and  rat<es  of  expansion  are 
lower,  that  has  led  Messrs.  Rust  on ,  Proctor  to  adopt  the 
smokebox  design.  The  somewhat  limited  space  available  in 
engines  of  agricultural  type  will  restrict  to  some  extent  the 
decree  of  superheat,  thou  oh  possibly  sufficient  will  be  secu  red 
to  produce  measurable  eootiomies  in  tlie  stream  consumption . 
At  all  events,  the  design  is  a  novelty,  and  we  shall  waicii 
its  working  with  interest. 


Dirigible  Airship  Disasters. 

The  prost  week  has  been  marked  by  two  terrible  disasters  to 
airships.  Another  of  Zeppelin's  ill-fated  craft  met  its  end 
at  Diisseldorf  on  Friday  last,  where,  owing  to  rough  weather, 
it  failed  to  secure  refuge  in  its  shelter,  and  in  its  endeavours 
to  weather  the  gale  like  a  vessel  in  an  open  roadstead,  was 
struck  by  a  squall  and  broken  in  two,  part  being  carried  away 
by  the  wind,  and  the  remainder  set  on  fire  and  completely 
wrecked.  About  30  persons  were  injured  though  no  one  was 
killed.  The  disaster,  with  the  others  that  have  preceded  it, 
illustrates  the  unfitness  of  these  huge  craft  to  meet  inevitable 
weather  conditions,  notwithstanding  their  high  speed  when 
circumstances  are  favourable.  The  one  in  question  had,  it  is 
said,  attained  a  speed  of  45  miles  per  hour  with  her  three 
150  h.p.  motors,  but  this  only  corresponds  to  a  moderate  gale 
that  may  spring  up  with  hardly  any  warning,  and  when  that 
is  the  case,  the  craft,  unless  it  can  succeed  in  making  one  of 
its  special  harbours,  must  lie  more  or  less  helpless  at  the 
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mercy  of  the  wind.  Aerial  navigation  for  military  or  com- 
mercial purposes,  and  whether  by  lieavier-tlian-air  machines 
or  by  gas-inflated-bags,  as  things  stand  at  present,  is  seriously 
liniiterl  by  weather  restrictions,  though  the  advantage  in  any 
comparison  between  the  two  so  far  clearly  rests  with  Ui。 
aeroplane. 

The  second  disaster,  which  was  of  a  more  terrible  nature, 
occurred  in  America,  where  a  dirigible  balloon ,  dcsi^nrd  with 
the  reputed  object  of  attempting  to  cross  the  Atlantic  by 
Mr.  Vaniman,  was  making  a  trial  with  a  crow  of  four  other 
men  at  Atlantic  City,  New  Jersey,  when  it  caught  fire  from 
some  unexplained  cause  and  exploded  at  a  hciglit  of  about 
l,0(K)ft.,  with  tlie  result  that  the  balloon  was  desi  royed  and 
all  the  occupants  killed.  Mr.  Vaninian,  it  may  be  reinctn- 
beretl,  was  the  engineer  and  coinpaiiion  of  Mr.  Wellman  in 
the  attempt  to  make  a  transatlantic  voyage  in  thv  aut unm 
of  1910，  and  which  would  have  endod  in  disasier  l)ut'  for 
the  fortunate  presence  of  a  ship  when  tlie  airship  broke  down 
and  they  were  compelled  to  alight  in  t  he  sea.  ]  le  also 
designed  two  airships  for  Mr.  WellinaiTs  ]>olar  expeditions, 
both  of  which  were  destroyed  before  their  journey  began. 


STEAM  ROAD  ROLLER  FITTED  WITH  SUPERHEATER  AND 
FEED  HEATER. 

An  interesting  a])|jlical ion  of  a  superheater  and  feed-water 
heater  to  a  steam  road  roller  is  exhibited  by  Messrs.  Ruston, 
Proctor,  &  Co,，  Ltd. ,  Lincoln,  at  their  st'and  at  the  Royal 
Agricultural  Society's  Show,  which  opened  on  Tuesday 
ai  Doncast er.  The  engine  is  of  the  side-by  side  rompouncl 
i  ypt1,  with  cra.jiks  at,  ri^lit.  angles,  and  is  provided  with  an 
； I uxiliary  valve,  by  means  of  which  liigl 卜 |)n'ssim'  slcam  can  be 
admitted  to  tlie  low-pressure  cylinder  when  desired.  Tliis 
； in'Mii^ciiKMit  is  found  advantageous  in  starting,  and  also 
when  ascending  steep  inclines.  Both  tlie  high  and  low  pres- 
sure valves  are  of  the  slide  type,  and  are  easily  accessible. 
The  arrangement  of  superheater  and  feecl-water  heater  is 
clearly  shown  in  the  accompanying  sectional  views.  The  supfM- 
l.rat  ;t  is  a rran^ed  in  the  sniokebox  above  the  boiler  tubes, 
and  consists  of  a  series  of  steel  coils  C，  terminating  in  steel 
li(';i(lrrs.  1 1  is  readily  accessible  tli rough  the  door  D，  and  is 
so  placed  as  not  to  interfere  with  the'  cleaning  of  the  smoke 
t uhes.  The  steam  can  when  necessary  be  by-passed  round  the 
superlieMt er  and  led  direct  into  the  cylinders.  The  feed-water 
Itcnter  shown  at  F  comprises  a  series  of  tubes  arranged  in  a 
casing  fitted  in  the  exhaust  steam  pipe.    It  also  serves  to 


MEMORIAL  TO 


•TITANIC"  ENGINE  ROOM 
STAFF. 

At  a  meeting  held  at  Liverpool  last  week  to 
promote  a  permanent  memorial  to  the  heroism 
of  the  engine-room  staft  of  the  '(  Titanic/' 
Lord  Derby  said  he  did  not  think  anyone 
could  read  the  accounts  of  that  great 
tragedy  without  realising  the  heroism  of  the 
engine-room  staff  of  the  "  Titanic/'  They 
could  but  faintly  picture  what  must  have  been 
the  position  of  those  brave  men  who,  with 
certain  death  staring  them  in  the  face,  were 
perfectly  determined  up  to  the  very  last  to  do 
what  they  could  in  the  hope  that  their  efforts 
might  be  the  means,  as  they  undoubtedly 
were,  of  saving  the  lives  of  others.  These 
brave  men  had  gone,  and  it  was  the  duty  of 
those  who  remained  to  perpetuate  their 
memory,  so  that  when  the  intimate  know- 
ledge of  their  great  deed  might  have  passed 
away,  successive  generations  of  Liverpool 
men  might  see  recorded  in  some  permanent 
place  a  record  of  their  heroism.  He  hoped 
that  the  appeal  would  be  made  not  only  to 
Englishmen,  but  to  people  in  every  part  of 
the  world.  Sir  William  Lever  said  that  on  the 
"Titanic"  the  highest  traditions  of  British  seamanship  had 
been  displayed.  Eeferring  to  labour  unrest,  Lord  Derby  said 
that  however  despondent  some  pessimists  might  be  as  to  the 
future  of  the  country,  and  however  much  they  might  talk  about 
its  decadence,  while  such  deeds  as  that  which  they  wished  to 
perpetuate  took  place,  ifc  showed  that  their  people  were  com- 
posed of  just  the  same  material  as  those  who  made  England 
great  in  the  past.  A  nation  which  had  lost  its  power 
to  perpetuate  the  honour  of  brave  men  had  lost  its  power  to 
produce  such  men  in  future  generations.  Mr.  A.  J.  Maginnis, 
who  has  boen  largely  responsible  for  setting  the'  movement 
on  foot,  announced  that  though  no  direct  appeal  had  been 
made,  £2,100  had  already  been  subscribed  towards  the  memo- 
rial. A  letter  was  read  from  Lord  Mersey  wishing  the  move- 
ment every  success. 


Stkam  Koad  Kolleb  Fittkd  with  Superheater  and  Fked  Heater. 


silence  the  exhaust.  Tests  made  by  the  makers  with  the  new 
arrangeineiit  sliow  a  considerable  economy  over  the  ordinary 
type  of  compound  roller. 


The  Iron  and  Steel  Institute. 一 The  autiunn  mectiiig  of  the 
Iron  and  Steel  Institute  will  be  held  at  Leeds  on  Monday, 
Tuesday,  Wednesday ,  Thursday,  and  Friday,  September  30th 
ami  <>(，t()l)(、r  1st  to  4ih  next.  An  influential  reception  cojii- 
mittee  has  been  formed,  with  Lord  Airedale  as  chairman, 
and  including  a  number  of  influential  men  of  the  muni- 
cipality, the  Leeds  University,  and  works  in  Leeds  and  the 
neighbouring  districts. 


Comparative  Merits  of  Different  Systems  of  Traction. ― At  the 

recent  annual  congress  of  the  Tramways  ami  Light  Railways 
Association,  an  exhaustive  paper  on  "  The  Respective  Values 
of  Tramways,  Motor-buses,  and  Railless  Traction  as  a  Men  ns 
of  Transport was  read  by  Mr.  A.  H.  Pott,  chief  engin&er 
of  the  Metropolitan  Electric  Tramways,  Ltd.  Tramways  are, 
lie  said,  the  best  means  of  conveying  cheaply  numbers  of 
people,  but  fresh  legislation  is  required  to  place  tramways 
in  a  not  less  favourable  position  than  other  means  of  loco- 
motion which  may  be  in  competition.  Omnibuses  are  most 
suited  to  towns  where  roads  are  narrow  or  not  straight,  and 
where  for  these  reasons  vehicular  congestion  is  great.  Hail- 
less  traction  can  best  provide  travelling  facilities  beyond  a 
tramway  terminus,  provided  that  the  surface-  is  good  and 
traffic  is  sufficient  to  justify,  say,  a  15  minutes'  service.  It  is 
desirable  that  there  should  be  fresh  legislation  in  regard  1  o 
the  promotion  and  operation  of  all  methods  of  street  L)('miio- 
ticm,  and  that'  Parliament  should  leave  all  minor  details  in 
regard  to  working  in  the  liands  of  one  depart ineiit.  There  is 
a  want  of  closer  working  arrangements  between  all  transport 
undertakings. 
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DE  LAVAL  MULTI  CELLULAR  TYPE  STEAM  TURBINE. 

A  design  of  steam  turbine  of  the  multi-cellular  ty]>e  has 
recently  been  introduced  by  the  De  Laval  Steam  Turbine 
Company,  of  Trenton,  N.J.，  U.S.A.  A  sectional  view  of  the 
turbine  is  shown  in  Fig.  1.  The  rotating  member  consists  of 
a  heavy  shaft  upon  which  is  mounted  a  series  of  discs  or 
wheels,  each  revolving  in  its  independent  cell  or  chamber 
formed  between  diaphragms.  The  steam  flows  from  the  steam 
chest  at  the  right-hand  end  of  the  casing,  through  nozzles, 
and  impinges  upon  the  buckets  of  tlie  first  wlieel.  The  nozzlss 
employed  in  the  first  stage  are  formed  of  tubes  carefully  bored 
and  reamed  and  set  in  the  nozzle  ring,  or  they  may  be  bored 
and  reamed  directly  in  the  nozzle  ring  itself.  The  nozzles  of 
this  stage  occupy  only  a  portion  of  the  circumference,  thereby 
avoiding  the  difficulties  of  short  blade  lengths  encountered 
where  full  admission  is  employed  iu  the  first  stage.  Any  or 
all  of  these  nozzles  may  be  controlled  by  hand-operated  valves 
seating  upon  the  inlet  openings.  These  valves,  however,  are 
not  used  for  speed  regulation,  and  are  not  operated  auto- 
matically, as  it  has  been  found  that-  the  opening  or  closing  of 
one  or  more  nozzles  at  a  time  by  a  governor  is  apt  to  induce 
surgings  and  fluctuations  in  speed ,  and  the 
automatic  control  of  separate  nozzles  re- 
quires a  complicated  governing  mechanism. 

The  buckets  against  which  the  steam 
impinges  are  made  of  a  special  alloy  con- 
taining nickel  and  copper,  and  are  drop 
forged.  The  tips  of  the  buckets  have  lugs 
which  fit  against  similar  projections  on  the 
adjacent  buckets,  forming  a  continuous 
rim,  which  is  advantageous  in  diminishing 
the  fan  action  of  the  buckets  and  also  in 
that  it  prevents  spilling,  by  confining  the 
jets  of  steam  within  closed  channels.  The 
rim  also  maintains  the  proper  spacing  of 
the  buckets  and  greatly  strengthens  them 
by  preventing  vibration.  The  buckets  are 
secured  to  the  rim  of  the  wheel  by  trans- 
verse dovetails,  which  permit  of  the 
removal  or  insertion  of  individual  buckets 
without  disturbing  others,  and  further 
forms  a  strong  attachment  without  greatly 
increasing  the  load  on  the  wheel  by  the 
weight  of  additional  metal. 

The  cross-sectional  area  of  the  pas- 
sages is  increased  for  the  expansion 
of  the  steam  by  lengthening  the  buckets, 
reducing  the  diameters  of  the  wheels 
correspondingly     and     increasing  the 

bore  of  the  casing.  Tlie  length  and  strength  of  the  buckets 
used  in  the  last  wheel  determine  the  maximum  speed  at  which 
the  turbine  may  be  operated,  while  the  length  of  thesa 
buckets  and  the  diameter  of  the  wlieel  determine  the  maxi- 
mum capacity  for  given  steam  conditions.  A  proper  balance 
of  these  factors,  and  proportioning  of  the  last  wheel  with 
respect  to  diameter,  pressure  drop,  capacity  and  tenninal 
pressure,  is  rendered  possible  by  the  use  of  the  De  Laval 
speed  reduction  gear  through  the  freedom  afforded  tlie 
designer  in  tlie  choice  of  rotative  speeds.  In  gaining  the 
desired  bucket  velocity  by  increased  speed  or  rotation,  rather 
than  by  larger  wheels,  skin  friction,  leakage,  and  other  losses 
throughout  the  turbine  are  reduced. 

The  wheels  upon  which  th6  buckets  are  mounted  are 
forged  steel  discs,  finished  and  ground  on  all  surfaces  and 
proportioned  to  safely  withstand  rotating  speeds  much  higher 
than  the  normal  operating  speed  of  the  turbine.  The  hubs 
of  adjacent  wheels  touch  one  another,  permitting  tliem  to  be 
locked  in  place  by  one  nut,  and  at  the  same  time  adding  con- 
siderably to  tlie  stiffness  of  the  shaft.  Tlie  shaft  is  so 
designed  that  its  critical  speed ?  even  without  the  reinforce- 
ment received  from  the  wheel  hubs,  is  far  above  the  operating 
speed.  The  wheels  are  mounted  upon  the  shaft  by  means  of 
taper  bushings,  which  ensure  perfect  centring  and  permit  of 
easy  removal  of  tlie  wheels  when  necessary.  With  the  excep- 
tion of  the  nozzles  in  the  initial  stage,  tlie  nozzles  of  each 
succeeding  stage  are  formed  between  guide  vanes  set  around 
the  entire  periphery  of  the  diaphragm.  These  vanes  are  of 
nickel-bronze.  Tliey  are  spaced  and  located  upon  the  rim 
of  the  diaphragm  by  pins  and  are  held  in  place  by  a  steel 


band  shrunk  over  their  tips.  Two  pins  are  used  for  each  vane 
to  determine  its  proper  angle,  and  therefore,  in  connection 
with  the  shape  of  the  vanes,  to  fix  the  contour  and  the  cross- 
sectional  area  of  the  nozzles  formed  between  the  successive 
vanes.  The  steel  bands  are  wider  tlian  the  blades  and 
diaplira^nis.  Adjacent  bands  t oucli  one  anotlier,  t'onnin^  a 
continuous  cylinder,  which  encloses  not  only  the  diapliragins, 
but  also  the  rotating  wheels,  providing  a  <romplete  lining  of 
forged  steel  for  the  wlieel  case.  The  cast-iron  (liapliragrn 
discs  are  perforated  at  the  centre  and  are  fitted  with  remov- 
able labyrinth  packings  in  order  to  minimise  the  leakage  of 
the  steam  from  stage  to  stage  between  tlie  diaphragms  and 
the  cylindrical  wheel  hubs. 

The  rings  surrounding  the  guide  vanes  and  diaphragms 
rest  in  a  cast-iron  wheel  case,  split  horizontally  to  render  all 
working  parts  of  tlie  turbine  accessible.  On  account  of  the 
comparatively  limited  number  of  stages  in  the  turbine  t  lie 
length  of  the  wheel  case  is  moderate,  and  furthermore,  as  it 
contains  no  cored  passage  or  uiisyrnrnetrical  pu'ts，  it  is  free 
from  distortion  due  to  changes  in  temperature.  To  enable 
the  case  to  expand  freely  in  all  directions  without  altering  t  lie 
position  of  the  axis  and  throwing  the  centre  lines  of  the  wheel 


1. ― Axial  Section,  Showing  Genkra^  Arrangement  of  the  Dk  LavaiJIMultistage 
Steam  Turbine. 

case  and  shaft  out  of  the  same  plane,  the  wheel  case  is  sup- 
ported in  the  plane  of  its  centre  line  upou  two  pedestals  rising 
from  the  bedplate.  These  pedestals  permit  the  diametrit-al 
expansion  of  the  case,  while  the  holding-down  bolts,  except 
one  on  each  side,  have  oval  busliings  and  are  prevented  from 
clam  ping  by  shoulders  on  the  bolts  where  they  are  screwed 
into  the  pedestal  and  the  case  is  free  to  expand  longitudinally 
between  guides  on  these  pedestals.  It  is  claimed  that  this 
arrangement  not  only  prevents  distortion,  but  enables  the 
expansion  of  the  case  to  increase  the  axial  clearances. 

The  use  in  a  multi-stage  turbine  of  a  shaft  running  above 
or  near  its  critical  speed  is  an  error,  because  any  eccentric 
rotation  of  tlie  shaft  will  require  enlarged  clearances  where 
the  shaft  passes  through  the  diaj)liragms  ；  in  other  words,  the 
leakage  areas  will  need  to  be  considerably  increased.  The 
total  leakage,  therefore,  is  reduced  by  using  a  shaft  suffi- 
ciently large  and  stiff  to  suppress  such  vibrations  entirely,  as 
tlie  radical  clearance  may  be  correspondingly  reduced.  This 
course  has  been  adopted  in  the  turbine  under  notice,  the  shaft 
of  whicli  is  so  large  that  the  critical  speed  is  far  higher  than 
the  normal  running  speed  of  the  turbine,  even  neglecting  the 
stiffening  action  of  the  wheel  hubs.  The  small  number  of 
stages  requiring  only  a  moderate  over-all  length,  makes  it 
possible  to  place  the  shaft  bearings  close  together,  which 
increases  the  critical  speed  of  the  shaft,  and  reduces  the  ten- 
dency to  vibration.  As  the  pressure  of  the  steam  is  equal  on 
both  sides  of  any  wheel  or  bucket,  the  only  leakage  possible 
is  from  stage  to  stage  along  the  shaft  at  the  point  where  it 
passes  through  the  diaphragm  and  the  turbine  casing.  Tlie 
problem  of    mininiising  such    leakage  is,  however,  greatly 
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simplified  by  the  fact  that  the  pressure  difference  existing 
between  any  two  adjacent  stage  cells  does  not  exceed  a  few 
pounds.  The  labyrinth  packing  employed  at  these  j)oinls  is 
unusually  long  and  the  stiffness  of  the  shaft  permits  of  a 
niinimum  running  clearance.  In  t lie  first,  stage  leal:;w 
outward  to  the  atmosphere  is  first  obstruct erl  l)y  a.  la.l>yi  int  li 
packing  of  double  length,  and  any  steam  leaking  past  it  is 
led  back  to  an  intermediate  stage  and  utilised  at  a  lower 
pressure  for  generating  power.    Following  this  packing  is  a 


Fig.  2.— Partial  Section  of  Turbine  showing  the  Fohgkj>-stekl  Retaining 
Rings  which  form  a  Continuous  Akmour  knclosing  the  Wheels. 

series  of  segmental  carbon  ring  packings,  each  of  which  is 
enclosed  in  a  separate  compartment.  The  leakage  past  Hie 
first  carbon  ring  is  carried  back  to  the  exhaust  connection  of 
an  intermediate  stag©  of  the  low-pressure  packing  and  live 
steam  is  introduced  between  the  two  outer  rings,  so  that  any 
inward  leakage  along  the  shaft  will  be  steam  and  not  air. 
Similar  carbon  rings  are  employed  in  the  exhaust  end  aiul 
steam  is  introduced  for  the  same  purpose. 

There  are  three  bearings  in  the  multi-stage  turbine,  two 
of  which  support  the  weight  of  the  revolving  parts,  and  t  lie 
third  being  a  thrust  bearing.  All  parts  of  the  turbine 
requiring  lubrication  are  supplied  with  oil  by  a  circulating 
pump  of  the  positive  gear  type,  driven  from  the  lower  end  of 
the  governor  spindle.  The  supply  of  oil  for  this  pump  is 
drawn  through  screens  from  a  large  reservoir  in  the  bed- 
plate of  the  turbine,  and  is  forced  to  an  elevated  storage  tank 
and  flows  thence  by  gravity  to  sight-feed  lubricators  on  each 
bearing.    The  bedplate  of  the  turbine  is  of  the  box  type,  and 


Fig.  3.— Section  showing  RFkthod  of  Attaching  Wheels  to  Shaft  by 
Tapkbed  Sleeve  dhawn  into  place  by  a  Nut  and  Held  from 
Rotating  on  Shaft  by  a  Key.  Also  the  Labybinth  Packing 
between  Diaphragms  and  Hubs  of  Wheels. 

contains  the  main  oil  reservoir,  oil  strainer,  and  oil  ])ump. 
The  low-pressure  end  of  the  turbine  bedplate  is  faced  for 
connection  to  the  b&dplate  of  the  driven  machine. 

The  governing  of  the  De  Laval  turbine  is  accomplished 
by  tlirottling  the  admission  of  steam  to  the  steam  chest.  The 


governor  is  of  the  Jahns  type  and  is  mounted  upon  a  vertical 
shaft  driven  from  the  turbine  shaft  by  worm  gearing.  Tli'— ， 
governor-valve  is  of  the  (loul)le- s('""'(l ，  halanctul,  jmppet  iyjx?, 
having  adjustable  valve  discs  and  removable  seats.  The  valve 
discs  are  of  a  peculiar  umbrella  shape,  designed  to  avoid 
unbalancing  at  different  positions  or  rates  of  flow.  The 
materials  used  for  the  valve  body,  discs,  and  seals  depend 
npon  I, he  pressure  and  ieniperature  of  the  steam.  For 
ordinary  pressures  the  valve  body  is  made  of  cast'  iron  and  the 
discs  and  seats  of  non-corrosive  meia],  bui  for  superheated 
steam  steel  is  used  throughout. 

To  provide  against  any  possibility  of  racing,  tlirou^h 
(Icrangeinent-  of  tho  sihmhI  governor,  or  be<'ause  of  an  accident 
to  i'lie  transinission  from  t lie  t,url)ine  si i aH  ")  ike  governor  or 
In'm  tlie  governor  to  ilie  valve,  a  safety  st op  and  a  quick- 
operating  "  ip  and  throttle  valve  are  provided.  The  s;i I'd  y 
governor  is  mounted  in  the  end  of  the  main  turbine  shaft, 
entirely  iiidej)en(leiit  of  tlie  main  speed  governor,  and  may 
Ih>  ； ul  justed  to  act  ai  any  predeierniiiHMl  speed.  The  ^ovornor 
trips  a  small  valve  whicli  releases  steam  pressure  from  under 
； I  small  j»isloii  in  ； i  conibined  trip  and  throttle  valve,  wlien 
llir  Ijahiitccd  disc  of  tlio  lader  will  immediately  be  forced  shut 
by  tlie  pressure  of  the  steam  acting  upon  a  piston .  This  trip 
valve  is  placed  aliead  of  the  main  governor  valve  juh!  protects 
tlie  turbine  in  case  of  leakage  in  tlie  latter.  It  can  also  be 
tripped  by  hand  and  is  intended  for  use  as  a  throttle  valve 
for  starting  and  stopping  the  turbine. 


WHY  MANGANESE-BRONZE  CASTINGS  LEAK  UNDER 
PRESSURE. 

The  extensive  use  of  uianganese-bronze  at  tlie'  present  time  and 
the  fact  that  it  is  a  strong  metal  has  been  responsible  for  the 
troubles  of  many  brassfounders.  An  order  is  received  for 
castings  to  be  used  for  hydraulic  work,  high  air  pressure,  or 
similar  goods.  The  brassfound&r  immediately  thinks  of 
mangau&se-bronze  as  the  suitable  mixture  from  the  fact  that 
it  is  the  strongest  on&  that  be  makes.  The  very  fact  that  the 
metal  must  stand  a  high  pressure  renders  it'  necessary,  in  his 
own  mind,  that  a  strong  bronze  must  be  employed.  The 
order  may,  however,  specify  manganese-bronze,  and  if  this  is 
the  case,  then,  of  course,  he  gives  the  matter  no  thought,  bufc 
starts  in  to  use  it.  In  either  instance,  accordingly,  the  effect 
is  the  same  and  the  casting  is  made  out  of  manganese-bronze. 

The  castings  made,  they  are. shipped  to  th©  customer,  who 
machines  them  and  then  proceeds  to  test  them.  A  large  percen- 
tage, and  not  infrequently  all  of  them ,  leak.  The  castings 
may  look  perfectly  sound,  not  a  blowhole  or  flaw  in  them,  but 
yet  they  leak.  Tlie  unfortunate  brassfounder  then  imagines 
liis  heat  of  pouring  or  his  mixture  is  wrong,  and,  although  the 
profit  is  already  gone  from  the  job,  he  makes  the  castings 
again,  but  with  the  same  result.  Perhaps  a  smaller  percen- 
tage of  tliem  leak  this  time  and  then  he  believes  that  his 
pouring  heat  was  at  fault  and  he  may  make  another  trial.  He 
usually  finds,  however,  that  he  cannot  obtain  a  sufficient 
number  of  good  castings  which  do  not  leak  to  warrant  filling 
the  order,  and  he  then  usually  "  throws  up  the  job." 

The  reason  that  manganese-bronze  castings  leak  in  this 
manner  is  on  account  of  the  aluminium  in  them.  They  cannot 
be  made,  however,  without  the  aluiiiiniuni,  which  oxidises  when 
melted  and  wherever  exposed  to  the  air.  There  is  always  a  film 
of  oxide  on  the  metal  when  it  is  poured,  and  this  film  becomes 
iu"— 'nningled  with  the  molten  stream  and  enters  the  casting.  So 
far,  there  has  be&n  no  known  m&thod  of  keeping  it  out. 
Watch  a  stream  of  molten  mangane&e-bronzD  and  see  it  go  iii  ！ 
The  oxide  of  aluminium,  however,  is  wliit'e  and  while  it  can  be 
noticed  going  in  with  the  stream  of  molten  bronze,  in  the  cast- 
ing, on  account  of  its  white  colour,  it  is  not  visible.  The 
result  is  that  the  casting  is  filled  with  particles  of  oxide  of 
aluiiiiniuni,  but  which  are  not  visible.  Wlien  pressure  is 
applied  in  testing  the  casting,  these  particles  (they  are  fre- 
quently flakes  as  the  microscope  will  show)  form  cliaimels,  on 
account  of  not  uniting  with  the  metal,  througli  whicli  water, 
air,  or  other  liquids  or  gases  may  pass.  Hence  the  leakage. 
The  remedy  is  to  make  castings  to  stand  pressure  of  a  good 
copp3r  and  tin  mixture  that  will  cast  without  a  film  of  oxide 
and  give  a  clean  metal .  This  has  been  the  universal  verdict 
so  far. — "  The  Brass  World." 
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THE  CORROSION  OF  IRON  AND  THE  PROTECTION  OF 
STRUCTURAL  IRONWORK.* 

BY  L.  ARCHBUTT,  F.I.C. 

The  subject  on  whicli  you  have  invited  me  to  address  you 
is  one  of  very  great  importance  and  no  little  anxiety  to 
engineers.  It  is  a  subject  of  considerable  complexity,  and 
one  to  which  adequate  justice  cannot  be  done  in  the  short 
space  of  one  lecture.  I  shall,  therefore,  have  to  ask  your 
indulgence  if  I  have  to  treat  it  in  a  somewhat  sketchy 
manner,  but  I  will  endeavour  to  put  before  you  some  of  the 
maiu  facts  which  our  present  knowledge  shows  to  be  of  im- 
portance. It  is  a  subject  on  whicli  a  vast  amount  of  litera- 
ture exists,  aud  on  which  a  great  deal  of  work  has  been  done, 
but  it  is  withiu  only  quite  recent  years  that  the  work  done 
has  been  systematic,  aud  very  much  still  remains  to  be  done. 

Iron,  and  its  alloys  with  carbon  and  some  other  elements 
which  we  call  steel,  is  the  most  useful  of  all  metals  on  account 
of  its  great  strength,  abundance,  and  general  adaptability 
for  constructional  work,  but  unfortunately  it  is  also  one  of 
the  most  perishable  of  metals,  under  the  atmospheric  condi- 
tions which  are  uormal  in  this  and  many  other  countries,  and 
under  water.  It  is  easily  attacked  by  nearly  all  acids,  by 
alkalies  under  certain  conditions,  aud  by  oxygen  in  presence 
of  water,  and  yet  if  it  cau  only  be  kept  dry  and  in  a  clean 
atmosphere  it  will  remain  unchanged  for  centuries.  Dry  air, 
at  the  ordinary  temperature,  has  remarkably  little  effect 
upou  iron.  Zumstein ，十  in  August,  1820，  fixed  a  polished 
iron  cross  ou  the  summit  of  Monte  Rosa,  and  on  visiting  the 
spot  12  months  later  found  the  iron  quite  free  from  rust  and 
with  only  a  slight,  bronze-coloured  tarnish  upon  the  surface. 
At  temperatures  much  above  the  normal,  oxygen  of  course 
readily  attacks  iron,  but  for  rusting  to  occur  at  the  ordinary 
temperature,  and  at  temperatures  below  and  not  much 
above  the  normal,  the  presence  of  water  is  essential. 

In  damp  situations,  as  we  all  know  to  our  cost,  iron  and 
steel  oxidise  rapidly,  becoming  converted  into  the  familiar 
red  rust,  aud  this  process  is  hastened  by  the  presence  in  the 
air  of  carbonic  acid,  nitric  acid,  sulphurous  and  sulphuric 
acids  from  the  combustion  of  coal  and  imperfectly  purified 
coal  gas,  such  as  the  gas  companies  are  allowed  to  sell  us, 
chlorine  and  hydrochloric  acid  from  chemical  works,  &c. 
These  acid  gases  are  not  nearly  so  injurious  in  the  absence 
of  water  as  in  its  presence,  and  generally  it  may  be  stated 
that  the  cleaner  and  dryer  the  air  the  longer  will  iron  last 
in  it.  A  remarkable  instance  of  the  preservation  of  unpro- 
tected iron  in  a  by  no  means  dry  atmosphere  is  the  celebrated 
iron  pillar  in  the  Mosque  of  Kutab,  near  Delhi,  built  up  of 
iron  blooms  forged  nearly  3,000  years  ago,  yet  said  to  be 
so  free  from  rust  as  to  be  merely  tarnished  upon  the  surface. 

Pure  water,  free  from  oxygen  and  carbon  dioxide,  has 
so  little  action  upon  iron  that  if  a  clean  strip  of  the  metal 
be  dropped  into  boiling  distilled  water  in  a  clean  glass  flask, 
well  boiled  with  the  water,  and  the  flask  sealed  up  while  the 
water  is  boiling,  the  bright  surface  will  remain  untarnished 
for  an  indefinite  period,  though  a  few  spots  of  rust  may 
form  here  and  there  owing  to  the  local  impurities  in  the 
metal.  There  seems  to  be  no  doubt  that  the  iron  dissolves 
to  a  very  slight  extent  in  the  water,  but  whether  it  would 
dissolve  in  chemically  pure  water  is  still  a  doubtful  point, 
owing  to  the  extreme  difficulty  in  obtaining  water  absolutely 
pure  and  free  from  every  trace  of  carbon  dioxide.  Water 
vapour,  oxygen,  and  carbon  dioxide,  either  singly  or  together, 
have  no  action  upon  iron  or  steel  at  ordinary  temperatures, 
provided  the  water  vapour  is  prevented  from  condensing  upon 
the  iron.  Museum  specimens  of  iron  or  steel,  such  as  broken 
test-pieces,  with  tlieir  bright  fractured  surfaces,  can  therefore 
be  preserved  indefinitely  free  from  rust  if  the  precaution  be 
taken  to  maintain  their  temperature  well  above  the  dew 
point  of  the  air  of  the  room  or  case  containing  them. 

It  was  formerly  accepted  without  question  among  chemists 
that  the  rusting  of  iron  commenced  with  an  attack  by 
carbonic  acid  or  some  other  acid|  Water  containing  in  solu- 
tion    carbonic      acid     first     attacks     the      iron  thus, 

'Paper  read  before  the  Derby  Society  of  Engineers. 
+  Hrit.  Ahsoc.  KeportK.  1838,  p.  255 

tOrace  Calvert,  MaiicheHter  Lit.  &  Phil.  Soc.  Trans.,  1871. 
Crum  Brown,  J.  Iron  &  Steel  lust.,  1888  (2),  129. 


Fe  +  H2C03  =  FeC03  +  H2 ,  forming  ferrous  carbonate,  which 
dissolves  in  the  tvater,  and  hydrogen,  which  escapes  (or 
becomes  oxidised  by  the  oxygen  in  the  water). 

The  ferrous  carbonate  is  immediately  oxidised  by  the 
oxygen  dissolved  in  tlio  waU-r,  with  fonnation  of  the  red 
ferric  hydroxide  and  liberal  ion  of  the  carbonic  acid,  which 
again  attacks  more  iron,  ^IFpCO,  \  611/)  +  02  =  2Fe2(01f)H 
+  4C()2.  This  proce.ss  continues  until  the  whole  of  the  metal 
is  converted  into  a  mass  of  red  rust.  The  rust,  which  adheres 
to  the  iron  forms  a  kind  of  porous  plaster,  which,  by  holding 
the  water  and  carbonic  acid  in  contact  with  the  metal, 
accelerates  the  rusting.  In  this  connection  it  may  be  noted 
that  the  rust  produced  under  ordinary  atmospheric  condi- 
tions usually  contains  some  carbonic  acid.  There  is  no  doubt 
that  this  is  the  process  which  takes  a  very  active  part  in  the 
aerial  rusting  of  iron,  but  within  the  last  nine  or  ten  years 
other  theories  have  been  proposed  to  account  for  the  rusting. 

About  1903，  Whitney,*  an  American  investigator,  pro- 
posed an  electrolytic  theory ,  denying  that  the  presence  of  au 
acid  was  essential,  and  maintaining  that  iron  could  rust  in 
the  presence  of  oxygen  and  water  alone.  Whitney  and  his 
followers,  Walker,  Cushmann,  and  others,  maintain  that  the 
process  is  purely  electrolytic,  the  water  condensed  on  the 
surface  of  the  iron,  or  in  which  the  iron  is  immersed,  being 
supposed  to  be  dissociated  to  a  small  extent  into  free  hydro- 
gen aud  hydroxyl  ious  carrying  opposite  electrical  charges.  A 
niiuute  quantity  of  the  metal  iron  is  supposed  to  dissolve  in 
the  water,  forming  free  ferrous  ions,  a  proportionate  number 
of  hydrogen  ions  becoming  deposited  upon  the  surface  of  the 
metal  and  losing  their  electric  charges.  In  the  meantime 
the  ferrous  hydroxide  formed  by  the  union  of  the  ferrous 
ions  in  the  water  and  the  hydroxyl  ions  becomes  oxidised 
by  the  oxygen,  and  separates  out  of  solution  as  red  ferric 
hydroxide  or  rust.  More  metallic  iron  then  goes  into  solu- 
tion and  the  process  continues.  The  truth  of  this  theory 
depends  upon  the  proof  (1)  that  chemically  pure  water  is 
capable  of  conducting  a  current,  and  (2)  that  pure  iron  can 
dissolve  in  chemically  pure  water.  As  the  difficulties  ill  the 
preparation  of  chemically  pure  water  free  from  the  least  trace 
of  carbon  dioxide  have  hitherto  proved  insurmountable,  the 
truth  of  the  electrolytic  theory  still  remains  to  be  proved, 
and  it  is  hotly  disputed  by  the  advocates  of  the  rival  theories. 
A  very  clear  and  able  account  of  the  electrolytic  theory  of 
corrosion  is  contained  in  a  paper  by  Dr.  W.  H.  Walker  read 
before  the  Iron  aud  Steel  Institute  in  1909  (Vol.  1，  p.  69). 
It  cannot  be  denied  that  electrolytic  action  plays  a  very  im- 
portant part  in  corrosion,  but  that  is  quite  another  thing 
from  admitting  the  rationale  of  corrosion  as  explained  by  the 
electrolytic  theory. 

A  third  theory  was  suggested  by  Dunstan ，十 Jowett,  and 
Goulding  a  few  years  ago.  Dunstau  also  believes  that  iron 
can  rust  in  presence  of  oxygen  and  water  alone,  without  the 
intervention  of  any  acid.  He  found,  that  certaiu  substances 
which,  when  dissolved  in  water,  prevent  the  formation  of 
rust,  also  destroy  or  prevent  the  formation  of  hydrogen 
peroxide,  and  that  ou  the  other  hand  rusting  readily  occurs 
in  the  presence  of  other  substances  which  have  no  action  upon 
hydrogen  peroxide.  He  therefore  concluded  that  hydrogen 
peroxide  played  an  important  part  in  the  rusting  of  iron, 
although,  curiously  enough,  he  was  never  able  to  detect  a 
trace  of  it  in  the  water  in  which  iron  was  rusting,  though 
readily  detected  in  the  water  in  which  certain  other  metals, 
such  as  zinc  and  alumiaium,  were  undergoing  oxidation. 
Dunstan  and  Hill  J  in  a  more  recent  paper  claim  to  have 
detected  traces  of  hydrogen  peroxide  in  the  case  of  iron. 
Fatal  objections  to  this  theory  are,  however,  the  facts  that 
chemically  pure  hydrogen  peroxide  is  entirely  without  action 
upon  iron, II  and  that  iron  has  been  shown  to  rust  easily  in  the 
presence  of  potassium  oxide  and  certain  other  substances 
which  decompose  hydrogen  peroxide. 

The  most  conclusive  experiment  proving  that  iron  free 
from  more  than  traces  of  impurity  will  not  rust  when  kept 
wetted  with  water  containing  oxygen,  but  quite  free  from 
carbonic  acid,  is  due  to  the  ingenuity  of  Friendl.    A  hollow 

♦J.  Amer,  Chem.  Soc"  Vol.  25  (1903),  p.  394. 

tTrans.  Chem.  Soc.  Vol.  87  (1905).  1548. 

tTrans.  Chem.  Soc.  Vol.  99  (1911),  1835. 

IIMoody.  Trans.  Chem.  Soc.  Vol.  89  (1906).  729  ' 
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cylindrical  bulb  of  iron  or  mild  steel,  closed  at  one  end,  is 
fitted  witli  a  rubber  stopper  carrying  two  glass  tubes,  by 
means  of  which  a  current  of  cold  water  can  be  circulated 
t hrough  the  bulb.  The  outer  surface  of  the  bulb  having 
been  brightly  polished  with  emery  cloth,  it  is  fixed  in  the 
upper  part  of  a  glass  flask  containing  some  fairly  strong 
caustic  potash  solution.  The  air  in  the  flask  is  reduced  some- 
what in  pressure,  and  the  flask  is  then  hermetically  sealed. 
By  thoroughly  shaking  the  caustic  potash  solution  in  the 
flask,  every  trace  of  carbonic  acid  is  removed  from  the  walls 
of  the  flask,  the  surface  of  the  steel,  and  the  enclosed  air. 
The  potash  solution  is  then  heated  nearly  to  boiling,  whilst 
a  current  of  cold  water  is  caused  to  circulate  through  the 
bulb,  causing  water  quite  free  from  any  trace  of  acid  to  con- 
dense upon  the  surface  and  gradually  wash  off  the  potash 
solution.  Under  the  conditions  of  this  experiment  the  iron 
or  steel,  though  wetted  witli  water  containing  dissolved 
oxygen,  remains  bright  and  unrusted  for  an  indefinite  period, 
though  an  isolated  spot  of  rust  may  form  here  and  there 
owing  to  some  local  impurity  in  the  metal.  It  has  been 
objected*  that  in  this  experiment  the  surface  of  the  iron  is 
rendered  "  passive  ，'  by  the  potash  which  is  washed  over  it, 
and  thereby  protected  from  rusting,  but  Friend 十 has  shown 
that  the  so-called  passive  state  of  iron  produced  by  the 
action  of  alkalis  is  not  a  true  passive  state,  such  as  is  pro- 
duced by  the  action  of  strong  nitric  acid  and  some  other 
acids,  and  which  is  believed  to  be  due  to  the  formation  of 
a  superficial  protective  film  of  oxide.  The  apparently 
passive  state  produced  by  alkalis  is  an  effect  due  to  the 
absorption  of  the  alkali  by  minute  pores  in  the  surface  of  the 
metal,  and  held  there  with  considerable  tenacity.  If  t h is 
alkali  be  thoroughly  washed  out  with  distilled  water  the  pas- 
sivity disappears,  and  Friend  claims  that  it  is  thoroughly 
washed  out  under  the  conditions  of  his  experiment. 

However  interesting  it  may  be  from  an  academic  stand- 
point to  settle  the  very  vexed  question  whether  the  presence 
of  an  acid  is  or  is  not  essential  to  the  rusting  of  iron,  and  its 
interest  is  proved  by  the  fact  that  for  the  last  ten  years  it  has 
been  the  subject  of  experiment  by  a  host  of  investigators  in 
this  country,  Germany,  and  America,  the  practical  im- 
portance of  the  point  is  largely  discounted  by  the  fact  that 
under  natural  conditions  the  acid  is  always  there.  All  water 
condensed  from  the  atmosphere,  whether  in  the  form  of  rain 
or  dew,  besides  being  saturated  with  oxygen,  contains  in 
solution  carbonic  acid,  and  to  this  must  be  added,  in  the 
neighbourhood  of  towns  where  coal  is  burnt  and  where 
chemical  works  exist,  stronger  acids  such  as  sulphuric,  hydro- 
chloric, and  nitric  acids.  These  acids  commence  the  attack 
upon  the  iron,  but  it  is  the  oxygen  which  converts  the  pro- 
duct into  rust,  and  removing  the  dissolved  iron  from  solu- 
tion and  liberating  the  acid  for  a  fresh  attack  is  the  most 
potent  agent  in  promoting  corrosion.  In  a  recent  paper  by 
LongmuirJ  it  is  shown  that  rain  falling  in  a  manufacturing 
district  may  contain  as  much  as  7*3  grains  of  sulphuric 
anhydride  and  81  grains  of  chlorine  existing  as  chloride 
in  one  gallon,  and  that  the  sulphur  in  chimney  soot  may 
range  from  1'44  to  3*60  per  cent.,  or  if  expressed  as  sulphuric 
anhydride  from  3'60  to  859  per  cent.  Much  of  this  exists 
as  sulphuric  acid.  Iron  rust  formed  in  towns  always  con- 
tains sulphuric  acid.  Longmviir  mentions  a  case  wliere  steel 
ingots  containing  as  little  as  0'02  per  cent,  of  sulphur  gave 
rust  containing  1*25  per  cent,  when  allowed  to  rust  in  the 
open  air. 

Sulphuric  acid  formed  by  the  combustion  of  coal  in  loco- 
motives is  the  active  cause  of  the  serious  corrosion  of  rails 
wliirh  sometimes  takes  place  in  tunnels.  In  the  rust  removed 
from  such  rails  in  active  service  I  have  found  twelve  times 
as  much  sulphur  as  could  have  been  derived  from  the  steel 
rail  itself.  I  once  calculated  that  in  the  case  of  a  particular 
tunnel  the  steam  from  the  locomotives  on  condensing  to  water 
would  form  drops  containing  at  least  0'41  per  cent,  of  sul- 
phuric acid ,  which  would  be  highly  corrosive  to  steel,  and  in 
the  surface  dirt  scraped  from  newly  laid  rails  in  this  tunnel 
I  found  3  33  per  cent,  of  sulphuric  acid  soluble  in  water.  A 
slifn-t  length  of  rail,  4ft.  long,  was  placed  in  this  tunnel  in 

*  DuriHtan   &  Hill'  loc.  cit. 
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the  6ft.  space,  clear  of  the  ballast,  on  two  wooden  pegs,  in 
!^<'l)ruary，  1898.  After  remaining  for  3|  years  exposed  to 
the  air  and  sniokebox  gases  it  was  removed  for  rxaininat  ion 
and  analysis. 

The  piece  of  rail  was  corroded  all  over  witli  rust  and  dirt , 
varying  in  thickness  from  about  T】5in.  to  jin.,  and  (  (im|'。s''(l 
of  two  layers,  an  inner,  dense  layer,  about  ?"in.  thick,  of 
red  and  yellow  oxide,  and  an  outer,  soft,  black  layer,  thicker 
on  one  side  of  the  rail  than  the  other,  partly  consisting  of 
soot,  but  mixed  with  bright  yellow  basic  sulphate  of  iron, 
containing  10*85  per  cent,  of  combined  sulphuric  acid.  Somo 
of  the  rust  was  detached  from  the  rail  and  submitted  to 
analysis.  Some  drillings  were  also  analysed,  taken  from  the 
rail  itself.    Tlio  following  results  were  obtained  ： ― 


. I  tut/t/sts   of  //,〃/. 

Carbon    "275 

Silicon    '070 

Sulphur    -048 

Phosphorus    '044 

Manganese    1114 

Iron    98-56 


Ferric  oxide    7873 

Ferrous  oxide    2'12 

Sulphuric  anhydride.  4*22 

Water,  &c   14  93 

10000 


100-111 

Ratio. 

Sulphur  in  rail,  per  100  parts   '048    ...  1 

，，       ，， rust,  ，，      ，，       ，，    of  rail  ...  2*92      ....  61 

Tims  tlio  rust  contained  61  times  as  much  sulphur  (exist- 
ing as  combined  sulphuric  acid)  as  was  contained  in  the 
rail  from  which  it  was  formed. 

The  rust  attached  to  iron  in  active  corrosion  will  some- 
times be  found  to  be  composed  of  layers  which  are  red  and 
yellow  on  the  outside,  and  more  or  less  dark  green  or  black 
inside  in  contact  with  the  iron.  The  outer  layers  where 
the  oxidation  has  proceeded  farthest  are  ferric  hydroxide, 
the  inner  layers  ferrous  hydroxide.  The  presence  of  the  two 
oxides  is  interesting,  because  it  shows  that  iron  in  contact 
with  the  moist  red  oxide  under  conditions  where  is  cannot 
readily  obtain  oxygen  from  the  air  or  from  water  will  take 
it  from  the  more  highly  oxygenated  red  oxide  with  forma- 
tion of  the  lower  green  o 文 ide.  This  kind  of  action  takes 
place  at  great  depths  under  water  where  the  supply  of 
oxygen  is  limited.  When  iron  becomes  oonverted  into  red 
rust  it  has  been  estimated  that  the  volume  increases  ten 
times.  This  enormous  expansion  has  a  very  important 
bearing  upon  the  instability  of  ferro-concrete  when  the 
embedded  iron  or  steel  is  not  absolutely  protected  from  the 
possibility  of  corrosion. 

To  the  other  causes  which  lead  to  the  corrosion  and  de- 
struction of  ironwork  must  be  added  the  action  of  bacteria. 
There  are  many  kinds  of  bacteria  in  whose  life-history  the 
element  sulphur  plays  an  essential  part.  Some  reduce 
oxidised  sulphur  compounds  to  sulphuretted  hydrogen, 
others  oxidise  the  sulphuretted  hydrogen  and  store  up  the 
sulphur,  others  again  further  oxidise  the  sulphur  to  sul- 
phuric acid  and  produce  an  acid  condition  in  the  soil.  In 
an  interesting  paper  by  R.  H.  Gaines*  mention  is  made  of 
serious  damage  to  the  foundation  structure  of  a  bridge 
crossing  Lake  Hauser  in  Montana,  which  is  said  to  have 
been  traced  to  the  action  of  a  bacterium,  Gall  ion  via  jrrru- 
,〃/〃(7，  which  eliminates  an  acid  secretion  by  which  iron  is 
dissolved  and  then  assimilates  the  iron,  which  ultimately 
becomes  converted  into  ferric  oxide  in  its  cell  walls.  Many 
bacteria  which  feed  upon  iron  in  a  similar  way  are  known, 
and  some  of  these  cause  great  trouble  in  water  pipes,  forming 
masses  of  the  red  oxide  which  eventually  choke  the  pipes. 
The  remedies  for  the  external  corrosion  of  ironwork  caused 
in  this  way  recommended  by  Gaines  are  free  drainage,  by 
which  the  acid  secretion  is  carried  away,  and  where  this 
is  impracticable,  mixing  slaked  lime  with  the  soil  to  neu- 
tralise the  acid  which  is  formed.  Cushmann  found  that 
the  addition  of  5  per  cent,  of  lime  to  boggy,  sour  land, 
exerted  a  very  marked  protective  influence  on  iron  embedded 
in  it. 

As  rusting  is  essentially  a  process  of  oxidation  and  is 
dependent  upon  the  oxygen  dissolved  in  water,  considera- 

*  Jour.  Ind.  and  Eng.  Chera.    11,  No.  4. 
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tions  such  as  the  superficial  area  of  the  water,  the  rate  of 
flow  of  rivers,  and  the  depth  of  immersion  of  the  iron  have 
an  important  bearing  in  connection  with  immersed  struc- 
ture, such  as  the  piers  of  bridges.  As  water  obtains  its 
oxygen  from  the  atmosphere  it  is  well  to  remember  that 
oxygen  is  much  more  soluble  in  water  than  nitrogen,  and 
that  the  ratio  of  oxygen  to  nitrogen  in  the  gases  dissolved 
in  water  is  1'2,  whilst  iu  air  it  is  only  1*4.  In  still  water, 
as  in  tanks,  the  rusting  of  iron  can  be  checked  by  inter- 
posing between  the  surface  of  the  water  and  the  air  some 
insulating  material.  Charcoal,  for  instance,  has  a  great 
power  of  absorbing  gases,  and  in  experiments  made  by  Heyn 
and  Bauer*  it  was  found  that  the  relative  rate  of  corro- 
sion of  wrought  iron  iu  distilled  water  was  reduced  from 
100  to  68  by  suspending  a  block  of  charcoal  in  the  water, 
and  from  100  to  20  by  covering  the  surface  of  the  water 
with  a  layer  of  powdered  charcoal.  The  depth  of  immer- 
sion influences  the  rate  of  corrosion  in  two  ways  (1)  by  its 
effect  on  the  dissolved  oxygen  and  (2)  by  the  difference  m 
the  intensity  of  light.  Gases  diffuse  through  water  slowly, 
consequently  the  oxygen  which  the  iron  removes  from  the 
water  in  rusting  is  mon)  rapidly  renewed  near  the  surface, 
and  as  rusting  is  promoted  by  light  it  goes  on  more  rapidly 
the  less  deeply  the  iron  is  immersed.  At  the  surface,  where 
the  oxygen  and  light  are  in  greatest  abundance,  and  where 
also  the  temperature  is  highest,  the  corrosion  is  greatest,  and 
the  iron  if  unprotected  may  even  be  cut  through  at  this 
point. 

Sea  water,  as  is  well  known,  is  much  more  corrosive  to 
iron  than  fresh  water.  Adie  in  1845  found  by  experiment 
that  wrought  iron  wire  immersed  for  80  days  in  sea  water 
lost  in  weight  37  per  cent,  more  than  when  immersed  In 
fresh  water  under  similar  conditions.  Yet  oxygen  is  less 
soluble  in  sea  water  than  in  fresh  water.  The  greater  cor- 
rosive action  is  due  to  the  presence  in  sea  water  of  mag- 
nesium chloride,  a  very  corrosive  salt.  Iron  is,  in  fact, 
corroded  by  sea  water,  even  in  absence  of  oxygen.  Old 
iron  guns  and  cannon  balls  which  have  been  dredged  up 
from  the  bottom  of  the  sea  after  many  years  submergence 
have  frequently  been  found  to  have  become  more  or  less 
completely  converted  into  soft  masses  of  ferrous  oxide,  mixed 
with  the  graphite  and  silica  from  the  cast  iron  they  were 
made  of. 

For  the  preservation  of  iron  or  steel  structures  subject 
to  atmospheric  rusting  several  methods  are  available.  Many 
years  ago  Barff,  noticing  the  protection  to  rolled  iron  afforded 
by  the  mill-scale,  proposed  to  form  such  a  coating  of  scale  upon 
the  surface  of  iron  or  mild  steel  articles  by  heating  them  to 
from  400°  Fah.  to  600°  Fah.  in  a  current  of  superheated 
steam.  At  this  temperature  iron  decomposes  steam  thus  ： ― 
3Fe  +  4H20  =  Fe304-  +  4H2，  and  a  protective  film  of  the 
black  magnetic  oxide  Fe3Q4  is  formed  upon  the  surface  of 
the  iron.  The  weak  point  of  the  process,  apart  from  its 
cost,  is  the  readiness  with  which  the  oxide  cracks  and  flakes 
off  when  the  metal  is  hammered  or  bent,  thus  exposing  the 
iron,  and  as  iron  is  electropositive  to  the  oxide,  active  cor- 
rosion and  pitting  of  the  exposed  metal  is  promoted. 

The  processes  of  tinning  and  galvanising  are  much  more 
extensively  employed.  In  the  first  process,  the  iron  is 
pickled  in  acid  to  remove  rust  and  scale,  washed  to  remove 
the  acid,  and  passed  through  a  layer  of  melted  fat  into  a 
bath  of  molten  tin  which  adheres  to  the  surface  of  the  iron 
and  forms  a  protective  coating,  if  well  done,  and  so  long  as 
it  remains  intact.  But  if  there  are  any  pin  holes  or  defec- 
tive places  in  the  tin  coating,  where  the  iron  is  exposed,  the 
tin  is  the  reverse  of  protective,  as  being  like  the  black  oxide, 
electronegative  to  iron,  rusting  is  promoted.  A  much  more 
effective  process  is  that  of  galvanising,  in  which  a  coating 
of  zinc  is  formed  upon  the  iron.  There  are  at  least  throe 
methods  of  galvanising.  The  first  and  oldest  is  similar  to 
tl»at  employed  in  making  tinplate.  This  process,  when 
well  done,  forms  an  alloy  of  iron  and  zinc  upon  the  surface 
of  the  metal,  which  is  not  only  a  good  protection  so  long  as 
it  lasts,  but  which  does  not  fail  if  there  should  be  small 
holes  in  the  coating,  zinc  being  electropositive  to  iron.  The 
iron  is,  therefore,  protected  so  long  as  the  coating  lasta,  and 

' Mitt.  aus.  dem.  Koniglichen  Material-prxifungsamt,  Berlin,  26  (1908)  2. 


as  zinc  withstands  ordinary  atmospheric  influences  very  well, 
the  coating  of  oxide  at  first  formed  protecting  the  metal 
from  further  attack,  well  galvanised  iron  and  steel  will  often 
last  a  very  considerable  time.  Cruikshank  considers,  how- 
ever, that  such  structures  should  be  painted  over  the  zinc, 
and  to  prevent  the  paint  from  peeling  off  he  recoinniends 
treating  the  galvanised  surface  will)  a  solution  containing 
copper  before  the  paint  is  put  on. 

More  modern  processes  of  galvanising  are  tlie  electroly- 
tic, in  which  zinc  is  deposited  upon  the  iron  by  electrolysis, 
and  the  interesting  process  known  as  Sherardising,  in  which 
the  articles  to  be  coated  are  rotated  with  zinc  dust  in  a 
hollow  drum  heated  to  a  temperature  below  the  melting- 
point  of  zinc.  Under  these  conditions,  the  vapour  of  zinc- 
combines  with  and  forms  a  coating  of  the  metal  upon  the 
iron  surfaces. 

The  weak  point  of  galvanising  is  that  zinc  is  a  very  easily 
corroded  metal,  it  is  easily  soluble  in  weak  acids,  and  even 
decomposes  boiling  water,  so  that  its  protective  influence  does 
not  last  long  under  such  condition.  Hence,  for  water  pipes, 
cisterns,  and  especially  steam  boiler  tubes,  the  protection 
afforded  by  galvanising  is  not  likely  to  last  long.  The  pro- 
tection depends  upon  the  thickness  of  the  coating.  It  must 
also  not  be  forgotten  that  zinc  is  a  poisonous  metal,  and  for 
that  reason  should  not  be  used  for  drinking  water  tanks  or 
service  pipes,  especially  for  waters  which  contain  much 
chlorides.  Electro-deposited  coatings  of  other  metals,  such 
as  copper  and  lead,  are  also  used  for  the  protection  of  iron 
and  steel  plates. 

For  structures  exposed  to  the  atmosphere,  by  far  the  most 
widely  adopted  and  convenient  method  of  protection  is  by 
painting.  Paints  for  ironwork  may  be  divided  into  two 
classes  (1)  varnishes,  containing  no  pigment,  generally  solu- 
tions of  bitumen,  coal-tar  pitch,  stearine  pitch,  or  wool 
pitch  in  tar  oils,  and  (2)  true  paints,  composed  of  a  finely 
ground  pigment  suspended  in  a  vehicle  which  is  generally 
linseed  oil.  The  number  of  such  paints  and  varnishes  is 
legion,  and  as  each  one  according  to  the  statement  of  the 
vendor  is  "  perfect''  they  must  all  be  equally  good,  and 
therefore  I  am  spared  the  necessity  of  entering  further  into 
their  individual  merits  and  comparing  one  with  another. 
I  think  our  time'  may  be  more  usefully  spent  in  discussing 
broadly  the  features  of  a  good  protective  paint  and  the  con- 
ditions essential  for  success.  Of  first  importance  is  the 
preparation  of  the  iron  for  the  priming  coat.  I  am  con- 
sidering here  new  ironwork,  and  not  work  which  has  already 
been  painted.  The  sooner  the  iron  receives  its  priming  coat 
the  better,  and  the  greater  the  care  and  attention  bestowed 
upon  this  priming  coat  the  better  will  be  the  result  for  ever 
after.  I  think  this  is  perhaps  the  reason  why  the  stencil 
marks  upon  girders  and  such  like  are  frequently  cited  as 
testimony  to  the  value  of  white  lead.  They  are  put  on  while 
the  girder  is  new,  even  hot,  and  quite  dry,  and  they  can  be 
still  found  underneath  the  subsequently  applied  paint  when 
it  flakes  off  or  is  scraped  off  for  repainting.  The  iron  for 
the  priming  coat  should  be  quite  dry,  preferably  even  warm, 
so  as  to  ensure  dryness,  and  free  from  every  trace  of  rust. 
Some  engineers  allow  the  iron  to  rust  in  order  to  remove 
mill-scale,  but  it  is  safer  to  remove  the  mill-scale  by  sand- 
blasting or  wire  brushes  rather  than  allow  rusting  to  com- 
】nence.  Rusting  involves  pitting,  and  unless  the  rust  is 
scraped  out  of  the'  pits  down  to  the  bare  metal,  a  difficult 
and  expensive  process,  rusting  will  go  on  underneath  the 
paint.  In  experiments  conducted  with  a  great  many  well- 
known  paints  and  varnishes  I  have  found  nothing  better  for 
the  priming  coat  than  genuine  red  oxide  of  lead ― "red  lead" 
—and  genuine  boiled  linseed  oil. 

The  lead  and  oil  should  be  ground  together  in  a  mill ~ - 
not  merely  mixed  by  stirring ― and  should  be  of  such  con- 
sistency that  when  painted  upon  a  vertical  surface  the  paint 
will  not  run  down.  This,  of  course,  means  a  fairly  thick 
paint,  and  one  that  requires  the  expenditure  of  a  liberal 
amount  of  "elbow  grease  "  in  its  application.  For  it  needs 
to  be  well  spread  with  a  good  brush,  not  merely  daubed  orij 
but  well  worked  into  the  corners  and  crevices,  and  not  too 
thickly.  I  would  employ  the  best  workmen  in  putting  on 
this    priming    coat,  working    under  rigid    inspection,  and 
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allow  three  or  four  days  for  the  paint  to  thoroughly  dry. 
The  contractor's  men  can  thcji  come  along  and  put  on  the 
subsequent  coats,  which  can  be  of  any  desired  colour  and 
almost  anybody's  11  anti-corrosive  paint."  The  ]>riniing 
should  contain  no  drier,  it  is  not  needed,  and  no  turj)eni iiio 
or  other  spirit,  nothing  but  genuine  red  lead  and  genuine 
boiled  linseed  oil.*  The  so-called  "  drying  "  of  linseed  oil 
is,  of  course,  a  misnomer.  The  oil  does  not  dry  in  ； i  sense 
that  a  water  paint  dries,  by  evaporation  of  wat-er  ；  linseed 
oil  dries  by  absorption  of  oxygen,  whicli  ('(mvcrts  t-lit»  On  id 
oil  into  a  solid  elastic  skin  of  oxidised  oil,  and  it  is  not- 
desirable  that  any  turpentine  or  other  volatile  spirit  should 
be  present  which  would  evaporate  and  impoverish  the  skin. 
I  am  not  a  believer  in  tar  varnish-es  for  exposed  ironwork. 
They  all  tend  to  harden  and  become  brittle ;  at  least  this  is 
my  experience  of  such  as  I  have  tried.  Neither  liave  I  yet 
found  any  oil  to  take  the  place  of  linseed  oil.  There  arc,  oi 
course,  many  other  drying  oils,  and  a  very  few,  sucli  a  a 
poppy  and  henipseed  oils,  can  be  us^d  for  painting,  1)iit  ； it 
the  present  time  suitable  oils  of  this  class  a rv  not-  ； i vaihddc 
commercially,  though  they  no  doubt  find  their  way  into  lin- 
seed oil  as  adulterants. 

Every  dry  paint  film  is  coinj)osod  ( 1)  of  the  pi^nicnl ;i vy 
particles,  and  (2)  of  the  oxidised  oil  varnish  which  cements 
the  particles  together  and  sticks  them  on  to  the  surface 
which  has  been  painted.  It  is  important  to  remember  that 
oil  films  are  by  no  means  impervious  to  gases  or  to  water 
vapour.  Many  ingenious  experiments  have  been  made  in 
order  to  measure  the  relative  permeability  of  dried  oil-films, 
by  stretching  them  over  bottles  containing  hygroscopic  sub- 
stances and  noticing  the  relative  increase  of  weight  from 
time  to  time.  It  has  been  shown  in  this  way,  that  under  the 
conditions  which  usually  apply  in  painting,  genuine  boiled 
linseed  oil  gives  a  film  more  impervious  to  water  than  any 
other  oil  tested,  but  that  the  addition  to  the  boiled  oil  of 
0*5  per  cent,  of  paraffin  wax  reduces  the  permeability  by  one- 
half,  without  appreciably  reducing  the  rate  of  oxidation  or 
"drying"  of  the  paint.  To  show  what  this  may  mean  in 
the  protection  of  ironwork  from  rusting,  Friend 十 took  three 
strips  of  pure  iron  foil,  polished  them,  and  coated  one  with 
a  mixture  of  boiled  linseed  oil  and  tung  oil,  and  another 
with  the  same  oil  in  which  0  5  per  cent,  of  paraffin  wax  had 
been  dissolved.  When  the  oil  films  had  dried,  the  three 
pieces  of  Foil  were  suspended  in  tap  water  for  31  days  and 
then  cleaned,  dried,  and  weighed. 

The  unprotected  plate  had  lost    0*502  gramnie. 

The  plate  coated  with  oil    0189  " 

The  plate  coated  with  oil  and  wax   0.089  ，， 

This  is  a  point  worthy  of  attention  by  engineers. 

Turning  now  to  the  pigmentary  part  of  the  paint  film,  R. 
Job,  in  a  paper  read  before  the  Franklin  Institute  in  1904, 
showed  the  importance  of  excessively  fine  grinding  of  the 
pigment.  The  particles  should  be  small,  not  exceeding  one- 
thousandth  of  an  inch  in  diameter,  and  of  uniform  size,  in 
order  that  the  film  may  be  filled  as  completely  as  possible 
with  the  pigment,  and  the  particles  packed  together  as 
closely  as  possible,  leaving  no  free  oil  spaces  through  which 
water  can  obtain  access  to  the  surface  underneath  the  paint. 
You  will  see  from  these  brief  remarks  how  many  factors 
enter  into  the  successful  protection  of  iron  and  steel  work 
by  painting,  yet  I  am  afraid  painting  is  frequently  looked 
upon  as  a  very  simple  process,  and  that  the  main  point  to  be 
considered  is  to  get  it  done  as  cheaply  as  possible. 

In  places  where  water  lodges,  such  as  the  bottom  flanges 
of  the  girders  of  bridges,  there  is  probably  no  better  protec- 
tive than  Portland  cement  with  which  the  hollow  spaces  can 
be  filled,  as  reconiniended  by  Marriott, |  but  if  used  as  a  wash 
Portland  cement  lacks  adhesive  power  and  flakes  off.  Tn 
danip  situations,  therefore,  such  as  the  undersides  of  rail- 
way bridges,  protection  by  painting  becomes  more  difficult, 
and  it  is  especially  in  such  places  that  a  ^ood  priming  coat 
on  the  new  material  will  repay  all  the  trouble  spent  over  it. 

In    a    recont    numl)er  of  the  "  Zeitsclirift    fur  Electro- 

*  Gaston  Dcspierres  recommends  orange  lead  in  preference  to  red  lead 
― it  is  lower  in  specific  gravity  and  more  finely  divided.  This  is  a  point 
worth  noting. 

t  Iron  and  Steel  Inst.  Carnegie  Research  Memoir.  1911.  Vol.  3,  p.  1. 
： Proc.  Inst,  of  Civil  Engineers,  Vol.  162  (1905). 


('l"'iiiic'，  an  account  is  published  of  some  experiments  by  two 
dernian  investigators,  Leibreicli  and  S]>iizer,  leading  to  the 
I'oina rkable  concl iksion  tJiat,  ot licr  tilings  (jeiiig  equal,  a 
single  (*(tat  oi'  paint  alFords  hctt or  protect  ion  than  two  coat-s, 
and  that  an  increase  of  the  number  of  coats  accelerates  the 
corrosion  of  ilie  painted  iron  surfaco.  No  satisfactory  ex- 
planation has  been  suggested  of  t his  icniarkable  fact.  It 
will  no  doubt  be  j)iit  to  the  test  of  practice,  as  the  prospect 
"I  I'rutg  ； il 山' to  save  money  and  at  ilio  saino  lime  improve 
the  value  of  the  work  is  too  good  to  be  neglected. 

{To  be  con  tin  ucd .) 

OWENS'  SMOKE-DENSITY  INDICATOR. 

In  instruineiits  for  measuring  smoke  from  factory  or  other 
cliiinneys  by  ccmipariug  the  opacity  of  the  smoke  with  that  of 
smoked  glass,  or  other  partially  transparent  substance,  it  is 
usual  to  view  the  smoke  through  an  aperture  in  the  instrument 
and  match  its  opacity  with  one  of  a  series  of  smoked  glasses 
which  may  be  fixed  in  a  revolving  disc  and  observed  through  a 
second  apea'taire.  In  sucli  instruments  it  is  found  that  tliere  is 
an  error  in  the  observed  si ia.de  oi'  1  lie  smoke  and  glasses  due  1  o 
ih©  fact  tli at  wliou  t  he  eye  is  focussed  on  the  smoke  at  a  dis- 
tance the  edges  of  the  apertures  in  the  instrument  aro  ill 
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Owens'  Smoke-density  Indicator. 

defined  so  that  the  smoke  and  smoked  glasses  may  both  be  seen 
overlaid  by  a  haze  due  to  this  cause.  To  overcome  this  defect 
Mr.  John  S.  Owens,  47，  Victoria  Street,  Westminster, 
London,  in  the  indicator  illustrated  herewith  places  the 
graduated  smoked  glasses  and  the  aperture  for  viewing  the 
smoke  through  in  the  optical  system  of  a  telescope  in  sucli  a 
position  that  the  edges  of  the'  aperture,  the  smoke  glass,  and 
the  smoke  examined  are  all  in  focus  at  thei  same  time.  This 
results  in  the  aperture  being  seen  with  well  defined  edges  and 
thus  no  haze  overlies  tiie  smoked  glasses,  which  can  conse- . 
quently  be  compared  with  the  smoke  without  error  due  to  i  lw 
above  cause.  The  smoked  glasses  are  numbered  in  the  ratio  of 
their  densities. 

Fig.  1  shows  a  side  view  of  the  instrument,  Fig.  2  a  view 
from  the  eye  piece  end,  and  Fig.  3  a  view  of  the  eye  pivce  end 
with  eye  piece  Miul  front  of  rasing  F  removed  so  ms  to  show  \ 
disc  I).     A  i elt'scope  is  |)r()vi(l(、<l  liaving  an  objei't  glas.s  O  and 
an  eye  piece  E,  aiut  fixed  in  i  lu1  i t^cscope  a i  a,  point  wliicli  may 

hroughi  into  tli€  focus  of  both  object  glass  and  evv  pi('('(、  is 
a  revolving  disc  D  fixed  eccentrically  to  the  axis  of  tlie  tele- 
scope and  containing  a  number  of  ^acluated  smoked  glasses 
A  arranged  in  cells  aroiuul  the  centre  of  the  disc  D,  so  that 
when  it  is  revolved  any  cell  with  its  glass  may  be  made  to 
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occupy  a  position  with  its  centre  in  the  axis  of  the  telescope 
"n[l  in  the  focus  of  both  object  glass  and  eye  piece.  The  disc 
revolves  in  a  casing  F  and  is  provided  with  a  spring  stop  L  to 
assist  iu  bringing  each  cell  into  the  axis  of  the  telescope  when 
required.  In  each  cell  is  fixed  a  semi-disc  of  smoked  glass 
A  so  that  one  half  of  the  cell  is  filled  with  smoked  glass  and 
the  other  half  empty.  The  smoke  is  observed  through  the 
empty  half  of  tlie  cell  and  matched  with  the  smoked  glass  in 
the  other  half.  A  small  hole  K  in  the  casing  F  of  the  disc  D 
permits  the  observer  to  read  a  number  on  the  disc  D  represent- 
ing the  density  of  the  smoked  glass  which  is  in  the  axis  of  the 
telescope.  In  graduating  the  smoked  glasses  a  unit  of  density 
is  choseu  representing  tlie  same  opacity  as  unit  density  of 
smoke  would  when  viewed  through  uuit  thickness',  then  the 
lightest  glass  is  made  of  a  density  20  times  the  unit  density, 
so  that  a  column  of  smoke  20ft.  thick  which  matched  in  opacity 
this  glass  would  be  composed  of  smoke  of  unit  density.  The 
glasses  are  numbered  20,  40，  60，  80,  100，  and  120,  that  is  in 
the  ratio  of  their  densities  or  of  their  thick nes®  if  the  same 
glass  is  used  ；  hence  in  any  case  the  number  of  the  glass  match- 
ing the  smoke  when  both  are  viewed  by  transmitted  light  will, 
when  divided  by  the  thickness  of  smoke  looked  through  give 
tlie  density  of  the  smoke  in  the  units  chosen.  Fixed  on  the 
tube  of  the  t-elescope  are  two  rings  R  and  S.  The  ring  R  is 
fixed  rigidly  to  the  telescope,  the  other  S  is  capable  of  being 
revolved  and  is  held  in  place  by  a  collar  T.  The  circum- 
ferences of  these  rings  are  marked  in  logarithmic  divisions  so 
as  to  operate  as  a  slide  rule  and  permit  of  division  or  multi- 
plication being  done  by  their  means. 


ELONGATION  IN  Sin.  AND  2in.  BARS. 

BY  E.   F.  CONE. 

There  has  always  been  considerable  uncertainty  about  the 
relation  between  a  2in.  and  an  8in.  test  bar  as  to  their 
elongation.  The  question  is:  What  elongation  in  2in.  is  the 
equivalent  of  20  per  cent,  in  8in.  ？  It  has  many  times  been 
desirable  to  make  the  tests  in  2in.，  though  a  given  specification 
called  for  the  tests  in  8in.,  the  2in.  test  being  not  only 
quicker  and  less  expensive,  but  also  the  standard  test.  Accord- 
ingly tests  were  made  to  determine  this  relative  value.  Test 
bars  3in.  by  lin.  by  14in.  long  were'  cast  on  several  large 
marine  castings,  and  after  the  castings  had  been  thoroughly 
annealed  the  bars  were  removed.  From  each  bar  there  were 
cut  an  Sin.  and  a  2in.  test.  The  physical  results  obtained  in 
each  case  were  as  follows  ： — 


Test. 

Heat. 

Elastic 
Limit, 
Lbs. 

Tensile 
Strength, 
Lbs. 

Per  Cent. 
Elongation. 

Per  Cent. 
Ked.  Area. 

A  

1  8" 

33,200 

68,200 

2275 

4533 

r 

36,000 

70,500 

2650 

38*80 

B  

2  8" 

34,000 

07.600 

2175 

4(i*25 

2" 

34,600 

71,000 

2950 

41-90 

C  

3  8" 

35,400 

70,400 

20.75 

41  57 

2" 

37,000 

72.500 

2750 

35  70 

D  

4  8" 

32.200 

68,200 

38*(i4 

2" 

35.0C0 

70,000 

20-00 

41-90 

E  

5  8" 

34,000 

(>7,200 

2350 

38-04 

2" 

35,500 

68,500 

2550 

38-80 

F  

5  8" 

34.800 

6(3,200 

21*50 

36- H7 

r 

35,500 

70,000 

2(5-00 

4030 

G  

6  8" 

35, 議 

(>9,000 

22-00 

47-17 

2" 

37.000 

70,000 

28-00 

45  40 

H  

0  8" 

33. 誦 

fi8,000 

l^.-UO 

2" 

37,000 

70. .100 

20*50 

4T90 

I   

6  8" 

33,400 

07,000 

22*50 

2" 

30,500 

72，000 

27-00 

38  80 

J   

6  8" 

33,400 

69,000 

2200 

45 

2" 

36,500 

72,000 

25- CO 

4()：50 

*  Flaw. 


It  will  be  noticed  that  there  is  an  increase  in  elastic  limit 
of  5  to  6  per  cent,  in  the  2in.  bar  over  the  8in.  bar  ；  in  tensile 
ntrfMigth  of  3  to  4  per  cent.  ；  in  elongation  of  about  25  per 
""it.  But  in  reduction  of  area  tliere  is  a  slight  increase  in 
the  8in.  bar  over  tlie  2in.  From  the&e  data  it  is  deduced 
tl，at,  when  specifications  for  cast  steel  call  for  an  elongation 
of  20  per  cent,  in  8in.，  the  2in.  test  equivalent  to  this  should 
show  25  per  cent,  elongation  on  ordinary  mild  annealed  cast 
steel . 

At  the  time  tliese  tests  were  made  three  of  the  8in.  bars 
were  laid  off  iu  inches,  and  the  elongation    in  each  inch 


inr.'isured.  The  arcnmp;i nying  rwi  shows  the  results  of  Ui(r? 
measureincniis,  and  is  ral  her  in"、r(  sf  ing. 

Analysing  the  procedin^  t;i,ble,  we  find: 一 


Mladic 

Tensile 

Ii<Mluction 

lii  mil. 

Klo'i^a'jon. 

ot  Area. 

A  

2,800  + 

2， 細 + 

375  + 

H'Tto  ~~ - 

B  

tm  -i- 

:U") 卜 

4  35  ― 

C  

1,600  + 

2,100  H- 

(iVr,  + 

5  87  一 

D  

2,800  + 

1,800 卜 

475  + 

3-20  + 

E  

900  + 

] ,：{<>() 干 

2-00  + 

015  + 

F  

700  + 

3,800  + 

450  + 

：{«3  + 

G  

1 ,400  + 

1 .000  + 

0  00  + 

1-77  ― 

H  

3,400  + 

2,500  + 

8-50  + 

15»)7  + 

I  •• 

3,100  + 

4,400  + 

4  50  + 

3'72  ― 

J   

3,100  + 

3,000  + 

3-00  + 

5'03  ― 

2,040  + 

2,5(i0  + 

515  + 

4' 55  ~ - 

+  =  incrcast?  of  2in.  over  8in.  tests. 
― ― increase  of  8in.  over  2in.  tosts. 


f 

Elongation  per  Inch  in  8-inch  Tkst  Baes. 


This  investigation  was  made  at  the  request  of  the  Bureau 
of  Construction  and  Repair,  United  States  Navy,  and  the 
tests  were  all  made  under  the  direction  and  scrutiny  of  a 
representative  of  the  bureau. ― "  The  Iron  Age." 


Manchester  Association  of  Engineers. ― On  Wednesday,  June 
26th,  the  members  of  the  Manchester  Association  of  Engineers 
visited  Rugby,  with  the  object  of  inspecting  the  extensive 
electrical  engineering  works  of  tlie  British  Thomsou-Houston 
Company,  Ltd.  The  party  left  Manchester  by  the  noon  train 
for  Rugby ― luncheon  en  route ~~ and  on  arrival  was  received 
by  the  principal  officials  of  the  company.  Amongst  the  chief 
manufactures  upon  which  the  firm  is  engaged  are  turbines 
and  accessories  for  the  equipment  of  tramcars,  and  somewhere 
about  4,000  hands  are  employed.  After  being  conducted 
through  tlie  vast  works  afternoon  tea  was  served  to  the 
visitors,  during  which  the  president  (Mr.  Charles  Day)  took 
the  opportunity  of  expressing  their  thanks  for  the  courteous 
way  in  which  they  had  been  received  by  the  company.  Mr. 
Gregory,  in  responding,  stated  that  the  works  were  in  a  pros- 
perous condition  and  very  busy.  As  far  as  he  could  see  the 
future  was  full  of  pleasant  auguries,  which,  to  a  great  extent, 
was  due  to  the  cordial  co-operation  of  the  staff  throughout 
the  works ― to  his  mind  a  very  important  factor  in  workshop 
management. 


I      ^1  I 
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HOLZWARTH'S  GAS  TURBINE. 

The  gas  turbine  illustrated  herewith,  designed  and  patented 
by  PI.  Holzwartli,  of  B.7.  18，  Mannheimi,  and  E.  Jutighans,  of 
Scliiainberg  (Wurteniburg),  is  of  the  type  in  which  a  com- 
bustible gaseous  mixture'  is  periodically  exploded  in  separate 
chambers,  the  resulting  gases  then  flowing  with  expansion 
into  the  actual  turbine,  wliereupon  the  explosion  clianiber  is 
a<(ain  filled  with  the  combustible  mixture,  after  having  been 
first  scavenged  wiih  air,  which  has  a  cooling  action.  Fig.  1  is 
an  axial  section  of  the  gas  turbine  ；  Fig.  2  is  a  section  on  tlie 
line  A ― B  of  Fig.  1，  of  the  member  closing  the  outlet  of  the 
coinbustion  chambers;  and  Fig.  3  is  a  section  on  the  line  E ― F 
of  Fig.  2. 

The  combustion  cliambers,  several  of  which  are  located 
adjacent  different  parts  of  the'  periphery  of  tlie  running  wheel 
C  are  indicated  at  D.  Tliey  are  provided  witli  inlet  valves  G 
for  air,  ； ind  II  for  gas,  and  also  with  ignition  devices  ，T.  A 
body  K,  wliich  contains  the  nozzles  L  through  which  the  com- 
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-Holzwauth's  Gas  Turbine. 


bustion  gases  expand  before  reaching  the  running  wheel  C  of 
th©  turbine,  connects  with  the'  outlet  side  of  the  combustion 
chambers  D.  A  seat  N  is  provided  in  the  body  K  for  a  valve 
O  which  closes  the  passage  from  the  combustion  chambers  D  to 
the  nozzles  L.  The  areas  of  the  sections  of  the  passage  at 
different  points  havo  of  course  a  certain  relationship  to  one 
another  determined  by  the  condition  of  the  flowing  gas  in  each 
section  in  view  of  the  continuity  of  the  flow.  Preferably  the 
area  of  the  section  of  tlie-  passage  at  the  seat  N  of  the  valve  0， 
the  area  of  the  narrowest  section  or  throat  of  the  nozzle  and 
the  area  of  that  section  which  the  gas  jet  passes  irmnediately 
before  escaping,  are  in  the  proportion  of  4:1:2,  the  lowest 
admissible  value  for  the  ratio  of  the  first  two  areas  being  4. 
The  smallest  nozzle  section  is  at  least  TTT5oo  of  the  volume  of  the 
hollow  space  of  the  explosion  chamber,  divided  by  the  diameter 
of  a  sphere  of  a  volume  equal  to  that  of  the  explosion  chamber. 
The  other  sections  are  wider  in  accordance  with  the  above- 
mentioned  considerations,  all  the  sections  being  thus  of  sub- 
stantially greater  area  than  has  hitherto  ever  b&eii  proposed  ox 
used. 

The  body  K  contains  all  th&  outlet  passages  for  the  separate 
explosion  chambers  D  and  all  the  lfozzles  L,  and  is  made 
as  a  single  ring  which  is  mounted  on  the  bas&  of  the  machine, 
which  base  contains  the  combustion  chambers  D.  The  valves 
O  are  each  revoluble  on  a  shaft  P  lying  out  of  the  way  of  the 
hot  gases  of  combustion  and  may,  as  shown  in  clotted  lines  in 
Fi^s.  1  and  3,  move  so  far  aside  when  the  outlet  passage  is 
opened,  that  they  no  longer  impede  the  flow.  They  are 
made  self-closing,  being  pressed  on  to  their  seats  by  means 
of  a  spring  R  and  may  be  lifted  off  tlieir  seats  against  tlie 
pressure  of  the  spring  by  the  pressure  of  the  combustion  gases. 
This  spring  is  located  in  a  recess  in  tlie'  valve  casing  S,  one  end 
bei n g  connected  with  the  spindle  P  of  the  valve  0，  whilst  the 
other  end  is  secured  in  tlie  casing  S.  This  casing  forms  a 
s&parate  body  which  is  placed  at  the*  side  of  the'  body  K.  In 
oi'dor  thai  i  ho  closing  valve  may  be  controlled,  for  instance  in 


order  to  maintain  it  in  an  opened  condition,  even  after  the 
pressure'  of  the  gases  of  conibustioii  lias  considerably  decreased, 
a  separate  (  m  hr'r  T  is  provided  in  i.he  casing  S  and  closed  on 
the  outside  by  a  cover.  In  this  cbam ber  is  arranged  a  closely- 
ntiino-  rotary  piston  U  which  is  mounted  on  tlie'  spiiulle  P  of 
the  valve  O.  Any  suitable  fluid  under  pressure,  for  instance 
oil,  may  be  admitted  behind  the  piston  U  tli rough  a  passage  V， 
so  as  to  propel  tlie  pist  on  into  the  position  shown  in  oliain 
dotted  lines  in  Fig.  3，  so  that  the  valve  O  assumes  the  position 
shown  in  chain  dotted  lines  in  Fig.  3. 

The  details  of  construction  of  tlie  turbine  can  of  course  be 
carried  out  in  various  ways.  It  is  particularly  important, 
however,  to  give  large  dimensions  to  the  outlet  aperture  from 
the  combustion  thainliers.  It  is  of  especial  advantage  as 
regards  this  to  form  th&  closing  member  of  this  outlet  as  a  flap 
valve  instead  of  a  mushroom  valve,  whereby  a  larger  section  of 
passage  without  substantial  change  of  direction  is  provided  for 
the  combustion  gases  passing  througli  it,  and  without  the  dis- 
advantage tliat  the  operating  parts  must  be'  placed  in  tlie  path 
of  the'  hot  gas.  A  further  advantage  of  th&  controlled  closing 
ineinber  described  is  that  the  dimensions  of  this  closing  meniber 
and  th&  parts  belonging  thereto  may  be  kept  comparatively 
snwill  in  spite  of  its  wide  opening,  so  that  the  valve^  gear  may  be 
affixed  easily  and  without  interfering  with  the  appearance  of 
the  engine  as  a  whole,  and  the-  closing  member  with  the  parts 
serving  for  operating  it  may  he  easily  removed  when 
necessary. 

The  object  of  keeping  the  initial  temperature  of  the 
exploded  mixture  low  is  also  substantially  assisted  by  a 
f  urther  improvement  which  will  now  b&  described.  In  gas 
turbines  of  tli&  kind  previously  referred  to  air  is  preferably 
sviit,  through  the  gas  turbine'  as'  a  cooling  medium,  in  the  same 
course  as  that  which  the  propelling  gases  take.  This  is 
effected  by  admitting  air  to  the'  combustion  chambers  D 
tli  rough  the  air  inlet  valve  G  in  the  intervals  between  the 
separate  explosions,  and  discharging  it  through  the  nozzles  L 
wlien  the  nozzle  closing  member  O  is  opened .  For  imparting 
motion  to  this  cooling  air,  of  course,  only  as  small  a  drop  of 
pressure  as  possible  should  be 纖 ployed  for  practical  reasons. 
This  drop  of  pressure  should,  however,  suffice  to  convey  the  air 
through  the  same  course  which  the  expanding  gas  jet  has 
previously  taken.  Th©  expanding  gas  jet,  however,  moves  at 
a  very  high  velocity  and  tlie  air  jet  at  a  very  low  velocity  in 
consequence  of  the  fall  in  pressure  being  only  small,  and  tlie 
passages  b&tw&en  the  blades  of  th©  wheel  C  must  be  of  such 
diitiensioiis  that  they  afford  no  appreciable  resistance  to  the 
passage  of  the  gas  jet.  Now  the  shapes,  dimensions,  and 
relative  positions  of  the  vanes  cannot  also  correspond  to  the 
low  sp&ed  of  the  air  current  and  therefore  they  oppose  great 
resistance  to  the  movement  of  this  current.  In  the  arrange- 
ment under  notice,  a  sufficient  discharge  for  the  cooling  air  is 
afforded  without  affecting  the  cooling  action,  by  outlet  aper- 
tures X  for  the  air  being  provided  in  proximity  to  th©  first 
ring  of  blades  on  the  running  wheel,  which  apertures  allow  tlie 
air  to  escape  from  the  space  between  the  nozzle  and  the  first 


Fig.  3.  Fig.  9. 

Holzwarth's  Gas  Turbine. 

ring  of  blades  directly  to  the  space  Y  beyond  the-  turbine 
wheels,  avoiding  the  passages  between  the  blades  of  tlie  tur- 
bine. In  consequence  of  the  radiating  action  of  the  running 
wheel  not  only  is  tlie  running  wheel  itself  sufficiently  cooled, 
without  the  cooling  air  passing  througli  its  vanes,  but  also  by 
the  centrifugal  action  the  conveyance  of  the  air  is  considerably 
facilitated.  The  passages  X  are  made  as  wide,  as  possible  and 
they  extend  so  far  over  tlie  periphery  that  they  approach  one 
another  as  closely  as  possible.  The  partitions  separating  them 
； tapered  towards  the'  inlet  apertures  and  also  towards1  the 
chamber  Y. 
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ANNUAL  REPORT  OF  H.M.  ELECTRICAL  INSPECTOR  OF 
FACTORIES. 

The  report  of  Mr.  G.  Scott  Ram,  H.M.  Electrical  Inspector  of 
Factories,  for  the  year  1911，  just  issued,  is  an  interesting 
d(xum?nt  and  conveys  a  liiunber  of  instructive  lessons  to  all 
engaged  iu  the  design,  constriu'tion,  and  use  of  electrical 
uiachinery. 

The  inunber  of  ine<-liaiiii'al  accidents  was,  he  says,  about 
the  same  as  iu  previous  years  aud  calls  for  no  special  comment, 
but  the  number  of  electrical  accidents,  lie  continues,  was  some- 
what greater ~ 74  against  58  last  year 一 the  number  of 
fatalities,  four,  being  the  same.  With  few  exceptions  the 
causes  of  the  accidents  were  similar  to  those  which  have  been 
described  iu  detail  iu  former  reports.  Under  the  first  heading 
several  were  due  to  mistakes  on  the  part  of  the  swik-hmen,  in 
some  cases  showing  carelessness  or  incompetence.  The  next 
class  of  accident ~ through  working  on  live  switchboards  or 
other  live  apparatus  or  conductors ~~ is  often  due  to  carelessness 
on  the  part  of  the  responsible  person  in  charge  of  the  work, 
or  of  the  injured  person  himself,  frequently  by  omitting  to 
observe  the  most  elementary  precautions.  In  working  on  a 
dead  portion  of  a  high-tension  switchboard,  adequate  screening 
of  adjacent  live  conductors  is  not  always  provided.  In  some 
cases,  although  ample  screening  has  been  provided  in  respect 
of  persons  working  from  the  floor  level,  it  has  been  overlooked 
that  the  work  might  necessitate  the  person  getting  on  to  a 
higher  level  for  some  purpose,  and  so  being  close  to  live  con- 
ductors which  were  out  of  reach  from  the  floor.  In  one  of 
these  cases  the  man  received  a  shock  and  severe  burns  from  a 
6,000-volt  system.  He  was  rendered  insensible,  but  was 
brought  round  by  artificial  respiration,  and  was  able'  to  return 
to  light  work  in  about  six  weeks.  In  another  similar  case,  the 
man  was  killed  outright  on  a  20,000-volt  system -  Screens 
were  actually  provided  in  this  case  and  were  lying  on  the  floor 
unused.  The  "actual  work  in  hand  was  upon  some  apparatus 
about  2ft.  or  3ft.  from  the  floor.  There  were  live  con- 
ductors above,  about  8ft.  6in.  from  the  floor.  It  was  over- 
looked that  in  reinstating  the  apparatus  a  man  might  climb 
on  to  a  part  of  it  and  so  be  within  reach  of  the'  live  conductors. 

Table  I. ― Accidents  at  Electrical  Generating  Stations  and 
Sub -stations  in  1911. 

The  small  figures  relate  to" fatal  accidents.  And 
principal  figures. 


included  in  the 


Description. 
(1) 


Pul)lic  supply 
"stations  and 
， Electric 
railways  and 
tramways. 
(2) 


Non- electrical  ： ― 

At  engines,  pumps,  and  generatora   

At  boilers  and  steam  plant   ' 

At  coal  handling  plant   

Falls  

Struck  hy  falling  bodies   

Miscellaneous   

Total   

Electrical  ： ― 

At  switchboards  when  en^a^ed  in  ordinary 
routine  work ― mostly  due  to  faulty 
design  of  apparatus  or  to  mistakes  on 
the  part  of  the  switchman. 

Cleaning,  if'pairing,  &c.，  at  "live"  switch- 
Injards  or  other  "  live  ,，  conductors. 

Cleaning,  repairing,  or  other  handling  of 
switchboards  supposed  to  have  been 
" made  dead." 

Skilled  persons  . . . 

Unskilled  persons  - 
Adjusting  brushes  and  cleaning  commu- 
tators   

.Miscellaneous   

Total   


18 

3D 
18， 
70  s 
28 
9L1 


12 


)2 


stations. 
(3) 


4 
0 
3 
81 


38 1 
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Several  accidents  occurred  in  cleaning  extra  high-tension 
switchboards.  In  one  case,  in  a  sub-station,  a  cell  had  been 
made  dead  and  the  door  opened  for  cleaning.  A  second  door 
was  then  owned  before  the  conductors  had  been  made  dead. 


The  clcaiK'  r  wen  I  i  nlo  t  lie  second  ml>er  ； j  i  h  1  received  a 
shock  between  his  haiul  and  iic<-k .  A  heavy  sliori-cin*uiL 
omuTe(l，  bringing  out  the  circuit-breaker  at  tlie  g;'ii:'，'M  i  ii? 
station .  The-  man  was  badly  burned  aiul  was  rendeml  iiis ("卜 
'"卜 k>，  but  was  brought  round  by  artificial  respiration  and  was 
able  to  return  to  work  in  a  few  weeks.  In  another  ease,  in  a 
generating  station  the  switchboard  was  arranged  in  iwo 
sections,  so  that  either  could  at  any  time  be  made  for 
cleaning  or  other  work,  but  was  not  ot-licrwist;  sub-divided . 
There  was  an  inter-connecting  switch  at  ilio  end  of  one  se<*i  iun, 
but  not  screened  off.  This  swiU-Ii  could  have  been  marlc  dead 
by  means  of  isolating  switches  in  ilic  gallery  below,  but  this 
had  not  been  done,  and  it  was  therefore  live  on  one  side.  The 
man  who  was  cleaning,  who  was  also  a  switchboard  attenrlant , 
touched  this  switch,  and  although  severely  injured  by  sliock 
and  burns,  his  right  arm'  having  to  be  amputated  at  i  In* 
shoulder,  he  escaped  with  his  life.  In  subsequent  legal  pro- 
ceedings, the  responsibility  for  the  accident  was  lield  to  lie 
with  the  injured  man  himself  for  going  into  the  cliamber  while 
th©  inter- connecting  switch  was  live.  In  another  case,  a  man 
was  cleaning  insulators  with  exposed  conductors  at  extra  higli 
tension  close  by.  He  was  severely  injured,  but  not  killed.  In 
another,  a  sub-station  attendant  received  a  shock  at  extra  lii^li 
pressure,  apparently  through  his  own  fault  in  not  making  sure 
whether  th©  current  had  been  switched  off  at  the  generating 
station  end  of  the-  line  before  starting  to  clean  the  apparatus. 
Another  high-tension  accident  occurred  to  a  man  working  in  a 
switchboard  cell,  and  appears  to  have  been  due  to  the  stupidity 
of  th©  man  in  charge  in  allowing  tli©  pressure  to  be  turned  on 
before  the  work  was  completed.  In  another  case,  a  "  com- 
petent " man  was  fixing  a  guard  at  some  high-tension  appa- 
ratus with  wire.  As  might  have'  been  expected,  the  loose  end 
made  contact  with  a  live  conductor.  In  the  second  fatal  case 
a  competent  and  experienced  man  appears  to  have  forgotten 
that  the  oil  switch  which  he  was  examining  was  live,  and 
touched  one  of  the  terminals.  It  is  reonarkable  that  of  the 
above  nine  accidents  on  high-tension  or  extra  high-tension 
alternating  systems,  only  two  had  fatal  results. 

Several  accidents  occurred  through  men  making  short  cir- 
cuits on  direct-current  med i u m-p ressu r e  systems.  Some  were 
due  to  the  omission  to  take  any  kind  of  precautionary 
measures.  Thus,  ordinary  engine-room  spanners  were  used  in 
several  cases  to  tighten  up  nuts  at  the  backs  of  switchboards, 
no  precautions  by  screening  or  otherwise  being"  taken,  the 
spanner  being  applied  to  a  live  nut  on  one  pole,  bare  bus- bars 
or  other  conductors  on  the  other  pole  being  only  a  short  dis- 
tance away —— less  than  the  length  of  the  snanner.  The  extra- 
ordinary thing  is  that  such  things  are  done  bv  switchboard 
attendants  of  experience.  Much  of  the  blame  often,  however, 
lies  with  the  employers  or  their  responsible  engineer  in  not 
providing  special  insulated  spanners  or  other  forms  of  tem- 
porary protection  in  view  of  work  on  live  conductors  becoming 
necessary.  In  one  case,  two  assistant  engineers  proceeded  on 
the  above  lines  to  tighten  up  a  live  nut  on  one  of  the  main 
connections  behind  the  bus-bars  at  the  back  of  the  switchboard 
and  produced  the  inevitable  short  circuit.  They  were  both 
burned,  but  not  very  badly.  The  short  circuit  apparently 
produced  a  surge  with  probablv  a  big  rise  in  the  pressure  on 
ilie  breaking  of  the>  short-circuit  current,  with  the  result  that 
a  flash-over  occurred  at  another  part  of  the  switchboard 
several  feet  away,  at  a  r>lace'  where  the  positive  and  negative 
conductors  on  a  marble  Danel  were  barely  lin .  apart,  without 
any  insulating:  division  between.  The  normal  difference  of 
pressure  between  these  conductors  was  580  volts,  anrl  althou^li 
tliis  would  be  a  long-  wav  below  that  neoessarv  to  start  an  arc 
between  conductors  in  air,  it-  mieht  conceivably  do  so  witliouf 
difficulty  if  dirt  or  dust  were  allowed  to  acriuuulate  on  t]\r 
surface  of  the  marble.  There  is  no  doubt,  however,  that  on 
the  breaking"  of  a  very  heavy  current  such  as  would  be  caused 
by  a  short-  circuit  on  a  siation  switchboard  with  2,000  kw.  or 
3,000  kw.  behind  it  and  with  no  circuit-breakers  on  the  gene- 
rators, a  verv  great  niomenl  arv  rise  in  pressure  ini^lit  occur. 
On  550-volt  traction  vswitcliboards  it  has  been  proved  that 
the  operation  of  a  feeder  circuit-breaker  on  lieavv  overlond 
may  produce  a  nionientarv  rise  of  pressure  of  over  10,000  volts. 
The  desien  of  the  switchboard,  with  the  main  conductors 
plar^d  f.o  closelv  toprpilier,  was  ohviouslv  fault,  as  evt>n 
i，，irl。"  normal  con rlitions  pcfulental  sh ort  circuit,  migflit  be 
r^rlilv  brmifrlif  about  .  '"k1  t  li°  wevp  cleaniner  of  the  surfarp 
of  Mip  marble  iW'we'p"  the  conrluctors  would  be  a  hazflrdous 
undertaking.      The  above  accident  had  a  very  unfortunate 
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sequel  a  few  hours  later.  The'  switchboard  attendant  noticed 
that  at  th&  place  where'  thei  arcing-over  had  occurred,  there 
was  a  slight  discharge  going  on  across  the  marble  between 
the  positive1  and  negative  conductors.  This  may  liaye  occurred 
through  a  film  of  copper  having  been  deposited  on  the  marble 
at  the  time'  of  the  flash-over.  He'  reported  the  sparking  to 
the  station  superintendent,  and  while'  the'  latter  was  looking 
at  it,  it  again  developed  into'  a  flash -over  or  short-circuit,  with 
the  result  that  the  superintendent  was  so  severely  burned  that 
he  died  within  a  few  hours. 

Under  the  next  heading,  the'  fatal  accident  occurred  to  an 
experienced  man  who  was  about  to  do  some  work  in  a  cell 
of  a  single-phase'  high-tension  switchboard.  The  system  had 
one  pole  earthed,  and  the'  switchboard  was  a  single- pole  one. 
The  cell  contained  an  oil  switch  for  a  generator.  The  switch 
was  connected  directly,  and  not  through  isolating  switches,  to 
tlie  ring  bus- bars  of  the  switchboard.  The  bus-bars  were, 
however,  provided  with  a  number  of  disconnecting  links  in 
order  that  any  circuit  might  be'  isolated  by  removing  the  link 
on  each  side  of  the  point  where  it  connected  with  the  bus- 
bars. The  man  had  removed  the'  links  on  each  side  of  thei 
connection  to  the  switch  at  which  he  was  intending  to  work. 
Unfortunately  the  system  of  disconnecting  links  had  not  been 
adhered  to  when  extensions  had  been  made.  A  generator 
placed  at  a  later  date  in  another  engine-room  had  been  con- 
nected to  the'  sam&  part  of  the'  bus-bars.  The  removal  of  the 
two  disconnecting  links  did  not  therefore  disconnect  the  second 
generator  from  the  switch  cell  in  question.  This  second 
generator  happened  to  be  at  work,  and  although  it  was  con- 
nected to  the'  bus-bars  tlurough  an  oil  switch,  the  man  appeared 
to  have  forgotten  the'  arrangement  of  the'  connections  and 
omitted  to  pull  out  the  switch.  He  consequently  opened  the 
door  of  the  switch  cell  of  the  first  generator,  thinking  it  was 
all  dead,  and  received  a  fatal  shock.  Thei  accident  appears, 
therefore,  to  have  been  in  part  attributable  to  the  connection 
of  the  subsequent  generator  with  the  bus-bars  not  having 
been  carried  out  on  the'  same'  lines  a&  those  of  the  other  cir- 
cuits. The  design  of  the  switchboard  was  such  that  the  con- 
nections could  not  be  readily  traced.  It  is'  important  with 
all  such  switchboards,  where'  the  connections  are  not  visible 
or  obvious,  that  a  diagram  of  the  connections  should  be  hung 
up  in  the  switch-roomi  for  ready  reference  before  any  work  is 
undertaken.  A  useful  precaution  adopted  in  many  stations 
is  also  recommended,  namely,  that  a  second  competent  person 
should  check  the  position  of  the  switches  and  isolating  links 
before  any  work  is  commenced. 

Of  the  miscellaneous!  accidents,  several  occurred  to  un- 
skilled persons  and  were  due  to  lack  of  proper  supervision. 
Four  occurred  on  extra  high-tension  systems,  and  were  remark- 
able only  because  the  injuries  did  not  prove  fatal. 

Table  II. ― Electrical  Accidents  in  Factories  other  than 
Electrical  Stations  in  1911. 

Arcing  of  switches   37 

Arcing  of  fuses   :   10 

Shock  or  burns  from  fuses  when,  replacing  fuse-wires  28 

Portable  apparatus,  connectors,  and  flexible  wires …  622 
Unprotected  conductors,  switches,  terminals,  fuses, 

&c   23 

Working  on  or  near  live  conductors ^ skilled  persons  41 

Working  on  or  near  live  conductors ~ unskilled  persons  24 
Miscellaneous  accidents  in  electrical  manufacturing 

works ― mostly  in  testing  operations   …  361 

Adjusting  brushes  and  cleaning  commutators    2 

Miscellaneous   27 

•  Total    2907 

These  accidents  show  a  slight  increase  in  number  over  those 
of  the  previous  year ― 290，  as  against  276 — whilst  the  fatali- 
ties were  7，  as  compared  with  5  in  the  previous  year. 

Of  those  caused  by  the  arcing  of  switches,  a  number  on 
motor  circuits  were  as  usual  primarily  due  to  the  previous 
failure  of  the  no- voltage  release  on  the  starting  switch,  so 
that  the  main  motor  switch  was  put  in  on  a  short-circuit,  pro- 
ducing a  heavy  arc  at  the  contacts.  In  some  case's  the  switches 
were  protected  by  covers  having  a  slot  for  the.  handle'  to  work 
through.  This  form'  of  cover  is  the  only  oi\ei  which  can  be 
applied  to  certain  types  of  switch,  ^nd  while  it  is  satisfactory 
in  preventing  the  operator  from;  touching  live  metal,  it  does 


not  protect  the  hand  from  being  burned  if  a  heavy  arc  occurs 
within  thei  cover,  unless  there  is  in  addition  a  shield  on  the 
handle.  Accidents  from  the  arcing  of  fuses  are  due  to  ab&erice 
of  adequate  protection.  Some  enclosed  or  cartridge-type 
fuses  which  will  operate  satisfactorily  on  a  moderate  overload 
will  explode  violently  on  a  short  circuit,  and  need  protection 
as  much  as  bare  fuse  wires. 

Many  of  the  accidents  in  the  renewing  of  fuses  were  with 
the  primitive  type,  of  bar©  wire  or  strip-metal  fuses  directly 
connected  to  the  live  fuse  terminals,  and  unprotected  by  a 
switch.  Short  circuits  were  made  with  screw-drivers  or  by  the 
fuse  metal  getting  across  both  poles.  In  some  cases,  switches 
were  provided  for  cutting  off  the  pressure,  but  were  not  used. 
In  one  case  the  man  took  hold  of  a  live  fuse  terminal,  220 
volte  alternating,  and  was  unable  to  leave  go  until  pulled 
away  by  some  one  else. 

The  62  accidents  in  connection  with  portable  apparatus 
were  mostly  due'  to  short  circuits,  causing  burns.  In  24  cases 
the  short  circuits  were  in  the  flexible  wires,  and  were  due  to 
the  covering  of  the  wires  having  been  damaged,  or  to  the  fact 
that  the  wires  were  insufficiently  protected  in  the  first  instance 
in  view  of  the  rough  treatment  to  which  they  \vould  be  sub- 
jected in  ordinary  use.  In  21  cases  the  short  circuit  occurred 
at  the  connector  plug,  and  under  circumstance®  where  the 
accidents  would  have  been  prevented  by  the  use  of  plugs  con- 
structed with  hand  shields  on  the  lines  which  I  have  described 
in  former  reports.  Several  were  caused  through  connecting 
hand  lamps  and  even  drills,  taking  a  considerable  amount  of 
current,  by  means  of  '(  adapters  ;?  to  ordinary  lainpholders. 
There  were  also  several  cases  of  shock  received  from  portable 
drills  which  were  leaky,  and  had  not  been  earthed.  The  two 
fatalities  occurred  through  the  use  of  unearthed  and  impro- 
perly-constructed hand  lamps'.  In  the  first  case  an  ordinary 
switch  lampholder  was  connected  by  means  of  flexible  wires 
and  an  "  adapter  "  to  the  lighting  system.  The  pressure  was 
250  volts  direct  current  from  a  public  supply,  and  the  lamp- 
holder  was  not  earthed .  The  lampholder  was  through  some 
defect  "  live,"  and  the  man  holding  it  was  in  connection  with 
earth.  He  was  washing  out  a  metal  vat  with  a  hose  pipe, 
and  was  standing  on  wet  st&ps.  He  called  out  three  times,  and 
a  boy  ran  to  his  assistance,  and  received  a  shock  in  trying  to 
pull  the  lampholder  away.  Unfortunately  in  this  case  arti- 
ficial respiration  was  not  attempted.  In  the  other  fatal  case 
the  victim  was  grasping  a  band  lamp  of  old  pattern,  having 
the  lampholder  in  connection  with  the  other  metal  work, 
which  was  not  earthed.  The  current  was  alternating  220 
volts. 

The  accidents  due  to  unprotected  conductors  do  not  call 
for  any  special  comment.  Several  occurred  in  shipyards  on 
ships  under  construction,  and  where  there  is  much  temporary 
wiring,  the  insulation  of  which  is  very  apt  to  get  damaged. 

The  accidents  to  skilled  men,  i.e"  "  electricians,"  when 
working  on  live  conductors  are  frequently  inexcusable,  the 
men  taking  unnecessary  risks  of  which  they  are  fully  aware. 
In  some  cases  they  have  not  taken  the  trouble  to  switch  off 
the  pressure,  and  in  other  cases  the  work  might  have  waited 
until  after  factory  hours,  when  the  whole  installation,  or  at 
anyrate  the  particular  circuit,  could  have-  been  made  dead 
without  inconvenience.  The  similar  accidents  to  unskilled 
men,  i.e.,  not  having  technical  knowledge,  were  in  several 
cases  due  to  the  stupidity  of,  or  want  of  proper  supervision  on 
the  part  of,  the  electrician  in  charge  of  the  work.  In  some 
cases  the  men  attempted  to  do  some  work  entirely  on  their  own 
responsibility,  and  in  others  they  were  employed  on  work  for 
which  they  were  not  technically  competent. 

The  accidents  occurring  at  the  works  of  electrical  manu- 
facturing firms  were  nearly  all  in  the  testing  departments, 
and,  as  usual,  many  occurred  to  apprentices  and  the  like.  Tlie 
average  age  of  32  of  the  36  persons  meeting  with  accidents 
was  only  21  years.  As  I  have  before  pointed  out,  employ- 
ment in  the  testing  departments  of  such  works  is  given  greatly 
to  young  fellows  on  leaving  technical  colleges,  and  who  desire 
it  in  order  to  gain  experience.  Several  received  shocks  at 
high  pressure.  The  fatal  case  occurred  in  a  large  testing  shop, 
and  was  due  to  a  mistake  in  connecting  up  two  nigh-pressure 
machines  with  the  same  set  of  conductors  and  artificial  load, 
one  set  of  men  apparently  not  being  aware  of  what  the  others 
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were  doing.  One  machine  was  started  up,  and  a  man  working 
on  the  other  received  a  fatal  shock. 

Under  the  heading  "  miscellaneous w  there  were  four 
fatalities.  One  occurred  at  a  shed  of  an  electrically-operated 
railway,  the  man  climbing  on  to  the  roof  of  a  carriage,  appa- 
rently forgetti:\g  that  the  high-tension  overhead  wires  were 
live.  The  second  occurred  in  a  shipyard  to  a  man  working  a 
large  outdoor  radial  drilling  machine,  which  was  driven  by  a 
3-phase  440-volt  motor  bolted  to  it.  The  machine  was  fixed 
to  an  upright  baulk  of  timber,  and  was  not  earthed.  A 
leakage  occurred  at  the  motor,  and  the  whole  machine, 
together  with  the  metal  plate  being  drilled,  and  which  rested 
on  timber,  became  electrically  charged.  The  man  operating  the 
machine  was  killed,  and  his  helper,  who  went  to  his  assistance, 
received  a  severe  shock.  The  third  fatality  occurred  to  the 
driver  of  an  overhead  electric  travelling  crane  in  an  engineer- 
ing shop.  He  was  attempting  to  get  from  one  crane  to  another 
in  the  adjoining  bay  by  climbing  across  a  girder,  above  which 
the  trolley  wires  were  placed,  and  with  which  he  appears  to 
have  come  into  contact.  He  was  taking  a  short  cut,  instead  of 
going  down  one  ladder  and  up  another.  The  fourth  fatality 
occurred  at  the  trolley  wires  of  a  dock  crane  which  were  on  the 
ground  and  protected,  except  for  a  longitudinal  slot  in  the 
cover,  through  which  the  collectors  travelled.  The  man 
appears  to  have  dropped  something  in  the  slot  and  to  have  put 
his  hand  in  to  try  and  get  it  out,  and  touched  the  conductors. 

Prosecutions  were  taken  for  breaches  of  the  regulations  in 
reference  to  two  fatal  accidents  and  two  non-fatal  accidents. 
In  the  fatal  cases  convictions  were  obtained,  and  penalties  of 
£50  and  £10  with  costs  in  each  case  were  obtained.  In  the 
former  case  the  amount  of  the  fine  was  awarded  to  the  widow. 
In  the  other  cases  a  penalty  of  £1  and  costs  was  obtained  in 
one  instance,  and  the  other  case  was  withdrawn  on  paymenb 
of  costs  by  the  firm,  the  Court  deciding  that  the  admitted 
contravention  of  the  regulations  and  resulting  accident  were 
due  to  the  wrongful  action  of  the  injured  person  himself. 

(To  be  continued.) 


CENTENARY  OF  GAS  LIGHTING  IN  LONDON. 

The  centenary  of  the  Gas  Light  and  Coke  Company  of  London 
serves  as  an  interesting  reminder  of  the  fact  that  it  is  only  a 
hundred  years  since  Parliament  granted  j>ower  to  a  company 
to  supply  gas  to  the  general  public  in  London.  At  the  present 
day  the  opposition  urged  against  the  use  of  the  new  illuminant 
furnishes  amusing  reading,  though  we  can  well  believe  it  must 
have  been  irritating  to  the  men  who  had  to  engineer  the 
scheme.  It  is  curious  to  read,  for  instance,  that  opposition 
came  from  those  engaged  in  the  whale  fishery,  because  they 
thought  that  the  use  of  gas  would  destroy  their  livelihood. 
Sir  Walter  Scott  ridiculed  the  idea,  and  a  learned  divine 
preached  against  it  on  the  ground  that  it  was  the  work  of 
Satan,  who  wished  to  turn  night  into  day.  At  that  time  there 
was  much  distress,  and  considerable  rioting  against  scientific 
intprovements  of  any  kind.  About  40,000  weavers  were  on 
strike,  and  the  manual  workers  viewed  with  distrust  mechani- 
cal inventions  pretty  much  as  many  trade  unionists  do  to-day, 
on  the  ground  that  they  created  unemployment.  Perhaps 
some  allowance  must  be  made  for  these  narrow  views,  for  even 
so  eminent  a  scientist  as  Sir  Humphry  Davy  sarcastically 
asked  if  the  scientific  men  would  like  to  use  the  dome  of  St. 
Paul's  Cathedral  for  a  gas-holder.  The  manager  of  the  com- 
pany replied  tliat  one  day  they  Avould  be  of  equal  size,  and, 
as  a  matter  of  fact,  before  he  died  that  size  had  been 
exceeded. 


A  Fast  Turbine  Yacht. ― The  turbine  yacht  (i  Winchester/' 
built  for  Mr.  P.  W.  Rouss,  New  York,  by  Messrs.  Yarrow 
and  Co.,  Glasgow,  recently  ran  her  full-speed  trials  on  the 
Skelmorlie  measured  mile,  attaining  a  mean  speed  of  32^ 
knots.  This  was  a  quarter  of  a  knot  in  excess  of  tli©  contract 
speed .  The  "  WiiK-hester  "  is  205ft.  in  length,  18ft.  Gin.  in 
breadth.  The  trials  prove  her  to  be  one  of  the  fastest  yaclits 
afloat.  The  propelling  macliinery  consists  of  Parsons  tur- 
bines driving  two  sliafts,  and  st-eani  is  supplied  by  two  Yarrow 
water-tube  boilers,  fired  with  oil  fuel. 


AUXILIARY  CONTROLLING  VALVES  FOR  STEAM  ENGINES. 

An  arrangement  for  controlling  the  supply  of  motive  fluid  to 
the  cylinders  of  steam  engines,  the  invention  of  Me&srs. 
Delaunay-Belleville,  of  Ateliers  et  Chantiers  de  rErmitage, 
Saint  Denis,  Seine,  is  shown  iii  t he  accompanying  illustration. 
It  consists  in  the  provision  of  an  auxiliary  valve  operated  by 
a  separate  eccentric,  and  which  co-acts  with  the  main  pisto»i 
valve  in  such  a  manner  as  to  cut  off  tlie  supply  of  motive  fluid 
to  the  cylinder  through  the  main  valve  at  any  predet  cnn i m-d 
point.  Fig.  1  is  a  longitudinal  section  on  the  axis  of  the  slide 
valve.  Fig.  2  is  a  section  of  the  slide  valve  on  the  line  2, 
Fig.  1.  Fig.  3  is  a  section  on  the  line  4  in  Fig.  1.  Fig.  4  is  a 
diagrammatic  representation  showing  the  relative  positions  of 
the  crank  M，  of  the  piston,  of  the  eccentric  A ,  of  tlie  slide 
valve,  of  the  eccentric  B,  of  the  expansion  member,  and  ol'  it s 
displacement  from  B  to  B1.  Figs.  5  and  6  illustrate  the 
method  of  varying  the  keying  of  the  eccentric 

The  eccentric  A  is  keyed  in  a  fixed  position  and  effect  s  d 
fixed  stroke  :  it  controls  the  rod  C，  which  in  its  turn  operates 
the  principal  slide  valve  composed  of  two  pistons  D  and  I': ； 
these  pistons  thus  controlled  by  the  eccentric  keyed  in  a  fixed 
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position  are  provided  with  junk  rings.  The  other  eccentric  B 
is  variably  keyed,  and  in  certain  cases  its  stroke  is  variable. 
The  rod  F  which  the  eccentric  B  controls  carries  at  some  point 
of  its  length  the  collar  G  in  two  parts,  which  embraces  the 
member  H  ；  the  latter  drives  alternately  the  parts  J  and  K, 
connected  with  the  part  H  by  tlie  springs  L,  and  able  to  slide 
upon  the  rod  C  ；  they  end  in  valves,  which  seat  upon  the 
pistons  D  and  E.  The  variably-keyed  eccentric  which  operates 
the  rod  F  is  displaced  from  B  to  B1  (Fig.  4)  in  a  straight  line 
or  in  a  curve,  and  this  displacement  is  controlled  by  the 
governor  of  the  engine. 

In  Figs.  5  and  6  the  governing  device  is  illustrated.  Upon 
the  shaft  P  there  is  fixed  a  frame  O  which  rotates  with  it,  the 
eccentric  Z  upon  which  a  bearing  W  actuating  the  rod  F  is 
mounted  participates  in  the  movement  of  rotation  of  the 
shaft  P.  This  eccentric  comprises  two  ribs  Q,  displaceable  in 
appropriate  grooves  or  slots  in  the  frame  0，  in  order  to  modify 
the  keying  of  the  eccentric.  To  permit  of  this  movement  the 
eccentric  has  a  recess  therein,  through  which  the  shaft  passes. 
In  the  case  illustrated  in  the  figures  the  centre  of  the  eccentric 
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Z  is  at  B2，  this  centre  being  capable  of  displacement  between 
the  I'xiiTtue  i>ositious  B1  and  H.  The  balls  of  tlie  governor 
； niounted  at  the  extremity  of  levers  which  pivot  around 
pivots  R  and  rotate  with  the  shaft  P.  The  arms  S  are  attached 
to  the  extremities  of  the  spring  T,  wliich  l>:ihuices  the  centri- 
fugal force.  Tlio  arms  U  are  jointed  t'u  two  Hinall  rods  V  by 
Hie  intermediary  oi'  wliicli  they  act  upon  the  eccentric  Z  and 
iJis|)l;"'e  tlie  ribs  Q  in  the  slots  thereof.  In  |)roi>orlion  as  the 
speed  increases,  the  ribs  Q  move  in  the  frame  0，  and  Ibe 
centre  of  the  eccentric  traverses  the  straight  line  B  B-  BJ. 
The'  result  is  an  increase  in  the  angle  of  keying,  and  tlie  dos- 
ing of  the  expansion  orifice  is  advanced  ；  there  is  also  a  diini- 
nut  ion  in  the  stroke  from  B  to  B-  because  the  centre  of  (lie 
eccentric  approaches  the  centre  of  the  shaft.  On  the  oilier 
hand,  there  is  an  increase  in  the  stroke  froni  B-  to  B1. 

The  operation  is  as  follows :  The  position  B  of  the  variahly 
keyed  eccentric  is  siu-h  that  the  valves  J  and  K  close  the  ports 
of  the  pistons  D  and  E  (which  distribute  the  steam  in  ihr  oi'di- 
nai'y  ma iiuer)  only  when  these  pistons  themselves  clone  the 
ports  in  the  cylinder  ；  the  admission  is  tlie  nuixiiiuim  in  this 
))osition.  The  position  B1 ,  on  the  other  hand,  is  tliat.  in 
wliicli  no  admission  takes  place,  the  valves  J  and  K  hf'ii'g 
always  applied  to  their  seats  when  the  pistons  D  and  E  uncover 
the  voris  of  the  cylinder.      In  the  interval  between  these 
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extreme  points  and  in  proportion  as  the  expansion  eccentric 
moves  away  from  the  position  B  and  approaches  the  position 
B1  the  valves  J  and  K  close  the  ports  in  the  pistons  D  and  E 
increasingly  early,  thus  progressively  reducing  the  admission 
until  the  point  Bl  is  reached,  where  it  is  zero.  It  will  there- 
fore be  understood  that  it  is  possible  to  vary  the  admission 
and  the  rate  of  expansion  of  the  operative  elastic  fluids  by 
employing  the  minimum  number  of  parts  compatible  with  the 
realisation  of  these  desiderata. 

In  order  to  render  the  operation  of  the  valves  J  K  to  be 
easily  effected  when  the  pistons  reach  the  end  of  their  stroke, 
that  is  to  say,  towards  the  moments  at  which  these  valves 
should  oi>eii,  the  pressure  is  balanced  oil  their  two  faces  (outer 
iuu]  inner  faces)  by  th&  reason  of  the  small  conduits  N  which 
enable  the  fluid  to  pass  b&n©ath  the  valves,  these  conduits 
baing  obturated  by  the  packings  of  the  slid©  valve  as  soon  as 
the  latt'&r  makes  its  retractive  movement  for  producing  the  dis- 
tribution. The  itieinber  H  which  is  formed  in  two  parts  has 
* oiisid^rable  longitudinal  play  during  whicli  it  moves  without 
(lisphicin^  cit  her  of  the'  two  valves  J  and  K，  thereby  enabling 
Hi  ?  '  \';ilves  to  remain  applied  to  their  seats  under  tlie  double 
net  ion  of  tlie  fluid  under  pressure,  the  admission  of  which  they 
cut  off  and  of  th&  springs  wliich  are  compressed  by  the  member 
1 1  in  movement  during  tlie  fraction  of  the  stroke  of  the  piston 
( orrespoiulin^;  to  tlie  expansion  period.  The  pistons  D  and  E 
slide  in  spwial  sleeves,  presenting  orifices  X  which  correspond 
with  the  orifices  Y  of  the  cylinder. 


THE  CORE  ROOM:  ITS  EQUIPMENT  AND  MANAGEMENT.* 

I;、   IIKNRY  M.  LANK. 

(Continued  from  page  805 1  Vol.  XXIX.) 

Action  of  Oil  in  Binding  Sands.— Oil  of  a  jh-ojkt  grade  is 
undoubtedly  the  strongest  and,  weight  for  weight,  the  mo.si 
'  lli'  iriit'  hiiulcr  known  when  dealing  with  clean  silica  graiiiH. 
In  tlie  painl  t  r;ule  linseed  oil  is  considered  ilie  best 山 ymg 
()il，  and  it  is  also  the  best  core  oil.  The  action  of  linseed  oil 
in  l)(m(lit】g  a  core  is  as  follows:  The  material  must  be  so 
thorouglily  mixed  with  the  sand  that  every  grain  is  uniform l'y 
covered  with  oil  or  an  emulKion  of  oil  and  water.  When  tlie 
of  tlie  (•()!•(•  oven  acts  on  the  sand  the  moisture  is  evapo- 
rated and  driven  off.  As  the  moisture  passes  through  the 
(')n'  (owards  the  outside  ilie  oil  remains  behind  on  accouni, 
of  its  relatively  high  viscosity,  and  first  uniformly  coats  each 
grai"  of  sand.  By  capillary  attraction  excess  of  oil  tends  to 
； K'finnulate  at  the  conlact  points  of  the  sand  grains,  ； m(l 
finally  dries  down  here  and  forms  an  area  of  bond  somewhat 
larger  than  the  contact  points.  The  heavier  the  oil— llial  is, 
t  In-  more  body  it  contains ― the  more  will  the  space  about 
the  contact  points  be  filleted  and  the  bonding  area  increased. 
Most,  of  the  other  drying  oils  contain  less  body  tlian  linseed, 
Hiid  hence  do  not  give  so  firm  a  bonding  mass  at  tlie  contact 
points  as  is  the  case  with  linseed.  All  oil-sand  mixtures 
must  be  tempered  with  water. 

Action  of  Paste  in  Binding  Sand.— The  radical  difference 
bstween  tlie  bonding  of  sharp  sand  with  an  oil  and  with  flour 
or  dextrine  is  tliat  tlie  latter  forms  small  masses  or  grains 
]>;iste  whicli  dry  on  the  face  of  the  sand  grains.  These  do 
not  flow  over  it  to  the  contact  points,  but  dry  in  tlie  place 
where  they  were  left  by  the  mixing  machine.  For  this  reason 
only  those  situated  at  the  contact  points  become  efficient  as 
a  binder.  A  microscopic  examination  of  a  flour  or  dextrine- 
bound  core  shows  that  certainly  not  less  than  60  per  cent,  of 
1  lio  material  is  inactive  as  a  binder,  and  is  located  in  such  a 
way  that  it  tends  to  block  the  vent  passages  by  giving  the 
grains  of  sand  a  rough,  instead  of  the  smooth  varnished 
surface  given  to  the  grains  by  oil. 

Action  of  Resin  and  Pitch  in  Binding  Sand. 一 Resin  and  pitch 
both  bond  sand  by  melting  and  flowing  over  or  between  the 
grains,  collecting  to  a  certain  extent  at  their  contact  points 
卜 t  he  core  cools,  but  they  are  not  so  efficient  as  is  oil.  Resin 
aurl  pitcli  do  not  enter  into  combination  with  clay,  but 
their  binding  power  is  added  to  whatever  power  the  clay  may 
have.  When  such  a  core  comes  in  contact  with  the  molten 
metal  in  the  mould,  the  carbon  material  of  the  resin  or  pitcli 
is  burned  out,  wliicli  disintegrates  the  core,  thus  making  it 
possible-  to  clean  it  from  the  casting  ；  while  if  clay  or  natural 
bond  alone  were  depended  upon  the  bond  would  be  hardened 
instead  of  softened,  and  it  would  be  impossible  to  clean  it 
from  the  casting. 

Action  of  Molasses  in  Binding  Sand. ― The  action  of  molasses 
in  a  core  depends  upon  the  rate  of  drying  and  the  tempera- 
ture. Under  ordinary  core-oven  conditions  where  cores  are 
put  into  a  hot  oven,  the  water  is  quickly  expelled  and  the 
molasses  brought  to  the  boiling  temperature.  Wheu  it 
reaches  the  consistency  of  ordinary  molasses  candy,  it  boils 
up  iu  a  similar  manner  and  then  hardens  in  thin  plates 
connecting  the  sand  grains  with  a  more  or  less  intricate 
system,  and  with  the  carbon  exposed  in  exceedingly  thin 
surfaces,  though,  of  course,  some  of  it  dries  at  the  contact 
points.  If  the  core  is  taken  from  the  oven  at  tlie  critical 
point  just  as  these  plates  are  in  their  strongest  condition,  it 
will  be  found  to  be  strong  and  serviceable  ；  but  if  taken  out 
too  soon,  it  will  not  have  developed  sufficient  strength  to 
give  a  strong  core,  and  if  left  in  the  core  oven  a  little  too 
long  the  carbon  will  have  become  rapidly  oxidised  and  i  lie 
strength  of  the  core  will  fall  off.  For  tliese  reasons  a  molasses 
core  is  exceedingly  sensitive,  and  with  ordinary  existing 
core-oven  conditions  it  is  practically  impossible  to  producs 
uniform  results. 

Action  of  Glutrin  in  Binding  Core  Sand.  -The  (  otiipomuls  con- 
tained in  glutrin  are  of  such  a  nature  that  they  do  not,  enter 
into  and  combine  witli  clay  as  does  oil,  but  they  form  with 

^  Abstract  of  paper  read  before  the  American  Society  of  Mechanical  Engineers' 
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it  an  exceedingly  efficient  emulsion  and  tend  to  carry  it  i'roin 
the  faces  of  the  sand  to  the  contact  points.  In  drying, 
i^lutrin  behaves  more  like  oil  in  that  it  tends  to  flow  to  the 
contact  points. 

In  sharp  saml  without  any  clay  bond,  the  fact  that  gluirin 
lacks  the  visrositv  of  linseed  oil  gives  it  a  tendency  to  follow 
the  moisture  to  the  surface  of  the  core.  In  a  mixture  of 
dear,  sharp  saiul  a  glutriu  core  will  tend  to  liave  a  very  hard 
skin  and  a  soft  interior.  The  sweating  tendency  is  entirely 
overcome  by  introducing  from  \  to  1  per  cent,  of  clay  into 
the  mixture,  the  clay  and  the  glutrin  together  forming  a 
compound  which  is  sufficiently  viscous  so  that  it  draws  to  the 
contact  points  rather  than  following  the  moisture  to  the 
surface  of  tlte  core,  making  it  strong  and  at  the  same  time 
one  which  does  not  have  the  vent  passages  stopped.  Glutrin 
can  also  be  used  in  connection  with  oil  in  clear  sand  mixtures, 
as  the  oil  prevents  it  from  sweating  to  the  surface  of  the 
core  and  the  combination  blends  perfectly 'to  form  an  efficient 
bond  at  the  contact, points. 

An  oil-sand  core  made  from  a  mixture  of  '22  parts  silica 
sand,  three  parts  bank  sand,  aud  a  commercial  or  blended 
oil  at  the  ratio  of  1  part  of  oil  to  25  parts  of  sand  has  an 
exceedingly  open  character,  and  a  strength  of  about  751bs. 
per  square  inch  in  tension.  A  core  of  this  kind  shows  abso- 
lutely no  tendency  for  the  binder  to  sweat  to  the  surface,  and 
as  the  sand  from  which  the  core  is  made  is  fairly  uniform  in 
size  there  is  a  maximum  of  voids  or  opeu  spaces  for  vent 
passages. 

In  the  case  of  a  core  made  from  gangway  saud  with 
glutriu  as  a  binder,  the  glutrin  sweated  to  the  surface  of  the 
core,  forming  a  hard  skin .  .  The  interior  of  this  core  was  so 
soft  that  it  would  readily  crush  before  the  metal.  These 
cores  were  used  to  form  finished  faces  for  bearings  in  agri- 
cultural machinery,  the  cores  being  knocked  out  of  the  cast- 
ings, the  hole  cleaned,  and  the  parts  assembled  without 
machining.  The  fact  that  the  glutrin  sweated  to  the  surface 
made  a  hard  close  surface  which  acted  almost  as  a  chill  and 
produced  a  remarkably  smooth  casting.  The  rotten  interior 
gave  free  vent.  At  another  plant  some  cores  were  made 
from  the  same  sand  with  linseed  oil  as  a  binder,  but  the 
binding  ratio  had  to  be  very  low,  that  is,  a  large  amount  of 
oil  used  to  bind  a  given  amount  of  sand.  This  was  also  true 
in  the  case  of  the  glutrin. 

Reactions  Between  the  Sand  and  the  Binder. ―  A  quantity  of 
gangway  sand  was  shipped  to  the  laboratory  at  Covington, 
and  together  with  other  sands  that  had  been  giving  trouble 
a  series  of  experiments  was  started .  From  the  behaviour  of 
these  sands  it  was  evident  that  some  action  was  going  on 
which  destroyed  the  binder,  other  than  the  mere  absorption 
of  it，  which  takes  place  when  the  oil  unites  with  clay  and  is 
rendered  inoperative.  To  test  the  correctness  of  this  theory 
a  batch  of  gangway  sand  and  a  batch  of  Michigan  City  sand 
were  measured  and  placed  in  two  bottles.  As  glutrin  was 
wholly  water  soluble  it  was  chosen  as  a  binder.  Three  equal 
batches  of  glutrin  were  diluted  with  a  given  amount  of  water. 
One  was  placed  on  the  Michigan  City  sand,  another  on  the 
gangway  sand,  and  the  third  held  in  reserve.  After  leaving 
the  binder  several  hours  each  sand  was  leached  with  water 
until  all  the  binder  was  washed  out.  The  two  batches  of 
glutrin  were  tlien  concentrated  by  boiling  to  expel  the  excess 
water.  They  were  brought  to  the  same  volume  as  the  batch 
held  in  reserve,  and  three  sets  of  cores  made,  one  from  the 
glutrin  wliich  had  been  on  the  gangway  sand,  one  from  that 
which  had  been  on  the  Michigan  City  sand,  and  the  third 
from  tliat  which  had  not  been  on  any  sand. 

There  was  very  little  difference  in  the  strength  of  t  he 
cores  from  the  second  and  third  batch,  but  the  cores  made 
from  the  glutrin  which  had  been  on  the  gangway  sand  were 
not  one-fourtli  as  strong  as  the  others,  showing  that  i  hs 
sfm'l  liarl  destroyed  the  bonding  power  of  tlie  glutrin.  A  few 
tests  soon  showed  that  it  was  alkaline,  and  the  addition  of  a 
yum})  "mount  of  acid  destroyed  ths  alkalies. 

Following  up  this  clue,  two  batclies  of  cores  were  nwule 
from  ^au^uny  sand,  in  one  case  the  sand  having  been  treated 
、vitli  acid  to  neutralise  the  alkalies  and  in  the  other  it  was 
lsft  in  its  natural  condition.  Tlie  acidulated  sand  produced 
cores  more  tlian  four  times  as  strong  as  the  other  batch. 
Continuing  the  investigation,  experiments  were  made  by 
treating  with  acids  a  number  of  sands  giving  poor  results  with 


diftcrent  binders^  and  it  was  found  that  neutralising  the 
alkalies  with  acidy  increased  Hie  strength  of  the  cores  greatly. 
Tliis  is  true  both  in  the  case  of  glutrin  and  oil. 

Since  these  experiments  the  subject  has  been  taken  up 
with  a  number  of  foundryinen  and  several  exceedingly  inte- 
resting cases  brought  to  light,.  In  (川 e  insUwe  ； i  fomidry 
was  purchasing  city  water  of  a  very  pure  ^rarle  at  a 
tively  liigh  cost.  To  avoid  this  ex]>ense  an  artesian  well  was 
sunk.  Immediately  trouble  appeared.  The  cores  cut  and 
waslied,  and  it  took  some  time  to  trace  the  difficulty.  Finally 
the  city  water  was  again  used,  and  i  lie  trouble  disa])peared. 
Tlie  wnter  from  this  well  was  clear,  sparkling,  and  tasted 
good,  but  it  was  high  in  lithia  salts  and  evidently  contained 
ingredients  which  combined  with  the  hinders  to  destroy  them. 

Alkalies  tend  to  saponify  oil,  thus  destroying  its  bonding 
power.  Tliey  also  seem  to  act  on  resin,  glutri",  and  some 
other  binders.  In  the  case  of  the  large  Tiianufacturing  con- 
cerns using  a  great  many  oil-sand  cores  it  would  probably 
pay  to  purify  the  water  for  the  core  room,  just  as  the  feed 
water  is  purified  for  tlie  boilers. 

Determining  the  Active  Bond  in  Clay. ― Formerly,  when  a 
chemist  received  a  sample  of  sand  for  analysis  lie  determined 
the  alumina,  figured  it  as  kaolin,  and  called  it  "  bond." 
From  various  results  with  bonded  sands  it  became  evident 
that 十'! lis  free  and  easy  method  was  not  sufficient,  and  some 
way  of  differentiating  between  a  fat  and  a  lean  clay  had  to 
be  found.  Several  firms  and  different  departments  of  1  lie 
Government  were  making  use  of  a  test  for  colloidal  matter. 
Chemists  have  long  recognised  a  series  of  amorphous  bodies 
known  as  colloids,  or  as  one  noted  chemist,  writing  in  pojml.tr 
vein,  recently  says,  what  in  the  laboratory  are  called 
u  messes." 

When  matter  is  in  one  of  the  colloidal  forms  it  has  inti- 
mately associated  with  it  a  large  amount  of  water,  forming 
what  is  termed  a  "  gel."  The  soluble  colloids  are  called 
" sols."  Certain  clays  are  far  more  plastic  and  have  greater 
binding  powers  than  others,  and  it  has  always  been  known 
that  heat  destroyed  this  binding  power.  It  is  now  certain 
that  in  these  clays  at  least-  a  portion  of  the  alumina  is  in  the 
colloidal  form.  For  decades  the  best  clays  have  been  found 
in  the  secondary  deposits,  where  they  had  been  associated 
with  organic  matter,  but  these  properties  have  been  found 
even  in  the  old  fireclays  of  the  coal  measures.  When  first 
exposed  these  are  in  a  compact  form,  much  of  the  water 
having  been  expressed  or  driven  out  by  pressure,  and  when 
exposed  to  the  weather  they  absorb  moisture. 

The  only  test  for  colloids  of  wliich  there  is  any  record  is 
the  one  used  by  several  departments  of  the  Government  and 
a  numT>er  of  firms  in  this  country,  and  is  founded  on  experi- 
ments carried  on  in  Germany.  The  aniline  dye  known  as 
malachite  green  is  used  for  this  purpose.  A  given  amount 
of  malachite  green  is  weighed  out  and  dissolved  in  400  cub. 
cm.  or  500  cub.  cm.  of  water.  Into  tlx  is  from  10  to  20  grains 
of  the  sand  or  clay  to  be  examined  is  introduced,  and  the 
whole  is  shaken  in  a  shaking  macliine  for  an  hour.  The 
bottle  containing1  the  material  is  then  taken  out  and  the 
solid  matter  allowed  to  settle  to  the  bottom.  A  portion  of 
the  liquid  above  the  solid  matter  is  drawn  off，  placed  in  a 
colour  tube,  and  compared  with  the  dye  diluted  with  the 
same  amount  of  water  which  was  used  in  making  the  original 
solution. 

The  amount  of  dye  absorbed  by  the  colloidal  matter  in 
the  sand  indicates  the  bond  present  in  the  sand.  Table  I. 
shows  a  series  of  colloidal  readings  on  a  group  of  sands 
examined  under  the  direction  of  the  author.  A  sample  of 
kaolin  was  taken  as  100  per  cent.,  and  other  sands  were 
compared  by  the  amount  of  dye  they  would  absorb.  A 
number  of  clays  have  since  been  found  that  run  considerably 
over  100  per  cent.  This  scale  has  served  to  compare  the 
different  sands  in  the  laboratory,  but  before  a  method  of  this 
V  ind  becomes  general  t  hroughout  the  country  some  standard 
should  be  fixed.  The  readings  ^iven  in  the  table  represent 
only  a  small  portion  of  the  determinations  made.  It  will  be 
noted  that  the  materials  may  be  grouped  into  three  classes. 
The  first  three  samples  tested  represent  washed  silica  sands 
with  approximately  the  same  colloidal  reading  ；  tlie  next 
five  represent  beach  or  lake  sands  from  the  shores  of  the 
Great  Lakes.  All  of  these  are  wind-driven  sands  with  about 
the  same  colloidal  reading.    These  are  followed  by  five  core 
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sands  which  would  ordinarily  be  considered  as  fairly  sliarjt. 
The  first  two  are  English  core  sands  ；  the  third  is  the  Manis- 


tee sand  as  used  at  Flint  and  Detroit,  Mich.      The  reading 
Table  I. ― Colloidal  Beading  on  Sands. 

Name.  I?ond  No. 

W  a  shod  silica  core  sand,  Bethlehem,  Pa   2i7 

(>U:i、v:i  silica  sand,  Ottawa,  111.    2 '30 

Silica  sand,  Dorhy,  Kngliiml    2:)0 

Sharp  sand,  Faribault,  Minn   -)'(»2 

Core  sand,  Sauk  Centre,  Mirm   o'21 

M i<'hi^;an  City  core  sand    o*27 

Crystal  Bench  lake  sand,  Buffalo,  N  Y   5  30 

lioMch  satid,  Buffalo  Am.  Rad.  Co    'V13 

Core  sand,  Falkirk,  England    UC(i(> 

Core  sand,  Falkirk,  Engkind    10.81 

Manistee  lake  sand,  Flint,  Mich.    10*70 

Old  moulding  sand,  Faribault,  IVI inn   10.80 

Silica  core  sniicl,  Dwquesne  Stoel  Foundry  C1onip;uiy    1 0'Sl 

Mansfield  core  sand,  Birmingham,  Kn^laiul    15.38 

Bank  sand,  Rochester,  Mich   2103 

New  moulding;  sand,  Faribault,  Minn   3kJ(il) 

Gangway  sand,  Moline,  111   43  ")() 

LuinlxM'ton  sand,  Hainosport,  N.J   53' 43 

Kaolin,  Finior,  and  Amend    I()7'(i0 


on  t!ie  old  moulding  sand  gi^en  fourtli  is  not  to  be  depended 
upon  for  its  original  colloidal  reading,  since  tlie  use  of  a  sand 
always  changes  the  colloidal  content,  the  colloids  themselves 
being  usually  destroyed.  Burnt  sand,  however,  generally 
contains  material  which  will  destroy  the  dye  and  so  give  an 
apparent  colloidal  reading.  The  old  inoulding  sand  really 
had  very  little  boml，  though  the  colloidal  or  dye  reruiin^ 
would  place  it  in  a  class  having  a  fair  amount.  Another 
case  of  a  burnt  sand  is  given  near  the  bottom  of  tlie  table, 
this  being  the  same  gangway  sand  from  Moline,  111.,  with 
which  the  tests  in  acidulated  sand  were  first  carried  on . 
There  was  absolutely  no  colloidal  matter  in  this  sand.  This 
and  other  tests  led  to  the  belief  that  tlie  dye  reading  was  t  o 
be  depended  upon  when  applied  to  new  sands  in  tlie  condition 
in  which  they  are  dug,  but  does  not  apply  to  material  which 
has  been  exposed  to  molten  metal.  The  very  high  colloidal 
reading  of  Lumberton  sand  is  to  be  expected,  as  this  contains 
a  very  large  percentage  of  clay. 

The  behaviour  of  many  of  the  sands  tested  when  made 
into  oil-sand  cores  showed  very  conclusively  that  the  dye  test 
gives  a  good  idea  as  to  the  amount  of  oil  which  would  be 
destroyed  by  the  sand.  Apparently  the  dye  reading  gives 
not  only  the  colloidal  matter  which  will  destroy  the  oil,  but 
in  tlie  case  of  old  or  burnt  sands  gives  a  fair  indication  of 
the  amount  of  alkali  or  other  material  present  which  would 
destroy  the  oil.  This  was  noted  in  connectio?i  with  the  gang- 
way sand  from  Moline.  Further  tests  will  be  made  along 
the  line  of  examining  sands  and  studying  the  relationship 
between  the  natural  bonding  power  and  the  colloidal  reading 
as  given  by  the  dye  tests.  Thus  far  tliis  seems  to  be  the  best 
test  found. 

Action  of  other  Binders  on  Oil. ― When  an  oil  is  used  as  a  bond 
it  is  not  only  destroyed  by  any  clay  or  colloidal  matter  pre- 
sent, but  may  also  be  destroyed  -by  other  ingredients  used  as 
binders.  Where  green  strength  is  required  in  a  core, 
foundrymen  frequently  introduce  flour  or  dextrine  into  oil- 
sand  mixtures.  The  oil  first  combines  with  the  flour  to  form 
an  oil-flour  paste  which  has  very  little  bonding  power,  but 
when  so  held  it  is  not  in  a  position  to  act  as  a  binder  between 
the  sand  grains.  In  consequence,  what  happens  in  a  mixture 
of  this  kind  is  that  a  portion  of  the  oil  unites  with  the  flour 
and  is  itself  destroyed  for  binding  purposes.  At  the  same 
time  it  renders  the  flour  less  efficient  than  it  would  be  had 
it  been  mixed  with  water.  The  balance  of  the  oil  can  act 
in  its  usual  manner  between  the  sand  grains. 

Testing  Binding  Power  of  Liquid  Binders. — The  final  binding 
power  of  any  compound  is  measured  by  the  solid  bond  left  in 
the  baked  core.  Paint  chemists  test  their  oils  by  drying 
them  down  to  a  film  and  seeing  what  percentage  of  weight 
has  been  lost  in  this  action.  In  the  case  of  Table  II. ，  the 
binders  shown  in  the  column  at  the  left  were  each  weighed 
out  into  porcelain  crucibles  and  first  placed  in  an  air  bath 
and  subjected  to  a  temperature  of  100°  C.，  or  212°  Fall.,  for 
24  hours  and  then  weiglied.  These  results  are  entered  in  the 
second  column.    The  crucibles  were  next  placed  in  the  core 


m'f'n  at  a  temperature  of  400°  for  1  hour  and  again  weighed, 
and  the  results  indicated  in  column  3.  Some  of  tlie  crucibles 
were  then  returned  to  the  core  oven  for  another  hour, 
exposed  to  a  heat  of  4】0。，  cooled,  and  again  weighed  and  the 
results  recorded  in  the  fourth  column •  Tlie  samples  were 
then  all  heated  in  tlie  air  over  a  blast  lain])  to  burn  off  t  lio 
carbon,  and  the  percentage  of  ash  is  recorded  in  the  fifth 
rolumu. 


Table  II. ― Determination  of  Solids  in  Liquid  Core  Binders 


Drit'tl 

Dried 

Dried 

'一' \  houis 

1  hour 

1  houi' 

Uiiriicd 

Xamo. 

at  400° 

at  4 川' 

to  Ash. 

Hcrnarks. 

Fah. 

Fah. 

Fah. 

( 1 1  ii  tn  m   

51.47 

41. 9H 

Skin. 

1；；|\\   linseed  oil .... 

100-22 

*?， 

0-22 

\o  skin. 

Boiled  linsct'd  oil  . . 

(»'r>4 

Skin. 

Soya,  hcaii  oil    . . . . 

]()0-«)l 

7， 

().(>5 

No  skin. 

Ki;h  oil   

]()(>. 52 

«)•_>.  TO 

1-20 

No  skin. 

72- Of) 

':{('» 

0'  11 

Nu  skin. 

100-72 

93.12 

0-42 

No  skin  ； 

crawled. 

Cottonseed  oil  .... 

100.08 

90-08 

94-10 

0-07 

No  skin. 

Li^ht  tar  oil  

31.  IS 

】 1  •  (>5 

0.00 

Slick  crawled. 

Heavy  tar  oil  .... 

(i7.'2l 

38-27 

().()<) 

No  skin  ； 

crawled. 

G2-80 

19-59 

0-06 

No  skin  ； 

crawled. 

( 1rudo  tar  oil     . . . . 

51.  S3 

0-06 

No  skin  ； 

crawled, 
very  much. 

63-G4 

10.12 

0.03 

No  skin  ； 

crawled. 

( luiia  wood  oil 

102-20 

0.()3 

Skin. 

Under  the  head  of  Remarks  a  statement  is  given  as  to  the 
behaviour  of  the  liquid.  Most  of  it  dried  down  to  a  skin. 
The  first  exception  to  this  was  raw  linseed  oil,  and  the 
reason  was  that  even  when  painted  as  a  film  on  wood  it  takes 
at  least  four  days  for  it  to  dry.  There  was  evidently  not  a 
sufficiently  free  admission  of  air  in  the  oven  to  dry  down  the 
bulk  of  oil  in  the  crucible. 

Drying  of  Raw  Linseed  Oil. ― The  tests  show  that  while  raw, 
linseed  oil  is  one  of  the  strongest  binding  oils  we  have  ；  it  is 
nevertheless  a  very  slow  drying  oil,  and  hence  pure  linseed 
oil  cores  would  probably  take  longer  to  dry  than  those  made 
from  other  oils. 

Drying  China  Wood  Oil. — This  oil  is  made  from  the  tung  nut 
which  grows  in  China.  It  partakes  at  once  of  the  nature  of 
an  oil  and  a  varnish  gum,  being  to  some  extent  a  natural 
varnish.  It  contains  its  own  driers,  so  that  it  dries  down 
fairly  readily.  It  will  be  noticed  under  the  tests  in  the 
second  column  that  China  wood  oil  gained  2*2  per  cent,  in 
weight  by  oxidation  when  exposed  to  a  temperature  of  212° 
Fah.  Several  of  the  oils  gained  slightly,  but  China  wood  oil 
leads  them  all  in  this  respect.  It  also  showed  the  greatest 
percentage  of  weight  after  one  hour  in  the  core  oven,  and  the 
film  was  strong  and  tough.  When  tested  as  a  binding  oil 
it  gave  excellent  results. 

Drying  of  Light  Tar  Oil* —— The  light  tar  and  a  number  of 
similar  oils  crawled  up  the  face  of  the  crucible  and  dried 
down  to  a  hard  glazed  film.  Such  oils  are  used  as  blending 
oils  in  liquid  core  compounds. 

Drying  of  Boiled  Linseed  Oil. ― The  boiled  linseed  oil  dried 
down  to  a  film  in  the  air  bath,  as  would  be  expected  ?  on 
account  of  the  fact  that  it  contains  artificial  driers.  Formerly 
the  term  boiled  oil  meant  linseed  oil  which  had  been  boiled 
in  open  kettles  exposed  to  the  air  so  as  partially  to  oxidise 
it,  and  certain  mineral  oxides  were  added  to  it.  Such  oil 
when  used  for  mixing  paints  dried  down  to  a  film  much  more 
rapidly  than  raw  oil.  To-day  practically  all  of  the  boiled  oil 
on  the  market  is  a  compound  which  has  been  heated  to  a 
certain  temperature  below  that  of  tlie  boiling  point  of  linseed 
oil  and  had  various  so-called  driers  added  to  it,  which  chemists 
call  catalysts.  That  is,  they  are  in  this  case  bodies  having 
the  property  of  taking  oxygen  from  the  air  and  delivering 
it  to  the  oil  to  hasten  its  oxidation  or  drying.  The  boiling 
of  lin&eed  oil  in  a  kettle  or  the  making  of  so-called  boiled 
oil  by  adding  driers  hastens  its  setting  or  drying  by  partially 
oxidising  the  material.  Hence  a  lower  ultimate  bonding 
power  would  be  expected  from  such  an  oil,  and  results  seem 
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to  show  that  this  is  true.  For  this  reason,  when  consfdered 
purely  from  the  standpoint  of  an  efficient  bond  a  raw  oil  is 
better  than  a  boiled  one. 

Effect  of  a  Sticky  Oil  on  Piecework. ― Tlie  author  ran  across  an 
interesting  condition  where  the  pieceworkers  in  a  core  room 
claimed  that  they  could  not  make  a  good  output  when  using 
raw  oil,  since  it  gummed  the  boxes  more  rapidly  than  boiled 
oil.  The  chemist  in  charge  stated  the  reason  was  that  the 
raw  oil  contained  mucilaginous  "  foots "  which  had  been 
taken  out  of  the  boiled  oil.  Several  oil  chemists  claim  that 
in  the  modern  process  of  boiling  oil  everything  in  the  raw 
oil  is  to  be  found  in  the  boiled  oil,  but  that  the  mucilaginous 
material  may  be  partially  eliminated  by  combining  it  with 
driers. 

Linseed  Oil  "  Foots." ― Practically  all  linseed  oil  is  now  made 
by  the  hot  pressing  process,  and  as  it  comes  from  the  press 
contains  some  exceedingly  fine  meal,  which  settles  to  the 
bottom  of  the  oil  storage  tanks  and  is  known  as  foots.  After 
the  clear  oil  has  been  drawn  off  that  at  the  bottom  contain- 
ing the  foots  is  used  as  a  core  oil  by  many  foundrymen.  It 
has  high  binding  power,  but  tends  to  stick  to  the  boxes. 

Comparison  of  Molasses  and  Glutrin  Films. ― Before  leaving 
the  subject  of  the  tests  made  to  determine  the  amount  ot" 
binding  power  in  the  various  materials,  it  may  be  well  to 
refer  to  the  films  left  by  glutrin  and  molasses.  The  glutrin 
film  dries  dowu  to  a  compact  mass  very  much  like  the  oils. 
This  explains  why  glutrin  cores  do  not  swell  in  baking,  but 
retain  their  size  and  shape,  so  that  the  baked  core?  if  it  has 
been  properly  supported  during  baking,  can  f»e  returned  to 
the  box  after  drying  and  will  fit  perfectly.  In  the  case  of  the 
film  left  by  molasses,  the  liquid  boils  to  the  top  of  the 
crucible,  forming  a  rough  mass  composed  of  bubbles.  This  is 
why  molasses  cores  are  frequently  distorted  during  baking. 
(To  be  continued.) 


DUGALD  CLERK,  D.Sc. 

At  the  degree  day  of  the  Manchester  University  on 
Saturday  last,  Mr.  Dugald  Clerk,  F.R.S.,  the  eminent 
gas-engine  expert,  was  awarded  the  honorary  degree 
of  Doctor  of  Science.  Prof.  Hickson,  who  presented  the 
recipient,  said  the  University  of  Manchester,  situated  in  the 
centre  of  a  great  industrial  population,  was  glad  to  recognise 
the  important  part  that  -a as  played  in  the  world  of  com merce 
by  those  whose  scientific  ingenuity  had  enabled  tliem  to  invent 
improvem3nts  in  machinery.  The  throb  of  the  engine  was, 
in  a  sense,  the  pulse  of  the  community  in  which  we  lived,  and 
they  rejoiced  to  honour  those  who  had  contributed  to  make 
that  throb  a  symbol  of  greater  efficiency  and  power .  In  Mr. 
Dugald  Clerk  he  had  the  honour  of  presenting  a  man  who  was 
not  only  a  leading  authority  on  the  subject  of  combustion 
engines  and  the  author  of  the  standard  work  on  the  subject, 
but  on©  who  by  his  own  inventions  had  placed  his  name  in 
the  front  rank  of  the  scientific  pioneers  of  our  time.  The  dis- 
covery that  he  mad^  in  1881  of  an  alternative  to  the  Otto 
cycle,  followed  by  the  construction  of  a  2-stroke  engine,  was 
a  discovery  that  was  made  in  advance  of  his  time,  for  it  was 
not  until  some  30  years  latsr  that  the  full  importance  of  this 
part  of  his  work  was  realised.  At  the  present  time  most  of 
the  largest  gas  engines  were  working  on  the  Clerk  cycle.  His 
scientific  work  had  extended  continuously  up  to  the  present 
day,  and  his  researches  on  tlie  specific  heat  of  gases  and  on 
explosive  pressure  led  in  1908  to  his  election  to  tlie  Fellowship 
of  the  Royal  Swriety.  The  staff  and  students  of  the  Engineer- 
ing Department  of  the  Manchester  University  would  long 
remember  the  course  of  special  lertures  Mr.  Clerk  gave  within 
those  walls  on  the  theory  of  the  combustion  engine.  He  was 
a  man  of  great  inventive  genius  and  a  profound  student  of 
scientific  theory,  and  he  had  demonstrated  the  essential  con- 
nection of  abstract  scientific  conception  with  the  concrete 
practical  improvements. 


Explosion  of  a  Pcirol  Tank. — Wliilst  a  man  employe*!  a(.  the 
North-eastern  Railway  Company's  garage  was  repairing  a 
petrol  tank,  on  tlie  25tli  ult,.，  an  explosion  o<:curred,  aiul  he 
v:;is  flun^  to  the  ground  and  rendered  partially  unconscious. 
The  petrol  had,  it  appears,  been  emptied  from  tlie  tank  some 
Uin'p  hours  previously,  but  apparently  a  little  remained 
w'1ik'1，，  having  probably  become  vaporised,  exploded  as  soon  as 
the  blow-lam p  tlie  man  was  using  was  brought  near  the  tank. 


SOFTENING  AND  PURIFICATION  OF  WATER. 

In  a  recent  article  ia  the  "  Mechanical  Engineer"  reference  was 
】nade  to  the  strongly  growing  feeling  amongst  all  classes  of 
the  connnuiiity  in  favour  of  the  more  extended  use,  for  indus- 
trial and  domestic  purposes  alike,  of  water  which  has  been 
submitted  to  an  efficient  softening  process,  and  the  object  of 
the  present  article  is  to  give  in  a  brief  form  the  leading  details 
of  the  Lime-Soda  process  of  water  softening,  which  is  now 
universally  accepted  as  the  most  efficient  and  at  the  same  time 
economical  method  of  removing  hardness  from  water,  arid 
which  has  the  additional  advantage  of  being  also  a  valuable 
germicidal  process. 

Theoretically,  water  is  a  coinbinatioii  of  oxygen  and  hydro- 
gen (H20)  ；  practically,  it  is  a  great  deal  more  than  that.  The 
chemist's  formula  stands  for  a  kind  of  wut<ir  wliicli  is  not  met 
with  outside  the  laboratory,  the  nearest  approach  in  nature 
to  au  absolutely  pure  water  being  rain  water,  but  even  this, 
as  everyone  knows,  is  contaminated  with  impurities,  gaseous 
and  solid. 

All  other  naturally  occurring  water  supplies  contain  vary- 
ing amounts  of  organic  and  inorganic  substances,  which  give 
the  water  a  distinctive  character.  The  impurities  present  in 
water  may  be  either  matter  held  in  suspension  or  matter  in 
solution,  or  both.  The  dissolved  impurities  which  give  water 
its  peculiar  property  of  hardness  fall  into  two  well-marked 
classes,  differentiated  by  their  behaviour  towards  heat  or 
towards  chemical  reagents.  The  first  class  includes  the  car- 
bonates of  lime  and  magnesia,  which  are  not  soluble  in  water 
ytr  se,  but  are  taken  into  solution  by  the  aid  of  carbonic 
acid  gas,  which  the  water  has  appropriated  from  the  atmo- 
sphere or  from  the  soil.  When  such  a  water  is  boiled  the  car- 
bonic acid  gas  is  liberated,  and  the  carbonates,  being  insoluble 
in  water  alone,  are  precipitated.  On  this  account  the  hard- 
ness  due  to  carbonates  is  called  temporary  hardness. 

On  the  other  hand,  the  sulphates,  chlorides,  and  nitrates 
of  lime  and  magnesia  are  soluble  in  water  alone,  and  some  of 
them  are  more  soluble  in  hot  water  than  in  cold.  Hence 
boiling  does  not  precipitate  them,  and  the  hardness  which 
they  cause  is  called  permanent  hardness.  These  two  forms  of 
hardness  together  make  up  the  total  hardness.  Further,  as 
the  latter  salts  are  not  removed  by  the  expulsion  of  the  free 
carbonic  acid,  it  is  necessary  to  add  some  reagent  which  will 
precipitate  them ,  and  the  cheapest  and  most  readily  avail- 
able material  for  this  purpose  is  sodium  carbonate.  But  this 
substance  will  not  act  efficiently  as  long  as  there  is  any  free 
carbonic  acid  in  the  water,  as  it  is  converted  by  the  latter 
into  bi-carbonate  of  soda,  which  has  little,  if  any,  action  on 
these  salts. 

The  first  essential,  therefore,  in  water  softening  is  the 
removal  of  the  free  carbonic  acid,  and  no  process  can  be  effec- 
tual which  does  not  completely  accomplish  this. 

As  mentioned  above,  the  carbonic  acid  can  be  partially 
expelled  by  boiling  the  water  for  a  prolonged  period,  though 
not  by  merely  heating  it  up  to  212°  Fall.  This  process  entails 
a  great  waste  of  heat,  and  an  expenditure  of  several  shillings 
per  1,000  gallons  to  remove  the  free  carbonic  acid  alone,  and 
the  latter  can  be  much  more  satisfactorily  got  rid  of  by  the 
use  of  lime  at  the  cost,  in  most  cases,  of  a  fraction  of  a  penny 
per  1 ,000  gallons.  Once  the  carbonic  acid  is  removed,  the 
sodium  carbonate  required  for  the  elimination  of  the  per- 
manent hardness  is  free  to  act  and  destroy  the  soluble  salts  of 
lime  and  magnesia  by  removing  their  bases  and  leaving  the 
sulphate,  chloride,  or  nitrate  of  sodium  in  their  place.  Thus, 
the  removal  of  the  permanent  hardness  is  a  conversion  of  these 
salts  into  their  sodium  equivalents,  whereas  in  destroying  the 
temporary  hardness  the  carbonates  are  actually  and  entirely 
removed.  Many  textbooks  on  the  subject  state  that-  carbonate 
of  lime  is  soluble  alone  to  the  extent  of  three  or  four  grains 
per  gallon,  but  this  is  a  mistake  based  on  an  experimental 
error  of  not  completely  expelling  the  free  carbonic  acid  from 
the  water  with  which  the  experiments  were  made.  If  car- 
bonate of  lime  were  soluble  in  water  to  the  extent  mentioned, 
it  would  b©  impossible  to  soften  water  below  this  figure,  but, 
as  a  matter  of  fact,  by  carefully  removing  the  carbonic  acid, 
it  is  not  only  possible,  but  it  is  a  thing  of  ronimon  commer- 
cial occurrence,  to  soften  a  water  down  below  1°.    This,  how- 
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ever,  can  only  be  done  by  a  very  exact  adjustment  of  the 
lime  required  to  remove  the  free  carbonic  acid. 

It  will  be  seen,  therefore,  that  by  the  application  of  care- 
fully calculated  and  measured  quantities  of  lime  and  soda-ash 
to  hard  water,  jn-Mctically  the  whole  of  the  hardness  can  be 
removed,  the  water  being  reduced  to  1°  and  rendered  ideally 
suitable  for  both  industrial  and  dietetic  purposes.  A  very 
brief  consideration  will  make  it  evident  th&t  this  process  is 
not  only  the  most  effective  but  the  most  economical  method 
of  getting  rid  of  the  hardness  of  water,  since  the  carbonates, 
which  in  England  constitute  the  greater  portion  of  the  hard- 
ness, are  removed  by  the  cheapest  and  at  the  same  time  the 
most  effective  reagent  known  in  water  softening,  viz.,  lime, 
while  the  sulphates,  nitrates,  &c"  which  form  the  relatively 
smaller  portion  of  the  hardness,  are  alone  dealt  witli  by  means 
of  soda. 

On  this  account  the  lime-soda  process  is  far  cheaper  to 
work  than  any  process  in  which  soda  is  employed  exclusively. 
In  addition,  however,  to  the  advantage  conferred  by  the  rela- 
tively small  cost  of  tliis  process,  the  employment  of  lime  offers 
a  further  advantage  by  reason  of  the  fact,  which  has  recent  ly 
b&en  established  beyond  doubt,  that  lime,  in  addition  to  its 
softening  action,  exercises  a  most  valuable  bactericidal 
influence  upon  water  treated  by  it.  This  has  been  referred  to 
at  length  by  Dr.  Houston,  the  well-known  director  of  water 
examinations  to  the  Metropolitan  Water  Board,  in  his  eighth 
report  issued  during  the  present  year,  and  the  results  lie  gives 
go  to  show  conclusively  that  by  the  use  of  a  slight  excess  of 
lime  the  absolute  sterilisation  of  water  may  be  effected. 

The  significance  of  this  conclusion  is  difficult  to  over- 
estimate, and  the  discovery  of  this  second  great  function  of 
lime  in  the  fitting  of  natural  water  for  human  use,  is  not  only 
one  of  the  most  important  and  far-reaching  of  the  recent 
developments  of  the  science  of  water  treatment,  but  when 
looked  at  in  conjunction  with  the  fact  of  the  universal  distri- 
bution of  this  subst,an。e  over  the  earth's  surface,  the  cheap- 
ness and  ease  with  which  it  can  be  apj)lied,  and  the  fact  that 
it  exercises  its  powerful  purifying  and  softening  action  on 
water  without  itself  entering  into  solution  to  any  apj)recial)lo 
extent,  would  seem  to  stamp  it  as  Nature's  own  reagent  for 
water  treatment,  peculiarly  and  pre-eniinently  suitable. 

The  softening  of  water  by  the  lime-soda  process  is  well 
illustrated  by  the  following  examples : — 

/iirrr  U'<7/,'/'，  (JJirshire. 
m  Grains  per  gallon. 


Silic-a   ：   '22 

Oxide  of  iron    '09 

Sulphate  of  lime    7'04 

Carbonate  of  lime   3*88 

Carbonate  of  magnesia    3'32 

Nitrate  of  sodium    '60 

Chloride  of  sodium    4*10 


19'25 


Hardness    12.00。 


This  water  was  treated  with  l*20Ibs.  of  the  best  fresh 
burnt  lime  and  l'401bs.  of  soda  ash  (58  per  cent,  alkali)  per 
1,000  gallons,  with  the  result  that  the  hardness  was  reduced 
to  2°,  the  cost  of  the  treatment  being  approximately  ^d.  per 
1 ,000  gallons.  The  softened  water  was  free  from  any  excess 
of  soda,  and  perfectly  suitable  in  every  respect  for  either 
industrial  or  domestic  use. 

n~'〃  Water f  Esse.r. 

Grains  per  gallon. 


Carbonate  of  lime    20'29 

Sulpliate  of  lime    3*16 

Sulphate  of  magnesia    '36 

Nitrate  of  magnesia    …   2'44 

Chloride  of  sodium    5*32 

Nitrate  of  sodium   *80 

Silica    '20 

Oxide  of  iron,   alumina.  &c   '08 


32*65 


Hardness    24'55° 


This  water  was  treated  with  21bs.  of  the  best  fresh  burnt. 
lime  a!id  '651b.  of  soda  ash  (58  per  cent,  alkali)  per  1,000 
gallons,  with  the  result  that  the  hardness  was  reduced  to  1^°, 
the  cost  of  the  treatment  being  approximately  .^d.  per  1,0()0 
gallons.  The  so (tenod  water  was  free  from  any  excess  of  soda. 
I hut    \Y ati-r  Su ppf !/ . 

Grains  per  gallon. 


Silica   '  -18 

Oxide  of  iron    *12 

Sulphate  of  lime    2'21 

Carbonate  of  lime    17'07 

Sulphate  of  magnesia   124 

Nitrate  of  magnesia    *63 

Nitrate  of  sodium   2  90 

Chloride  of  sodium    3  68 


2803 


Hardness    20'15° 


This  water  was  treated  with  21bs.  of  the  best  fresli  burnt 
lime  (and  *G()lb.  of  soda  ash  (58  per  cent,  alkali)  per  1,000 
gallons,  with  the  result  that  the  hardness  was  reduced  to  1 
the  cost  of  the  treatment  being  approximately  ^d.  per  1,000 
gallons.  The  softened  water  containod  no  soda,  was  inca])aI)lo 
of  forming  scale  or  causing  corrosion,  while  the  treatment 
left  its  potability  unimpaired. 

The  design  of  the  apparatus  for  measuring  and  mixing 
the  lime  and  soda  witli  the  hard  water  is  of  the  utmost  impor- 
tance in  a  plant  of  this  kind.  The  softener  should  consist 
of  two  principal  portions,  the  mixing  and  measuring  appara- 
tus, and  the  settling  tanks  and  filters  by  means  of  which  the 
precipitated  impurities  are  removed  from  the  water.  The 
mixing  apparatus  should  be  capable  of  separately  measuring 
the  water  and  the  chemicals  required  to  treat  it,  in  rigidly 
defined  quantities,  and  without  liability  to  variation,  as  on 
the  proper  performance  of  this  function  the  entire  success  of 
the  process  depends.  It  should  also  admit  of  easy  and  minute 
regulation.  Tlieso  conditions  being  fulfilled,  the  lime  and 
soda  process  will  give  results  far  surpassing  those  obtainable 
l)v  ； my  otJior  ineiliod  oi  water  treatment,  in  botl)  economy  aiul 
odVi-t  ivoiie&s.  • 


STEEL  AND  ITS  HEAT  TREATMENT, 

BY  ROBERT  R.  ABBOTT. 
Steel  is  an  alloy.  In  its  most  simple  form  it  is  composed 
of  iron  and  carbide  of  iron.  Heat  treatiiiont,  defined  accord- 
ing to  modern  practice,  consists  of  alternate  processes  of  heat- 
ing and  cooling  conducted  in  such  a  way  tliat  the  useful  pro- 
perties of  the  steel  are  increased  in  value.  This  treatment 
may  increase  all  or  part  of  the  properties  independently  of 
each  other,  or  it  may  increase  some  of  the  properties  at  the 
expense  of  others. 

If  a  piece  of  platinum  is  placed  in  a  furnace  which  is  at 
a  temperature  of,  say,  2,000°  Fall,  it  will  heat  at  a  uniform 
rate  until  it  attains  the  temperature  of  the  furnace;  that  is 
to  say,  if  a  heating  curve  be  plotted  with  time  as  the  abscissa 
and  temperature  as  the  ordinate  it  will  consist  of  a  smooth 
curve.  With  a  piece  of  steel  instead  of  platinum  this  will  not 
be  so.  The  curve  will  contain  one  or  more  jogs,  depending 
upon  the  relative  amounts  of  iron  and  carbide  of  iron  and  to 
a  less  extent  upon  the  presence  of  other  elements.  The  above 
will  be  true  upon  cooling  as  well  as  upon  heating.  The  tem- 
peratures at  which  these  jogs  occur  are  known  as  critical  tem- 
peratures or  critical  points.  A  little  consideration  will  show 
that  the  jogs  are  caused  by  some  internal  change  taking  place 
in  the  steel,  either  requiring  or  giving  up  energy. 

Some  analogous  cases  in  other  alloys  or  solutions  will  pro- 
bably make  this  more  clear.  The  change  between  water  and 
ice  occurs  at  32°  Fab.  This  point  might  be  considered  a  critical 
point  for  water.  At  this  temperature  the  heating  and  cooling 
curves  show  a  jog.  Liquid  copper  changes  to  solid  copper  at  a 
temperature  of  1,983°  Fah.  In  both  of  t'hese  cases  the  physical 
properties  of  the  substance  above  the  change  point  and  below 
it  are  entirely  different  ；  the  specific  heat,  specific  gravity, 
hardness,  colour,  and  state  of  matter  (liquid  and  solid)  are 

*  Abstract  of  )japer  read  before  the  Cleveland  En^iuoerin^'  Sucicty,  April  23rd , 
1912. 


July  5,  1912] 


THE   MECHANICAL  ENGINEER. 


21 


different.  Now  it  might  easily  be  conceived  that  a  critical 
change  could  take  place,  accompanied  by  all  the  above 
changes,  without  the  change  in  state  of  matter.  Yellow 
phosphorus,  which  is  inflammable  and  poisonous,  can  be 
changed  into  a  red  form  by  heating  it  to  432°.  This  red  form 
is  neither  inflammable  nor  poisonous.  Upon  heating  yellow 
sulphur  to  boiling1  and  pouring  it  in  water,  it  becomes  a  red, 
soft,  gummy  substance  not  unsimilar  to  rubber.  Upon  expo- 
sure to  the  air  it  gradually  goes  back  to  the  yellow  variety. 
This  property  of  retaining  an  abnormal  state  by  sudden  cool- 
ing has  an  analogous  example  in  steel.  If  metallic  tin  is  held 
at  a  temperature  considerably  below  freezing  for  a  long  time 
it  changes  to  a  grey  powder.  When  ordinary  iron  is  heated  to 
1,420°  it  changes  into  a  non-magnetic  variety,  and  at  1,650° 
another  change  takes  places.  These  three  different  varieties 
of  iron  are  known  as  alpha,  beta,  and  gamma,  and  sufficiently 
rapid  quenching  from  the  right  temperature  is  capable  of 
retainiug  the  beta  and  gamma  form  more  or  less  perfectly  at 
the  ordinary  temperatures.  It  is  thus  very  apparent  that 
wliile  steel  is  an  alloy  composed  of  two  constituents  it  can 
really  be  considered  as  being  capable  of  forming  three  distinct 
series  of  alloys,  viz.,  carbide  of  iron  with  alpha,  beta,  and 
gamma  iron. 

The  critical  temperatures  of  a  substance  are  usually  changed 
by  the  addition  of  another  substance.  Molten  copper  begins 
solidifying  at  a  temperature  of  1,983°.  This  temperature  is 
lowered  to  1,920°  by  the  addition  of  5  per  cent,  of  zinc  and 
to  1,650°  by  the  addition  of  30  per  cent,  of  zinc,  which  is 
common  brass.  Consider  an  alloy  of  two  components,  A  and 
B.  If  the  addition  of  B  to  A  causes  a  lowering  of  the  critical 
temperature  to  A,  it  is  reasonable  to  suppose  that  the  addi- 
tion of  A  to  B  will  cause  a  lowering  of  its  critical  tempera- 
ture (there  are  some  classes  of  alloys  in  which  this  is  not  so). 
Under  these  conditions  it  is  apparent  that  there  must  be  some 
alloy  of  the  series  which  would  have  a  lower  critical  tempera- 
ture than  auy  other.  In  alloys  in  which  this  critical  point 
represents  a  change  in  state  this  one  of  the  series  is  known  as 
the  eutectic.  In  steel  which  exhibits  a  similar  phenomenon 
not  accompanied  by  a  change  in  state  it  is  known  as 
the  eutecoid.  In  our  example  we  will  consider  that  tlie  eutec- 
tic ratio  is  40  of  A  to  60  of  B.  Suppose  we  have  20  of  A  and 
80  of  B,  we  might  consider  this  20  of  A  to  be  combined  with 
30  of  B  to  form  a  eutectic,  leaving  50  of  B  not  so  associated. 
This  is  exactly  what  does  occur,  and  we  might  consider  such 
an  alloy  to  be  composed  of  a  eutectic  and  either  A  or  B. 

The  eutectic  ratio  for  steel  corresponds  to  a  carbon  con- 
tent of  approximately  0  90  per  cent.  This  explains  the  reason 
for  the  importance  of  slight  changes  in  the  carbon  con- 
tents for  a  1  per  cent,  carbon  steel  instead  of  consisting 
of  1  per  cent,  carbon  and  99  per  cent,  iron  really  consists  of 
15  per  cent,  carbide  of  iron  and  85  per  cent.  iron.  When  the 
temperature  of  a  piece  of  steel  is  raised  above  the  critical  tem- 
perature at  which  gamma  iron  is  formed,  we  have  an  alloy 
formed  of  gamma  iron  and  carbide  of  iron.  The  eutectoid  no 
longer  exists,  but  in  its  place  is  a  homogeneous  solution  which 
goes  by  the  name  of  martensite.  This  can  be  retained  to  a 
greater  or  less  extent  by  sudden  cooling  or  quencliing,  and  is 
an  iinportant  constituent  of  all  heat-treated  steels  at  soi»»e 
j>oint  in  the  process  of  their  treatment. 

Broadly  speaking,  heat  treatment  consists  of  obtaining 
different  physical  properties  in  the  same  steel  by  varying  the 
relative  amounts  of  the  different-  series  of  alloys  present.  This 
may  be  done  in  several  ways.  Usually  the  steel  belongs 
originally  to  the  series  containing  the  alpha  iron.  A  definite 
amount  of  this  can  be  changed  to  the  gamma  or  martensite 
series  or  all  may  be  changed  to  this  series  and  then  part 
brought  back.  Combinations  of  these  two  methods  are  also 
used. 

Since  the  temperatures  of  the  critical  points  is  of  extreme 
importance  in  heat  treating,  it  is  evident  that  we  must  be 
able  to  measure  】iigh  temperatures  with  a  considerable  degree 
of  accuracy.  For  this  purpose  pyrometers  are  employed. 
There  are  four  general  types  of  these  ：  Thermocouple,  resis- 
tance, radiation,  and  optical.  The  most  widely  used  of  these 
is  the  therm ocouple  type. 

In  general,  if  two  dissimilar  metals  are  placed  in  contact, 
there  is  created  a  difference  in  electrical  potential  at  the  other 


ends.  This  difference  is  a  function  of  the  temperature  of  the 
ends  in  contact,  so  tliat  if  ilie  inilli-voltineter  be  standardised 
to  read  in  temperature  degrees  instead  of  milli-volts  it  can  be 
used  for  temperature  Jn^asureinenls. 

The  critical  points  are  obtained  iu  various  ways.  The  most 
connnon  and  least  valuable  】iiet,liod  as  far  as  heat  treating  is 
concerned  consists  in  finding  the  jog  in  tlie  heating  or  cooling 
curve  by  means  of  an  ordinary  tliei  mocouple  and  plotting  the 
temperature  against  the  time.  This  method  usually  fails 
entirely  in  getting  the  critical  point  in  low  carbon  steals  which 
are  the  most  important  from  a  heat-treating  standpoint.  The 
magnetic  critical  point  can  be  obtained  by  means  of  a  common 
magnet  and  a  pyrometer  more  or  less  roughly.  It  is  of  very 
little  value  for  the  low-carbon  steels,  as  this  critical  point  is 
not  the  one  used  for  general  heat  treating. 

An  extremely  accurate  method  of  detecting  critical  points 
in  low  carbon  steels  is  as  follows :  A  neutral  body  having  no 
critical  points,  such  as  nickel,  is  placed  in  the  furnace  side  by 
side  with  the  steel .  Three  thermocouples  are  connected  in 
series,  and  with  two  other  couples  is  placed  a  very  sensitive 
galvanometer  having  a  full  scale  deilection  equal  to  about  5°, 
while  the  third  couple  is  connected  to  a  regular  pyrometer 
galvanometer  or  inilli-voltineter  with  a  deflection  equal  to 
about  2,000°.  This  is  to  determine  the  temperature  at  whicli 
the  critical  point  occurs.  As  the  temperature  of  the  steel 
rises,  the  temperature  of  the  nickel  rises  with  it,  and  conse- 
quently if  not  heated  too  fast  they  will  both  be  at  the  same 
temperature  at  any  given  time,  and  the  voltage  generated  by 
the  couple  in  the  nickel  will  neutralise  that  generated  by 
the  couple  in  the  steel  and  as  a  result  no  current  will  flow. 
However,  when  a  critical  point  in  the  steel  is  reached,  its  tem- 
perature will  momentarily  lag  behind  that  of  the  nickel,  with 
a  resultant  flow  of  current  through  the  sensitive  galvanometer. 
The  beanperature  at  which  this  occurs  is  then  read  off  on  the 
other  instrument.  Means  are  usually  provided  for  making  a 
photographic  record  of  the  position  of  the  critical  points.  This 
is  known  as  the  differential  pyrometer  method.  The  most 
accurate  method  of  obtaining  critical  points  is  by  】neaiis  of 
the  microscope.  This  requires  an  extremely  accurate  pyro- 
meter and  a  t-horougli  knowledge  of  the  theoretical  constitu- 
tion of  steel. 

We  will  now  consider  some  of  the  eiFects  of  heat  treatment. 
The  elastic  limit  of  a  piece  of  steel  is  a  measure  of  its  value  in 
sustaining  a  dead  load  constantly.  Tlie  maximum  strength  is 
a  measure  of  its  ability  to  withstand  a  load  in  excess  of  its 
elastic  limit.  The  reduction  in  area  is  a  measure  of  its  ability 
to  withstand  shocks  (other  things  being  equal),  and  also  of 
its  ability  to  bend  without  fracturing.  In  connnon  language 
it  is  considered  as  a  measure  of  the  "  toughness  "  of  the  steel. 
The  elongation  is  quite  frequently  used  as  a  measure  of  pro- 
perties similar  to  that  given  for  elastic  limit .  This  is  not  as 
accurate  as  the  reduction  in  area.  A  measure  of  the  steel's 
ability  to  witlistand  recurring  shocks  and  strains  is  best 
obtained  for  practical  purposes  by  a  combination  of  the  above 
physical  properties  considered  togetlier  with  the  chemical  coni- 
]>osition  and  then  by  the  physical  condition  of  the  steel  as 
shown  under  the  microscope. 

The  specific  gravity  of  a  piece  of  lieat-treated  steel  is  lower 
than  before  treatment.  This  is  equivalent  to  saying  that  heat 
treatment  causes  an  expansion  in  the  steel.  Depending  upon 
the  shape  of  the  piece,  this  expansion  may  take  place  entirely 
in  one  direction  and  cause  an  apparent  contraction  in  the 
other.  The  amount  of  this  expansion  is  dependent  to  a  great 
extent  upon  the  chemical  composition.  By  repeated  heat 
treatment  of  a  certain  kind,  steel  can  be  caused  to  shrink. 

The  stiffness  of  a  piece  of  steel  cannot  be  increased  bv 
alloying  nor  by  heat  treatment.  By  this  I  mean  that,  pro- 
vided the  elastic  limit  is  not  exceeded,  the  amount  of  deflection 
for  a  given  load  cannot  be  decreased.  However,  heat  treat- 
ment will  raise  the  elastic  limit  so  that  a 】imcli  greater  load 
can  be  carried  without  causing  a  permanent  set.  Until  the 
elastic  limit  is  reached  all  steels,  no  matter  how  treated  or  of 
what  nature,  will  deflect  the  same  amount  under  the  same 
load.  However,  the  poorer  grade  st^eel  or  the  unlieat-treated 
one  will  reach  its  elastic  limit  first,  and  will  then  deflect  much 
more  and  retain  a  permanent  set. 

When  certain  alloying  elements  are  added  to  steel  remark- 
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able  results  are  produced.  With  the  same  degree  of  tough- 
ness, the  strength  can  be  enormously  increased,  and  with  tlie 
same  degree  of  strength  the  toughness  can  be  likewise 
increased.  These  alloy  steels  show  up  their  remarkable  pro- 
perties to  a  greater  extent  when  they  are  heat  treated . 
Immians©  quantities  of  alloy  steels  are  used  in  an  unheat- 
tre-ated  condition.  This  alloy  steel  is  several  time's  as  expen- 
sive as  the  plain  ste&l,  and  yet  we  could  get  the  same  properties 
from  the  plain  steel  by  the  proper  treatment. 

If  we  endeavour  to  increase  the  physical  properties  by 
means  of  increasing  the  carbon  contents,  we  find  that  it  can 
be  done  only  imperfectly  and  at  a  large  decrease  in  the  reduc- 
tion in  area  or  toughness. 

The  tremendous  importance  of  heat  treating  all  kinds  of 
steels  is  recognised  on  all  sides.  It  not  only  means  a  saving 
in  money  but  a  saving  in  weight,  as  well  as  a  steel  which  will 
be  far  superior  in  resistance  to  fatigue.  Steel  rails  are  now 
being  heat  treated  as  well  as  splice  bars  for  joining  rails.  No 
one  can  doubt  that  the  future  will  be  an  age  of  heat-treated 
steels  both  in  the  plain  and  alloyed  forms. 


COMPETITION— ITS  USES  AND  ABUSES.* 

BY  JOSEPH  G.  BUTLKR. 

There  is  an  old  adage,  which  has  been  dinned  into  my  ears 
from  my  earliest  recollection  down  to  the  present  tini« : 
(' Competition  is  the  life  of  trade."  I  used  to  think ― we  all 
used  to  think ― that  this  meant  competition  in  selling  prices 
and  in  nothing  else.  It  was  very  difficult  to  get  away  from 
the  idea  that  u  competition  is  the  life  of  trade  ，，  meant  any- 
thing else  but  with  reference  to  selling  prices.  Now,  what 
else  could  it  mean  ？ 

In  recent  years  we  have  begun  to  analyse  this  matter  of 
competition,  and  a  great  many  of  us  have  come  to  the  con- 
clusion, by  analysis,  that  competition  covers  a  great  many 
more  things  than  simply  naming  the  lowest  selling  prices. 
Let  me  give  you  an  illustration :  A  large  steel  company,  not 
many  years  ago,  whose  board  of  directors  found  that  its 
administrative  expenses  were  several  times  as  large  as 
those  of  another  steel  company,  which  nevertheless  was 
efficiently  managed,  instituted  reforms  and  effected  im- 
portant economies,  so  that  the  administrative  expense  was 
greatly  reduced,  thus  reducing  the  cost  of  steel  products. 
Now,  that  was  competition.  The  first  company  was  com- 
peting with  the  second  to  see  which  could  develop  the 
lowest  administrative  expense,  I  know  of  many  other 
instances  of  a  similar  nature,  and  I  could  multiply  in- 
definitely instances  of  competition  which  was  not  competi- 
tion in  selling  prices,  but  there  is  no  need. 

Now,  let  us  examine  and  analyse  this  adage,  "  Competi- 
tion is  the  life  of  trade."  Assume,  just  for  the  sake  of 
argument,  and  for  that  reason  only,  that  it  really  means 
nothing  but  competition  in  selling  prices,  each  seller  trying 
to  name  the  lowest  figure.  How  will  that  benefit  trade  ？ 
First,  by  tending  to  increase  the  consumption,  for  the  lower 
the  price,  other  things  being  equal,  the  more  will  be  con- 
sumed. Second,  by  placing  the  seller  under  the  necessity 
of  producing  cheaply,  for  the  more  cheaply  he  can  produce, 
the  more  vigorously  he  can  compete.  Admitting,  however, 
that  price  competition  tends  to  lower  prices,  it  does  not 
follow  that  it  is  the  only  means  of  lowering  prices.  We 
have  had  in  the  United  States,  and  still  have,  many  great 
patent  monopolies,  men  making  goods  in  which  there  was 
no  price  competition,  and  yet  as  a  rule  these  men  have 
striven  to  reduce  prices  in  order  to  increase  consumption, 
for  enlightened  self-interest  showed  them  that  the  aggre- 
gate profits  were  larger  with  a  large  output  and  moderate 
profits,  than  with  a  small  output  and  large  profits  per  unit. 
As  to  price  competition  furnisliing  an  incentive  to  the  pro- 
ducer to  reduce  the  cost  of  production,  there  may  have 
l)('(、ii  a  t  ime  when  that  stimulus  was  greatly  needed  ；  when 
iiicn  would  not  think  unless  they  were  forced  to  think,  but 
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that  is  not  the  case  to-day.  Everywhere,  men  are  think- 
ing all  the  time,  trying  to  reduce  tlie  costs  of  production. 
They  do  it  in  the  industries  which  are  subject  to  sliai-p 
competition  in  prices,  and  they  do  it  in  cases  where  t licy  ； i w 
not  subject  to  sharp  price  competition.  Take,  for  example, 
the  underlying  companies  of  the  United  States  Steel  (，（>r- 
poration.  The  coinpetition  among  the  officials  and  mana- 
gers of  these  companies  is  strenuous  in  the  matter  of  re- 
ducing costs,  and  in  the  inatter  of  greater  efficiency.  The 
same  is  true  of  the  independent  companies,  both  large  and 
small.  There  is  much  competition  going  on  among  tlie 
diffe'rent  steel  companies  to  see  how  the  number  of  arri- 
dents  can  be  minimised,  by  improving  modern  safeguards. 
I  could  go  on  inch* finitely  with  illustrations  of  this  kind. 

I  insist,  therefore,  upon  taking  a  broad  view  of  this 
word  il  competition."  In  a  newer  and  larger  sense  it  really 
does  constitute  the  life  of  trade,  but  not  simply  in  the 
sense  of  price  competition  ；  in  the  sense  rather  of  rivalry 
at  all  points ― in  developing  new  markets,  in  improving  t  lie 
quality  of  the  goods  and  adapting  them  better  to  the  uses 
for  which  they  are  intended  and  in  reducing  the  cost  of 
production  and  distribution. 

I  am  reminded,  however,  that  the  subject  assigned  to 
me  was  "  Competition,  Its  Uses  and  Abuses."  Under  the 
broad  definition  of  competition  which  I  have  tried  to  de- 
velop I  find  that  I  have  perhaps  said  enough  already  as 
to  the  uses.  As  to  the  possible  abuses,  I  wish  only  to 
r('mm(l  you  that  a  wise  thinker  once  remarked  that  many 
of  our  vices  are  really  virtues  carried  to  excess,  and  I  can 
apply  that  here.  When  competition  in  reducing  the  cost 
of  production  is  carried  to  the  extent  of  over-working  em- 
ployes, or  depreciating  the  quality  of  the  goods  made,  it 
is  a  virtue  carried  to  excess,  and  becomes  a  vice.  The 
rivalry  should  be  carried  on  at  all  points,  in  endeavouring  to 
give  the  workmen  the  best  conditions  possible  and  in  en- 
deavouring to  make  the  quality  as  high  as  possible. 

Now,  while  we  do  have  these  various  descriptions  of 
competition  in  business,  there  is  no  doubt  that  competition 
in  selling  is  a  very  important  feature,  and  pursuing  this 
method  of  analysis,  I  want  to  emphasize  the  fact  that  com- 
peting in  price  is  only  one  of  several  means  of  competing 
in  selling.  One  can  compete  in  quality,  in  punctuality  in 
delivery,  in  affording  opportunity  for  inspection,  in  regu- 
larity of  service,  in  remembering  the  customer's  require- 
ments from  one  transaction  to  the  next,  and  so  on. 

Personal  friendship  counts  for  much  in  competition ― 
often  used  and  seldom  abused.  Generally  speaking,  the 
customer  who  has  bought  from  a  particular  seller  through 
motives  of  friendship  is  the  one  who  is  best  satisfied.  He 
had  the  confidence  in  his  friend  when  he  placed  the  order, 
and  he  is  likely  to  have  confidence  in  the  goods  when 
they  are  delivered.  If  the  order  had  been  secured  through 
a  cut  in  prices  he  would  be  fearful  lest  the  quality  had  also 
been  cut. 

We  started  out  with  competition  in  general,  and  found 
by  analysis  that  competition  in  selling  was  only  one  form 
of  competition  in  business.  Then  we  found  that  competi- 
tion in  prices  is  only  one  form  of  competition  in  selling. 
I  want  to  proceed  just  one  step  farther,  and  analyse  com- 
petition in  prices.  All  price  competition  is  not  of  the  same 
nature.  There  is  a  price  competition  which  is  used  only  for 
the  sake  of  securing  a  given  order,  because  that  particular 
order  is  needed.  There  is  another  form  of  pric^  competi- 
tion which  is  in  a  separate  class  and  stands  all  by  itself,  viz., 
the  old  "  destructive  competition/'  which  many  have  t  ried 
to  avoid  ；  when  a  seller  reduces  prices,  not  for  the  sake  of 
securing  a  particular  order,  but  for  the  definite  purpose  of 
bringing  prices  to  so  low  a  level  that  his  rival  cannot  live 
and  is  forced  out  of  the  field.  This  form  of  destructive 
competition  can  do  no  possible  good  to  society  ；  it  tends 
inevitably  towards  monopoly.  "  To  the  victor  belong  the 
spoils  "  ；  and  the  seller  who  indulges  in  destructivo  competi- 
tion no  doubt  has  clearly  in  mind  the  harvest  he  intends  to 
reap  in  advanced  prices  as  soon  as  he  has  destroyed  his  rival. 
As  we  are  endeavouring  to  abolish  war  between  iki ii^ns,  so 
we  should  strive  just  as  earnestly  to  abolish  this  form  of 
industrial  warfare. 
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INDUSTRIAL  AND  TRADE  NOTES. 

Rise  in  Price  of  Cleveland  Iron.  —Within  the  last  few  days  Cleveland 
pig  iron  has  advanced  2s.  6d.  a  ton,  the  most  substantial  rise  that 
has  been  known  for  years.  Cleveland  No.  3  pig  iron  is  on  the  liigli 
level  of  over  o7s.  a  ton  as  compared  with  46s.  per  ton  12  months 
ago.  Increasing  consumption,  declining  stocks,  and  higher  costs 
of  production  are  the  principal  causes  of  the  increase. 

Clyde  Shipbuilding.— Clyde  shipbiiikling  returns  for  June  show  that 
29  vessels  of  363>2o  tons  were  put  into  the  water,  as  conipanMl 
with  29  vessels  of  o3,456  tons  in  the  previous  niontli.  For  the  first 
half  of  1912  the  launches  ap:^regato  146  vessels  of  289,085  tons,  as 
against  310,460  tons  in  the  corresponding  period  of  last  year.  TIio 
new  orders  booked  by  Clyde  shipbuilders  in  June  include  a  lar^o 
floating  dock  for  tbe  British  Government. 

Arbitrators  Decision  in  Dispute  at  Cammcll,  Laird's,  Birkenhead  — 
The  aw  ard  of  Sir  David  Harrel,  the  arbitrator  appointed  in  con- 
nection v.  ith  the  engineers'  strike  at  Messrs.  Cammell,  Laird,  and 
Co.'s  shiplmilding  yard  at  Birkenhead,  has  been  made  known. 
The  men,  who  were  out  on  strike  for  11  weeks,  demanded  an 
advance  of  2s.  a  week,  and  the  firm  offered  a  Is.  increase,  but 
thev  remained  out  for  the  full  amount.  Tlie  award  is  for  t\w 
2s. ' 

Cumberland  Blasifurnacemen's  Wages  ― The  quarterly  ascertainment 
under  the  sliding  scale  in  force  in  Cumberland  shows  that  the 
average  selling  price  of  hematite  iron  warrants  was  69s.  8d.  per 
ton,  compared  with  (Us.  Id.  in  the  previous  quarter,  and  witli 
62s.  4d.  in  the  corresponding  period  last  year.  Blastf urnacemen 's 
wages,  which  are  now  37  per  cent,  above  standard,  advance  by 
7  per  cent.,  and  are  9\  per  cent,  higher  than  they  were  at  this 
time  last  year. 

New  Locomotives  for  the  Great  Central. ~ AVe  understand  that  the 
Great  Central  Railway  Company,  anticipating  developments  in 
their  traffic  arising  from  the  opening  of  tlie  new  clocks  at  Tmniin^- 
h:、n、，  ha \  e  recently  <ri\  en  the  North  British  Locomotive  Company, 
Ltd.,  Glasgow,  an  order  for  of)  goods  locomotives,  and  ISfossrs.  Kit- 
son  &  Co. 3  Ltd . ,  of  Airedale  Foundry,  Leeds,  an  order  for  20 
powerful  ei^lit-whoelod  coupled  l)0*rie  locomotives,  designed  for 
hauling  heavy  mineral  train  loads.  Thtse  locomotives  a  re  to  be 
equipped  with  a  superheater  arrangement  recently  patented  hy 
A【r.  John  G.  Robin  son,  chief  mechanical  engineer  to  the  Great 
Central  Railway. 

Strike  of  Labourers  at  Blackburn. ―  A  large  meeting  of  the  Black- 
burn branch  of  the  Gasworkers'  and  General  Labourers1  Union 
was  held  last  week  to  consider  the  offers  made  l>y  the  textile  and 
engineering  firms  in  the  town  in  reply  to  demands  for  increased 
wages.  The  masters  offered  an  incroase  to  all  men  receiving  less 
than  £1  of  a  shilling  a  week  in  textile  departments  and  of  6d.  in 
engineering  departments.  They  made  no  proposal  with  regard  to 
overtime,  and  refused  an  increase  to  men  described  as  macliiuo 
makers.  The  mpetinp;  decided  that  the  terms  were  unsatisfactory, 
and,  in  accordance  with  notices  ^iven  a  week  ago,  the  men  have 
stopped  work.  About  800  strikers  and  al)out  3/KX)  men  are 
affected. 

Increased  Cost  of  Shipbuilding.  —  Messrs.  H.  E.  Moss  A'  Co.,  of 
Newcastle,  Li、.pi'pool，  and  London,  in  their  half-yearly  ship  circu- 
lar just  issued,  refer  to  the  increase  in  the  cost  of  shiplmilding 
that  has  taken  place  during  the  past  two  years.  Tliey  state  that 
costs  of  materials  and  wages  continue  to  advance  in  all  branches  of 
shipbuilding  and  engineering,  and  are  likely  to  still  further  in- 
crease. The  opportunities  for  building  cheap  tonnage  such  as  we 
have  heen  accustomed  to  have,  in  their  opinion,  passed,  and  they 
doubt  if  they  u  ill  ever  come  ，）ack  a^«ain.  Prices  for  building  are 
fully  2.3  per  cent,  higher  thnn  two  years  ago,  and  many  special 
steamers  of  lai^e  tonnage,  exceptional  speed,  and  good  specifica- 
tions, which  won1  ordered  some  time  ago  l>y  far-seeing  shi])owners, 
have  recently  l)wn  sold  at  very  】grge  profits,  in  some  cases 
amounting  from  £20，（1(K)  to  £3f»,0rH).  The  demand  for  ih';i rly  new 
n""lv  tonnage  and  for  second-hand  stea mors  was  ncM'er  greater, 
and  .sue!)  as  ； i ro  for  sale  command  very  hi^h  prices,  as  compara- 
tively t'('、、  ； m'  ； u  aihihle^  and  tlioso  afloat  are  so  profitably  em- 
ployed that  it  is  frequeiitly  difficult  to  hring  business  about. 

New  Oil-engined  Coasting  Vessel.  —  Tin-  sccoiul  of  tlie  licet  oi  18 
motor  coasting  vessels  which  are  built  to  the  order  of  the 

Glasgow  Motor  Coasting  Company,  Ltd.,  has  just  been  completed. 
The  vessel,  which  is  named  the  "  fnniskeaj"  has  been  built  by 
Messns.  John  Cran  &  Company,  Leith.  The  other  vessels  of  the 
fleet  are  Ijeing  constructed  by  various  shipbuilders  on  the  Clyde 
:uid  Forth.  The  feature  of  all  these  vessels,  which  range  in  size 
f»om  140  tons  to  370  tons  carrying  capacity,  is  that  steam  power 
is  entirely  dispensed  with.  Internal-combustion  engines  of  from 
90  H.h.p.  to  160  b.h.p.,  and  of  various  types,  have  been  or  will  be 
fitted  into  tlie  different  boats.    The  following  arc  the  dimensions 


*»f  the  "  Imiiskoa  •'  :  l"、,iUth，  <K3i't.  ；  l.icjultli,  I  Hit.  Oin.  ；  and  (1(>|)Ui, 
9ft,  6in.  Sho  lias  a  carrying  capacity  of  tons  on  a  draught  of 
8ft.  Gin.  The  vessel  is  fitted  with  ;i  Boli"(l('r's  internal  coinl^ustiou 
(Midline  of  120  b.h.p.,  (l(»sign('(l  to  u,\vo  a  spwd  of  nine  knots  at 
sea.  Crude  Scottish  petroleum  is  used  by  the  engine,  and  sufii 
cient  oil  may  be  storod  in  iho  lar^**  tan ks  fitted  aft  to  keop  tho 
vossol  running  for  a  niontli  without  roplcnisliintz;  tin*  supply.  It  is 
ostima ted  that  the  £t  Inniskea  "  will  carry  from  70  to  HO  tons  more 
cargo  than  :\  vpsspI  oi  similar  dimciisifms  fitted  with  ;ni  orflinnry 
rcriprocatiii^;  stoam  engine  and  hoilcrs. 

Iron  and  Steel  Exports. ― Tlie  lollow  in^      山 'ii"'iit，  sliou  in^  the 
\aluo  of  the  exports  "lo"H'sti('  jxodnct1)  of  iron  ni\<\  steel  and 
manufnotures  thereof  from  the  United  K in^dom,     «'rm;m,v，  anrl 
the  United  States  of  A  nuM'ica  to  all  clt^st  iniitions  in  the  y<*;irs  spefi 
fied,  wns  rectMitly  m;ul(、  in  the  Hmis(、      Commons: ― 


Years. 

From  the 
United  Kingdom. 
Million  Pounds. 

From  ticiinany. 
Million  Pounds. 

From  the 
I'nited  Spates 
of  America. • 
Million  Pounds. 

1890 

311 

11-3 

1-8 

1900 

31-6 

19-9 

12-7 

1905 

32-5 

25-5 

13-3 

1910 

44-0 

34-4 

18-4 

1911 

44-8 

41-3f 

to 

Years  ended  3UtIi  June.       t  Provisional  figures. 


For  the  purposes  of  the  above  statement,  the  (hernia n  nw<\ 
United  States  official  figures  have  been  re-classified  so  as  to  bring 
them  into  line,  as  fa r  as  ])ossil>](\  with  those  for  tlie  [Tnitc(l  King - 
dom.  The  latter  gives  the  values  of  the  exports  of  "  Jron  and 
Steel  and  Manufactures  thereof/'  as  shown  in  the  official  trade 
returns,  with  the  addition  of  hollow-ware,  the  exports  of  which 
not  separately  distinguished  prior  to  1904. 

A  Large  New  Bridge  Over  the  Trent. ― The  Great  Contra]  Railway 
Company  has  arranged  to  havo  constructed  across  the  River 
Trent  at  Koadby,  nea r  Gainsborough,  a  combined  railway  and 
high 、、； iv  bridge,  to  replace  the  present  swing  bridge,  which  for 
many  years  has  carried  the  main  line.  The  new  lirid^e,  in  addi- 
tion to  serving  railway  purposes,  has  been  designed  to  afford  faci- 
lities for  vehicular  and  foot  passengers,  and  there  will  be  an 
opening  span  of  160ft.  ，  so  as  not  to  interfere  with  Imrge  traffic. 
In  addition  to  the  rolling  lift  span,  "hich  will  l)e  built  from  tlio 
designs  and  undor  the  direction  of  the  SclnM'zfM-  Rolling  Lift 
Bridge  Company,  of  Chicago,  tluu-e  will  he  two  fixed  ； spans,  each 
of  140ft.,  and  one  track  girder  span  of  40ft. ，  the  girders  of 
which  form  the  tracks  on  which  the  lifting  span  rolls  back.  The 
lifting  span,  which  will  have  a  weight  of  2,770  tons,  will  be 
ol*x'tric*ally  operated  by  motors  carried  on  the  leaf  itself,  and  Avill 
l)e  interlocked  with  the  railway  si<j;nals.  The  steel  caissons  upon 
which  will  )>e  founded  tlie  masonry  piers  of  the  bridge  a  re  to  he 
surik  by  compressed  air  to  50ft.  lielow  low-u-ater  level.  The 
largest  of  those  caissons  will  he  94ft.  long  and  2()ft.  Avide.  This 
bridge,  when  completed  in  two  years ?  time,  will  rank  as  the  largest 
and  heaviest  lifting  l)riclge  in  Great  Britain.  The  contract  has 
been  awarded  to  Sir  William  Arrol  &  Co.，  Ltd.,  of  Glasgow,  who 
are  to  carry  out  tlie  whole  of  the  work  under  the  direction  of 
Mr.  J.  B.  Ball,  engineer- in- chief  of  the  Great  Central  Railway. 

Ozonair  Portable  Apparatus. ―  We  have  received  from  Messrs. 
Ozonair,  Ltd.,  96，  Victoria  Street,  Westminster,  London,  S.W.，  a 
copy  of  the  new  edition  of  their  catalogue,  No.  1，  "  Ozonair 
Apparatus  for  General  Purposes."  This  catalogue  contains  illus- 
trations, prices,  and  other  particulars  of  Ozonair  portable  genera- 
tors for  purifying  the  air  in  rooms  of  from  3,000  cub.  ft.  to  12, (K )0 
cub.  ft.  capacity,  for  connecting  to  supply  ciccuits  or  to  portable 
accumulators.  These  apparatus  are  made  in  a  variety  of  pat- 
terns, for  standi ng  on  tlie  table  (horizontal  or  vertical  current 
of  ozonised  air)  ；  for  fixing  on  the  wall  ；  with  medical  fittings,  &e. 
There  are  various  designs,  and  the  consumption  varies  from  only 
10  watts  to  130  watts,  so  that  in  all  cases,  where  intended  for 
use  on  a  supply  circuit,  they  can  be  connected  to  any  lamp- 
holder  or  plug.  The  makers  claim  that  their  Ozonair  apparatus, 
as  compared  with  other  methods  of  producing  ozone,  are  noiseless, 
and  generate  pure  ozone  free  from  the  oxides  of  nitrogen.  Thv 
catalogue  also  contains  some  very  interesting  information  regard- 
ing the  nature  of  ozone  and  the  many  public  and  industrial  pur- 
poses to  which  Ozonair  apparatus  can  be  applied,  such  as  ventila- 
tion, water  and  food  sterilising,  l>i'e、ving，  bleaching,  deodorising, 
<fec.  That  these  are  not  hypothetical  is  proved  by  a  list  of 
important  users,  not  only  in  Great  Britain,  but  on  the  Continent 
and  in  other  parts  of  the  world,  comprising  public  buildings, 
breweries,  slaughter-houses,  cold  storage,  waterworks,  labora- 
tories, and  so  on.  Messrs.  Ozonair,  Ltd.,  will  be  pleased  to  send 
a  copy  of  the  catalogue  to  all  those  who  are  interested  in  tlie 
subject. 
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NEW  PATENTS. 

Specifications  of  the  followiruj  are  now  published,  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  lOd.  Address 
tl  Mechanical  Engineer^  53,  New  Bailey  Street,  Manchester. 

MECHANICAL.  1911. 

Engine  governors.    Kilhurn.  8912. 

Carburettiii^;  apparatus.    Hopkins  <&  Stansfi(*ld.    ]  137o. 
J^-oduction  of  fuel  bricjuottes.    Testrup  &  Righ.v.    1 155 1 . 
Forced  feed  lultricators.    Livesoy.  12928. 

Applianoo  for  preventiiifj;  over-winding  of  pit  ca^es.  Tli()msm，. 
13452. 

Automatic  steam  boiler  feeding  apparatus.    G nu enhorst.  1'3 
Hydraulic  clian^e-speed  gear .    Lake.  13'— )4'r>. 
Motive-power  plants.    Wilkes  &  De  Castilho.  13(i31. 
Variable- speed  and  reversing  gearing.    Nettenstrom.    130 U . 
Traction  engines.    Fowler  &  Cooper.  13704. 
Two-stroke  internal-combustion  engines.    Dorwald.  13701). 
Means   for   regulating   internal-combustion    engines.  ("mU'l. 
13811. 

Condensers.    Hall-Brown.  13848. 

Valve  mechanism  for  internal-combustion  engines.  Goby.  13853. 
Means  for  operating  valves  from  a  distanc(\    Soc.  Cmirt;m(l，  G. 

Gamier,  Gil,  et  Cie.  13892. 
Economisers  or  feed-water  heaters.    Harbinger  13923. 
Manufacture  of  wire  ropes.    R.  S.   Newall  &  Son,  Ltd.,  and 

Skelton.  14011. 
Water  motors  and  pumps.    Smith.  14053. 
Control  valves.    Jennings.  14115. 
Gas  generators.    Bingham.  14232. 

Fixed    radial-cvlindered    internal-combustion    ongines.  King. 
14293. 

Rolling  mills.    Fawell.  14346. 

Heating  and   circulation   of  feed   water   of  steam  gonorators. 

Fletcher.  14468. 
Operating  and  locking  railway  and  tramway  points.  McGrt^or. 

14525. 

Method  and  material  for  coating  motal  、vith  motal.  Bur^oss. 
14537. 

Monorail  railways.    Maloney.  14900. 
Tool  for  lifting  engine  valve  springs.    Eaves.  15402. 
Devices  for  separating  liquids  from  gases  or  vapours.  Bartl. 
15494. 

Apparatus  for  signalling  the  operation  of  engine  controlling  gear. 
Lake.  15682. 

Apparatus  for  cleaning  boiler  tubes.    Fraissinet.  15878. 

Feed-water  heaters.    Meijer,  Pullen,  &  Pullen.  16040. 

Steam  pumps.    Gage.  16045. 

Spoked  belt  pulleys.    Marston  &  Hough.  17104. 

Change-speed    and    reverse    mechanism.      Wolseley    Tool  and 

Motor-car  Company,  and  Rowledge.  17651. 
Hoisting  machinery.    Bamforfch  <fe  Rodgerson.  18110, 
Preventing    smoke    in    boiler    furnaces.     Harrison    &  Bi'o、vn 
〜 18376. 

Axle  boxes  for  railway  wagons.    Oxley  &  Parker.  19029. 
Starting    device    for    internal-combustion    engines.  McErlane. 
19802. 

Gas  producers.    Von  Kerpely.  20633. 
Metallurgy  of  zinc.    Thierry.    2101  J. 
Cranes.    Pitt.  21161. 

Power-transmission  mecluuiisni.    Minor.    21 5UU. 
Carburetters  for  explosion  motors.    Mauvillier.  22438. 
Nut  locks.    Howe.  23563. 

Gas  producers.    K-agot  &  Pierre-Hervotte.    24461 . 
Ball  bearings.    Schutt.  246oo. 
Wrenches.    Marks.  24749. 

Boiler  feed-water  regulators.    Cade  &  Knapp.  25308. 
Internal-combustion   motors  with  slide  valve  action .  Fischer. 
25475. 

Chucks.    Wahlstrom  &  Burchardi.  26413. 

Vacuum  gauges.    Schaffer  <fe  Budenberg,  Ltd.  27082. 

Gas  generators.    Hoeller.  27547. 

Liquid  transmission  apparatus.    Barbey.    27721 . 

Construction  of  ships.    Hogg  <fe  Carr.  27814. 

Traction  engines.    Ingram.  28183. 

1912. 

Apparatus  for  indicating  speed  at  a  distance.     Siemens  Bros, 
and  Co.  399. 

Apparatus   for   discharging  metallurgical   furnaces.  Gottlieb. 
883. 

Colliery  tram  or  wagon  couplings  or  shackles.    Evans.  1317. 
Apparatus  for  use  in  the  manufacture  of  axles.    Johnston.  1570. 
Joining  or  coupling  of  pipes.    Prockter.  1816. 
Speed  indicators.    Bonniksen.  2052. 
Steam  turbines.    Parkyn  &  Nuttall.  2094. 


Deutsche  Huttcnhjiu  Grs. 


Akt.-Ges.  Brown, 

from  st,':u"  engine 
Schmidt.  89(H>. 


Apparatus  for  pumping  lubricating  oils  into  engine  cylinders. 

McLaren  &  McLaren .  2677. 
Ilotary  internal-combustion  nigines.    Sanchoz  &  Uaradat.    27 10. 
Rotary  pumps.    Tnternationalo  Rotation s-M;isclii(UMi  (ios.  21)20. 
l)ro('pss  and  ap])nratus  for  grru'ra ting  rich  gasos.  Lahaussois. 

3113. 

Screw  profilers.    Kenipf*.     U 77. 
Lubricating  appariitus.     \V:itr('s.  4242. 

Klt^ctrodes  or  anod(\s  employed  in  the  prevention  of  (rorrosion  ill 

" <:， in  lioilcrs.    Cimi，）t、rl:ui(l.    4251 . 
IJ:iil\\;iy  rail  joints,    lionlt.  W)U. 
r'vnporating  apparatus.    Wic^and.    09 1  I 
1     ii id  \i'\r\  indicators.    Allison .    (；  1  13. 
Roller  boariiiKS-    Ta.vlor.  6820. 
Revolving  urates  tor  ^as  producers. 

GD07  and  (應. 
Brakes   in  connection   with    hoisting  gi、;u.. 

Boveri,  et  Cie.  8849. 
Ap|);i ratus  for   drawing  off   working  st(»;i m 

c\  lindors  i'or  lieating  and  otlicr  purposes. 

ELECTRICAL,  19". 

Suspension  devices  for  (lvnaitios.     J .  Stone  &  Co.  and  Darker. 

91-11.  , 
Spark  plugs.    Schmidt.  13524. 

K(^rnlators  for  dynamos.      British  Tlinmson-Housioii  Company, 

and  Pollock.  '  13570. 
Electric  lamp-holders.    Bey.  14303. 

Terminals  for  ignition  plugs.    Longford  &  Clark.  16828. 
Electrical  igniters  for  intern al-conihustion  engines.  Bellamy. 
17061. 

Kloctrio  heating  devices.  British  Thomson-Houston  Company. 
19108. 

Incandescent  electric  lamps.  British  Thomson-Houston  Com- 
pany, and  Needhani.  19109. 

Circuit  arrangements  for  automatic  telephone  exchanges. 
Siemens  &  Halske  Akt.-Ges.  19456. 

Automatic  sectioning  means  for  limiting  accidental  interruptions 
of  currejit  supply  in  central  stations.    Bradenburg.  21149. 

Automatic  regulation  of  variable-speed  dynamos.  Prior  &  Prior. 
21215. 

Electric  signalling  apparatus.    Hermsdorf/  22123. 

Electric  batteries  or  accumulators.    May3  and  Electrical  Power 

Storage  Company.  22281. 
Driving   mechanism  of    portable    electric   generators.  Record. 

22655. 

1912. 

Electric  arc  winding.    Strohmenger.  1274. 
Arc  lamps.    Korting  &  Mathiesen  Akt.-Ges.  3269. 
Lightning  arresters.    StofFels  and  Van  der  Sprenkel.  4885. 
Means  for   conneciing;  electrodes  for   electric  furnaces.  Geb. 

Siemens  &  Co.  6248. 
Electric  connection  box  with  revolving  contacts.  AVaterhouse, 

and  Simplex  Conduits,  Ltd.  69^1. 
Arrangement  for  starting  groups  of  electrical  machines. 

son.  713-5. 

Electric    ignition    apparatus    foe    interna  1-conihustion 

Kettering.    7428  and  743D. 
Brush  holders  for  dynamos.    Akt.-Ges.   Brown,  Boveri,  et  Cie. 

7578. 


Thomp- 


engines. 


METAL  QUOTATIONS. 

TUESDAY,  JULY  2nd. 

Aluminium  ingot   70/-  per  ewt. 

"         wire,  according  to  sizes,  &c  from  102/-  ,， 

"        sheets        „  ,,    ，，  1 20/-  „ 

Antimony   £27/10/-  to  £28/5/-  per  ton 

Brass,  rolled    8Jd.  per  】b. 

，， tubes  (brazed)    HSd. ，， 

，，       ，，      (solid  drawn)   9|d.  ，， 

，，       ，，     wire   9Jd.  ，， 

Copper,  Standard   £77/2/6  per  ton. 

Iron,  Cleveland   57/3  ,， 

，， Scotch   63/3  ,， 

Lead,  English    £18/17/6  ，， 

，， Foreign  (soft)    £18/12/6  ，， 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

，，  ，,  ，，       medium   3/6  to  6/-  ，， 

，，  ，，  ，，       large   7/6  to  11/- ，， 

Quicksilver   £8/10/-  per  bottle 

Silver   28Jd.  per  oz. 

Spelter    £25/17/6  per  ton. 

Tin,  block   £208/-/-  ，， 

Tin  plates   " 

Zinc  sheets  (Silesian)   £29/5/-  ,， 

，，  (Stettin  ；  Yhi]\e  Montagne)  ，"  £g9/7/6  ，， 
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The  "PERFECT"  VISE 


Dept.  J. 


&  SON, 


Second  and  Greatly  Enlarged  Edition. 

The  Testing  of  Engines, 
Boilers,  &  Auxiliary  Machinery. 

A  Treatise  on  the  Construction  and  Use  of  the  Instruments 
and  Methods  Employed  in  the  Testing  of  Prime  Movers  in 
the  Laboratory  and  Workshop         ::       ::       ::       ::  :: 

By  W.  W.  F.  PULLEN, 
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Price  13/-  post  free. 

CONTENTS.— Tables  and  other  Data.  Mechanical  Aids  to  Calculation.  Measure- 
ment of  Pressure.  Measurement  of  Temperature.  Measurement  of  Speed. 
Measurement  of  Power  Output.  Measurement  of  Power  Input  with  Dynamometer. 
Measurement  of  Power  Input  with  Indicator.  Indicator  Rigs  and  Accessories. 
HintA  on  the  Management  of  Indicators.  Analysis  of  the  Steam  Engine  Indicator 
Diagram.  Other  Features  of  Steam  Engine  Diagrams.  The  Adjustment  of  the 
Slide  Valve.  Internal-combustion  Engine  Diagrams.  Testing  Indicator  Springs. 
Measurement  of  the  Quality  of  Steam.  Measurement  of  Quantity  of  Steam  and 
Water.  The  Testing  of  Steam  Enginee.  Fuel  Testing.  The  Analysis  vf  Flue 
Oases.  Boiler  Testing.  The  Testing  of  Auxiliary  Machinery.  The  TestiDy  of 
Intemal-combastion  Engines. 
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SUBSCRIPTION  RATES. 


United  Kingdom  ：  12/6  per  annum,  post  free. 
Anywhere  Abroad  ： ― 

17/6*  per  annum,  post  free.    Thin  paper  edition. 
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Advertisements,  displayed,  for  insertion  in  current  issue  shoi'H 
reach  our  Manchester  office  not  later  than  first  post  Tuesday 
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The  Condition  of  Engineering. 

It  is  a  long  time  since  engineers  in  Lancashire  were  so  con- 
cerned as  to  the  stability  of  their  businesses  as  at  present. 
During  the  last  six  or  seven  months  four  noted  firms  of  engine 
builders  and  boiler  makers  in  Lancashire  have  found  them- 
selves in  financial  difficulties.  One  of  these  is  closing  its 
doors,  and  another,  the  well-known  firm  of  Messrs.  John 
Musgrave  &  Sons,  Ltd.,  was  offered  for  sale,  by  order  of  the 
Court,  on  July  2nd,  whilst  rumour  insists  that  other  firms 
of  note  are  in  situations  almost  as  difficult.  It  is  certain  that 
the  present  condition  of  affairs  is  without  precedent,  in  recent 
years  at  least,  and  in  view  of  the  fact  that  the  general  trade 
of  the  country,  and  particularly  the  iron  and  steel  trades, 
is  enjoying  a  period  of  remarkable  activity,  it  is  clearly  neces- 
sary that  engine  builders  and  boiler  makers  should  look  very 
seriously  and  carefully  into  their  position  and  prospects,  and 
bo  prepared  to  take  radical  steps  in  order  to  achieve  once 
.again  something  of  tlie  prosperity  which  was  formerly  theirs. 

Misfortune  naturally  calls  forth  sympathy  with  the  un- 
fortunate ones,  but  there  are  various  ways  of  showing  sym- 
pathy. At  the  present  time  in  business,  as  in  politics,  there 
is  a  tendency  t'o  treat  every  trouble  as  due  to  some  cause 
outside  the  unfortunate's  control,  but  those  who  feel  inclined 
to  view  the  engineering  situation  from  tliis  standpoint,  and 
to  preach  resignation,  would  do  well  to  remember  the  words 
a  dramatist  of  the  modern  school  puts  into  .the  mouth  of  one 
of  his  characters.  It  is  proper  to  make  the  fullest  allowances 
for  the  failings  of  others,  but  it  is  wise  to  treat  one's  own 
as  evidence  of  a  malignant  but  curable  disease.  Resigna- 
tion is  not  a  policy  ；  it  is  a  surrender.  Nor  will  abuse  of 
others  help.  Labour  unrest  is  irritating  and  disturbing  to 
employers,  but  labour  unrest  does  not  explain  the  present 
situation.  On  the  contrary,  of  all  the  important  trades  few 
have  been  less  directly  disturbed  than  engineering.  Nor  can 
foreign  competition  be  fairly  blamed,  for  there  are  few 
British  industries  less  subject  to  serious  foreign  competition 
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than  that  of  the  boiler  makers  and  engine  builders  of  I 川 ih 
shire.  It  is  true  bhat  a  few  isolated  foreign  engines  haw 
found  their  way  in,  but  they  are  indeed  few,  and  as  regards 
boilers  most  of  us  have  never  even  heard  of  a  foreign  boiler 
finding  its  way  into  a  cotton  mill  or  even  an  electric  power 
station  in  this  country. 

The  only  safe  assumption  to  make  is  that  the  cause  of 
the  trouble  is  to  be  found  in  the  firms  themselves — their  work- 
shops, organisation,  technical  ability,  and  directing  forces.  To 
these  should  be  added  the  state  of  tbe  engineering  trade, 
which,  until  the  latter  part  of  last  year,  had  remained  con- 
sistently bad  for  some  years.  Bad  though  trade  was  it  cer- 
tainly did  not  justify  the  astonishing  jjrice-cul  ting  which 
took  place  in  the  boiler  trade,  and,  but  to  a  less  exteni , 
in  the  engine  trade  also.  It  is  admittedly  one  thing  to  se& 
the  folly  of  price-cutting,  and  quite  a  different  problem  to 
devise  some  means  of  putting  a  stop  to  it.  It  is  almost  impos- 
sible for  one  firm  to  make  a  stand  in  these  circumstances, 
just  as  one  trooper  cannot  stop  a  panic-stricken  scpiadron. 
But  a  squadron  composed  of  】nen  who  are  well  armed,  who 
have  confidence  in  themselves  and  in  their  leaders,  does  not 
get  into  a  panic.  It  may  be  beaten,  but  not  disgraced.  A nd 
if  engineering  firms  were  on  a  firm  foinidation,  if  tliey  hud 
confidence  in  their  own  individual  and  collective  capacities 
and  confidence  in  the  informal  but  recognised  leaders  of  the 
industry  they  would  not  break  away  as  they  clo. 

It  is  clear,  indeed,  that  the  trouble  is  dee j)- rooted. 
Tremendous  progress  has  been  made  in  power  eiiginceriiig' 
during  the  present  century,  but  with  rare  exceptions  tliat 
progress  has  left  those  】:nost  concerned  as  they  were.  A  few 
firms  show  signs  of  an  awakening,  but  the  majority  make 
very  much  the  same  products  as  they  did  10  or  20  years  ago, 
when  the  steam  turbine  was  unimportant,  the  large  gas  engine 
unheard  of,  the  Diesel  oil  engine  to  all  intents  and  purposes 
non-existent,  the  water-tube  boiler  not  fully  developed,  and 
the  possibilities  and  influence  of  the  large  public  electric 
supply  station  unforeseen.  Other  and  rival  firms  realised  the 
significance  of  the  changes  which  were  taking  place,  and 
are  now  in  possession  of  the  available  markets  and  making 
great  efforts  to  enlarge  them  by  driving  out  the  older  firms. 
Sucli  a  state  of  affairs  indicates  that  the  old  firms  did  not 
appreciate  the  progress  and  flux  of  their  own  industry.  The 
inajority  of  those  responsible  for  the  direction  of  these  firms 
were  too  narrow  in  their  outlook  and  unscientific  in  their 
training,  and  too  conservative  in  their  temperament  to  appre- 
ciate what  was  going  cm.  They  could  repeat  what  their 
fathers  did  before  them ,  and  do  it  well,  but  that  seemed  to  be 
the  limit  alike  of  ambition  and  capacity.  Their  shops,  too,  wei?， 
and  for  the  most  part  still  are,  badly  equipped,  and  but  ill- 
fitted  to  carry  on  a  winning  battle  with  younger  rivals. 

Engineering  of  to-day  is  not  merely  the  engineering  of 
20  years  ago  grown  bigger.  It  is  more  than  that.  It  requires 
all  the  old  qualities  of  mechanical  skill  and  honest  workman- 
ship, and  many  more  besides.  The  margin  between  success 
and  failure  is  less  than  it  was5  and  every  item  down  to  the 
least  must  be  studied,  so  that  it  is  produced  in  the  most  econo- 
mical way,  or,  if  necessary,  ruthlessly  given  iq〕  in  favour  of 
something  else.  Skill,  whether  of  the  hands  or  the  brain, 
must  be  more  intense.  It  must  probe  deeper,  and  separate 
the  wheat  from  the  chaff ― in  methods  and  products  particu- 
larly― more  thoroughly  than  before.  The  outlook  must  also 
be  greatly  widened,  and  for  this  nothing  is  so  good  as  a  wide 
and  thorough  scientific  training.  The  higher  a  nuufs  position 
the  wider  should  bis  outlook  become.      The  steam  engine 


l)iiilder  can  no  longer  airord  to  be  conteni  that  lie  knows  his 
own  engine  from  A  to  Z.  He  must  know  rival  "i;"  liim、s，  too, 
so  thai  lie  knows  what  to  defend  and  what  is  not  capable  of 
defence.  He  m u st  be  able  to  estimate  the  possibilities  of  new 
ideas,  and  to  estimate  the  trend  of  progress.  He  may  not 
make  oil  engines,  but  he  must  know  what  they  can  do,  and 
w  1 ) a  1；  it  costs  them  to  do  it.  H©  must  estimate  wliat  future 
progress  the  oil  engine  will  make,  and  what  its  effect  on  him 
will  He  should  travel  occasionally,  for  there  is  jioiliing 

like  seeing  what  our  customers  and  rivals  are  doing,  and  get- 
ting into  personal  comnninication  with  those  who  have  a  diffe- 
I'cnl  out  look  from  our  own,  for  stimulating  mental  activity  and 
])ra cing  up  initiative  in  a  man  of  the  right  material. 

What  is  wrong  with  Lancashire  engineering  is  principally 
tbe  quality  of  its  higher  personnel.  There  are  exceptions, 
]>ul  in  the  bulk  this  is  not  equal  to  the  work  demanded  of  it. 
I  n  sliviiglitforward,  olcl-fasliioiied  engineering  ability  it  is 
exrt'llent,  but  in  technical  knowledge  and  scientific  outlook 
it  is  poor  :  in  comitiercial  capacity  it  has  shown  itself  lacking 
in  tlie  essential  qualities  of  foresight  and  courage,  and  in  its 
knowledge  of  the  rest  of  tbe  world  it  comes  very  close  to  being 
provincial. 

Pay-as-you-cntcr  Cars. 

Some  discussion  is  taking  place  in  tins  country  over  "  pay-as- 
you-enter  cars"  for  tramways.  These  have  now  been  in  use 
several  years  in  America,  and  have  achieved  a  considerable 
degree  of  success,  but  here  they  seem  unable  to  gain  a  foot- 
ing. A  "  pay-as-you-eiiter  car  "  has  a  large  rear  platform , 
divided  by  a  rail  into  inlet  and  outlet  sections.  Before 
entering  the  car  proper  the  passenger  pays  his  fare,  and  if  he 
requires  change  has  to  stand  on  the  platform  until  the  others 
have  passed  into  the  car,  for  the  guard,  or  conductor,  does 
not  leave  the  platform.  It  is  claimed  that  this  reduces  the 
length  of  the  stoppages  and  the  number  of  accidents  due  to 
the  car  being  in  motion  when  passengers  are  boarding  or  leav- 
ing tho  car.  It  should  also  be  noted  that  the  American  cars 
liave  no  upper  deck,  so  that  the  task  of  the  guard  is  simpli- 
fied. Finally,  with  rare  exceptions,  the  fare  is  a  uniform  one, 
aud  independent  of  the  length  of  rid©  or  the  destination. 
English  practice  is  to  charge  according  to  distance,  and  this, 
together  with  the  presence  of  an  upper  deck,  makes  the 
application  of  the  il  pay-as-you-enter  }7  system  more  difficult 
in  this  country  than  in  America.  A  larger  waiting  platform 
would  be  required,  aud  this  would  deduct  seriously  from  the 
car  accommodation.  In  some  American  and  Canadian  towns, 
notably  Montreal,  it  is  noteworthy  that  the  (<  pay-as-you- 
enter  cars"  are  being  made  very  】arge，  so  as  to  reduce  the 
percentage  of  semi- useless  space  taken  up  by  the  rear  plat- 
form. The  upper  deck  presents  a  problem  which  is  probably 
not  insoluble  in  a  practical  way.  In  America  they  have  no 
upper  deck,  and  smokiug  is  not  allowed  on  the  cars.  Would 
Ei'.glislimeii  consent  not  to  smoke  on  tramcars  ？  It  is  doubt- 
ful, for  to-day  the  tramcar  is  an  Englishman's  castle. 


Trials  of  a  New  Destroyer. ― H.M.S.  "  Firedrake/'  one  of  the 
three  special  destroyers  ordered  by  the  Admiralty  last  year 
from  Messrs.  Yarrow  &  Co.,  of  Glasgow,  recently  had  a  suc- 
cessful official  full  speed  trial  on  the  Skermorlie  mile  on  the 
Firth  of  Clyde.  During  a  continuous  run  of  eight  hours  the 
vessel  attained  a  mean  speed  of  3317  knots,  thus  exceeding  the 
contract  speed  of  32  knots  by  117  knots.  The  vessel  is  255ft. 
long  by  25ft.  Tin.  beam,  and  is  propelled  by  Parsons  turbines 
driving  two  shafts,  steam  being  supplied  by  three  Yarrow 
water-tube  boilers^  liU'ed  with  tTie>  linn's  latest  feed  heating 
devices. 
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DESIGN,  CONSTRUCTION,  AND  INSPECTION  OF  LOCO- 
MOTIVE BOILERS* 

The  report  on  inspection  of  locomotive  boilers  was  presented 
to  the  members  at  the  last  convention.  Relative  to  design 
and  construction  a  circular  of  enquiry  was  sent  to  all  the 
members  of  the  association  in  regard  to  their  experience  and 
re<oinniendations  concerning  construction  of  locomotive 
boilers.  Replies  were  received  from  21  members,  represent- 
ing a  total  of  22,900  lcx-oniolives,  which  is  about  one-third  of 


Fig.  1 

the  locomotives  represented  by  the  membership  of  the  associa- 
tion. 

Type  of  Boiler. ― In  no  case  is  a  special  type  of  boiler  used 
for  any  special  service.  In  on©  instance  Belpaire  boilers  are 
used  of  crown  bar  construction  for  road  engines  entirely  on 
account  of  the  greater  ease  in  maintaining  stay  bolts.  In 
another  they  use  the  Belpaire  boiler  as  well  as  the'  radial  stay 
boiler,  and  tlieir  experience  with  the  Belpaire  is  that  it  reduces 
the  number  of  stay  bolt  breakages,  which  has  been  proven  by 
record  -  From  the  experience  gained  with  Belpaire  boilers  a 
syst  om  of  cross-bracing  was  developed  as  shown  in  Fig.  1， 
which  lias  practically  all  the  advantages  of  the  Belpaire  stay- 
ing, ami  in  addition  it  reduces  the  dead  weight  and  is  cheaper 


Belpaire  boiler  compared  with  tiie  radial  slay  boiler,  as  far  as 
maintenance  and  boiler  performance  is  concenieil. 

From  the  replies  received  from  th©  different  niembers  it  is 
the  concensus  of  opinion  that  the  radial  stay  type  of  boiler  is 
preferred,  as  it  is  easy  to  construct,  giving  more  free  circula- 
tion of  water,  less  deposit  of  sediment  on  the  crown  sheet  and 
easier  to  wash  out  ；  also  the  dead  weight  is  kept  down  ron- 
siderably. 

Combustion    Chambers.  ―  The    combustion    <  lianil)er  is 
favoured  by  only  five  members.    One,  who  uses  the  comli^h 
t'ioii  chainber  illustrated  in  Fig.  2，  advises  that  it  shows  a 
great  economy  in  fuel,  a  decrease  in 
the  amount  of  smoke  and  cinders,  and 
increased    mileage.      No  inforinaiion 
was  given  in  regard  to  maintenance. 
J  Anotlier    member    advises    that  the 

reason  they  favour  the  com  bust  ion 
chamber  in  certain  types  of  boilers, 
such  as  the  Mallet,  is  that  it  keeps  t  lie 
tubes  a  reasonable  length  and  increases 
the  heating  surface  of  firebox.  No 
information  was  given  as  to  the  fuel 
economy  derived  from  these  com hustion 
chambers,  but  a  saving  in  maintenance 
and  an  improvement  in  performance 
is  reported.  Another  member  reports 
being  in  favour  of  combustion  cham- 
bers, but  does  not  have  them  on  all 
engines.  This  member  was  from  an 
anthracite  road,  and  the  particular 
claim  was  they  thought  they  got  better 
combustion  and  also  derived  a  good 
deal  of  benefit  in  the  way  of  protection 
of  flues,  particularly  so,  the  boxes 
being  extremely  shallow  below  the  flue 
sheet.  Another  member  advises  that 
they  have  had  five  passenger  engines 
with  combustion  chambers  as  shown 
in  Fig.  3，  but  considerable  difficulty 
keeping  the  seams  tight,  and  on 
account  of  this  fact  combustion  chambers  were  removed 
when  applying  new  fireboxes.  This  was  the  first  developnient 
of  the  combustion  chamber  which  has  been  materially 
improved  since  that  time. 

On  another  road  they  have'  had  all  combustion  chambers 
removed  on  account  of  costing  too  much  to  maintain.  The 


was    experienced  in 


to  construct.  Crown-bar  construction  is  not  used  to  any 
extent  on  wide  firebox  boilers,  but  a  few  roads  use  the  crown- 
bar  construction  on  narrow-type  fireboxes.  On  the  crown-bar 
type  of  boiler  it  is  found  to  be  a  hard  matter  to  keep  the  crown 
bars  free  from  mud,  but  in  renewing  fireboxes  on  this  class  of 
engines  beneficial  results  have  been  obtained  by  raising  the 
(towii  bars  and  inserting  washers  l^in.  to  2in.  higher.  The 
coniniit/tee  was  unable  to  get  any  data  in  regard  to  merits  of 

•  AbsLnu  t  of  a  coiimiilltt'  report  pi  uscntcd  ni  Ibc  aunual  convention  of  the 
American  Kuilway  Mu«U;r  Mcchauics'  Absociation. 


Fig.  3. 

advantages  claimed  by  the  use  of  combustion  chambers  are 
that  it  keeps  the  tubes  wit  hin  a  reasonable  length,  protects  the 
flue  beads,  increases  the  firebox  heating  surface,  and  gives 
better  combustion.  The  committee  feels  that  a  combustion 
chamber  is  desirable  on  boilers  with  extra  long  flues,  such  as 
tlie  Mallets  and  the  Mikaclos,  but  are  not  prepared  to  recom- 
aii end  any  particular  design. 

Firebox.  ― Continuous  crown  and  side  sheets  are  favoure*! 
by  all  niembers  except  one.    Tlierefore^  the  committee  reconi- 
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Fig.  4. 


mends  tlie  use  of  continuous  crown  and  side  sheet  for  new 
construction  or  with  renewal  of  firebox. 

Mud-ring  Corners. ― Type  of  mud-ring  corners  which  have 
been  giving  good  service  are  shown  in  Figs.  4，  5，  and  6.  One 
member  advises  that  they  use  a  cast-iron  plate  held  in  place 
with  a  Jin.  bolt  and  a  cast -steel  clamp,  leakage  being  prevented 
by  a  composition  joint.    The  committee'  recommends  mud-ring 

corners  of  large  radius,  as 
shown  in  the  several  illus- 
trations, and  that  the  flanges 
of  the  tube  and  door  sheet  be 
carried  back  far  enough  to 
get  at  least  three  straight 
rivets  through  the  ring. 
Scarf  the  inside  sheets  down 
to  be  properly  fitted  to  the 
mud  ring  by  heating  same. 
If  the  scarfing  and  the  fitting 
of  these  sheets  is  given  pro- 
per attention  it  will  overcome 
leaky  mud-ring  corners  with 
which  some  of  the  members 
are  now  experiencing  con- 
siderable difficulty. 

Throat  Sheet. ― In  general, 
the  distance  from  the  top  of 
the  grate  to  the  bottom 
of  the  lowest  boiler 
tube  on  wide  fire- 
box engines  is  a  minimum  of  14in.  and  a  maximum  of  26in., 
average  about  22in.  Narrow  fireboxes  have  a  minimum  of 
13in.  and  a  maximum  of  28^in.,  average  about  20in.  In  one 
case'  where  hard  coal  is  used,  a  distance  of  8^in.  ininiinum  and 
12in.  maximum  prevails.  This  height  is  limited  to  the'  design 
of  the  locomotive. 

The  committee  recommends  as  deep  a  throat  slieet  as  the 
design  of  the  locomotive  will  permit.  On  consolidation 
engines  the  depth  of  the  throat  sheet  is  limited,  due  to  the 
frame  passing  under  the  firebox  and  on  account  of  the  rear 
driving  wheel,  which  is  located  under  firebox.  On  Atlantic, 
Mikado,  Mallet,  and  Pacific  type  engines,  a  deeper  throat 
sheet  can  be  obtained,  as  it  is  nob  necessary  for  the'  frames  to 
pass  under  the  firebox.  The  committee  also  suggests  the 
design  of  throat  sheet  as  shown  in  Fig.  7  on  boilers  with  slop- 
ing mud  ring  to  allow  for  more'  uniform  spacing  of  stay  bolts 
and  location  of  arch  tubes  and  simplifies  the  flanging  of  the 
throat  sheet  and  flue'  sheet. 

In  regard  to  thinning  out  of  flue  and  door  sheets,  also  the 
use  of  countersunk  rivets  where  these  sheets  are  joined  to  the 
side  sheets,  the  different  methods  employed  will  be  found  indi- 
cated in  Fig.  8.    About  50  per  cent,  of  the  members  thin  out 

these  sheets  and  apply 
countersunk  rivets.  Ib  is 
generally  acknowledged 
that  the  thinning  of  the 
sheets  and  the  counter- 
sinking of  rivets  is  neces- 
sary on  oil  burning  locomo- 
tives. The  general  prac- 
tice seems  to  be  to  counter- 
sink these  rivets  about 
half-way  up  the  side  sheet. 
No  data  were  given  in 
regard  to  which  practice 
is  the  best  from  a  mainte- 
nance standpoint. 

Spacing  of  Rivets  in 
Firebox     Seams.  ―  The 
committee  suggests  fin. 
Kui- r).  rivets  spaced  2in.  apart, 

as   this   is  used  in  the 

majority  of  cases. 

Design  of  Fire-door  Hole. ― Fig.  9  shows  various  designs  of 
fire-door  holes  used  by  different  members.  Three  roads  use 
style  No.  2,  which  is  the  O'Connor  type  of  fire'  door.  One  of 
tlie  members  reports  that  they  have  1,200  locomotives 
equipped  with  the  O'Connor  type'  of  fire  door  for  a  number 
of  years.  On  boilers  equipped  with  this  type  of  fire-door 
flange  they  have  had  several  cases  where  the  door  sheets  have 
remained  in  perfect  condition,  although  two  sets  of  side  sheets 


Via 


and  a  second  back-flue  sheet  had  been  applied  and  cracked 
badly.  In  every  instance  the  door  hole  remained  in  practi- 
cally perfect  condition  when  the  rest  of  ihe  firebox  was  cracked 
") the  point  of  renewal.  Boilers  equipped  with  this  type  of 
fire-door  hole  give  larger  water  space,  fewer  stay  bolts  about 
the'  door  seam,  seem  to  give  freedom  for  expansion  and  con- 
traction and  also  largely  prevent  mud  and  acale  collecting  at 
this  point. 

Arch  Tubes, ― Fifteen  roads  reporting  use  5in.  tubes,  one 
uses  2in.  tubes  and  one  uses  2Jin.  tubes.    Five  do  not  use  arch 

tubes  at  all.  One  sup- 
"干' VkV  1，  ！  ports  brick  arches  with 
studs  fastened  into  the 
side  sheet.  Thickness 
of  tubes  used :  *15in., 
•165in，，  '18in.，  -203in., 
•25in.  Eight  use 
thickness  of  -18in. 
Eleven  use  seamless 
steel,  one  uses  char- 
coal iron,  thickness  of 
tube  not  given. 

Plugs  or  Plates  for 
Covering  Arch  Tube 
Holes  in  Throat  Sheet 
and  Back  Head. 一 
Twelve  roads  use 
brass  plugs,  one  uses 
extra  large  size  brass  plugs  for  covering  the  holes  ；  these-  plugs 
are  drilled  for  2^in.  plug  so  as  to  avoid  removing  the  large 
brass  plugs  when  washing  the  tubes.  Three  use'  plates  with 
ball  joints,  claiming  greater  ease  in  removing  and  applying  in 
clos&  quarters. 

Method  of  Setting  Arch  Tubes. —— The  setting  of  arch  tubes 
varies.  Six  roads  advise  that  they  use  copper  ferrules  in  set- 
ting arch  tubes.  Three  roads  set  the  arch  tubes  without  fer- 
rules. Three  set  the  tubes  with  a  roller  expander  and  a 
sectional  expander  to  be*  used  in  the  ordinary  manner  to  set 
out  the  tube,  as  shown  in  Fig.  10.  Tubes  are  then  beaded 
over  with  a  bootleg  tool,  except  by  on&  member  who  bells  out 
the  tube'  on  the  water  side  to  prevent  the  tube  from  pulling 
out  of  the  sheet.  This  member  does  not  use  any  ferrules. 
The  other  two  m&mb&rs  do  use  copper  ferrules.  Fig.  11  shows 
arcli  tub&  setting  as  used  by  another  road. 

The  committ©&  was  unable  to  get  any  information  in  regard 
to  which  type  of  flue  setting  gives  the  bsst  service,  therefore 
did  not  make'  a  recommendation  as  to  which  type  should  be 
recommended  as  standard  practice. 

Radius  of  Flange  in  Back  Tube  Sheet. — In  regard  to  the 
radius  in  the  back  tub©  sheet  whore  it  connects  to  the  crown 
sheets,  recommendations  were  mad&  for  radii  from  ^in.  up  to 
2  in.  Some  roads  have  had  trouble  with  cracked  sheets  and 
leaky  seams  with  large  radius  ；  others  have  trouble  with  the 
small  radius.    One  is  now  experimenting  with  a  4in.  radius 

and  it  seems  to  give  good 
satisfaction,  but  it  has  not 
been  in  use  a  sufficient  length 
of  time  to  give  a  complete 
report.  Two  roads  increased 
the  radius  from.  fin.  to  2 in. 
and  had  considerable  trouble 
with  flue  sheet  working 
up  and  the  flanges  cracking. 
Two-inch  radius  has  been 
discarded  and  they  are  now 
using  |inM  which  improves 
the  condition  but  does  not 
eliminate  the  difficulty  en- 
tirely. 

Distance  from  Inside  of  Flange  of  Back  Flue  Sheet  to  Edge 
of  Flue  Holes. ― The  committee  recommends  that  a  distance 
from  the  inside'  of  the  back  flue  sheet  to  the  edge  of  the  nearest 
flue  hoi©  to  be  ample  to  prevent  the  flue'  sheet  cracking 
through  the  flange.  This  distance  will  vary,  depending  on  the 
radius  of  the  flango  of  the  tube  she&t.  Tube  sheets  with  ^in. 
radius,  this  distance  should  be  at  least  2in.  at  the  top,  I'm.  on 
the  side.  Sheets  with  2in.  radius,  the  distance  should  be  at 
least  2^in.  at  the  top. 

Throat  Sheet  Brace.— The  design  of  brace  for  this  location 
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should  be  such  as  to  avoid  any  mud  pockets  and  so  as  to  allow 
for  proper  circulation  of  water. 

Method  of  Supporting  Grate  Side  Frames. ― The  coiiiniittee 
reooniniemls  the  grate  side  frames  to  be  supported  from  studs 
in  the  mud  ring  or  brackets  fastened  to  the  under  side  of  the 
mud  ring,  the  latter  forming  a  pocket  for  the  grate  side  frame 
to  fit  into. 

Sloping  Back  Heads. ― Sloping  back  heads  are  used  by 
practically  all  roads.  The  slope  varies  from  8°  to  20。，  making 
an  average  slope  of  12°.  Sloping  of  back  heads  gives  addi- 
tional room  in  the  cab,  reduces  the  weight  of  the  boiler,  and 


the  sheet  was  in  good  coiulition  otherwise  it  was  patched. 
Three  of  the  mud-i-in^  comers  also  liad  to  have  small  pat<hes 
applied'  After  r;itt  lin^  scale  from  firebox  sheets  with  large 
hammer,  it  was  found  that  40  of  the  flexible  sleeves  had 
('racked  outside  of  the  sheet,  and  on  being  taken  out  they 
were  found  to  be  crystallised,  but   no    broken    bolts  were 


、 

1 

Fig.  8. 

gives  a  maximum  length  of  firebox,  and  still  remains  within  a 
reasonable  limit  for  hand  firing. 

Stay  Bolts. ― Uniform  spacing  of  all  stay  bolts  in  all  parts 
of  the  firebox  is  recommended  by  your  committee.  The 
majority  of  the  roads  reported  the  use  of  button-head  crown 
stays  for  the  six  to  nine  centre  rows  of  the  crown  sheet  the 
entire  length  ；  two  members  use  hammered  heads  for  the  first 
four  or  five  rows  from  tlie  flue  sheet.  The  different  forms  of 
button  heads  are  shown  by  Fig.  12,  on  which  you  will  note 
that  there  are  nine  different  designs  shown.  The  road  that 
uses  style  No.  4  advises  that  they  are  having  some  difficulty 
keeping  the  button  heads  tight.  The  committee  favours  the 
use  of  button-heads  on  as  many  rows  as  the  design  of  firebox 
will  permit,  but  recommends  for  the  consideration  of  members 
the  practice  of  using  hammered  heads  on  the  first  four  or  five 
rows  back  from  flue  sheet  - 

Slivg  Sta;/s. ― Figs.  13  and  14  show  the  various  types  of 
sling  stays  in  use  by  the  different  roads,  and  no  difficulty 
with  any  of  these  types  has  been 
reported.  Three  roads  use  a 
special  flexible  stay  bolt  on  all 
new  equipment,  as  shown  by  Fig. 
15，  and  this  type  of  sling  is  also 
favoured,  but  not  used,  by 
another  road.  Sling  stays  are 
used  to  the  extent  of  two,  three, 
and  four  rows  back  from  the  tube 
sheet  on  boiler  with  combustion 
chamber. 

Flexible  Stay  Bolts. ― All  roads 
except  one  use  flexible  stay  bolts. 
Most  of  the  roads  apply  these  in 
the  breakage  zone.  Five  are 
making  full  installation  of  flexible 
stay  bolts  on  boilers  with  wide  fire- 
boxes. One  has  the  following 
report  to  make  ： ― 

" In  February,  1907，  engine  re- 
ceived new  firebox  witli  full  instal- 
lation of  flexible  stay  bolts,  with 
the  exception  of  four  bolts  under 
the  auxiliary  dome  and  four  under 

steam  turret  ；  also  eight  bolts  which  go  on  top  of  same  at  back 
head.  February,  1908，  engine  received  general  repairs  and 
firebox  was  in  good  condition.  All  caps  were  removed  from 
flexible  stay  bolts,  and  they  were  found  to  be  O.K.  April, 
1909，  it  was  found  necessary  to  patch  the  top  of  the  back 
tube  sheet  on  account  of  sheet  cracking  from  tlie  hole  around 
tlie  flange  ；  this  was  done  in  the  engine-house.  October,  1909, 
engine  was  given  general  repairs,  and  by  tliis  time  the  top 
of  back  tube  sheet  had  given  out  in  two  more  places,  but  as 


Fig.  10.  Fig.  11. 

found.  In  1911  engine  was  again  in  the  shop  for  general 
repairs,  and  had  all  caps  removed  from  flexible  stay  bolts 
and  bolts  found  to  be  O.K.  A  patch  was  applied  on  top 
flange  of  flue  sheet,  half  side  sheet  seam  in  firebox  in  good 
condition.  When  engine  is  shopped  again  it  will  be  necessary 
to  renew  back  flue  sheet  on  account  of  same  being  patched. 
This  engine  has  made  319,567  miles  to  November,  1911，  and 
has  lost  no  time  due  to  broken  stay  bolts." 

One  road  has  equipped  some  fireboxes  with  full  installa- 
tion of  flexible  stay  bolts,  but  can  see  no  advantage  in  doing 
this.  In  tlieir  opinion  the  flexible  stay  bolts  are  only  advan- 
tageous when  applied  in  the  breakage  zone,  and  they  have 
discontinued  making  full  installation  and  are  only  applying 
them  in  the  breakage  zone.  However,  a  full  installation  of 
flexible  stay  bolts  in  the  throat  sheet  is  being  used  by  quite 
a  few  roads  with  good  results.  Three  advise  that  they  allow 
a  certain  amount  of  slack  when  applying  flexible  stay  bolts. 


l2-TH05:TflPtRiiitl2(^fj 


12-Th'OS 


Fig.  12. 

It  is  the  belief  that  an  application  of  this  kind  will  decrease 
the  number  of  broken  stay  bolts  and  allow  for  a  greater 
expansion  and  contraction,  which  prevents  the  cracking  of 
firebox  sheets  and  increases  the  life  of  firebox  correspondinglv. 
The  committee  believes  that  this  is  a  subject  worthy  of 
further  consideration,  and  would  suggest  that  some  more  of 
the  members  carry  on  a  further  investigation  and  make  a 
report  at  some  future  date. 

(To  be  coyitinued .) 
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Fig.  13.   (See  pa^e  29.) 

directions,  and  at  the  same  time  effect  an  economy  in  materials 
and  in  cost. 

Automatic  regulators  have  been  designed  principally  with 
the  object  of  inaintaiiiing  a  constant  pressure  on  the  bus-bars 
at  the  generating  station  or  sub-station,  or  even  to  produce  a 
compounding  effect  so  that  the  bus-bar  pressure  may  be  auto- 
matically varied  to  suit  the  load.  They  may  also  be  used  to 
maintain  a  constant  speed  on  direct-current  motors,  which 
have  to  deal  with  large  and  frequent  fluctuations  of  load. 
There  exists,  however,  a  much  wider  field  for  the  application  of 
such  appliances.  For  instance,  it  is  usual  to  connect  up  all 
feeders  to  a  common  bus-bar,  but  feeders  are  usually  of  diffe- 
rent length,  and  adjustment  of  the'  pressure  on  each  individual 
feeder  may  be  necessary,  owing  to  variations  in  the  locality  of 
the  load,  or  to  changes  in  the  power-factor,  during  different 
periods  of  the  24  hours.  The  ideal  place  for  the  regulator 
would  be  the-  consumer's  premises,  or  even  on  each  large  con- 
suming device  connected  to  the  system,  as,  however,  constant 
the  pressure  may  be  maintained  at  th©  bus-bars,  or  at  the 
feeder  points,  a  certain  amount  of  disturbance  to  the  pressure 
will  occur  on  tlie  distributing  system,  through  the  switching 
on  and  off  of  large  individual  appliances.  It  is,  perhaps,  well 
to  bear  in  mind  the  fact  that,  although  voltage  regulation  is  of 
the  greatest  importance'  in  its  relation  to  a  direct-current 
supply,  both  for  lighting  and  power,  and  also  for  alternating- 
current  lighting,  the  development  during  the  past  10  years  of 
alternating-current  motors  for  power  purposes  necessitates  a 
constant  motor  speed  for  many  industries,  and  this  can  only 
be  obtained  by  maintaining  a  constant  speed  on  the  prime 
movers.  Where  the  fluctuations  of  load  are  large,  it  may  be 
necessary  to  apply  th©  principle  of  the  pressure  regulator  to 
the  governor  of  the  engine  or  turbine,  so  as  to  ensure  not  only 
a  constant  voltage  for  lighting,  but  also  an  absolutely  constant 
frequency  for  power.      Probably  the  best  regulator  for  a 

*  Abstract  of  paper  read  before  the  Incor)>orated  Municipal  Electrical  Associa- 
tion. 


when  o/L  /s  us£D  roff  ran 

Fig.  14.  (Soe  pafie  29.) 
The  principal  requirement  of  an  automatic  regulai  ing 
device  is,  of  course,  t  hat  it  should  be,  at  all  ti mes,  and  under 
all  conditions,  completely  autouiatic  in  its  action.  Unfortu- 
natcly,  few  automatic  devices  are  free  froii)  trouble  in  tins 
<lirc<,l  ion.  The  majority  of  tlie  instriuiientsi  used  for  the  pur- 
pose of  controlling  the  pressure-  of  supply  consist  either  of  a 
movable  iron  core  iwm1("I  in  a  shunt  coil,  or  of  a  movable 
shunt  coil  winch  can  rotate  between  the  poles  of  a  permaiHMit 
magnet  the  shunt  coils  in  both  cases  being  excited  froni  t  lie 
bus-bars.  If  the  bus-bar  pressure  falls,  the  movement  of  the 
core  or  the  shunt  coil  is  in  oi>e  direction,  and  if  the  bus-bar 
pressure  rises,  the  movement  is  in  the  other  direotion.  With 
ordinary  changes  of  pressure  the  movement  produced,  and  the 
power  exerted,  is  quite  small  ；  it  is,  therefore,  necessary  to 
magnify  the  movement  or  to  use  relays,  in  order  to  obtain  a 
sufficient  range  of  regulation,  and  the  mechanical  power 
required  to  operate^  an  auxiliary  regulating  device. 

By  means  of  the  auxiliary  device,  which  may  consist  of  a 
small  motor  or  solenoids,  regulation,  is  obtained  by  ： 
( 1 )  Moving  the  switch  which  varies  the  resistance  in  circuit 
with  the  field  winding  of  the  generator  ；  (2)  varying  the  field 
of  a  small,  separate,  exciter  supplying  tlie  field  of  the  gene- 
rator ； or  (3)  diverting  more  or  less  of  ihe  field  current  of  the 
generator.  When  a  number  of  generators  are  run  in  parallel 
a  regulator  may  be  used  controlling  them  all,  in  whicli  (  ase 
any  variation  in  load  is  distributed  equally  over  all  the  ])lant, 

or  with  on©  generator  only, 
will  then  deal  with 


, FULLER  THE  IRON  INTO 
SLOT  OF  ROUND  NUT 
TO  LOCK  BOLT 


Fig.  15.    (See  pni^e  29. 


the  fluctuations  and  allow 
the  other  plant  to  run  at 
constant  load.  Regulators 
are'  usually  provided  with 
liand  adjustment  to  enable 
the  bus-bar  pressure  to  be 
varied,  when  necessary,  to 
suit  the  load  conditions. 
Quickness  of  operation  and 
closeness  of  control  m  ust 
always  be  special  features  in 
automatic  regulating  de- 
vices, particularly  when  a 
mixed  system  is  supplied 
from  a  common  bus-bar  ； 
but  for  lighting  purposes 
only  extreme  sensitiveness'in 
the   instrument    is   not  so 


essential.  A  variation  in  pressure  of  1^  percent,  up  or  down 
over  a  period,  say,  of  20  seconds,  would  in  such  a  case  give 
almost  as  good  results  in  practice  as  absolutely  instantaneous 
operation,  but  where  lighting  is  supplied  for  general  purposes 
from  a  power  main  dealing  with  a  large  and  fluctuating  load, 
or  from  a  railway  supply,  a  similar  regulator  would  be  almost 
useless. 

It  is  difficult  to  express  the  valuei  between  a  systeni  where 
the  pressure  regulation  is  good  and  where  it  is  bad,  but  that  it 
must  have  a  very  real  value  from  the  user's  point  of  view,  is 
undoubted.  By  installing  automatic  pressure  regulators,  the 
supply  undertaking  not  only  improves  th&  service,  but  the 
amount  of  attention  required  by  the  switchboard  operator  is 
appreciably  reduced. 


direct-current  supply  system  is  a  storage  battery  of  large 
ra])acity,  witli  mi  automatic  booster  or  regulating  switch  con 
t rolled  by  t  lie  hus-bai-  pressure.      In  addition  to  acting  as  a 
regulator,  the  battery  would  be  found  exceedingly  useful  ；" 
Hie  time  of  a  breakdown  or  other  einergency. 


PRESSURE  REGULATORS  * 

BY  S.  J.  WATSON. 

In  discussing  the  question  of  pressure  regulators,  it  may  be  as 
well  to  eliminate  any  reference  to  automatic  regulation  which 
may  be  incorporated  in  the  design  of  generating  machinery. 
A  compound  winding  may  be  termed  an  automatic  regulator, 
and  has  been  found  quite  suitable  for  special  cases,  but  imprac- 
ticable in  its  application  for  general  supply  purposes.  The 
following  remarks  will,  therefore,  have  reference  to  regulators 
whicli  may  be  provided  as  a  separate  piece  of  apparatus  to  tlie 
machinei  or  machines  which  are'  to  be>  regulated.  It  may  be 
noted,  in  passing,  that  close  regulation  on  a  generator,  however 
provided,  has  a  certain  market  price.  Such  being  the  case',  it 
appears  not  unlikely  that,  as  automatic  regulating  devices 
become  still  further  improved  and  adopted  as  standard  ]>vnr- 
t  ice,  designers  may  be  allowed  to  attach  less  iniporiance  to 
regulation,  and  by  so  doing,  improve1  the  design  in  ol  her 
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ANNUAL  REPORT  OF  HI  ELECTRICAL  INSPECTOR  OF 
FACTORIES 

{Concluded  from  page  15). 

During  the  year  a  considerable  amount  of  work  has  been 
done  by  the  district  staff  in  enforcing  the  requirements  of  the 
regulations  as  regards  the  more  obvious  contraventions,  such 
as  exposed  conductors,  switches,  fuses,  &c.，  and  dangerous 
hand  lamps.  Several  inspectors  who  have  had  teclinical  expe- 
rience before  joining  the  Department,  Mr.  T.  K.  Evans  in 
Scotland,  Mr.  C.  A.  Taylor  iti  North  London,  and  Mr.  Top- 
ham  in  South  London  in  particular,  have  done  useful  work  on 
a  wider  basis.  My  own  inspections  during  the  year  included 
generating  stations  and  sub-stations  of  electric  power  supply 
companies,  public  supply  undertaking,  railways  and  tram 
ways,  and  other  industries  and  works  of  various  kinds  where 
electrical  energy  is  used,  including  electrical  nianufacturing 
works,  electro-chemical  works,  docks,  engineering  works, 
mills,  laundries,  &c.  Many  of  the  visits  were  made  at  the 
request  of  the  occupiers  or  their  eugineei's  in  charge  of  the 
electrical  work,  others  in  reference  to  accidents,  and  some  as 
the  result  of  complaints.  For  the  most  part,  the  dangerous 
conditions  which  I  found  and  which  contravened  the  require- 
ments of  the  regulations,  were  similar  to  those  I  have 
described  in  detail  in  former  reports.  Although  it  is  evident 
that  generally  much  greater  attention  is  given  to  questions  of 
safety,  no  doubt  as  a  result  of  the  establishment  of  the  regu- 
lations, there  are  numerous  instances  where  occupiers  or  their 
responsible  engineers  do  not  take  the  necessary  steps  until  the 
various  matters  are  pointed  out  to  them  in  detail.  I  again 
found  examples  of  new  work  which  were  not  in  compliance  with 
the  requirements.  The  electrical  contractors  are  often  respon- 
sible for  this,  either  in  not  taking  the  trouble  to  consider  the 
regulations  or,  as  is  evident  in  some  cases,  for  the  sake  of 
cheapness.  Even  where  the  occupier  specifies  that  the  work  is 
to  be  carried  out  in  accordance  with  Home  Office  regulations, 
it  is  not  always  done.  In  one  of  these  cases,  where  a  new 
factory  had  been  fitted  up  for  light  and  power,  a  number  of 
points  were  not  attended  to.  I  met  the  contractor's  engineer 
on  the  works,  and,  as  he  admitted  that  he  was  fully  cogni- 
sant of  the  requirements,  I  enquired  why  he  had  not  carried 
them  out.  The  answer  was  quite  candid,  and  to  the  effect  that 
he  deliberately  took  the  risk,  not  expecting  that  I  should  pay 
a  visit  to  the  works  before  he  had  finished  with  it.  A  similar 
case  was  reported  by  Mr.  Topham,  where  a  new  alteriiating- 
ourrent  installation  had  been  provided  with  a  number  of  hand 
lamps  of  an  o】d  and  dangerous  type.  The  contractors  assured 
the  occupiers  that  there  was  nothing  amiss,  and  it  was  not 
until  the  latter  were  served  with  a  notice  that  they  would 
be  prosecuted  on  the  first  occasion  that  the  lamps  were  found 
to  be  in  use  that  the  contractors  could  be  induced  to  change 
them . 

Dangerous  fuses  continue  to  be  found  even  in  new  work. 
This  is  probably  partly  due  to  stocks  of  undesirable  patterns 
being  still  on  the  hands  of  dealers,  although,  judging  by 
advertisements  which  appear  in  the  trade  papers,  it  would 
seem  that  they  are  still  being  manufactured.  One  manufac- 
turer who  has  now  introduced  a  satisfactory  line  of  :'ew  pat- 
terns informed  me  that  he  still  makes  the  old  ones,  as  they 
are  in  considerable  demand  for  export,  and  he,  of  course,  has 
no  control  as  to  their  ultimate  use  in  this  country  on  factory 
premises.  T  have  described  the  usual  defects  in  fuses  in  former 
reports.  A  common  fault  is  that  they  cannot  be  handled  for 
purposes  of  renewal  without  danger  of  shock  through  touch- 
ing live  metal.  Thus  I  found  grip  type  fuses  having  a  porce- 
lain grip  only  about  3in.  in  length,  with  exposed  live  metal 
end  contacts  in  use  on  500-volt  and  440-volt  alternating-cur- 
rent systems  unprotected  by  switches,  and  in  earthed  metal 
cabinets,  and  some  over  metal  floors,  and  others  out  of  doors 
over  wet  ground.  It  is  impossible  to  handle  such  fusses  with- 
out risk  of  dangerous  shock .  Similar  fuses  of  the  cartridge  type 
are  also  often  found  under  like  dangerous  conditions.  Another 
common  type  of  fuse  carrier  for  small  fuses  has  the  fuse  wire 
lying  in  a  groove  on  the  front  of  the  porcelain  bridge,  so  that 
apart  from  the  risk  of  shock  there  is  danger  to  the  person 
renewing  the  fuse  wire,  when  replacing  the  carrier  on  the  fuse 


board,  of  getting  his  liand  burned  should  the  fuse  blow,  as  it 
o hen  does,  just  at  that  moment  by  reason  of  tlie  fault  on  the 
<  ircuit,  which  caused  it  to  go  in  the  first  instance  not  having 
l.'i  en  red ilicd .  I n  cases  where  fuses  are  protected  by  switches, 
they  are  soinct imcs  placed  in  a  dangerous  position.  Thus, 
open-ended  tubular  type  fuses,  often  for  large  currents,  are 
placed  on  switchboards  immediately  above  or  below  the  switch 
without  any  intervening  guard,  so  that  if  they  should  blow 
at  th^  moment  of  switching  on,  the  switchman  is  liable  to 
get  his  hand  severely  burned.'  I  found  a  number  of  instances 
of  such  an  arrangement  with  fuses  up  to  1,500  amperes 
capacity.  Such  fuses  for  circuits  of  large  current  are  liable 
to  be  dangerous  in  any  event  and  ought  not  to  be  used  unless 
specially  guarded.  Reliable  circuit-breakers  are  now  obtain- 
able at  prices  wliicli  will  a  How  of  their  adoption  on  circuits 
of  comparatively  small  current  and  are  often  to  he  preferred 
to  fuses. 

In  engineering  shops  1  found  un protected  main  distribut- 
ing switcli boards  for  alternating  current  power  circuits  not 
in  an  area  set  apart  and  with  latlies  and  drilling  inacliines, 
&c.，  within  a  few  feet,  to  tlie  irnminent  danger  of  the  men 
working  at  tlie  machines. 

Manufacturers  of  electric  irons  do  not  yet  appear  to  have 
realised  that  these  articles  when  used  on  factory  premises 
come  under  the  Regulations,  and  that  in  many  places  they 
are  liable  to  be  used  under  conditions  which  necessitate  their 
being  earthed,  no  provision  being  made  for  the  attachment 
of  an  earth  wire.  In  one  laundry  I  found  ten  irons  in  use 
on  a  200-volt  alternating  supply.  The  floor  was  of  brick, 
non-insulating^  and  the  girls  complained  that  they  received 
shocks  from  the  irons  and  had  to  be  very  careful  to  handle 
them  with  a  cloth,  so  as  not  to  touch  the  metal  parts.  The 
flexible  wires,  which  were  all  twisted  up  and  the  insulation 
(I  am  aged,  were  connected  by  means  of  adapters  to  lamp- 
holders  and  there  was  no  switch  in  the  room,  the  only  switch 
being  the  main  supply  switch  in  an  adjoining  passage  and 
placed  quite  out  of  reach.  The  conditions  were  such  as  might 
readily  lead  to  a  fatal  accident.  The  proprietor  raised  no 
objection  to  discontinuing  the  use  of  these  irons  as  he  had 
decided  to  do  so  in  any  case  within  a  few  days,  owing  to  the 
fact  that  they  did  not  get  hot  enough  for  the  work.  While 
electricity  supply  authorities  are  using  every  endeavour  to 
get  their  consumers  to  adopt  electrical  methods  of  working, 
it  seems  a  pity  that  in  such  a  case  as  this  there  should  not  be 
supervision  to  ensure  that  the  consumer  shall  get  an  article 
suitable  to  his  needs  and  also  that  it  shall  be  properly  and 
safely  installed.  The  trouble  referred  to  above,  of  the  flexible 
wires  becoming  twisted  up  into  knots  and  damaged  by 
repeated  pulling  out,  is  a  common  one  where  electric  irons  are 
used.  I  found  in  another  case  that  it  had  been  overcome  by 
the  use  of  flexible  metallic  sheatliing.  This  was  rigidly  fixed 
at  one  end  at  a  point  about  5ft.  above  the  table,  and  at 
tlie  other  to  the  iron.  While  this  gave  all  necessary  flexibility 
for  tlie  movement  of  the  iron,  it  was  found  that  the  latter 
could  not  be  twisted  round  more  than  a  couple  of  turns 
without  causing  such  a  strain  on  tlie  girl's  wrist  as  to  cause 
her  to  untwist  it.  If  twisted  up  for  more  than  a  couple  of 
turns,  it  would  of  itself  untwist,  turning  the  iron  round  when 
the  IkuhI  was  removed. 

In  a  number  of  works  old-fasliioned  and  dangerous  types 
of  hand  lamps  were  still  in  use,  and  sometimes  incandescent 
lamps  were  used  merely  in  lamp-holders  as  portable  lamps, 
tlie  lam p-liolders  not  being  earthed.  One  of  the  fatal  acci- 
dents referred  to  elsewhere  was  attributable  to  this  arrange- 
ment, which  is  of  course  just  as  dangerous  as  the  use  of  hand 
lamps  having  a  metal  guard  in  contact  with  the  lamp-holder. 
Safety  liand  lamps  which  do  not  require  earthing  are  now 
made  by  a  considerable  number  of  manufacturers.  Unfor- 
tunately liaiul  lamps  and  other  fittings  are  sometimes 
advertised  and  sold  as  of  "Home  Office  pattern"  without 
any  justification .  In  one  such  case  a  well-known  firm  put  on 
t  lie  market  as  of  "  Home  Office  pattern  •，  a  hand  lamp  which 
" outwardly  looked  to  be  entirely  satisfactory,  and  it  was  not 
until  I  took  one  to  pieces  that  I  found  that  the  metal  guard 
was  in  actual  metallic  connection  with  the  lamp-holder.  It 
was  necessary  to  inform  the  firm  that  the  occupier  of  any 
factory  where  these  hand  lamps  might  be  found  in  use  would 
be  liable  to  prosecution.  The  firm  took  steps  to  recall  from 
tlieir  agents  all  the  defective  lamps,  but  unfortunately  it  is 
impossible  to  trace  those  actually  sold.    In  this  case  the  fault 
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does  not  appear  to  have  been  in  any  way  intentional,  or  due 
to  a  desire  to  produce  a  cheap  article,  but  merely  to  ignorance 
on  the  part  of  the  designer  who  seems  to  have  copied  certain 
features  of  other  lamps,  but  rendered  the  result  abortive  by 
the  method  adopted  for  fixing  the  several  parts  together. 

In  many  works,  particularly  engineering  works  and  ship 
yards,  the  importance  of    adequately  earthing  frames  and 
covers  of  electrical  apparatus  is  not  always  appreciated.  A 
fatal  accident  due  to  this  neglect  is  referred  to  elsewhere. 

In  an  electro-chemical  works  I  found  bare  conductors 
carrying  several  thousands  of  amperes  having  gas  pipes  run 
alongside,  and  with  swivel  gas  brackets  in  some  cases  so 
arranged  that  they  could  be  turned  so  as  to  touch  the  con- 
ductors. 

In  important  electricity  supply  and  traction  undertakings 
there  is  often  neglect  of  elementary  precautions,  and  the  pre- 
sumably competent  persons  employed  do  not  always  appear  to 
realise  the  risks  they  often  unnecessarily  take.  Thus,  in  a 
railway  sub-station  I  found  an  attendant  eating  his  supper 
while  sitting  on  the  bed-plate  of  a  motor  generator,  with  a 
bare  terminal  block  at  600  volts  above  earth  only  two  or  three 
inches  behind  his  head. 

There  are  still  to  b&  found  in  use  numerous  examples  of 
switches  of  a  dangerous  type,  which  I  have  so  often  described 
before,  in  which  the  handle  cannot  be  grasped  without  danger 
of  touching  live  metal.  On  a  public  supply  station  switch- 
board I  found  double- pole  switches  with  live  nuts  on  the 
handle  side  of  the  cross-bar  less  than  three  inches  apart,  with 
the  switch  handle  between,  there  being  500  volts  difference  of 
pressure  between  the  nuts. 

In  certain  railway  sub-stations  I  found  the  direct  current 
switchboards,  600  volts  above  earth,  with  the  back  passage- 
ways having  no  flooring  over  the  trench,  but  instead  a  narrow 
iron  grid  on  which  a  person  might  readily  trip  up,  in  which 
event  he  would  be  bound  to  catch  at  the  live  conductors.  I 
found  also  in  public  supply  and  railway  electrical  stations, 
unprotected  conductors  at  high  or  extra  high  pressure,  switch- 
boards with  switches  and  other  bare  conductors,  unprotected  ( 
both  on  the  front  and  back.  In  one  case  a  boy  of  17  was 
employed  to  clean  tlie  floor  behind  such  a  switchboard  at  ilie 
immiment  risk  of  his  life. 

In  some  cases  of  public  supply,  where  extra  high  tension 
sub-stations  are  placed  on  consumers'  premises,  it  had  been 
considered  by  the  supply  authority  that  sufficient  precaution 
had  been  taken  by  locking  up  the  sub-station  as  against  the 
consumer,  regardless  of  the  fact  that  the  sub-station  is  a 
factory  on  its  own  account  and  that  precautions  are  needed 
in  regard  to  the  supply  authority's  own  employes. 

In  the   case  of   important  new    stations,  the  engineers 
responsible  for  the  design  do  not  always  give  sufficient  atten- 
tion to  the  practical  side  of  the  subsequent  running  of  the 
station.    Two  examples  of  such  want  of  foresight  came  to  my 
notice  during  the  year.    One  was  a  new  station  for  supplying 
light  and  power  in  a   large  iron  and    steel  works.  High 
pressure  3-plmse  current  is  generated  and  is  required  night 
and  day,  including  Sundays.       The    switchboard,  although 
divided  into  sections,  was  not  arranged  for  screening  off  live 
parts  from  dead  parts  in  case  of  work  having  to  be  clone.  It 
was  therefore  impossible  to  undertake  any  cleaning,  repairs, 
or  overhaul  of  the  apparatus  in  safety  without  shutting  down 
the  station.    The  other  station,  was  also  high  pressure  3-phase 
for  the  supply  of  electrical  energy  over  an  extensive  area 
through  sub-stations.       Here,  again,  the    swik'hbpard  was 
badly  designed.     All  the  necessary  isolating  switches  were 
there,  but  were  wrongly  connected  and  arranged.     The  oil 
switches  for  both    generators  and  feeders  were  connected 
directly  to  the  bus-bars,  the  isolating  switches  being  between 
the  oil  switches  and  tlie  generators  and  feeders.      By  this 
means,  although  it  was  possible  to  isolate  any  generator  or 
feeder,  it  was  impossible  to  isolate  any  of  the'  oil  switches. 
Should  an  oil  switch  require  overhauling,  and  in  every  well- 
managed  station  such  oil   switches  would  be  examined  and 
overhauled  periodically  whether  they  had  given  any  trouble 
or  not,  the  work  could  only  be  undertaken  by  shutting  down 
t  he  whole  supply.    In  this  case  a  firm  of  consulting  engineers 
was  responsible  for  tlie  arrangement. 

Towards  tlie  end  of  the  year  a  disastrous  dust  explosion 
rx-curred  in  an  oil-rake  mill  whereby  a  number  of  persons  lost 
Uieir  lives.    Electricity  was  used  on  the  premises  for  lighting 


and  for  ojiergising  the  magnets  of  the  separators.  As  t  lie 
ele trical  installation  was  to  some  extent  under  suspicion  as 
having  fired  the  dust,  I  made  a  careful  examination  on  the 
part  of  the  premises  affected,  particularly  in  a  certain  room 
in  the  basement  in  which  it  was  agreed  that  the  explosion 
originated.  Blown  fuses  were  found  in  this  room  and  also 
a  broken  magnet  wire  with  fused  ends.  Experiments  con- 
ducted with  dust  taken  from  the  works  showed  that  when 
formed  into  a  dense  cloud  it  could  be  fired  by  the  melting  of 
even  a  small  fuse  on  a  lighting  circuit  or  by  the  spark  pro- 
duced by  the  breaking  of  a  wire  carrying  the  current  for  one 
of  the  magnets.  There  was,  however,  no  evidence  to  show 
that  either  of  these  phenomena  was  the  cause  rather  than  the 
result  of  the  explosion,  which  the  experiments  also  showed 
could  equally  well  have  been  produced  by  the  striking  of  a 
match .  A  dust-cloud  was  supposed  to  have  been  raised  by 
the  breaking  of  a  belt,  and  it  is  readily  conceivable  that  in 
the  darkness  produced  by  the  cloud  in  an  already  dimly- 
lighted  basement,  a  man  might  have  thoughtlessly  struck  a 
match.  Whatever  the  cause  of  the  ignition  may  have  been, 
the  experiments,  which  were  carried  out  by  means  of  special 
apparatus  devised  by  Mr.  McNair,  showed  clearly  that  in 
premises  where  such  dust-clouds  are  liable  to  be  formed, 
special  precautions  should  be  taken  in  regard  to  any  electrical 
installation  to  prevent  the  possibility  of  any  sparking  or 
arcing  where  it  could  ignite  dust. 

Although  a  report  on  my  work  must  necessarily  deal 
mainly  with  the  unsatisfactory  and  dangerous  features  which 
come  under  my  notice,  and  with  which  I  have  to  deal,  there 
is  on  the  other  hand  an  increasing  number  of  examples  of 
excellent  work  in  both  electrical  stations  and  factories.  The 
general  standard  is  mucli  better  than  it  was  a  few  years  ago. 
Whilst  it  is  true  that  some  manufacturers  of  electrical  appa- 
ratus continue  to  produce  old  patterns  with  well-known  faults, 
no  doubt  because  they  are  cheaply  made,  and  tliere  being  appa- 
rently always  a  market  for  things  which  will  just  do  the  work 
for  a  short  time,  there  are  others  wlio  have  devoted  much  tim-e 
； i iid  skill,  and  no  doubt  not  a  ] i 1 1 1  e>  money,  in  perfecting  diffe" 
rent  pieces  of  apparatus.  The  Electrical  Exhibition  held  in 
London  in  the  autumn  afforded  opportunity  for  noting  pro- 
gress in  different  directions.  A  number  of  firms  showed 
apparatus  which  they  had  specially  designed  in  view  of  the 
requirements  of  the  Regulations.  These  included  fuseboards 
and  fuse-holders  of  various  types,  hand  lamps,  connector  plugs, 
insulated  lamp-holders,  and  small  switches  to'  obviate  the 
necessity  for  earthing,  insulated  standard  lamp-fittings  suit- 
able for  engineering  shops,  &c.  Amongst  tlie  station  appa- 
ratus were  switchboards  for  high-tension  working  arranged 
so  that  the  conductors  and  apparatus  in  the  several  compart- 
ments could  be  made  dead  and  absolutely  screened  off  from 
any  live  conductors  for  cleaning  or  repairs,  &c.  High-tension 
generators  and  motors  with  a  form  of  guard  designed  to  pro- 
tect the  coil  ends  in,  such  a  way  that  tliey  could  not  b&  touched, 
while  at  the  same  time  allowing  of  ample  ventilation,  were 
also  shown.  A  new  fire-resisting  insulating  material  suitable 
for  switch  covers,  fuse  boxes,  lamp-liolder  covers,  &c.，  has 
recently  been  introduced,  and  appears  to  be  we'll  suited  for 
these  and  other  purposes  where  fireproof  qualities  are 
important. 

A  novel  and  useful  electrical  appliance  for  controlling 
cranes  in  the  loading  and  unloading  of  ships,  and  which  seems 
likely  to  be  extensively  adopted  for  this  and  other  purpose®, 
not  only  on  account  of  its  efficiency  for  the  work,  but  also 
on  account  of  greater  safety  to  the  workmen  employed,  was 
brought  to  my  notice  during  the  year.  It  lias  been  already 
applied  to  the  control  of  both  electric  and  hydraulic  cranes. 
The  driver  stands  at  a  convenient  point  beside  the  hatchway, 
whence  he  can  see  into  the  hold.  He  is  provided  with  a 
small  drum- shaped  controller  slung  from  his  shoulders,  and 
he'  can  move*  about  freely  as  he  likes.  He  therefore  has  the 
load  in  sight  from  the  bottom  of  the  liold  until  it  is  deposited 
upon,  the  quay,  railway  wagon,  or  barge.  The'  controller, 
which  is  connected  to  the  crane'  by  a  flexible  armoured  cable, 
is  provided  with  two  handles,  one'  for  controlling  the  hoisting 
and  lowering  motions,  and  the  othor  for  slewing.  Tliere  is 
also  an  emergency  button  by  which  the  current  can  be  cut  off 
and  the  crane  brought  instantly  to  rest.  The  crane  motors 
are  operated  through  a  system  of  contactors  which  are  con- 
trolled from  the'  portable  controller  by  means  of  a  compara- 
tively small  current  at  a  low  voltage.    Thus  the  crane  motors 
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motors  coiinecied  to  public  supply  mains,  and  consequently 
the  use  of  electrical'  energy  for  motive  power  purposes  in  fac- 
tories, has  been  a  development  which  has  taken  place  almost 
entirely  during  that  period.  On  December  31st,  1902,  the 
horse-power  of  motors  so  connected  (taken  from  the  same 
source  of  information)  was  only  30,000，  whereas  on  December 
3 1st,  1911，  it  had  gone  up  to  744,000,  or  25  times  the  amount. 
The  actual  total  for  all  factories  is,  no  doubt,  much  larger, 
as  owing  to  the  incompleteness  of  the  tables  a  number  of 
important  districts  are  omitted,  and  factories  generating  their 
own  electrical  energy  are  not  included.  It  is  also  interest  ing 
to  note  the  yearly  totals  of  electrical  accidents  indicated  on 
the  same  diagram.  Whilst  the  number  of  accidents  was 
steadily  increasing  up  to  the  end  of  1907，  it  lias  since'  remained 
almost  stationary.  It  is  further  interesting  ta  note  that  the 
check  in  the  increase  of  the  number  of  accidents  occurred  in 
the  year  following  the  issue  of  th©  draft  regulations,  and  in 
which  the  attention  of  occupiers  and  engineers  was  fu rt  lier 
drawn  to  the  consideration  of  questions  of  safety  by  the  public 
enquiry.  Had  the  accidents  continued  to  increase  at  tl，e 
same  rate  and  in  accordance  with  the  increasing  use  of  elec- 
trical energy,  they  would  now  have  reached  more  than  double 
the>  number  actually  recorded.  The  results  are  even  more 
favourable  than  is  indicated  by  the  diagram,  as  there  are  now 
included  for  the  first  time  accidents  occurring  at  electrical 
stations  of  purely  traction  undertakings. 

Table  III. ― Electrical  Fatalities  reported  under  the  Factory 
Acts  in  1911. 
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MOTION  STUDY.* 

BY  CHABLES  S.  MILLER. 

Motion  study  is  a  valuable  and  useful  instrument  to  use  in 
performing  the  operation  of  cutting  costs.  It  is  also  a 
dangerous  instrument,  this  on  account  of  two  principal 
reasons  :  (1)  It  takes  time  to  make  motion  studies,  and  a 
gj-eat  deal  of  money  can  be  very  quickly  spent  in  making 
observations  which  may  develop  later  as  having  little  or  no 
practical  value.  (2)  Unless  the  workmen  are  handled  right, 
they  are  apt  to  get  the  impression  that  the  studies  are  being 
made  with  the  sole  purpose  in  view  of  cutting  rates. 

In  the  mind  of  the  uninformed  there  is  apt  to  be  some 
confusion  between  motion  and  time  study.  We  might  say 
the  former  is  qualitative  and  the  latter  quautitative.  Motion 
study  analysis  determines  the  proper  elementary  motions 
necessary  to  accomplish  a  certain  act.  It  eliminates  all 
unnecessary  motions  and  determines  the  arrangement  of  the 
work  to  enable  the  operator  to  execute  the  sequence  cf 
motions  with  the  least  expenditure  of  effort  and  time.  It  is 
a  motion  study  that  effects  savings. 

Time  study  is  measure  ；  it  determines  standards  by  which 
we  can  measure  the  relative  efficiency  of  the  old  aud  new 
methods.  It  serves  as  the  basis  in  setting  prices  on  piece 
work  or  the  standard  time  on  bonus  work.  Time  study  is 
complementary  to  motion  study.  It  is  necessary  so  that  we 
may  establish  standards  which  must  be  lived  up  to  by  the 
operator,  and  these  standards  can  only  be  reached  by  opera- 
tors working  under  this  new  method. 

*  Abstract  of  paper  read  before  the  American  Supply  and  Machinery  Manu- 
facturers'  Association,  May  13th,  1912. 
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may  be  worked  from  a  500-volt  supply,  whilst  100  volts  ouly 
may  be  used  iu  the  portable  controller,  a  small  motor  gene- 
rator being  placed  iu  the  crane  cabin  for  providing  the  low- 
voltage  current.  The  operation  of  the  cranes  in  this  way  is 
very  interesting  to  watch .  The  most  striking  features  are  the 
perfect  control  of  the  load  aud  the  fact  of  the  crane  cabin 
having  no  occupant  the  whole  operation  appears  to  be  auto- 
matic. 

It  is  well  known  that  persons  having  received  a  severe 
electric  shock  and  having  been  rendered  unconscious  and 
apparently  dead,  have  been,  in  a  number  of  instances,  restored 
by  means  of  artificial  respiration,  in  some  cases  only  after 
the  treatment  has  been  contiuued  for  a  considerable  time. 
The  success  of  the  treatment  probably  depends  a  good  deal 
upou  the  care  and  skill  with  which  it  is  carried  out.  In  any 
case  the  process,  if  continued  for  any  length  of  time,  as  it 
should  be  if  necessary,  may  be  very  laborious,  particularly 
in  the  case  of  the  Sylvester  method,  unless  there  is  ample 
assistance  at  hand.  In  order  to  facilitate  the  treatment  and 
render  it  at  the  same  time  more  effective,  an  apparatus  has 
been  devised  by  Dr.  K.  A.  Fries,  of  Stockholm,  and  has  been 
recently  introduced  into  this  country.  •  It  has  already  been 
adopted  at  a  number  of  important  electrical  stations.  The 
apparatus  is  designed  for  carrying  out  the  Sylvester  method, 
in  which  the  patient  is  placed  on  his  back,  his  arms  being 
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DlAGBAM  SHOWING  (A)  STEADLLY  INCREASING  USE   OF    ELECTRICAL  ENERGY  FOR 

Motive  Poweb  in  Factories  during  the  last  10  years,  and  (B)  Check  in 

THE  INCREASE  OF  ELECTRICAL  ACCIDENTS  SINCE  1907. 

moved  up  and  down  while  pressure  is  brought  to  bear  on  the 
chest  in  synchronism  with  these  movements.  It  is  claimed 
that  a  person  can  operate  t  he  apparatus  with  one  hand,  leaving 
the  other  free  to  draw  forward  the  tongue  of  the  patient.  It 
would  appear,  however,  that  the  apparatus  might  be'  readily 
adapted  to  the  Schafer  method,  which  is  now  generally  con- 
sidered by  medical  men  to  be  superior,  one  reason  being  thai 
the  patient  being  placed  face  downwards  the  difficulty  of  the 
tongue  blocking  the  air  passages  is  obviated.  In  this  con- 
nection it  is  interesting  to  note  that  a  representative  com- 
mittee of  American  doctors  and  electrical  men,  who  recently 
considered  the  merits  of  the  different  methods,  have  unani- 
mously recommended  the  Schafer  method. 

The  continued  increase  in  the  use  of  electrical  energy  for 
motive  power  in  factories  is  again  indicated  by  the  figures 
taken  from  the  annual  returns  of  horse-power  of  motors  con- 
nected to  the  mains  of  electricity  supply  undertakings  pub- 
lished by  "  The  Electrician."  Although  the  figures  are  not 
complete- ~ a  number  of  undertakings  giving  no  return  and 
the  large  power  companies  not  being  included 一 an  addition  of 
115,000  h.p.  is  accounted  for  during  the  year,  bringing  the 
known  total  of  motors  connected  to  public  supply  mains  up 
to  744,000  h.p.,  the  increase  being  larger  than  has  been  shown 
in  any  previous  year. 

This  being  the  tenth  annual  report  which  I  have  had  the 
honour  to  present,  it  is  interesting  to  note  the  progress  which 
has  been  made  in  the  use  of  electrical  energy  during  the  10 
years.    The  attached  diagram  shows  that  the  horse-power  of 
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To  the  average  workman  it  seems  too  much  trouble  to 
make  the  effort  to  break  away  from  the  old  method  of  doiiiy 
his  job  and  working  his  mind  long  enough  to  create  l>rain 
channels  that  will  telegraph  the  new  motions  to  his  hands. 
Written  instructions,  wage  incentive,  personal  direction,  ； i,ii(l， 
for  a  time  at  least,  constant  supervision,  are  all  necessa  vy . 
In  ih©  ca&e  of  much  foreign  labour  the  work  must  be  done 
without  the  written  instructions  to  the  workman.  After  a 
time  increased  wage  return,  less  fatigue,  and  the  habit  formed 
of  doing  the  work  in  the  correct  way,  ensure  the  perfoniK-ince 
of  the  operation  in  the  standardised  manner.  The  matter 
of  training  workmen  in  habits  of  industry,  in  the  doing  of 
their  work  in  the  proper  manner,  has  a  humanitarian  as  well 
as  a  commercial  aspect. 

One  feature  of  time  study  is  worth  mentioning,  thoui;li 
it  is  opposed  to  the  fundamental  principle  of  mutual  con- 
fidence between  employer  and  workman  ；  it  is  practically 
impossible  for  an  operator  to  fool  an  experienced  motion  nnd 
time  study  man  by  "  soldiering  "  on  a.  job  under  observation. 
Five  to  ten  timings  of  the  elementary  motions  in  an  operation, 
establishing  a  standard  time  for  each  motion,  not  an  average, 
and  summing  the  unit  standard  times,  will  invariably  give 
a  fair  total  time  for  the  complete  operation.  ]n  addition 
to  establishing  a  standard  method  of  accomplishing  a  job, 
motion  study  brings  the  individual  workman  under  close 
observation,  and  this  enables  the  employer  to  fit  the  workm;m 
to  the  job.  It  makes  possible  tlie  consideration  of  the  per- 
sonal equation  of  the  operator  in  selecting  him  for  a  certai" 
operation.  I  will  now  give  examples  of  motion  study  taken 
from  actual  practice.  Comparatively  simple  operations  have 
been  chosen,  both  on  account  of  the  greater  clarity  in  descrip- 
tion and  because  it  is  in  the  simpler  operations  that  often 
lies  the  opportunity  of  greater  economy  in  movement  ratliei- 
than  in  ones  of  more  complexity. 

Making  final  sizing  cut  on  taps  and  gauging  diameter  of 
top  and  bottom  of  threads.  The  cut  is  made  on  a  vertical 
drill  press  with  a  die  set  in  the  bedplate,  and  the  tap  is 
gripped  in  the  chuck  and  forced  down  through  the  die,  falling 
into  a  pan  under  the  press.  The  work  is  gauged  in  two 
" pass  and  stop  ''  gauges  placed  on  the  left  of  the  bed  of  the 
press.  By  the  old  method  the  unfinished  work  was  in  a  box 
on  the  left  of  the  machine  ；  the  finished  work  in  a  box  on 
the  right.    The  sequence  of  motions  was  as  follows  ：— 

(1)  Reach  2ft.  to  left  of  box  of  unfinished  work. 

(2)  Pick  up  tap  with  left  hand. 

(3)  Bring  tap  to  chuck. 

(4)  Slip  squared  end  of  shank  into  chuck  witli  left  hand. 

(5)  Reach  over  with  right  hand  and  lower  head  of  press, 
passing  tap  through  die  until  it  falls  into  pan  under  press. 

(6)  Reach  under  press  with  left  hand  and  pick  up  tap. 

(7)  Lift  tap  from  pan  to  gauges  on  left  of  press. 

(8)  Pass  through  gauges. 

(9)  Transfer  tap  from  left  hand  to  right  hand 

(10)  Put  in  box  of  finished  work. 

Now  for  the  new  method  -  The  box  of  unfinished  work 
was  placed  closer  to  the  operator,  and  the  box  of  finished  work 
placed  beside  it  on  the  left  side  of  the  press.  A  small  sheet- 
iron  chute  was  placed  under  the  press  so  the  tap  would 
slide  to  the  front  when  it  fell  from  tlie  die.  The  right  hand 
of  the  operator  grips  the  lever  of  the  head  continually.  A 
better  arrangement  would  have  been  to  put  an  attachment 
on  the  press,  to  actuate  the  head  by  foot,  but  this  change  was 
not  made  in  this  instance. 

Starting  with  the  operator  gripping  this  lever  witli  his 
right  hand  and  his  left  in  the  box  of  finished  work  where  lie 
has  just  placed  his  last  finished  piece,  the  new  sequence  of 
motions  is  as  follows  ： ― 

(1)  Move  the  left  hand  about  Gin.  towards  the  chuck  to 
the  box  of  unfinished  work. 

(2)  Pick  up  tap  with  left  liand. 
(.3)  Bring  tap  to  chuck. 

(4)  Slip  squared  end  of  shank  into  chuck  with  left  hand. 

(5)  Lower  head  with  right  hand,  passing  tap  through  die. 
While  doing  this  with  the  right  hand,  execute  the  following 
motions  with  the  left  ： ― 

(") Pick  up  previous  tap  from  pan  between  knees. 
(h)  Lift  tap  to  gauges. 
(r)  Pass  through  gauges. 

((/)  Reach  to  box  of  finished  work  and  lay  clown  tap. 


Im  t-liis  operat ion  a.  wnvin^  o[  ,「>()  per  ci'iit.  in  ilie  lime  w;'s 
efTe(,te(】  by  the  Jiew  method.  A  6s.  a  day  man  was  sizing 
about  700  piece's  pi-r  day,  costing  ilu?  company  about,  ]i)}2<\, 
per  hundred.  By  setting  a  piecework  rate  of  7(1.  per  hun- 
dred, the  operator  was  able  to  earn  a]>|)i-oxiin;iiely  8s.  per 
day  by  the  new  method,  and  tJie  ronipany  saved  one-third  of 
the  direct  labour  cost  of  the  operation. 

Operations  of  grinding  reamers  to  a  gauge  size,  there 
being  required  two  grindings,  the  roughing  and  finishing. 
The  grinding  was  being  accomplished  in  two  distinct  opera- 
tions, the  grinder  being  set  first  for  tlie  roughing  grind  and 
a  lot  of  several  hundred  put  through,  tlien  ('hanged  for  the 
finishing  grind  and  the  lot  put  through  the  second  time. 
The  work  was  placed  in  a  dog,  inserted  in  the  carriage  chuck, 
clamped,  and  the  carriage  travelled  forward  and  back  auto- 
mat  i<'a.lly.  During  tliis  time  the  operator  took  the  clog  off  the 
last  accomplished  piece  of  work,  put  tliis  piece  in  a  box, 
picked  up  another  piece  of  work,  put  on  the  dog,  then  "  sat  ，， 
until  the  grinding  was  finished. 

By  the  old  method  the  sequence  of  motions  and  the  unit 


time  of  each  motion  was  as  follows  ： ― 

(1)  Pick  up  reamer  and  attach  dog    0*09  min. 

(2)  Stop  Tiiacliine,  take  out  and  put  in 

work,  and  start  machine   013  min. 

(3)  Grinding  (automatic)    0'30  min. 

('!)  Remove  work  from  dog  and  put'  in  box  0*07  min. 


Operations  (1)  and  (4)  are  accomplished  during  (3),  so 
that  the  elapsed  time  for  one  cycle  of  operations  was 
0*43  mins.,  during  which  the  operator  was  idle  0*14  min.,  or 
one-third  of  the  total  time.  Thirty-three  and  one-third  per 
cent,  rest  in  tliis  instance  was  very  considerably  more  than 
a  man  required  to  work  without  undue  fatigue.  The  problem 
was  how  to  utilise  this  idle  time ― 0*14  min.  in  every  0*43  min. 

As  two  grinds  were  necessary  to  bring  the  reamers  to 
li  nal  size,  tlie  sequence  given  above  was  repeated,  th©  machine 
being  readjusted  after  the  first  lot  was  finished.  It  will  be 
noted  then  that  the  total  time  for  the  two  grinds  on  each 
piece,  exclusive  of  any  time  for  machine  set-up  or  adjustment, 
personal  needs  of  the  operator,  &c"  was  2x0.43,  equal  to 
0*86  min.  As  this  example  is  for  comparisons  of  the  actual 
machine  time  between  the  old  and  new  methods,  the  factors 
outside  of  this  are  not  discussed  here,  though  careful  study 
would  have  to  be  made  of  same  before  setting  a  standard 
task. 

By  the  new  method  the  operator  will  be  provided  with 
two  machines,  indicated  hereafter  as  machine  R  for  rough- 
ing grind  and  machine  F  for  finishing  grind.  The  machines 
should  set  face  to  face  about  4ft.  apart.  Starting  at  machine 
R,  the  sequence  of  motions  and  the  unit  times  of  same  would 
be  as  follows  : —— 


At  Machine  R, 


(1) 

Pick  up  reamer  and  put  in  dog   

0'09  min. 

(2) 

Stop  machine,  take  and  put  in  work, 

and  start  machine   

0*13  min. 

(3) 

Grinding  (automatic)  

0  30  min. 

(4) 

Turn  and  step  to  Machine  F   

0  02  min. 

At  Machine  F. 

(5) 

Stop  machine,  take  out  and  put  in 

work,  and  start  machine   

0*13  min. 

(6) 

Grinding  (automatic)  

0*30  min. 

(7) 

Remove  dog  and  put  finished  reamer 

in  box   

0'07  jnin. 

(8) 

Step  to  Machine  R   

0*02  min. 

Remembering  that  operations  (3)  and  (6) 

are  automat ir, 

we  find  the  sum  of  the  time  of  the  other  operations  to  be 
0*46  min.  for  completing  both  grindings. 

Tlie  comparison  would  consequently  be  as  follows  : — 

Old  method  time  per  100  pes. ，  two  grindings  83  mins. 

New  method  time  per  100  pcs.，  two  grindings  48  mins. 

Saving    37  mins. 

Per  cent,  time  saved   44^. 

In  this  particular  case  two  additional  factors  must  be 
considered  ：  (1)  Will  the  volume  of  work  be  sufficient  to  bring 
justifiable  returns  on  the  investment  in  one  additional 
machine.  (2)  What  percentage  of  time  will  the  machines  lie 
idle  between  the  time  the  grinding  is  automatically  com- 
pleted, and  the  workman  gets  the  machine  started  again . 
In  this  case  we  find  that  it  takes  the  workman  0'33  min.  to 
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complete  his  cycle  of  operations  from  the  time  the  machine 
is  started  until  he  returns  to  unload  and  load  the  machine. 
As  the  automatic  operation  requires  only  0  30  min.,  there  will 
be  0  03  mill,  lost  on  each  machine  on  each  operation,  or  tlie 
machine  efficiency  will  be  91  per  cent,  as  compared  with  the 
old  methods. 

Assuming  that  there  is  sufficient  work  to  keep  both 
machines  busy,  that  each  machine  costs  £50，  and  that  20  per 
rent,  of  this  cost  is  the  yearly  charge  for  repairs  and  depre- 
ciation, we  find  the  yearly  cost  of  the  additional  machine 
to  be  £10.  A  lOd.  per  hour  man  was  doing  this  work.  His 
income,  working  full  time,  would  be  £115  per  year.  Deduct- 
ing 20  per  cent,  from  this  as  the  amount  paid  for  unproduc- 
tive time,  that  is,  time  for  setting  and  adjusting  machines, 
personal  needs,  &c.，  and  taking  44^  per  cent,  of  the  result, 
we  find  a  saving  in  labour  by  the  new  method  of  £42  per 
year.  Deducting  the  £10  machine  cost,  the  company  would 
save  on  this  one  simple  operation  £32  per  year. 


ERRORS  IN  THE  USE  OF  PURE  MANGANESE  IN  ALLOYS, 

The  use  of  metallic  manganese  as  a  deoxidising  material  in 
metal  and  alloys  has  now  become'  quit©  extensive.  It  has  been 
found  particularly  efficacious  in  the  nickel  alloys,  such  as 
German-silver  or  cupro-nickel.  While  the  best  method  of 
using  the  manganese  in  such  alloys  is  to  introduce  it  as 
manganese-copper,  for  the  reason  that  not  only  can  this 
material  be  purchased  of  high  purity,  but  it  also  renders  the 
introduction  of  the  manganese  positive,  many  persons  prefer 
to  purchase  the  pur©  manganese  and  use  it  in  the  nickel  alloys. 
Unless  this  pure  manganese  is  added  in  the  right  manner  the 
results  are  uncertain,  and  it  has  been  found  that  makers  of 
nickel  alloys  have  been  obtaining  re&ults  lacking  in  uniformity 
simply  because  the  manganese  was  not  introduced  into  the 
molten  metal  in  the  right  manner.  It  has  been  added 
directly  to  the  metal  after  the  latter  has  melted.  This  is 
wrong,  as  will  afterwards  be  explained. 

Pure  manganese  melts  at  about  the  same  temperature  as 
steel,  which,  it  will  be  appreciated,  is  very  much  higher  than 
that  of  the  German-silver  or  other  nickel  alloys.  On  this 
account,  when  it  is  added  to  the  molten  metal,  it  does  not  melt, 
but  remains  on  the  melted  mass  in  its  original  condition. 
When  the  crucible  is  skimmed,  therefore',  the  manganese  is 
removed  with  the  skimmings.  In  regard  to  this  difficulty, 
there  are  some  persons  who  believe  that  th©  manganese, 
although  it  has  a  much  higher  melting  point  than  that  of  the 
German-silver  or  other  nickel  alloy  to  which  it  is  added,  will 
gradually  dissolve  and  so  enter  the  alloy.  While  this  is 
undoubtedly  true,  provided  the  manganese  is  left  in  the 
molten  metal  sufficiently  long,  the  period  which  elapses,  after 
the  manganese  has  been  introduced,  is  so  short  that  very  little 
dissolves.  Even  though  it  may,  the  results  are  not  positive 
and  the  quantity  of  manganese  that  enters  the  metal  or  alloy 
is  variable  and  uncertain. 

The  best  method  of  adding  manganese  to  copper  or  copper 
alloys,  is  first  to  make  a  rich  copper  and  manganese  alloy,  and 
tlien  use  this  for  adding  to  the  German-silver  or  other  copper 
alloy  to  be  treated .  This  procedure'  enables  the  manganese  to 
be  introduced  with  certainty  for  the  reason  that  the  capper 
hihI  manganese  alloy  melts'  at  about  the  temperature  of  the 
German-silver  or  other  alloy.  It  then  diffuses  itself  through 
the  metal  shortly  after  it  melts.  The  common  method,  and 
one  which  gives  satisfactory  results,  is  first  to  make  a  copper 
and  manganese  alloy  containing  70  per  cent,  copper  and  30  per 
rent,  inangane&e.  The  manganese  and  copper  are  melted 
together  in  a  crucible  at  a  heat  sufficiently  high  to  melt  the 
manganese,  after  which  the  mass  is  stirred  and  poured  out  into 
small  bars  so  that  they  can  readily  be  cut  into  small  pieces. 
This  copper  and  manganese  alloy  (called  manganese  copper  or 
often  cupro-manganese)  is  added,  to  the  metal  or  alloy  in  the 
proportion  of  about  5  oz.  to  lOOlbs.  of  the  molten  metal. 
While  it  can  be  introduced  after  the  metal  has  molted,  far 
better  results  are  obtained  if  it  is  added  when  the  metal  is  put 
into  the  crucible  and  it  is  allowed  to  melt  with  the'  other  metals. 
This  gives  the  manganese  a  far  better  opportunity  to  act.  The 
manganese  then  begins  to  do  its  work  as  soon  as  it  melts. ― 
" The  Brass  World." 


ROTARY  GRATE  FOR  GAS  PRODUCERS. 

KtrrARY  grate  gas  producers,  of  t  lie  kiixl  iti  whidi  ； t  rotating 
pan,  provided  with  a  water  seal  atul  arranged  at  ih©  bottom  of 
a  stationary  shaft  carries  rotary  graie>  wliicli  is  foriiH'd 
with  blow  holes  for  tlie  air,  give  an  excellent  effect  when  pres- 
sures are  used  which  do  not  much  excecfl  ilie  at  inosplioric 
pressure,  but  if  higher  pressures  are  used  the  water  seal 
arrangements  usually  prove  iiiKufificient,  especially  wiili  rosjKi<*1, 
to  the  ash  discharge.  This  will  be  readily  conceived  from  1  he 
fact  that  th©  pan  must  have  a  considerable'  height,  as  11  ie 
water  on  the  outside'  will  rise  to  a  point  corre- 
sponding to  the  pressure  within  tlie  shaft.  Of  course 
a  pan  of  that  kind  renders  a  continuous  discharge 
of  the  ashes  very  difficult  or  even  impossible,  the 
discharge  of  the  ashes  out  of  the  pan  requiring  a  reduction  of 
the  pressure  and  thereby  decreasing  the'  output  of  the  produce)' 
and  interfering  with  its  regular  and  efficient  working.  To 
remove  the  difficulties  arising  in  connection  with  tlie  1 1 i ^ 1 1 
pressure  blast  the  design  of  grate  illustrated  herewith  has  been 
patented  by  Anton  von  Kerpely,  Kaiser  Wilhelmring,  16， 
Vienna  I.，  Austria.  In  this  design  the  water  seal  is  dispensed 
with,  the'  rotary  pan  being  housed  in  an  air-tight  chamber 
which  prevents  cormiiunication  with  the  outer  atmosphere. 
An  advantage'  in  enabling  a  water  &eal  to  be  dispensed  with 
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is  that  the  gases  generated  in  the'  producer  are  not  liable  to  be 
impaired  by  becoming  charged  with  water  vapour. 

The  illustration  shows  a  section  representing  the'  lower  part 
of  a  gas  producer.  Tlie'  rotary  pan  B  carrying  the  grate  A 
and  arranged  to  act  in  conjunction  with  an  ash- discharging 
device  is  housed  in  an  air-tight  chamber  E  communicating 
with  tho  producer  shaft  C  and  cutting  off  communication 
between  the  latter  and  tho  atinospliore,  this  chamber  being 
constituted  by  a  sheet-iron  casing  forming  an  air-tight  joint  at 
the  top  with  the  outer  casing  of  the  producer  and  at  the 
bottom  with  the'  foundation.  At  the  bottom'  of  an  extension 
F  of  the  chamber  E'  is  an  ash  passage  G.  The  ashes  are 
delivered  over  an  inclined  shoot  K  by  means  of  ash- 
discharging  apparatus  comprising  a  collecting  abutment 
surface  or  plate  H  and  conveying  scoop  J.  The  shoot  K  leads 
the  ashes  into  the  ash  passage'  G，  the  upper  end  of  which  is 
adapted  to  be  closed  in  an  air-tight  manner  by  a  slide  L,  and 
tho  lower  end  of  which  communicates  with  a  collecting 
chamber  or  ashpit  N  adapted  to  b©  closed  in  an  air-tight 
manner  at  the  outer  end  by  a  door  M.  In  this  way  the  ashes 
accumulating  above  the'  retaining  or  closing  slide  L  may  be 
from  time  to  time'  discharged  into  the1  air-tight  ashpit  by 
opening  the'  retaining  slide  without  reducing  the  pressure  of 
the  blast  in  the'  producer  shaft'  and  interfering  with  the  proper 
working  of  the  producer.  Upon  the>  ash  passage  being  closed 
the  ashpit  can  b©  opened  and  the  accumulated  ashes  removed . 
To  prevent  air  escaping  past  the  ball  bearing  of  the  rotary 
grate  a  sheet-iron  baffle  fixed  to  tlie  base  is  arranged  to 
co-operate  with  an  annular  rib  on  the  underside  of  the  pan 
bottom. 
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SOME  RECENT  BOILER  FAILURES  AND  THEIR  LESSONS. 

A  Disastrous  Result  of  Shortness  of  Water. — Board  of  Trade 
Report  No.  2,1 15  gives  particulars  of  a  disastrous  vertical 
boiler  explosion  wliicli  occurred  on  board  the  barque  "  Indian 
Empire, ';  on  November  23rd  last,  while  lying  at  the  Junction 
Lock,  Cardiff,  and  resulted  in  tliree  men  being  killed  and  two 
otliers  se-verely  injured.  The  boiler,  which  measured  8ft.  in 
lieight  by  4ft.  6in.  diam.,  was  of  the  ordinary  type,  fitted  with 


Kei'oiit  No.  2,115.— View  of  Boilkb,  Showing  Collapskd  Fikebox. 

a  central  uptake  and  two  cross  water  pipes,  and  the  cause  of 
the  failure  was  overheating  of  the  firebox  from  shortness  of 
water,  due  apparently  to  the  gauge  glass  deceiving  the  atten- 
dant by  giving  a  false  water  1  evel .  As  a  result  of  the  over- 
heating the  firebox  collapsed  badly  between  two  of  the  cross 
water  pipes,  and  ruptured,  as  shown  in  the  accompanying 
photo  view.  The  explosion  shows  the 
importance  of  always-  fitting  boilers  with 
glass  water  gauges  in  duplicate,  so  that 
one  may  serve  as  a  check  on  the  other,  and 
also  wherever  possible  of  equipping  boilers 
with  a  fusible  plug.  Had  the  boiler  in 
question  been  supplied  with  a  fitting  of 
this  kind,  it  is  more  than  probable  that 
the  explosion  would  have  been  prevented . 

Piug  Taps  versus  Valves  in  Water  Gauge  Con- 
nections.― In  land  practice  it  is  the  almost 
invariable  custom  to  use  plug  taps  for 
opening  or  closing  the  connections  to 
glass  water  gauge  fittings,  and  a  similar 
])rai'iice  very  generally  prevails  in  marine 
work,  though  many  marine  engineers 
prefer  valves  to  plugs.  There  is  no 
doubt,  however,  that  valves  are  less  posi- 
tive in  their  action  than  plugs,  and  more 
liable    to    derangement,    and    a  failure 

illustrating  this  is  recorded  in  Board  of  Trade  Report 
No.  2,116,  which  relates  to  a  case'  of  shortness  of 
water  brought  about  through  the  valve  becoming  detached 
from  the  screwed  spindle.  As  a  consequence,  a  false  water 
level  was  indicated,  which  deceived  the  engineer  in  charge. 
Fortunately  the  only  result  of  this  was  to  cause  the  steam  in 
the  boiler  to  become   superheated  and  destroy  the  jointing 


material  of  the  stop  valve  chest,  and  this,  fortunately,  led  to  a 
leakage,  which  called  attention  to  the  danger  before  further 
damage  was  done.  We  have,  however,  known  of  instances 
which  did  not  end  so  happily,  and  it  is  to  be  trusted  that  the 
publicity  of  this  casa  will  lead  superintending  engineers  who 
have  charge  of  arrangements  in  which  water  gauge  connections 
are  fitted  with  screw-down  valves,  to  replace  such  fittings  by 
plug  cocks,,  which,  as  the  Board  of  Trade  Report  points  out, 
are  less  liable  to  causa  trouble  than  valves. 

Steam  Trap  Connections.  ―  Steam  traps  for  automatically 
draining  water  from  steam  apparatus  or  ranges  of  pipes 
are  useful  fittings  ；  but  in  many  cases  steam  users  do  not 
give  them  proper  attention,  with  tlie  result  that  their 
action  is  often  imperfect,  and  w©  can  recall  many 
i  nsl  ances  where  accumulations  of  water  resulting  from 
such  imperfect  action  liave  led  to  serious  failures.  Like 
any  other  piece  of  mechanical  apparatus,  these  fittings 
require  occasional  overhaul  and  supervision,  and  it 
sometimes  happens  these  fittings  are  rendered  inopera- 
tive through  being  wrongly  connected  to  the  apparatus 
they  are  intended  to  drain,  as  in  a  case  recorded  in  Board 
of  Trade  Report  No.  2,1 19,  where  an  accumulation  of 
pressure'  burst  the  trap  and  caused  injury  to  a  man 
who  was  near.  Had  the  trap  been  properly  connected 
the  accident  would  probably  not  have  occurred  ；  but 
apart  from  tliis,  it  is  desirablei  in  the  interests  of  safety 
that  steam  traps  should,  in  all  cases  where1  there  is  risk 
of  their  being  exposed  to  full  boiler  pressure,  b©  made 
capable  of  resisting  such  pressure,  especially  as  this  can 
be  done  at  the  expenditure  of  very  little  material  or 
expense. 

Failures  of  Hot-water  Circulating  Boilers. ― Users  of  hot- 
water  circulating  boilers  often  treat  them  as  harmless 
apparatus  owing  to  the  comparatively  low  pressure  at 
which  they  are  worked,  and  to  the  belief  that  they  cannot 
result  in  violent  and  dangerous  explosion.  The  folly  of 
this  belief  has  often  been  shown,  and  two  further  perti- 
nent illustrations  are  afforded  by  reports  Nos.  2，  132 
and  2,135.  Both  th&  explosions  occurred  in  February 
last,  during  a  period  of  frost,  and  were  due  to  excessive 
pressure  caused  by  the  tlioroughfares  in  tlie  circulating 
pipes  being  blocked  with  ice.  In  tlie1  first,  which  occurred 
at  Biriniii^hain,  the  boiler  consisted  of  a  tubular  arrange- 
ment, as  illustrated.  Under  normal  circumstances,  the 
lubes,  owing  to  their  small  diameter,  would  be  capable  of 
resisting  very  great  pressure,  a  fact  which  erroneously 
leads  many  users  to  believe  they  are  immune  from  explo- 
sion . When  full  of  water  and  hermetically  sealed,  however, 
it  requires  very  little  overheating  to  cause  the  development  of 
enormous  pressure,  and  in  the  cas&  under  notice  this  led  to  a 
very  violent  explosion,  as  will  be  evident  from'  the  fact  that 
tlie  enclosing  brickwork  of  the  boiler  was  destroyed,  along  with 
its  cast-iron  framework,  while  an  adjoining  wall  was  blown 
down  and  a  fire  started,  which  wrecked  the  works.    All  this 


Report  No,  2,132.— Views  of  Heating  Boilku,  Showing  Position  of  Tube  that  Failed. 

occurred  from  the  bursting  of  a  tube  which  was  only  3^in.  in 
external  diameter,  and  which  was  torn  open  longitudinally,  as 
shown  in  the  photo  view,  for  a  length  of  19in.  In  the  ca&e 
of  Report  No.  2,135,  the  boiler  was  of  a  different  construction. 
It  was  practically  a  conical  annul  us  with  the  fire  in  side,  about 
3ft.  lOin.  high  by  26in.  diam'.  at  the  bottom  and  20in.  at  the 
top,  as  shown  in  the  accompanying  illustration.     In  this 
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instance,  the  weak  point  of  the  structure  was  the  internal 
casing  which,  under  the  influence  of  the  excessive  pressure, 
brought  about  by  the  choking  of  the  pipes,  collapsed  and  tore 
away  from  the  block  ring  at  the  bottom  as  shown  in  the  photo 
view.  In  neither  of  these  cases,  it  may  be  observed,  was  a 
safety  valve  fitted,  nor  were  the  boilers  subjected  to  coinpeteiit 
inspection.  Had  tlie  latter  precaution  been  observed,  t  lie 
defect  in  tlieir  equipment  would,  no  doubt,  have  been  pointed 
out,  and  tlie  failures  prevented. 


all  such  arrangements,  will  he  readily  apprehended  on  reference 
to  tlie  accompanying  diagram,  wliich  shows  the  arrangement 
of  the  pipes  in  question. 


How 


==t==t= 

a 

U 

—— — i      -j  r 

ELEVATION.  1 

|：1 

PLAN. 

Report  No.  2,138.— Views  Showing  ARRANfiEMFXT  op  Stfiam  Pipes. 


Kkport  No.  -2, 132.— Explosion  of  a  Heating  iioiLKR.  Eni,\ 


\ 【i':、v  of  D，':FF'c'Tiv】'：  Tube. 


The  Importance  of  Guard  Bolts  for  Stuffing-box  Expansion  Joints. ― 

While  the  necessity  of  providing  for  expansion  in  long  ranges 
of  steam  pipes  is  generally  recognised,  steam  users  soinetiines 
overlook  the  importance  where  such  an  expansion  arrangement 


Report  No.  2,135.- 


-ExPLOsioN  of  a  Heating  Boiler.   View  Showing 
Collapsed  Firebox. 


consists  of  a  stuffing-box  device,  and  the  ends  of  the  length  of 
piping  are  not  anchored  fast,  of  providing  guard  bolts  to  pre- 
vent the  two  parts  being  drawn  asunder.  The  danger  arising 
from  tlie  absence  of  such  a  pro- 
vision is  illustrated  in  a  Re-  A 
port,  No.  2，  138，  referring  to  a  ©ZjQl 
failure  which  occurred  at  a 
tinplate  works  in  Glamorgan- 
shire on  March  1 6th  last . 
There  was  a  short  length  of  \  * 
pipe  between  the  engine  stop  ,  *  % 
valve  and  the  steam  main  j  ^ 
leading  to  the  boilers.  The  *2 
steam  main  and  the  short  /  J 
length  were  each  fitted  with  a 
stuffing-box  arrangement,  but 
while  that  in  the  main  was 
furnished  with  guard  bolts,  the 
short  branch  piece  was  not  so 
provided,  and  as  soon  as  the 
pipes  were  put  into  operation, 
the  t、vo  parts  of  the  short 
length  were  drawn  asunder  and  allowed  steam  to  escape, 
scalded  a  labourer  who  was  assisting  on  the  job.  The  action 
which  took  place,  and  the  desirability  of  fixing  guard  bolts  in 


IIkport  No.  2,135.— Skctionai,  View  showing 

AURANGEMENT  OF  HKATING  HOII.KH. 

NEW  SINGLE  PHASE  RAILWAY  MOTOR. 

At  the  re<*ent  s 應川 er  meeting  of  the  Institution  of  Electrical 
Engineers  a  description,  with  demonstrations,  of  a  new  form  of 
single^)lias&  motor  with  pole-changing  winding  was  given  by 
Mr.  J.  S.  Nicholson  and  Mr.  B.  P.  Haigh.  This  motor  is 
fitted  with  pole-changing  windings,  and  is  worked  as  a  repul- 
sion motor  with  eight  or  four  poles  alternatively,  according  to 
tlie  speed  required.  Up  to  half-speed,  500  revs,  per  minute, 
the  eight  pole  connections  are  employed,  while  for  higher 
speeds  the  windings  are  changed  over  to  four  poles,  and  the 
field  is  obtained  by  passing  a  magnetising  current  through  the 
annature.  As  a  repulsion  motor  works  best  when  running  at 
a  speed  close  to  synchronous  value,  tlie  us&  of  the  pol&-chaug- 
ing  winding  allows  of  the  best  results  being  obtained  over  a 
wider  range  of  speed  than  usual,  as  two  synchronous  speeds  are 
available.  Tlie  motor  is  started  with  the  greater  number  of 
poles,  and  as  the  flux  per  pole  is  thus  reduced  to  one-half  the 
usual  value  the  voltage"  induced  in  the  armature  turns  is  con- 
siderably reduced  and  a  much  greater  starting  torque  is 
obtainable  without  sparking.  Witli  eight  poles  the  motor  can 
be  started  against  full  torque  almost  sparklessly,  while  on  the 
other  hand,  with  four  poles  the  sparking  is  excessive.  By 
taking  advantage  of  this,  improvement  it  should  be  possible  to 
build  motors  of  greater  output  within  given  overall  dimen- 
sions, as  less  space  is  required  in  the  commutator  and  windings 
than  with  the  standard  type  of  repulsion  motor.  The  action 
of  the  pole-changing  motor  when  running  at  full  speed  is 
similar  to  that  of  other  "  conipensated-repulsion  " 


£ND  ELEVATION. 


thus  the  power  factor  approximates  to  unity,  and  the  motor 
may  be  used  with  shunt  ronnection,  in  which  case  regenerative 
braking  may  be  em  ployed. 
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THE  CORROSION  OF  IRON  AND  THE  PROTECTION  OF 
STRUCTURAL  IRONWORK.* 

BY   L.  ARCHBUTT,  F.I.C. 

(Cone hided  from  page  10.) 

One  of  the  most  successful  methods  for  the  preservation  of 
underground  iron  was  patented  many  years  ago  by  the  late 
Dr.  Angus  Smith.  In  this  process,  as  described  by  the  author 
in  his  specification,  coal  tar  is  boiled  until  all  the  water,  the 
ammoniacal  liquor,  and  the  lighter  oils  are  expelled,  and 
the  prepared  tar  is  applied  to  the  cast  iron  fresh  from'  the 
mould.  The  process  was  invented  for  the  preservation  of  water 
pipes.  The  pip&s  are  taken  immediately  they  have  been  cast, 
before  they  have  had  an  opportunity  of  rusting  or  acquiring 
any  moisture,  and  after  fettling  they  are  put  into  a  stove  and 
brought  to  a  temperature  of  300°  Fah.  They  are  then  lowered 
in  a  perpendicular  position  into  the  prepared  bar,  heated  to 
the  same  temperature  and  left  there  for  a  sufficient  time  for 
the  hot  and  fluid  tar  to  thoroughly  soak  into  the  pores  of  the 
metal  ；  then  lifted  out  and  allowed  to  drain.  This  process  is 
carried  out  at  all  the  large  iron  works  in  this  neighbourhood 
where  pipe  making  is  carried  on.  If  properly  done  the  coat- 
ing on  the  pipe®,  when  cold;  is  tough,  and  not  brittle  or  soft 
enough  to  be  seriously  damaged  in  the  handling  of  the  pipes. 
They  should  be'  laid  in  thet  ground  soon  after  treatment,  and 
not  stacked  for  any  length  of  time,  as  the  action  of  the  sun 
and  air  tends  to  make  the  coating  become  brittle  and  shell  off. 
At  one  works  wherei  I  saw  the  process  carried  out,  the  hot 
pipes,  after  lifting  out  of  the  tar  tanks,  were  rolled  down  a 
gantry,  which  made  a  spiral  mark  through  the  coating,  ex- 
posing the  iron,  which  rusted  along  the  spiral  groove.  Like 
many  excellent  and  simple  processes ,  this  has  suffered  at  the 
hands  of  improvers,  and  one  finds  lime  and  other  things  added 
to  the  tar.  I  believe  Dr.  Smith  does  mention  the  addition  of 
linseed  oil  to  the  tar  in  his  specification,  but  I  have  never  seen 
it  added,  nor  does  it  appear  necessary  if  the  tar  is  good  and 
properly  prepared,  and  he  does  not  mention  lime.  One  also 
finds  the  term  "  Dr.  Angus  Smith's  solution  '，  in  engineering 
specifications,  but  Angus  Smith  suggested  no  solution,  and  the 
use  of  tar  varnish  laid  an  with  a  brush  was  not  his  process  at 
all,  nor  is  so  good  a  protection  for  the  iron  obtainable-  by  any 
such  means. 

The  action  of  water  upon  iron  in  hot- water  pipes  and  in 
steam  boilers  is  very  different.  In  the  former,  tlie  carbonic 
acid  is  retained  in  solution  in  the  water  ；  in  the  latter,  the  gas 
is  given  off  freely.  Many  years  ago  my  attention  was  directed 
to  serious  corrosion  of  the  wrouglit-iron  hot- water  service 
pipes  at  an  hotel  in  Leeds.  It  was  noticed  that  the  hot  water, 
when  turned  into  the  baths  and  lavatory  basins  was  either 
red  in  colour  or  rapidly  became  so  on  exposure  to  the  air,  and 
deposited  a  red  sediment.  I  obtained  a  piece  of  1-1  in.  wrought- 
iron  pipe',  12in.  long,  and  had  it  welded  up  at  one  end.  The 
open  end  was  closed  with  a  rubber  stopper,  through  which  a 
straight  glass  tube  was  passed.  The  iron  pipe,  having  been 
thoroughly  cleaned  inside,  was  filled  with  Leeds  water  quite 
full,  and  the  stopper  was  inserted  until  the  water  rose  in  the 
glass  tube.  The  iron  pipe  was  then  placed  upright  in  boiling 
water.  After  10  minutes  the  stopper  was  removed,  and  the 
water  when  poured  out  into  a  white  basin  was  found  to  have 
a  strong  red  colour.  Some  more  of  the  water  was  then  satu- 
rated with  C02  and  heated  in  the  pipe.  A  large  quantity  of 
hydrogen  gas  was  now  expelled  through  the  glass  tube,  owing 
to  the  reaction  F©+  H2CO;,  =FeC03  +  H2.  On  removing  the 
stopp&r  and  pouring  out  the!  water  this  time  it  was 
found  to  be  nearly  clear  and  pale  greenish  in  colour.  It 
almost  immediately  began  to  oxidise  and  turn  red,  and  in  a 
few  hours  deposited  a  bulky  precipitate  of  red  ferric 
hydroxide.  A  similar  experiment  was  made  with  Leeds  water 
which  had  been  thoroughly  boiled  to  remove  all  C02，  and 
in  this  case  there  was  little  or  no  action  on  the  pipe.  It 
became  evident,  in  fact,  that  all  the  trouble  was  caused  by 
the  carbonic  acid  in  the  Leeds  water,  and  the'  fact  that  the 
v.  ater  was  so  soft  as  to  deposit  no  protective  coating  of  car- 
bonate of  lime  in  the  pipes.    It  was  proved  that  the  water  had 


no  perceptible  action  on  copper.  The  iron  service  pipes  were, 
therefore  replaced  by  capper,  since  when  there  has  been  no 
further  trouble. 

Another  curious  case  came  under  my  notice  more  recently. 
An  hotel  in  London  was  supplied  with  New  River  water, 
which  is  a  hard  water  containing  carbonate  of  lime,  and  this 
caused  a  good  deal  of  trouble  by  depositing  the  carbonate  of 
lime  inside  the  hot-water  service  pipes  and  choking  them  up. 
In  course  of  time  a  borehole  was  sunk  into  the  chalk  beneath 
the  London  clay,  and  a  very  soft  water  was  thus  obtained, 
which  was  supplied  to  the  hotel  instead  of  the  New  River 
water.  Some  time  afterwards  complaints  were  received  that 
the  soft  water  was  corroding  the  pipes,  and,  in  fact,  in  six 
years  some  of  the  wrought- iron  pipes  wore  entirely  corroded 
through  by  it.  No  corrosion  had  been  noticed  with  the  New 
River  water,  and  it  was,  therefore,  concluded  that  the  bore- 
hole water  was  corrosive  and  the  other  water  was  not.  I 
found,  however,  by  experiment  that  the  facts  v/ere  quite  the 
reverse.  Weighed  strips  of  polished  hoop  iron  were  placed 
in  glass  flasks  filled  with  the  two  waters,  one  pair  of  flasks 
being  heated  and  the'  other  allowed  to  stand  at  the  ordinary 
temperature.  After  23  hours  the  strips  were  taken  out, 
carefully  cleaned,  and  weighed.  The  following  results  were 
obtained  ： ― 

Loss  of  Weight  (gramme). 
At  ord.  temp.       At  212°  Fah. 

In  well  water    *0044    '0042 

Tn  New  River  water  ...    '0090    -0157 

The  New  River  water  was  thus  proved  to  be  the  more 
corrosive  of  the  two,  but  the  pipes  had  been  protected  from 
this  action  by  the  carbonate  of  liin&  deposited  in  them.  The 
soft  borehole  water,  however,  which  deposited  nothing  to 
protect  the  iron,  was  enabled  to  exert  a  serious  and  con- 
tinuous corrosive  action,  and  thus  in  practice  proved  the 
more  corrosive  of  the  two. 

All  natural  waters  when  heated  in  wrought-iron  pipes 
may  be  expected  to  exert  a  corrosive  action  on  the  iron  at 
first,  and  whether  the  action  continues  will  depend  entirely 
upon  whether  the  pipes  do  or  do  not  become  protected  by  a 
deposit  of  carbonate  of  lime.  Galvanising  will  protect  the 
iron  so  long  as  the  zinc  coating  lasts,  which  will  not  be  for 
long,  but  in  the  case  of  hard  chalk  waters  it  will  probably  last 
quite  long  enough  to  preserve  the  iron  from  corrosion  until 
the  protective  coating  of  carbonate  of  lime  has  formed,  and 
will,  therefore,  prove  advantageous  for  such  waters.  Steel* 
reports  a  case  where  Green's  economiser  pipes  of  cast  iron 
were  dissolved  away  by  the  soft  water  of  Sydney,  N.S.W.,  in 
a  few  months,  only  a  thin  outer  shell  remaining.  About 
84*5  per  cent,  of  the  iron  and  the  whole  of  the>  combined 
carbon  and  sulphur  had  disappeared,  and  a  residue  remained 
in  the  pipes  containing  the  wholr  of  the  graphite,  phosphorus, 
and  silicon,  the  latter  as  oxides,  which  formed  a  thick  layer 
of  plumbago-like  material  on  the  inside  of  the  pipes. 

It  makes  a  great  difference  whether  there  is  a  continuous 
flow  of  fresh  hot  water  through  the  pipes,  as  in  hot-water  ser- 
vice pipes,  or  whether  there  is  merely  a  circulation  of  the 
same  water,  as  in  heating  pipes.  In  the  latter  case,  the 
carbonic  acid  and  oxygen  are  not  renewed,  and  the  corrosive 
action,  which  is  slight,  soon  comes  to  an  end.  One,  therefore, 
never  hoars  of  the  corrosion  of  heating  pipes,  the  life  of 
which  is  indefinitely  long. 

In  steam  boilers  a  quite  different  set  of  conditions  pre- 
vails. Here  the  carbon  dioxide  and  oxygen  are  rapidly 
expelled  from  the  water,  and  their  corrosive  action  is  greatly 
lessened,  though  not  entirely  removed,  for  the  feed  water 
added  continually  renews  these  gases,  and  consequently  they 
are  never  entirely  absent,  and  hence  their  injurious  effect  on 
the  iron ,  though  more  slowly,  may  be  none  the  less  surely 
produced.  In  boilers,  however,  other  phases  of  the  question 
present  themselves,  such  as  the  corrosive  action  of  saline  solu- 
tions at  high  temperatures,  the  influence  of  impurities  in  the 
boiler  plates,  the  effects  of  strain,  and  of  the  contact  of  dis- 
similar metals. 

It  is  a  well-known  fact  that  all  waters  are  not  equally 
corrosive,  and  that  the  oorrosivity  depends  upon  the  nature 


' l'nitcr  read  before  the  Derby  Society  of  Engineers. 


*  Jour.  Soc.  Chem.  Ind.,  29  (1910)  1141. 
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and  amount  of  the  dissolved  salts.  Very  soft  waters,  such  as 
that  of  Lech  Katrine,  t'oi'  instance,  contain  such  a  trifling 
quantity  of  matter  in  solution  that  they  deposit  next  to 
nothing  on  the  boiler  plates,  which  remain  freely  exposed  to 
attack  by  the  dissolved  gases.  The  amount  of  corrosion  that 
goes  on  is  then  dependent  upon  the  amounts  of  carbonic  acid 
and  oxygen  brought  in  with  the  feed  water,  and  also  upon  the 
composition  of  the  steel  or  iron  boiler  plates.  Most  waters, 
however,  contain  salts  in  solution.  Soma  of  these  salts,  whicli 
make  the  water  hard,  i.e. ,  destructive  to  soap,  deposit  car- 
bon a  t-e  of  lime,  magnesia,  and  sulphate  of  lime  as  a  crust 
upon  the  plates,  which  protects  tliem  from  corrosion  less  or 
more  according  to  whether  the  incrustation  is  soft  and  porous 
or  hard  and  non-j>orous  :  other  salts,  generally  the  sulphate, 
chloride,  and  carbonate  of  sodium ,  do  not  deposit  but  remain 
dissolved,  and,  as  the  water  is  evaporated,  form  a  corrosive 
solution  of  increasing  strength.  Softened  waters,  whicli  have 
had  their  incrusting  salts  removed  by  chemical  treatment, 
leaving  the  soluble  salts  in  solution,  and  perhaps  even  increas- 
ing their  amount,  are  more  liable  to  attack  the  plates  than 
the  hard  water,  and  care  has  to  be  taken  not  to  remove  the 
whole  of  the  incrusting  salts,  lest  by  so  doing  the  plates  should 
be  exposed  to  corrosive  attack,  and  the  evils  caused  by  exces- 
sive incrustation  replaced  by  another  and  perhaps  greater 
evil.  Cribb  and  Aniaud  in  1905*  and  Heyn  and  Bauer f 
more  recently  have  shown  that  dilute  solutions  of  sodium  or 
potassium  carbonate  stimulate  corrosion ,  and  waters  which 
are  softened  by  sodium  carbonate  may  thus  be  rendered 
actively  corrosive  if  the  sodium  carbonate  be  used  in  excess. 
As  the  amount  of  the  alkali  increases,  the  corrosivity  increases 
up  to  a  certain  concentration,  and  then  diminishes  again,  and 
we  have  the  remarkable  fact  that  strong  solutions  are  protec- 
tive to  iron,  whilst  dilute  solutions  are  actively  corrosive. 

It  is  only  within  the  last  four  years  that  the  action  of 
saline  solutions  upon  iron  lias  been  systematically  studied,  by 
Heyn  and  Bauer+  in  Germany,  and  by  Friend  and  Brown  § 
in  this  country.  Heyn  and  Bauer  have  studied  the  action  at 
ordinary  temperatures  of  many  of  the  most  commonly-occur- 
ring salts,  in  solutions  ranging  in  strength  from  highly  dilute 
to  saturated  solutions.  Tlieir  results  are  capable  of  being 
represented  diagrammatically  by  a  curve.  -  The  general 
effect  of  dissolving  any  single  salt  in  distilled  water  at  ordi- 
nary temperature  is  to  make  it  more  corrosive  to  iron.  If 
the  corrosive  effect  of  distilled  water  be>  so  much  the  addition 
of  a  soluble  electrolyte  increases  tlie  action  up  to  a  further 
point  which  is  called  the  "  critical  concentration," 
beyond  this  the  corrosive  effect  diminishes  as  the  concentration 
increases,  until  it  becomes  nil,  and  from  this  up  to  the 
saturation  point  the  solution  is  actually  protective.  In  the 
great  majority  of  cases,  however,  the  nil  point  is  never 
reached  ；  in  other  words,  the  water  becomes  saturated  with 
the  salt  before  the  corrosivity  of  the  solution  ceases,  and  the 
curve,  therefore,  terminates  at  some  earlier  point. 

Solutions  of  chromic  acid  and  chromates  are  exceptional, 
in  that  they  have  no  11  critical  concentration/'  and  tend  to 
be  protective  from  the  first.  Cushman  has  applied  this  fact 
in  practice  to  the  preservation  of  fence  wire  in  America  by 
passing  it  through  a  solution  of  potassium  bichromate  of 
suitable  strength .  He  found  that  the  wire  so  treated  resisted 
rusting"  longer  than  ordinary  wire,  ]|  and  he  has  even  proposed 
to  put  potassium  bichromate  into  steam  boilers  to  prevent  or 
nheck  corrosion .  Soon  after  reading  his  paper  T  made  some 
experiments  in  the  laboratory,  and  found  that  the  addition 
of  bichromate  to  a  concentrated  water  drawn  from  a  boiler, 
in  proportions  ranging  from  10  to  100  grains  per  gallon,  did 
not  ]>  re  vent  the  corrosion  of  steel,  especially  when  in  metallic 
contact  with  copper,  as  in  a  locomotive  boiler  ；  in  fact,  in 
some  of  the  experiments  serious  local  pitting  resulted,  and  I 
came  to  the  conclusion  that  it  would  be  dangerous  to  put 
hicliromate  at  anyrate  into  locomotive  boilers.    This  subject 

•  Analyst,  30  (1905)  225. 

t  Mitteilungen,  26  (1908)  1. 
X  Loc.  nt.  28  <m0)  62. 

*  "  Journal  Iron  and  Steel  Tnstitutfi,"  1911  (I),  125. 

tl  Brereton  Baker  (Ohern.  Soc.  Annual  ReportH,  7  (1910)  38)  states  that  all 
attempts  made  by  him  to  make  iron  passive  to  ordinary  watei*  by  treatment 
with  dilnte  chromic  acid  have  been  unsuccessful,  and  this  agreow  with  in y  own 
observations. 


has  been  more  recently  and  conipletely  investigated  by  Friend 
and  13rown;*:,  who  have  shown  that  potassium  hi hromate, 
instead  of  being  protective,  may  become  actually  corrosive 
in  the  presence  of  other  salts,  owing  to  the  liberation  of  acids 
which  tend  to  destroy  the  passivity  produced  by  chromic  acid. 
In  the  presence  of  other  electrolytes  much  better  results  are 
obtained  with  neutral  potassium  chromate  than  with  bichro- 
mate, but  the  quantity  required  to  produce  a  tangible  result 
is  considerable. 

One  is  led  to  enquire  wiiy  the  corrosive  effe<:t 
of  dilute  solutions  should  be  lessened  as  the  strength 
increases.  The  answer  appears  to  be  that  the  lessened 
corrosion  is  due  to  ，  the  diminished  solubility  of  oxygen, 
confirming  what,  lias  been  known  about  salt  solution 
for  70  years.  Aclie,  in  1845,  read  a  paper  before  the  Institute 
of  Civil  Engineers,  in  which  he  showed  that  wrought  iron  in 
80  days  lost  19  times  as  linicli  by  corrosion  in  fresh  water  as 
in  saturated  common  salt  solution,  and  cast  iron  four  times 
as  much.  Friend  has  recently  shown,  in  fact,  that  in  the 
entire  absence  of  air,  salt  solutions  liave  no  action  whatever 
upon  iron.  Sea  water,  nevertheless,  is  corrosive  at  ordinary 
temperature  even  in  tlie  absence  of  air,  owing  to  the  mag- 
nesium chloride  present.  In  marine  boilers,  however,  a 
certain  amount  of  sea  water  is  found  beneficial.  Rowan,  in 
187G,  quoted  the  case  of  a  steamer  whose  boilers  were  worked 
with  a  inininunii  proportion  of  sea  water,  and  in  12  months 
were  so  badly  corroded  that  a  new  set  were  required.  In  the 
new  boilers  the  proportion  of  sea  water  was  considerably 
increased,  and  tlie  life  of  the  boilers  greatly  prolonged  in 
consequence.  It  is  evidently,  therefore,  of  the  greatest  impor- 
tance to  exclude  air  from  boilers'  as  much  as  possible,  and  to 
take  care,  especially  in  using  condensed  water,  that  air  is  not 
pumped  in  with  the  feed.  Stromeyerf  states  that  corrosion 
of  marine  boilers  using  condensed  water  has  been  very  mate- 
rially reduced  l)y  the  introduction  of  slow-running  pumps, 
whicli  do  not  require  air  for  tlieir  smooth  working,  and  which 
cease  running  when  there  is  no  water  supply.  The  air 
,//.、',、'"/〃"/  in  natural  soft  waters  must  of  necessity  be  intro- 
duced with  the  feed.  Attempts  have  been  made  to  extract 
this  air  by  passing  the  water  through  a  vacuum  chamber,  but 
with  no  very  marked  success.  Beneficial  results  have,  how- 
ever, resulted  from  the  presence  in  the  feed  of  organic  matters 
which  combine  with  the  dissolved  oxygen,  such  as  tannin.  No 
dcubt  tli©  beneficial  effects  of  sodium  arsenite  in  preventing 
corrosion  are  due  to  the  same  cause. 

Although  the  systematic  researches  of  Prof.  Heyn  and  Dr. 
Friend,  to  which  I  have  referred,  have  thrown  very  valuable 
light  upon  the  corrosive  effects  of  salts  in  solution,  much 
more  work  needs  to  bo  done,  especially  at  higher  tempera- 
tures, and  under  conditions'  such  as  obtain  in  steam  boilers. 
Most  of  the  researches  have  been  made  at  temperatures  no 
higher  than  200°  Fall. ，  and  in  solutions  freely  exposed  to  air 
and  light.  If  corrosion  took  place  in  steam  boilers  to  the 
extent  shown  possible  by  some  of  these  experiments,  the  lives 
of  boilers  would  be  measured  by  weeks  or  months  instead  of 
years.  We  know  that  temperature  influences  the  results 
vastly,  especially  by  reducing-  the  solubility  of  gases,  and  also 
that  corrosion  is  much  less  active  in  the  dark  than  in  day- 
light. 

Another  cause  of  active  corrosion  to  which  I  must  not 
omit  reference  is  the  presence  in  the  wat«r  of  fatty  acids. 
Corrosion  from  this  cause  has  become  less  frequent  since  the 
introduction  of  mineral  oils  as  lubricants,  but  in  the  days 
when  animal  fats,  such  as  tallow,  were  commonly  used  in 
cylinders,  and  even  put  directly  into  boilers,  such  cases  were 
common.  Animal  and  vegetable  oils  are  compound  bodies 
which,  when  heated  with  steam ,  split  up  into  fatty  acids  and 
glycerine.  The  fatty  acids  thus  set  free  are  very  corrosive  to 
iron  and  many  other  metals.  Oleic  acid  from  olive  oil,  if 
heated  in  a  test  tube  with  water  and  iron  filings,  attacks  the 
iron  vigorously,  forming  brown  ferrous  oleate  and  evolving 
hydrogen  gas.  The  ferrous  oleate  is  decomposed,  by  oxidation, 
into  ferric  hydroxide  and  free  oleic  acid,  which  again  attacks 
more  iron,  and  in  this  way  quite  a  small  quantity  of  free  fattv 
acid  has  been  known  to  perforate  wrought-iron  plate  more 

*  Locy  cit, 
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than  ^in.  in  thickness.  Pitting  and  corrosion  along  the 
bottom  of  steam  boilers  may  result  from  this  cause,  and  also 
at  the  flanges  and  screwed  joints  of  water  pipes  when  red 
lead  and  linseed  oil  are  used  to  make  the  joints.  The  danger 
of  allowing  grease  of  any  kind  to  obtain  entrance  to  steam 
boilers  is  now  too  well  known  to  need  insisting  upon .  In 
screwing  the  stays,  fittings,  and  wash-out  plugs  into  boilers, 
pure  mineral  lubricants  should  be  used  exclusively,  and  all 
surplus  oil  should  be  removed  from  new  boilers  by  thorough 
digestion  under  pressure  with  hot  soda  solution  and  washing 
out  with  clean  hot  water  before  putting  the  boilers  into  use. 

It  is  a  well-known  fact  that  neither  iron  nor  steel  are 
homogeneous  metals.  If  the  polished  and  etched  surface  of  a 
piece'  of  wrought  iron  be  highly  magnified  it  is  seen  to  be 
composed  of  polygonal  crystals  of  iron  and  particles  of  slag, 
and  if  you  look  at  an  etched  specimen  of  wrought  iron 
you  will  see  that  it  is  built  up  of  layers  of  iron, 
between  which  the  layers  of  slag  are  sandwiched.  When 
medium  carbon  steel  is  similarly  magnified  it  is  seen  to  have 
a  still  more  complex  structure,  composed  of  areas  of  iron  con- 
taining in  solution  more  or  less  manganese,  phosphorus,  and 
silicon,  darker  areas  of  carbide  of  iron  occurring  in  the  com- 
plex which  we  call  pearlite,  sulphur  existing  as  isolated  par- 
ticles of  sulphide  of  manganese  and  frequently  particles  of 
slag.  These  different  constituents  are  not  uniformly  mingled 
together,  but  present  a  variety  of  structures  depending  upon 
the  heat  treatment  and  kind  of  work  the  steel  has  undergone. 
The  pearlite,  for  instance,  is  not  always  laminated. 
In  hardened  steels  it  is  more  or  less  completely 
emulsified,  and  in  hardened  steels  granular.  Accord- 
ing to  a  recent  report  of  the  B. A.  Committee,  which  is  inves- 
tigating the  corrosion  of  carbon  steels,  the  state  of  division 
of  the  carbon  has  a  great  influence  on  the  rate  of  corrosion  in 
sea  water,  the  hardened  steels  corroding  more  rapidly  than 
the  unhardened  or  tempered  steels.  The  different  varieties  of 
pearlite  also  differ  in  polarity.  Moreover,  the  impurities  in 
the  molten  steel  have  a  tendency  to  segregate  during  solidi- 
fication, sometimes  ？ o  seriously  that  -drillings  taken  from  diffe- 
rent parts  of  thei  finished  material  may  have  a  quite  different 
chemical  composition.  A  re  as  of  different  electrical  polarity 
are  thus  formed,  between  which  action  readily  occurs,  stimu- 
lating corrosion.  Owing  to  the  ingenuity  of  Drs.  Cushman 
and  Walker  we  have  been  put  into  possession  of  a  chemical 
reagent,  to  which  they  have  given  the  name  of  "  ferroxyl," 
which  shows  this  in  a  very  beautiful  manner.  It  is  a  jelly 
containing  in  sclution  phenolphthalein  and  potassium  ferri- 
cyanide.  The  phenolphthalein  gives  a  pink  colour  in  the' 
presence  of  hydroxyl  ions  and  the  ferri cyanide  gives  a  deep 
blue  precipitate  in  the  presence  of  soluble  ferrous  iron.  The 
jelly  merely  serves  to  localise  these  effects  and  prevent  them 
from  running  into  one  another.  If  a  piece  of  iron  or  steel  is 
placed  in  the  melted  jelly  and  the  jelly  allowed  to  set,  tliere 
are  developed  on  the'  surface  of  the  metal  pink  areas  and  blue' 
areas  indicating  the'  positions  of  nodes  of  opposite  polarity. 
The  blue  colour  shows  the'  anodic  areas  where'  iron  is  going  into 
solution,  the  pink  colour  shows  the  cathodic  areas  where  no 
iron  is  being  dissolved.  Ifc  is  thus  possible  to  demonstrate  in 
a  simple  and  convincing  manner  a  fact  which  throws  a  flood  of 
light  on  one  cause  of  localised  corrosion  or  pitting,  ©specially 
in  boilers.  The  ferroxyl  indicator  may  be  used  to  demon- 
strate : —— 

(1)  Nodes  in  a  piece  of  steel  boiler  plate  (seal©  removed). 

(2)  Nodes  in  wrought  iron  (scale'  removed  by  sandblasting). 

(3)  Nodes  in  exceptionally  pure'  boiler-tube  steel. 

(4)  Boiler  plate  partially  protected  by  mill-scale  (where 
the  scale  has  b&en  removed  thei  iron  is>  corroding,  as  shown  by 
the  blue  spots). 

(5)  Cast  iron. 

(6)  Tin  plate  (where  the  tin  has  been  removed  the  iron  is 
corroding). 

(7)  Galvanised  iron  (complete  protection). 

(8)  Wrought-iron  nails  corroding  where  the  iron  is  not 
protected  by  the  mill  scale. 

(9)  Electrolytic  iron. 

(10)  Steel  riveted  to  copper. 

(11)  Steel  riveted  to  bras®. 

(12)  Steel  rods  passivified  by  bichromatic  solution  contain- 


ing respectively  oil  1  per  cent>.，  5  per  cent,  and  10  per  cent, 
of  bichromate,  also  an  untreated  rod. 

W©  learn  from  the  ferroxyl  indicator  the  great  importance 
of  obtaining  for  such  purposes  as  steam  boiler  construction 
iron  and  steel  as  homogeneous  as  possible,  and  it  would  be 
worth  while  to  pay  a  high  price  for  such  material.  As  Cobb* 
has  stated  in  a  recent  paper,  the1  presence  of  an  impurity  in 
iron  determines  so  many  corrosion  centres,  and  its  influence 
depends  more  on  quality  and  distribution  than  on  quantity  ； 
a  more  homogeneous  iron,  even  if  chemically  less  pure'  than 
another,  may,  therefore,  he  more  highly  resistant  to  corrosion . 
The  same  difference  of  electrical  polarity  as'  is  found  between 
different  areas  of  the'  same,  piece  of  iron  exists  between  diffe- 
rent pieces,  ©very  piece  tested  showing  electrical  effects  with 
every  other.  Not  only,  therefore,  is  homogeneity  of  composi- 
tion important  in  each  individual  part  of  a  atructure  exposed 
to  corrosive  influences,  but  tlie  different  parts  should  be>  as 
much  alike  as  possible. 

Owing  to  tlie  extreme  difficulty  of  preventing  segregation 
of  the  impurities  in  iron  and  steel  aiul  of  producing  a  perfectly 
homogeneous  material,  the  less  impurities  tlie  better .  Un for- 
tunately, the  nearer  a  {'omniercial  iron  or  steel  approaches 
purity  the  more  difficult  it  is  to  produce  it  in  a  thoroughly 
deoxidised  and  degasified  candition.  Cuslmian  states,  how- 
ever, that  there  is  now  being  made  in  the  United  States  in 
several  rolling  mills  an  extremely  |>ure  ingot  iron  containng 
less  than  005  per  cent,  of  total  impurities.  He  gives  the 
analysis  as : — 

Iron    99  95 

Carbon   "026 

Phosphorus    004 

Sulphur    -019 

99-999 

This,  lie  says,  is  no  chemical  curiosity,  but  is  manufactured 
in  basic  op^n- hearth  50-ton  converters.  As  showing  how 
much  more  resistant  such  iron  is  to  the  action  of  sulphuric 
acid  than  ordinary  iron  and  steel,  Friend  quotes  the  following 
results  from  a  j)ainphlet  issued  by  the  American  Rolling  Mill 
Company.  Small  plates  of  this  iron,  of  ordinary  steel,  and  of 
charcoal  iron  were  polished,  weighed,  and  completely 
immersed  in  dilute  sulphuri<'  acid  of  25  per  cent,  strength  at 
110°  C.  for  1  h  hours.  The  steel  lost  in  weight  87.5  per  cent, 
and  the  charcoal  iron  52*1  per  wnt.,  but  th&  ingot  iron  lost 
only  2'16  per  cent.  If  metal  so  free  from  mangane&e  can  be 
depended  upon  to  be  free  from  oxygen  and  thoroughly  reliable 
mechanically,  a  great  field  of  usefulness  lies  before  it . 
Several  paients  have  been  taken  out  by  the  International 
Metal  Products  Company,  of  Newark  and  Midclleton,  U.S.A., 
for  ingot  iron  made  by  the  basic  process  and  deoxidised  with 
aluminium,  the  object  stated  being  to  obtain  an  iron  of  at 
least  99.80  per  cent,  purity,  containing  not  more  than  0*04  per 
cent,  of  either  carbon  or  manganese,  not  more  than  0*10  per 
cent,  of  carbon,  manganese,  silicon,  sulphur,  and  phosphorus 
together,  and  not  more  than  0.04  per  cent,  of  oxygen.  The 
m'etal  is  stated  to  possess  a  very  high  degree  of  malleability 
and  ductility  and  to  be  very  resistant  to'  corrosion.  This  pure 
iron  is  well  worth  the  attention  of  engineers.  One  of  the  most 
injurious  impurities  in  steel  is  sulphur  and  one  of  the  most 
active  in  causing  corrosion.  In  all  well-made  steel  the  sulphur 
exists  as  manganese'  sulphide,  disseminated  throughout  the 
metal  in  the  form  of  more  or  less  minute  particles  which  can 
readily  be  seen  when  a  polished  section  is  examined  under  the 
microscope.  These  form  active  corrosion  centres,  which  are 
not  electrolytic,  but  lead  to  the  formation  of  sulphuric  acid 
by  oxidation,  which  attacks  the  iron.  An  interesting  example 
has  b&en  given  by  Huntley 十.  Serious  pitting  had  started  in  a 
stand-by  boiler  at  the  generating  station  of  the  London  Elec- 
tricity Supply  Corporation,  which  caustic  soda  was  found 
powerless  to  stop.  On  examining  the  boilers,  numerous 
blisters  were  seen,  varying  in  size  up  to  30  mm.  diam.,  the  bulk 
of  them  being  just  below  the  water  level.  On  pricking  the 
blisters,  each  was  found  to  contain  a  liquid  with  a  finei  black 
powder  in  suspension,  and  a  pit  was  seen  to  be'  forming  in  the 
centre  of  each  blister.  Analysis  showed  that  the  liquid  was  a 
solutioni  of  ferrous  sulphate  containing  free  sulphuric  acid, 
although  the  water  in  the  bailer  was  alkaline  and  contained 
much  less  sulphur  than  the  liquid  in  the'  blisters.    Thei  pitting 
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was  traced  to  the  sulphide  of  manganese  in  the  steel,  which  by 
oxidation  gave  rise  to  free  sulphuric  acid  which  attacked  the 
iron,  forming  ferrous  sulphate.  This  being  oxidised  to  ferric 
sulphate  by  the  oxygeu  in  the  water  would  attack  more  iron, 
and  in  the  quiescent  water  of  the  stand-by  boiler  the  oxides 
precipitated  by  the  alkali  in  the  water  would  not  be  washed 
away,  but  would  seal  in  the  corrosive  liquid  with  a  semi- 
permeable membrane  through  which  the  oxygen  of  the  water 
could  pass  but  not  the  caustic  soda.  The  use  of  sodium 
arsenite  instead  of  caustic  soda  completely  stopped  the  trouble, 
the  arsenite  presumably  using  up  the  oxygen  in  the  water. 

The  influence  of  strain  on  corrosion  must  be  mentioned. 
It  is  a  subject. on  which  the  late  Thomas  Andrews  worked  for 
many  years,  and  his  results  are  to  be  found  in  papers  com- 
municated to  the  Institute  of  Civil  Engineers.  He  found  that 
strain  always  causes  a  difference  of  potential,  and  the  use  of 
strained  material  should,  therefore,  be  avoided  where  corro- 
sion is  likely  to  be  set  up  by  it.  To  this  Friend  attributes  the 
unusual  tendency  to  corrosion  shown  by  indentations  and 
abrasions  on  the  surfaces  of  boilers.  Stromeyer  suggests  that 
grooving  may  also  arise  from  this  cause,  "  those  portions  of 
the  boiler  which  are  most  severely  strained  being  attacked  by 
the  salts  in  the  boiler  water,  and  as  these  regions  get  thinner, 
and  especially  if  the  reductions  are  of  tlie  nature  of  thin  lines 
or  grooves,  the  local  stress  increases  and  with  it  the  corrosive 
action."  He  suggests  that  if  this  be  the  true  explanation  the 
action  would  proceed  most  rapidly  where  the  concentration  of 
the  salts  is  greatest,  and  mentions  a  curious  confirmation  of 
this  which  was  afforded  by  the  failures  of  some  caustic  soda 
evaporators.  Where  the  strains  were  severe,  and  only  in 
these  places,  rivet  heads  flew  off  on  the  caustic  side  and  tubes 
cracked  where  they  had  been  enlarged  by  the  expander.  The 
experiment  was  then  tried  of  turning  several  pairs  of  mild 
steel  rings,  shrinking  one  of  each  pair  into  the  other,  and  then 
exposing  them  in  a  caustic  evaporator  for  several  months.  On 
removing  the  rings,  cutting  them  up  and  bending  them,  those 
which  had  been  subjected  to  a  tension  stress  were  found  to  be 
quite  brittle,  but  those  exposed  to  a  compression  stress  were 
perfectly  ductile. 

The  action  reminds  one  of  the  brittleness  which  may  be 
caused  by  acid  corrosion .  Railway  engineers  are  familiar 
with  the  fact  that  the  springs  of  wagons  which  have  carried 
acid  materials,  such  as  nitre  cake,  are  frequently  found  broken 
as  the  result  of  corrosion  by  the  acid  liquid  which  drains  from 
such  material  when  loaded  wet  or  seriously  wetted  by  rain  in 
transit.  This  effect  is  due  to  the  occlusion  of  hydrogen  which 
is  given  off  by  the  action  of  the  acid  on  the  metal,  thus : 
Fe  +  H。S04  =  FeS04  +H0.  It  has  been  shown  that  iron  wire 
immersed  in  dilute  sulphuric  acid  can  absorb  20  times  its 
volume  of  hydrogen,  which  becomes  condensed  in  the  pores  of 
the  metal .  The  brittleness  is  only  a  temporary  feature,  as 
the  hydrogen  is  slowly  given  off  again  on  exposing  tlie  wire  to 
the  air  at  ordinary  temperature,  and  rapidly  by  annealing  at 
a  red  heat,  and  tlie  metal,  if  not  left  in  the  acid  for  too  long, 
regains  its  normal  properties.  Longmuir  found  that  even 
stoving  overnight  at  100°  C.  to  150°  C.  was  sufficient  to 
eliminate  the  absorbed  oxygen  from  steel  rods  |in.  diam.  He 
has  made  tlie  rather  remarkable  suggestion  that  the  corrosion 
of  steel  rails  in  tunnels,  which  is  the  result  of  slow  attack  by 
very  dilute  acid,  may  in  the  course  of  a  few  years  develop 
brittleness  of  the  rails  corresponding  to  that  of  a  more  rapid 
attack  by  stronger  acid. 

To  sum  up  what  has  been  said  about  corrosion  of  steam 
boilers  we  see  that  tlie  causes  which  may  lead  to  internal 
corrosion  are  very  numerous  an d  iuclud©  : — 

(1)  The  corrosive  action  of  dissolved  gases  and  salts  in  the 
feed-water. 

(2)  Segregation  of  impurities  and  general  want  of  homo- 
geneity in  the  metal  of  tlie  boiler  plates. 

(3)  Sulpliirle  of  manganese  in  the  steel. 

(4、  Local  jcralvanic  acid  due  to  strain  in  tlie  metal. 

(5)  Galvanic  action  due  to  the  use  of  dissimilar  metals  in 
construction,  leading  to  local  corrosion,  as  of  the  iron  stays  in 
metallic  contact  witli  the  copper  firebox  plates  of  locomotive 
boilers. 

The  remedies  are : — 

(1、  Exclusion  of  air  as  much  as  possible. 

(2)  Avoiflance  of  a  weak  alkaline  coiulition  of  tlie  feed- 
water  and  of  excessive  concentration,  especially  in  presence  of 
alkaline  flilorifles,  sulphates,  and  nitrates. 


(3)  The  use  in  construction  of  steel  of  high  quality,  with 
especially  reference  to  freedom  from  sulphur  and  homogeneity 
of  composition .  . 

(4)  Avoidance  of  strained  metal  and  of  anything  wliich 
may  lead  to  the  setting  up  of  local  strains. 

The  mill  scale  or  skin  of  the  iron,  where  it  remains,  must 
exert  a  considerable  influence  on  corrosion.  If  it  were  intact 
all  over  the  interior  of  the  shell,  it  would  be  a  valuable  pro- 
tection, but  in  bending  the  barrel  plates  the  greater  part  of 
the  scale  shells  off,  remaining  attached  only  in  places,  and  here 
pitting  is  promoted.  The  only  remedy  for  this  would  be  the 
entire  removal  of  the  scale.  Tank  plates  are  treated  in  this 
way  by  the  Admiralty  by  pickling  in  acid,  but  one  would 
hesitate  to  recommend  treating  boiler  plates  in  this  manner 
for  fear  of  rendering  them  brittle. 

The  interesting  subject  of  ferroconcrete  I  can  only  touclj 
upon  in  the  very  briefest  manner.  So  long  as  the  iron  or  steel 
is  completely  encased  in  a  compact  mass  of  good  cement- 
concrete,  preservation  is  perfect.  Slight  porosity  is  not  harm- 
ful, provided  the  cement  contains  a  sufficiently  small  excess  of 
free  lime.  But  even  th©  slightest  electrolytic  action  is  higlily 
dangerous,  and,  therefore,  the  greatest  car©  must  be  taken  to 
shield  th©  metal  from  stray  electrical  currents  from  power 
stations  and  tramways.* 

In  bringing  tliese  remarks  to  a  conclusion,  I  am  aware  that 
I  have  laid  myself  op&n  to  th©  charge  of  having  dealt  very 
imperfectly  with  many  branches  of  a  very  complex  subject, 
any  one  of  which  would  have  sufficed  for  a  single  evening. 
But  I  know  that  your  interests  are  diversified,  and  I  hoped 
that  by  covering  a  wide  ground  I  should  appeal  to  a  larger 
number  and  tliereby  promote  a  better  discussion. 


SULZER，S  ENGINE  GOVERNORS, 

Messrs.  Sulzer  Bros.,  of  Winterthur,  have  recently  designed 
and  patented  several  arrangements  of  engine  governors  of 
the  drum  type  in  which  the  valve  gear  is  actuated  by  means 
of  an  independent  small  motor  controlled  by  the  governor. 
In  the  accompanying  illustrations,  Fig.  1  shows  a  drum 
governor  with  an  auxiliary  motor  of  the  piston  type.  Fig.  2 
is  a  plan  on  a  smaller  scale  showing  the  general  arrangement 
of  the  device  seen  in  Fig.  1.  Fig.  3  shows  a, construction 
and  arrang&ment  for  controlling  the  speed  by  hand,  the  device 

being  fixed  to  a  convenient 
part  of  the  engine  frame  ；  and 
Fig.  4  shows  a  similar  con- 
struction combined  with  an 
apparatus  for  controlling  the 
speed  by  hand  and  also  by 
means  of  an  electromagnet 
from  a  distance. 

In  the  arrangement  shown 
in  Figs.  1  and  2,  the  weight  A 
is  designed  as  a  piston  valve, 
the  movement  of  which  is  con- 
trolled by  the  centrifugal 
force.  If  the  speed  of  the  shaft 
carrying  the  d  r  u  m  govern  o  r 
exceeds  a  predetermined  limit, 
the  weight  A  will  be  moved 
outwards  by  the  centrifugal 
force  in  opposition  to  the 
action  of  a  coiled  spring  B,  the 
strength  of  which  is  adjusted  in 
accordance  with  the  desired 
normal  engine  speed.  In  this 
manner  a  port  D  is  uncovered 
and  coinmunication  established  between  the  supply  conduit 
C  and  the  conduit  D,  through  which  liquid  under  pressure— 
for  instance,  oil— then  flows.  The  liquid  passes  in  the  direc- 
tion of  the  arrows  shown  in  full  lines  through  the  conduits  C 
and  D  into  the  cylinder  E  of  the  auxiliary  or  independent 
small  motor,  the  piston  F  of  which  is  thus  forced  upwards. 
The  piston  F  is  provided  with  a  rod  G,  pivoted  at  H  to  the 
outer  eccentric  J，  and,  in  tliis  way,  when  the  piston  rises, 
the  cut-off  of  the  main  engine  will  be  altered.    The  oil  above 

•  Knudson  (J.  Franklin  Inst  168  (1900),  132)  has  shown  how  exceedingly  difficult 
tli is  shielding  becomes  where  the  earth  is  used  as  a  return,  and  the  ouly  way  of 
avoiding  access  of  stray  cniTeuts  with  certainty  is  to  use  a  nou-grounded  returu. 


Fi«.  1.— Sui.zku's  Engine  GovKRNoit. 
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the  piston  F  in  the  auxiliary  motor  passes  through  a  conduit, 
K  and  return  pipe  L  to  the  reservoir.  To  return  the  piston 
valve  A  to  its  central  position  while  the  cut-off  is  being 
altered,  tlie  piston  F  of  the  auxiliary  motor  is  connected  to 
a  lever  M  pivoted  at  N  and  connected  to  a  rod  O  attached 
to  the  supporting  cap  of  the  coiled  spring  B.  In  tins  way, 
the  piston  F  moves  upwards  and  the  spring  B  is  additionally 
compressed  to  return  the  piston  valve  A  to  the  neutral  posi- 
tion, when  the  ports  D  and  K  are  closed  once  more.  When 
the  speed  of  the  main  engine  falls  below  a  predetermined 

limit,  the   piston    valve  A  is 
moved  inwards  by  tlte  action  of 
the  coiled  spring  B，  and  the 
liquid  will  then  flow  from  i  lit' 
underside  of  the   piston  F  in 
Itlie   direction   of  the  arrows 
jshowii    in    dotted    lines,    1  lie 
J  action  being  the  reverse  of  i  liat 
'already  described . 

The  apparatus  shown  in  Fig. 
3  illustrates  an  arnuwment 
in  which  the  centrifugal  mass, 
as  before,  forms  a  slide  valve 
for  the  auxiliary  inotor  A .  I  it 
tliis  case  the  auxiliary  motor 
is  of  the  rotary  type,  having  piston  blades  which,  together 
with  fixed  divisions,  form  four  chambers,  C，  D,  E，  ami  1'，. 
The  centrifugal  mass  G，  i.e.,  the  piston  valve  of  the  auxiliary 
motor,  controls  the  flow  of  oil  under  pressure  Fioni  1 1 
through  the  valve  cliamber  J,  either  through  a  pipe  into  the 
chambers  C  and  E  or  tlirough  a  pipe  into  the  chambei  s  1'， 
and  U  of  the  auxiliary  motor.  The  liquid  under  pressure 
from  tlie  chambers  which  are  not  in  corniiiunication  wit  1i  t  lio 
valve  cliainber  escape  throu^li  a  pipe  B  or  K，  as  the  case  m:i、、' 
be.  A  lever  L  connected  to  the  piston  blade  transmil s  I  lie 
movement  of  the  latter  to  a  rod  M，  whereby  the  outer  eccen- 
tric N  is  turned  relatively  to  the  inner  eccentric,  thus  ； ilt('r- 
ing  tlie*  cut-off.  A  lever  P  connected  to  the  rod  M  and 
pivoted  at  O  depresses  or  releases  the  spiral  spring  K,  and 
thus  ensures  tlie  piston  valve  G  returning  to  tlie  neutral 
position. 

In  tlie  arrangement  shown  in  Fig.  3  tlie  centrifugal  foi-ce 
acting  on  the  mass  of  the  piston  valve  G  is  counteracted 
partly  by  the  spring  R  and  by  liquid  under  pressurf1  admiH  ：  <l 


Fig.  2.— Sut^kr'k  ENfiiNK  Govkrnou. 


Fig.  3.— Sutler's  Engine  Governor. 

through  a  pipe  Q  to  the  under  side  of  a  piston  T  connected 
to  the  piston  valve  G.  By  adjusting  the  spindle  4，  the  pres- 
sure under  the  piston  T  can  be  regulated,  and  in  that  way 
the'  valvei  G  may  be  moved  from  its'  neutral  position, 
which  results  in  a  change  in  the  speed  of  the  engine.  In 
this  construction  variation  in  the  pressure  of  oil  admitted 
tlirough  the  pipe  Q  is  effected  by  means  of  a  reducing  device 
8,  to  which  oil  under  pressure-  is  admitted.  The  oil  passes 
through  openings  V  into  a  chamber  W，  and  thence  through 
openings  X  into  the  pipe  Q.  In  the  casing  Y  is  arranged  a 
piston  valve  Z  provided  with  openings  2,  through  which  the 


oil  under  pressure  passes  to  its  under  side,  tlius  maintaining 
the  piston  valve  Z  in  the  position  of  equilibrium  with  the 
spring  3.  There  is  always  a  certain  continuous  flow  of 
liquid  past  the  throttling  ports  owing  to  tlie  unavoidable 
leakages  in  the  whole  system.  The  valve  Z  throttles  in  pro- 
portion as  the  spring  3  is  compressed  by  a  hand-actuated 
screw  4.  The  degree  of  throttling,  and  consequently  the  oil 
pressure  under  the  piston  T  can  therefore  be  adjusted  at  will 
by  means  of  a  spindle  4,  and  in  that  way  the  speed  can  be 
altered.  The  throttling  device  is  in  all  cases  stationary,  and 
connected  to  tlie  revolving  part  of  the  governor  by  glands 
Hud  piping  Q.  In  tins  way  the  speed  of  tlie  engine  may  be 
controlled  from  any  desired  point. 

Fig.  4  shows  a  speed-ad justan^  device  in  which  the  liand- 
operated  spindle  4  shown  in  Fig.  3  is  actuated  by  a  small 
oil  motor.  The  admission  of  oil  to  this  motor  is  controlled 
by  ele<,tromagnets,  so  that  tlie  speed  of  the  engine  can  be 
altered  either  by  hand  or  electrically  from  any  desired  point, 
lor  instaiice,  from  the  switchboard.  Referring  to  Fig.  4，  if 
the  speed  is  to  be  increased  a  circuit  fioni  some  source  ()「 
elect-i-icity  B  is  closed  at  some  point 一 for  instance,  at  A，  so 
*  liat.  a  magnet  D  is  excited  by  the  winding  C.  In  this  way 
a  lever  wliich  forms  an  armature  E  is  attracted,  the  hori- 
zontal arm  oi  this  lever  being  connected  to  a  piston  valve  F. 
This  arm  carries  a  counterweight  wliicli  balances  the  piston. 


Fig. ' 


-Sulzer's  Engine  Governoti. 


When  the  electromagnet  D  is  excited  the  piston  valve  F  is 
moved  upwards  into  the  position  shown  by  dotted  lines,  which 
enables  liquid ― for  instance,  oil ― under  pressure  to  pass 
through  a  port  G  into  the  valve  chamber  H，  and  thence  into 
the  interior  J  of  a  rotary  servomotor  of  the  toothed-wheel 
type,  the  oil  driving  the  toothed  wheels  K,  L,  and  M.  The 
oil  leaves  the  rotary  motor  in  the  direction  of  the  arrows 
through  the  pipes  U  and  V.  The  spindle  P  of  the  throttling 
device  engages  with  a  toothed  wheel  L  by  means  of  a  feather 
key,  and  this  spindle  controls  the  tension  of  the  spring  Y. 
If  the  speed  of  the  engine  is  to  be  reduced,  a  contact  such 
as  S  in  the  electric  circuit  is  closed,  the  electromagnet  T  being 
thus  excited  so  that  the  armature  E  is  attracted  to  the  right, 
with  the  result  that  the  piston  F  sinks.  The  flow  of  oil 
through  the  rotary  motor  then  takes  place  in  the  opposite 
direction,  and  the  tension  of  the  spring  Y  is  reduced  so  that 
the  supply  of  oil  under  pressure  through  the  openings  X  is 
throttled.  This  oil  gear  motor  is  mounted  above  a  reducing 
valve  of  precisely  similar  design  and  performance  as  that 
already  described  and  illustrated  in  Fig.  3.  At  the  same  time 
the  hand  wheel  at  the  end  of  the  spindle  P  permits  of  a 
manual  adjustment  if  it  is  desired  to  control  the  speed  of  tlie 
engine  in  this  mariner. 
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A  POWERFUL  MALLET  COMPOUND  LOCOMOTIVE. 

There  has  recently  been  constructed  by  the  American  Loco- 
motive Company,  for  use  on  the  Virginian  Railway,  four 
powerful  Mallet  compound  locomotives,  each  of  which  is 
capable  of  exerting  a  tractive  power  of  115,0001bs.  This 
enormous  tractive  power  is  obtained  with  less  than  60,0001bs. 
average  weight  per  driving  axle.  Tl 腿 locomotives,  which 
are  described  and  illustrated  in  "  The  Railway  and  Engineer- 
ing Review/'  of  Juue  22nd,  were  designed  to  meet  the  particu- 
lar difficult  service  on  a  section  of  this  railway  without 
exceeding  the  existing  limitations  on  axle  loads.  Apart  from 
the  enormous  weight  and  power  of  the  locomotive  as  a  whole, 
the  dimensions  of  some  of  the  principal  parts  are  impressive, 
as  showing  the  extent  to  which  all  limits  were  exceeded  in  the 
design  and  construction.       The  following  warrant  special 


attention  ： ― 

Outside  diam.  of  boiler  at  front  end   lOOin. 

Outside  diam.  of  largest  ring   ...ll^n. 

Tubes,  number  and  diam  344;  2^in. 

Flues,  number  and  diam  48;  5|m. 

Heating  surface,  total   6,760  sq.  ft. 

Superheating  surface   1,310  sq.  ft. 

Firebox,  size   184^in.  by  119in. 

Total  length  of  boiler   .50ft.  l|in. 

Low-pressure  cylinders   44in.  by  32in. 

High-pressure  cylinders   28in.  by  32in. 

Tender,  water  capacity   12,000  galls. 

Tender,  coal  capacity   15  tons. 


The  design,  as  far  as  running  gear  is  concerned,  represents 
the  builders'  ordinary  practice.    Several  new  features,  how- 


Tubes,  number   48  and  334 

Diam  5^in.  and  2]in. 

Length   24ft. 

Heating  surface,  firebox   410  sq.  ft. 

Tubes   6,350  sq.  ft. 

Superheater   1,310  sq.  ft. 

Total   ：  6,760  sq.  ft. 

Driving  wheels,  diam  、  56in. 

Journals   6^in.  by  13i". 

Truck  wheels,  diam"  front   30in. 

Journals   6iin.  by  13in. 

Back  diam  30in. 

Journals   .....6^.  by  】3i". 

Weight,  on  driving  wheels   479,00()lbs. 

Total  engine   540, 0001  hs. 

Total  engine  and  tender   752,0001bs. 

Whoelba&e,  driving   42ft.  lin. 

Total  engine     57ft.  4in. 

Total  engine  and  tender   

Tender,  wheels,  diam  33in. 

Journals   6in.  by  11  in. 

Capacity,  water   12,000  galls. 

Capacity,  coal  15  tons. 


MECHANICAL  STOKERS  ON  LOCOMOTIVES. 

The  rapid  development  in  size  of  America"  locomotives  that 
has  taken  place  during  recent  years  has  directed  attention 
to  the  desirability,  in  view  of  the  arduous  task  of  stoking 
these  monsters  by  hand,  of  applying  mechanical  stokers, 
and  a  number  of  these  have  been  developed  and  subjected 


A  Large  Mallet  Compound  Locomotive. 


ever,  are  introduced  in  the  design  and  construction  of  the 
boiler,  one  of  the  most  interesting  of  these  being  the'  arrange^ 
ment  of  t\\e  firebrick  arch  employed.  This  consists  of  a  com- 
bination of  the  "  Security  "  and  the  Gaine's  arches.  With 
this  arrangement,  it  is  claimed,  complete  deflection  of  the 
gases  is  secured,  whereby  better  combustion  is  obtained  and 
the  back  end  of  the  firebox  more  fully  utilised,  with  a  r ©suiting- 
increase  in  the  generation  of  steam .  In  addition,  this 
arrangement  gives  an  increased  firebox  volume,  which  is  one 
of  the  features  peculiar  to  the  Gaine's  arch  and  which  also 
tends  to  improve  combustion.  The  grate  area  is  99  sq.  ft.,  the 
grates  being  on  the  shaking  system,  power  operated,  and  com- 
|>osf'(l  of  six  sections,  so  arranged  that  any  one  section  <:an  be 
operated  alone  if  desired.  Tlie  engines  are  equipped  with 
superheaters  of  the  firetube,  floubl^-loop  type.  The  principal 
features  of  these  locomotives  are  indicated  in  the  following 
table:  — 

Type   2-8-8-2 

Service   Pusher 

Cylinders   28in.  and  44in.  by  32in. 

Valves  

Valves   High  pressure,  piston  ； 

low  pressure,  double  ported  slide. 

Tractive  power   115，0001bs. 

Boiler,  tjrpe   Conical  connection. 

Mifi.  diam  lOOin. 

Working  pressure  2001bs. 

Firebox,  size   109in.  by  174in. 

Grate  area   99  2  sq.  ft. 

Kind  of  fuel   Soft  coal 


to  practical  tests.  A  description  of  the  principal  types  of 
stokers  in  use  on  American  railroads,  and  the  results 
obtained  with  them  were  given  in  a  report  of  a  committee 
presented  at  the  recent  annual  convention  of  the  American 
Master  Mechanics'  Association,  an  abstract  of  which  follows. 

Last  year  the  committee  expressed  the  expectation  that 
this  year,  judging  from  the  progress  which  was  being  made 
in  the  development  of  the  mechanical  stoker,  it  would  be 
able  to  report  finally  on  a  few  stokers  which  had  then  been 
developed  sufficiently  to  render  practically  uninterrupted 
service.  The  committee  also  pointed  out  that  the  principal 
benefit  to  be  derived  from  the  utilisation  of  a  perfected  stoker 
fulfilling  the  requirements  specified  was  the  realisation  of 
the  maximum  boiler  capacity  of  locomotives  with  the  ulti- 
mate result  of  increasing  their  hauling,  capacity  and  reducing 
their  cost  of  operation  per  ton  mile  of  service  rendered.  The 
actual  service  performance  of  two  stokers  complying  with 
the  specifications  laid  down  in  last  year  s  report,  as  developed 
by  extensive  enquiry  among  railroads  who  have  heeded  your 
committee's  request  by  lending  their  aid  and  installing  a 
limited  number  upon  large  locomotives  prompted  the  com- 
mittee in  reporting  that  these  two  stokers  have,  in  a  measure, 
fulfilled  its  expectations,  inasmuch  as  the  indications  are 
that  their  service  has  been  sufficiently  reliable  in  practical 
operation  on  a  large  number  of  heavy  locomotives.  These 
stokers  are  tlie  Crawford  and  the  Street.*  Both  types  of 
stokers  in  successful  service  to-day  maintain  the  same  general 
principles  in  design  originally  employed.    The  improvements 

*  For  illustrations  and  detailed  particulars  of  these  stokers  see  the  "  Mechanical 
Engineer,"  AprU  21sfc  and  June  30th,  1911,  pp.  485  and  808.  Vol.  XXVII. 
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made  on  ilicni,  which  resulted  in  making  their  operation 
practicable,  are  improvements  of  detail  only,  such  as  would 
result  froiri  tlie  knowledge  gained  of  the  weaknesses  of  in- 
dividual details  brought  out  by  actual  service. 

The  principal  benefit  to  be  secured  by  the  application  of 
iltc  mechaiiical  stoker  to  large  locomotives  is  the  realisation 
of  tlie  maximum  boiler  capacity.  When  three  or  four  yc;i  is 
ago  the  necessity  for  passenger  locomotives  and  freight  loco- 
motives of  still  greater  capacity  than  those  already  in  service 
became  apparent,  they  were  not  generally  considered  possible 
without  some  device  to  assist  in  handling  the  increased  quan- 
tity of  fuel  which  it  was  thought  these  engines  would  require. 
The  solution  of  the  apparent  difficulty,  however,  was  accom- 
plished to  a  large  extent  by  providing  means  which  reduced 
the  actual  fuel  requirements  of  large  locomotives.  These 
means  are  the  superheater,  the  brick  arch,  improved  boiler, 
better  engine  proportions,  more  scientific  methods  of  firing, 
and  better  locomotive  maintenance.  The  fact  is  being  more 
strikingly  realised  every  day  that  a  5  per  cent,  saving  in 
fuel  amply  warrants  the  installation  of  apparatus  and  tlie 
adoption  of  means  which  may  result  in  a  5  per  cent,  increase 
in  the  cost  of  maintaining  motive  power. 

The  net  effect  of  these  means  as  far  as  the  stoker  is  con- 
cerned, in  spite  of  the  fact  that  they  tend  to  increase  main- 
tenance expenses,  has  been  to  defer,  to  some  extent,  tlie 
absolute  necessity  of  the  stoker  as  a  means  on  present-day 


has  been  developed  into  n  j)ra.cii('al  operating  inachitie,  and 
is  being  applied  to  all  of  the  large  Pacific  passenger  loco- 
】uotives  and  tlie  consoli(hi,l  ion  Irei^lit  locomotives  building 
i'or  Hie  Pennsylvania  lines  west  of  Pittsburg.  On  i  licsc 
lines  45  locomotives  are  now  equipped,  and  20  locomot ives 
uiHler  coiKsiriu-tion,  are  being  €Kjui|)|>c(l.  Tlie  lines  east  liavo 
ten  locomotives  equipped.  The  Ball  i more  and  Oliio  K.  R. 
reports  one  Crawford  stoker  in  service  on  a  Mallet  engine 
with  a  grate  are&  of  100  sq.  ft"  and  a  tractive  power  of 
105?0001bs.,  working  compound. 

The  45  locomotives  on  tlie  Pennsylvania  lines  west 
which  include  some  of  the  earlier  designs,  have  made  a  total 
of  7,361  trips  up  to  tlie  middle  of  March,  of  which  3,640 
were  100  per  cent,  stoker  fired,  2,082  between  75  and  100 
per  cent.,  and  1,639  below  70  per  cent.  The  per  cent, 
stoker  fired  is  in  reference  to  the  amount  of  coal  put  into 
the  firebox  by  the  stoker  ；  as,  for  instance,  a  90  per  cent, 
stoker  fired  trip  means  that  the  stoker  fired  90  per  cent,  of 
the  coal  while  10  per  cent,  was  hand  fired,  the  firing  by  hand 
being  done  to  fill  up  spots  in  the  grates  which  resulted  from 
imperfect  distribution  of  the  coal  by  the  stoker.  Some 
capacity  tests  on  the  Western  division  of  the  lines  west 
were  run  with  a  dynamometer  car  on  various  passenger  loco- 
motives, one  of  which  was  a  Pacific  type  equipped  with  a 
Crawford  stoker.  The  results  of  these  tests  have  not  been 
completed  so  as  to  become  available  for  this  report,  but  the 
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engines  to  get  out  of  them  their  maximum  capacity.  It 
should  not  be  inferred,  however,  from  this  statement  that 
the  mechanical  stoker  does  not  find  application  to  certain 
engines  in  operation  to-day,  especially  of  the  larger  Mallet 
types  which  are  in  continuous  service  on  long  mountain 
grades.  On  the  other  hand,  too,  as  the  greater  sustained 
tractive  efforts  of  the  large  engine  equipped  with  super- 
heaters and  brick  arches  is  gradually  taken  advantage  of，  its 
fuel  consumption  per  hour  will  increase,  though  decreasing 
on  the  ton-mile  basis,  with  the  eventual  result  of  possibly 
making  necessary  to  some  extent  means,  in  addition  to  those 
already  provided,  to  supply  fuel  to  the  engine  up  to  its  maxi- 
mum requirements. 

When  this  condition  develops,  as  it  is  bound  to,  by  traffic 
increases,  careful  investigation  of  tonnage  ratings,  and  the 
raising  to  a  higher  standard  the  efficiency  of  operation,  the 
demand  for  a  perfected  type  of  mechanical  stoker  will  become 
more  acute  than  ever.  It  is，  perhaps,  somewhat  of  a  good 
fortune  that  the  superheater  has  stepped  in  and  tided  over 
the  difficulty  that  would  have  resulted  while  the  stoker  was 
in  process  of  development  and  the  demand  for  large  engines 
becoming  more  insistent.  A  brief  description  of  the  stokers 
now  in  use  and  under  process  of  development  is  given  here- 
with : — 

The  Crawford  Underfeed  Stoker. ― This  stoker,  in  service 
on  the  Pennsylvania  and  the  Baltimore  and  Ohio  railroads, 


preliminary  figures  indicated,  with  respect  to  the  coal  con- 
sumption, that  the  stoker  made  as  good  a  performance  as  the 
skilled  fireman  selected  for  the  hand-fired  locomotives. 

The  Crawford  stoker  applied  to  the  Mallet  engine  the 
Baltimore  and  Ohio  R.  H.  has  been  in  service  about  a  year. 
Some  difficulty  was  experienced  with  this  stoker  due  to  the 
fact  that  some  departures  in  design  were  made  from  the 
stoker  as  originally  developed,  consisting  principally  in  the 
provision  of  two  cylinders  to  operate  the  plungers  instead  of 
one.  This  necessarily  added  certain  complications  which 
subsequently  gave  trouble.  After  certain  changes,  the  stoker 
gave  a  fair  distribution  of  coal.  This  stoker  is  still  in  ser- 
vice but  has  not  given  quite  the  satisfactory  performance  so 
that  it  could  be  termed  unqualifiedly  successful.  Inasmuch 
as  this  particular  stoker  is  a  modification  of  the  Crawford 
stoker  as  now  perfected  for  engines  of  the  type  to  which  it 
has  been  applied  on  the  Pennsylvania  lines,  some  difficulty, 
as  experienced  with  it,  might  reasonably  be  expected. 

The  Street  Overfeed  Stoker. ^ This  stoker  is  now  being 
built  in  two  somewhat  different  forms,  distinguished  from 
one  another  as  the  screw  conveyor  type  and  .  the 
crusher  type.  The  screw  conveyor  stoker  is  built  to  take 
screened  coal  from  the  tank  and  distribute  it  evenly  over  the 
grates  in  the  firebox  without  being  handled  by  the  fireman. 
The  coal  used  by  this  machine  must  be  passed  through  a 
screen  having  2in.  square  mesh  before  it  is  placed  on  the 
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tank.  With  this  type  of  machine  the  fireman  lias  no  manual 
labour  to  perform  excepting  that  of  raking  the  coal  on  top 
of  the  screw  conveyor  when  the  supply  iu  the  tank  is  low. 

The  rrusher  stoker  is  designed  to  take  lump,  run-of-niine, 
or  slack  coal  from  the  tank  and  distribute  it  over  the  grates 
in  the  firebox.  With  this  type  of  machine,  all  the  coal  must 
be  scraped  or  shovelled  into  the  crusher  by  the  fireman.  The 
parts  of  the  stoker  on  the  back  boiler  head  and  the  distribu- 
tion systems  are  the  same  with  both  machines.  The  primary 
difference  between  them  is  in  the  means  provided  for  con- 
veying the  coal  from  the  tender  to  the  distribution  system, 
the  screw  conveyor  type  only  needing  one  engine  to  operate 
the  entire  machine,  whereas  the  crusher  type  needs  two  ；  one 
for  the  crusher,  the  other  for  the  conveying  mechanism. 

It  is  the  opinion  of  the  designer  of  the  Street  stoker  that 
the  provision  of  means  for  preparing  coal  on  the  tender  for 
suitable  firing  is  but  a  temporary  expedient  to  be  used  with 
experimental  machines,  and  that  for  practical  operation  of 
a  large  number  of  stokers,  it  would  be  more  feasible  to  pre- 
pare the  coal  at  the  chutes  suitable  for  stoker  firing  before 
delivery  to  the  tender.  The  committee  last  year  recom- 
mended that  a  stoker,  in  order  to  be  complete,  should  be 
able  to  handle  run-of-mine  coal.  In  this  respect  the  Street 
screw  conveyor  type  of  stoker  does  not  meet  the  committee's 
recommendations .  The  indica- 
tions, however,  are,  judging  from 
recent  developments,  that  it  will 
be  more  economical  to  concen- 
trate the  means  for  properly  pre- 
paring coal  for  stoker  consum]> 
tion  at  the  coal  chute  with  the 
net  gain  reducing  to  a  minimum 
the  complication  of  a  machine 
which,,  when  applied  to  a  locomo- 
tive, will  of  necessity  add  to  the 
expense  of*  locomotive  mainten- 
ance and  the  likelihood  of  engine 
failure. 

The  total  number  of  Street 
stokers  applied  and  in  service  to- 
day are  30，  13  of  which  are  of 
the  crusher  type  and  17  of  which 
are  of  the  screw  conveyor  type. 
Sixty-nine  stokers  of  the  screw 
conveyor  type  are  under  con- 
struction for  application  to  45 
Mallet  engines  ranging  in  trac- 
tive power  from  72,8001bs.  and 
99  5  sq.ft.  grate  area  to  105,000 
】bs.  tractive  power  and  100  sq.  ft. 
grate  area,  and  24  Mikado  en- 
gines of  60，8001bs.  tractive  power 
and  66*7  sq.  ft.  grate  area.  The 
30  stokers  in  operation  are  applied  to  engines  ranging  in 
siz?  and  type  from  45,7001bs.  tractive  power  consolidation 
freight,  58,0001bs.  tractive  power  mountain  passenger,  and 
60，7001bs.  tractive  power  Mikado  freight  to  105,0001bs.  trac- 
tive power  Mallet  freight  and  puslier  engines.  At  the  last 
convention  of  this  association,  eight  of  these  stokers  were  in 
operation.  From  the  service  rendered  by  them,  as  well  as 
the  results  of  individual  investigations  made  by  various 
r?a(ls，  the  number  has  grown  to  30，  with  69  under  construc- 
tion for  entry  into  service  within  the' next  few  months. 

General  enquiry  of  different  roads  which  have  the  latest 
type  of  Street  stoker  in  service  has  developed  the  facts  that 
its  service  is  satisfactory,  as  indeed  is  attested  to  by  the  loco- 
motive boiler  ；  that  it  permits  of  carrying  a  thinner  fire  than 
ordinarily  possible  with  hand-firing  ；  that  with  considerate 
attention,  it  renders  practically  uninterrupted  service  ；  but 
tjiat  it  does  not  necessarily  effect  economies  in  fuel  consump- 
tion. The  fact  was  also  developed  that  the  greatest  trouble 
in  the  operation  of  this  stoker  results  from  the  unfamiliarity 
of  engine  crews  witli  it  at  the  time  of  introduction.  It  takes 
considerable  drilling  to  get  a  sufficient  number  of  men  on  a 
division  trained  so  that  the  stoker  may  be  1»  and  led  success- 
fully in  pool  service.  This  difficulty,  however,  is  a  minor 
o"e，  and  naturally  follows  at  ilie  outset  of  the  use  of  a  de- 


vice new  in  railroad  service.  As  the  stoker  becomes  more 
generally  utilised,  this  trouble  will  disappear. 

The  Hanna  Overfeed  Stoker.* ― This  stoker,  as  ；' :， 
developed,  was  briefly  reviewed  in  the  proceedings  of  the 
Master  Mechanics'  Association  for  1911.  As  a  coal-disiribul- 
ing  means,  the  Hanna  stoker  has  successfully  (leinonsirate'l 
its  possibilities.  It  has  been  in  continued  service  on  engines 
of  the  consolidation,  Pacific  and  Mallet  types,  giving  a  good 
account  of  itself,  particularly  when  the  engine  crews  took  a 
personal  interest  in  its  operation.  The  manufacturers  of  1  he 
Hanna  stoker  are  revising  its  design  and  construction  so  as 
to  increase  the  scope  of  their  apparatus  to  comply  with  the 
specifications  as  laid  clown  by  your  committee. 

The  Barnum  Underfeed  Stoker. ― This  stoker  as  developed 
so  far  by  the  Chicago,  Burlington  and  Quincy  R.  R.  employs 
screw  conveyors  located  in  troughs  extending  longitudinally 
just  below  the  grates.  The  screw  conveyors  decrease  in 
diameter  from  the  rear  of  the  firebox  to  the  front.  Above 
the  conveyors  in  each  trough  are  a  series  of  inclined  plates, 
adjustable  for  height  and  inclination.  The  clearance  between 
tlie  conveyor  and  the  bottom  of  the  trough  may  also  be  ad- 
justed to  secure  the  best  results.  The  conveyors  are  operated 
by  a  transverse  worm  shaft  under  the  cab  deck  which  is 
rotated  by  two  small  steam  engines  secured  on  the  outside 
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of  the  frames.  A  coal  crusher  on  tlie  latest  type  of  stoker 
as  applied  to  five  2-10-2  type  engines  recently  built  for  the 
Chicago,  Burlington ，  and  Quincy  R .  R.  is  also  provided . 
This  crusher  is  driven  by  a  small  steam  engine  located  on  the 
tender.  It  delivers  coal  to  a  belt  conveyor  which  transfers  it 
to  a  transverse  trough  from  which  it  is  discharged  into  the 
longitudinal  feed  troughs.  In  addition  to  the  five  2-10-2 
type  engines  equipped  above,  the  Barnum  stoker  has  been 
in  service  on  a  switch  engine  of  the  Burlington  road  operat- 
ing in  Chicago,  as  well  as  a  prairie  type  engine  operating  in 
freight  service.  It  is  reported  as  giving  good  results  with 
both  low  grade  bituminous  coal  and  lignite.  It  is  further 
reported  that  indications  at  this  time  for  this  stoker  are  that 
it  is  a  practical  machine,  assisting  in  making  steam  readily 
and  being  free  from  failures  and  breakdowns. 

The  Dickinson  Overfeed  Stoker.  ― This  stoker  was  tried 
out  on  the  Erie  Railroad. .  It  employed  the  fundamental 
principle  of  coal  distribution  of  tlie  Hayden  stoker  further 
developed.  It  was  equipped  with  a  coal  crusher  and  means 
for  conveying  coal,  consisting  of  a  screw  conveyor  transmit- 
ting the  cruslied  coal  to  a  bucket  conveyor  encased  in  a 
housing,  whicli  bucket  conveyor  in  turn  delivered  the  coal 


*  This  stoker  was  illustrated  and  described  iu  the 
May  5th,  1911.   See  page  551,  Vol.  XXVII. 
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to  the  distributing  mechanism.  The  apparatus  was  so  ar- 
ranged that  it  did  not  in  any  way  encumber  the  fire  door. 
The  entire  machine  was  driven  by  two  small  steam  engines  ； 
one  operating  the  crusher,  the  other  the  conveying  appa- 
ratus. The  conveying  mechanism  as  well  as  the  distributing 
device  of  this  stoker  were  successful,  but  the  coal  crusher 
failed,  due  principally  to  its  inadequacy.  The  engines 
together  with  a  few  minor  details  gave  considerable  trouble, 
although  the  complete  combination  gave  a  good  showing 
when  in  proper  repair.  For  it  to  be  maintained  in  this  con- 
dition, however,  proved  very  expensive. 

From  the  experience  gained  from  the  above  stoker,  a 
second  one  was  designed  and  built,  seeking  to  avoid  all  the 
weaknesses  of  the  first  while  incorporating  all  its  good  points. 
The  modified  stoker,  as  finally  placed  into  operation,  used 
only  one  engine  of  a  special  slow  speed  design,  special  form 
of  boot  for  the  elevator  carrying  all  the  gearing  to  avoid  en- 
cumbering the  engine,  an  improved  conveyor,  a  suitable 
coal  crusher,  and  better  coal  distributing  means.  This 
stoker  was  finally  placed  into  operation  during  the  month  of 
February  last,  applied  to  a  consolidation  freight  engine.  It 
soon  developed  that  snow  and  moisture  in  the  coal  presented 
new  difficulties  by  causing  the  fine  coal  to  dry  and  cake  in 
the  elevator  buckets,  gradually  filling  them  up,  which  so 
diminished  the  elevating  capacity  of  the  conveying 
mechanism  that  it  clogged  and  stopped,  finally  resulting  in 
a  failure  by  breakage  of  the  elevator  chain.  This  trouble 
was  probably  due  to  wrongly-designed  buckets,  sino©  the 
bucket  elevating  system  as  employed  in  the  Street  stoker 
works  without  trouble.  During  ihe  operation  of  the  stoker, 
steam  was  satisfactorily  maintained  and  the  apparatus 
worked  smoothly.  It  is  now  proposed  to  do  away  entirely 
with  the  bucket  elevator  scheme  and  substitute  in  its  stead 
helical  screw  conveying  means. 

The  Hayden  Stoker.— Nothing  further  in  the  line  of 
development  with  the  original  type  of  Hayden  stoker  lias 
been  undertaken. 

The  Brewster  Stoker. 一 The  Brewster  underfeed  stoker 
was  briefly  described  in  proceedings  of  the  Master  Mechanics' 
Association  for  1911.  A  stoker  of  this  type  was  built  aiul 
applied  to  a  consolidation  engine  of  the  Erie  Railroad.  This 
stoker,  being  the  first  of  its  kind  built  and  placed  in  opera- 
tion, having  incorporated  in  it  several  nove】  features, 
developed  some  weaknesses,  as  well  as  indicated  the  possi- 
bilities of  certain  of  its  new  features. 

The  Strouse  Overfeed  Stoker. ― No  further  attempt,  as  far 
as  the  committee  was  able  to  determine,  has  been  made  to 
perfect  this  stoker. 

The  Hcrvcy  Overfeed  Stoker. ― This  stoker  was  placed  in 
operation  on  a  Mikado  engine  of  the  Baltimore  and  Ohio 
R.  R.  As  far  as  developed,  it  is  a  distributor  only,  requir- 
ing coal  to  be  shovelled  into  a  hopper  from  which  it  is  fed 
to  a  cylindrical  hopper  situated  opposite  the  furnace  door 
opening.  From  this  latter  hopper,  the  coal  is  distributed 
in  the  firebox  by  means  of  rapidly  revolving  vanes,  fitted  on 
a  shaft  driven  through  a  chain  and  sprocket  by  a  small 
engine.  After  several  months  of  experimenting  with  this 
stoker,  it  was  removed  on  account  of  the  difficulty  experi- 
enced with  the  distribution  of  the  coal  in  the  firebox. 

Conclusion.  —/Generally  speakin'g,  in  consideration  of  the 
foregoing  review  of  the  status  of  the  mechanical  stoker,  the 
committee  feels  justified  in  concluding  that  decided  progress 
has  been  made  during  the  last  year  in  the  development  of 
the  mechanical  stoker.  While  the  perfection  of  the  super- 
heater and  the  brick  arch  have  assisted  in  making  possible 
a  larger  engine,  it  is  considered,  judging  from  these  indica- 
tions, that  the  advent  of  the  perfected  mechanical  stoker 
will  make  possible  a  still  larger  engine. 


Deterioration  of  Coal  in  Storage. ― An  investigation  of  the 
manner  in  which  coal  deteriorates'  under  different  conditions  of 
storage,  conducted  by  H.  G.  Porter  and  F.  K.  Ovitz,  of  the 
United  Stat&s  Bureau  of  Mines,  showed  that  bituminous  coals 
lost  none  of  their  heating  value  in,  ono  year  when  stored  under 
water,  and  only  1  per  cent,  during  open-air  storage'  for  the 
same  period.  Submerged  storage'  is,  therefore,  considered  to 
possess  no  especial  advantages,  except  as  a  preventive  of 
spontaneous  combustion. 


THE  CORE  ROOM  ：  ITS  EQUIPMENT  AND  MANAGEMENT-* 

BY  HENRY  M.  LANE. 

(Continued  from  page  19.) 

Fineness  Tests  on  Sands, ― It  has  already  been  stated  that  the 
size  of  the  grains  of  sand  should  be  as  uniform  as  possible  if 
the  core  is  to  have  the  maximum  amount  of  venting  space. 
The  various  sands  examined  were  all  tested  for  fineness,  and 
some  of  the  results  are  given  in  Table  III.  The  amount 
recorded  in  each  column  is  that  which  remained  on  the  sieve 
of  the  size  given  at  the  top  of  the  column.  The  percentage 
of  material  passing  through  the  100-mesh  sieve  is  recorded  in 
the  column  headed  100+  . 

The  fineness  number  given  in  the  right-hand  column  is 
arbitrary,  and  is  intended  for  the  comparison  of  different 
sands.  It  was  reached  in  the  following  manner.  The  per- 
centage which  remained  on  each  sieve  is  multiplied  by  the 
number  of  the  sieve  through  which  it  passed,  with  the  excep- 
tion of  that  which  remained  on  No.  20.  This  is  also  multi- 
plied By  20  so  as  not  to  introduce  a  great  error.  These  pro- 
ducts are  all  added  and  divided  by  the  amount  of  sand  taken, 
which  gives  the  fineness  number. 

Table  III. ― Fineness  Test. 

Sftn(1  M(,sh  Fineness 

baud'  Mcsn*  Number. 

20  40 

New  England  bank    37  11*6 

Koc^kaway  Beach    0'7    14 '5 

Michiw  City  core    0"5  D"8 

(liny,  (Mevoland    2'8  30 

\V nshod  silica  coi*e    01  1'7 

Lake  IV1;i •""(、(、，  Mich   0*2  43 

Stniwbridgo,  England    2  0  16、r) 

Mansfield,  England    03    10' I 

Burnt,  Mnnsfiokl,  England    Oi  CrS 

Gangway,  Molino,  111   1"8  7*9 

Core,  PittsLurg,  l)a   5  3  42,6 

Falkirk,  K—"d    7  (i    32  3 

Silica,  Ottawa,  111   01  728 

Derby,  England    2/5  83 

Washed  silica，Millingtou，Ill.  O'l  567 
Magnesia,  MillinRton,  111.  4  3  I8*i 
Del  ray  hank,  Detroit,  Midi,  Oo-l 

Providence  River    n'5  2"2 

Yellow,  sharp    01  305 

Li<r]it      moulding,     Cle\  e- 

lancl,  O.    13,8  255 

Silica,  dust    07  1'2 

Sugar,  Cleveland,  0   171  362 

Silica,  Cleveland,  0   01  54*4 

It  is  interesting  to  note  that  most  of  the  sands  adopted  by 
foundrymen  through  experimental  work  have  very  nearly 
uniform- sized  grains,  or  at  least  will  leave  more  than  half  of 
the  sand  on  two  consecutive  sieves.  For  instance,  the 
Michigan  City  core  sand  has  over  75  per  cent,  of  its  sand  on 
the  60  and  80-mesh  sieves  ；  the  washed  Ottawa  silica  sand 
has  72*8  per  cent,  of  its  grains  on  the  40- mesh  sieve,  and 
21*6  per  cent,  on  the  60-mesh  sieve,  or  over  94  per  cent,  of 
the  sand  on  two  consecutive  sieves.  The  Del  Ray  bank  sand 
so  extensively  used  by  brass  foundries,  is  exceedingly  fine, 
, 55  per  cent,  of  it  having  passed  the  100-mesh  sieve.  As  seen 
under  the  microscope  the  grains  are  clean  and  rounded,  so 
that  it  has  considerable  vent.  One  of  the  fine  sands  used  in 
the  east  is  the'  Providence  River  sand,  and  of  this  69*8  per 
cent,  passed  the  100-mesh  sieve. 

Specifications  for  Core  Sand. 一 More  investigation  along  this 
line  and  the  co- operation  of  manufacturers  will  result  in  speci- 
fications for  core  sands  for  different  classes  of  work.  These 
specifications  should  include  the  relative  fineness,  the  percen- 
tage of  bonding  material  which  will  destroy  oil,  as  determined 
by  the  dye  test  for  colloids  or  some  other  test  to  be  determined 
later,  and  the  percentage  of  alkalies  or  lime. 

Mineral  Composition  of  Sand  Grains  and  its  Effect. ― A  good 
core  sand  should  be  free  from  shale  or  limestone  pebbles  if  it 
is  to  be  used  with  oil,  since  the  shale  is  liable  to  form  a 
fluxing  ingredient.  For  some  classes  of  grey  iron  work,  sands 
carrying  a  considerable  percentage  of  limestone  pebbles  are 

^  Abstract  of  paper  read  before  the  American  Society  of  Mechanical  Engineers. 
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used -  Tliese  sands  cannot  be  used  with  oil,  but'  can  be  used 
with  pitcli  compounds  or  glutrin.  The  first  time  tliey  are 
exposed  to  molten  metal,  however,  the  lime  which  is  next  to 
the  casting  will  be  burned  to  quicklime.  This  will  result  in 
a  considerable  volume  of  carbon  dioxide  gas  which  must  pass 
out  through  the  vent,  but  the  burning  of  the  limestone  to 
quick  lime  will  partially  disintegrate  the  core  and  make  it 
easy  to  clean.  If  any  of  this  old  core  sand  is  used  in  the  new 
mix,  the  quicklime  contained  in  it  becomes  a  rather  efficient 
binder,  acting  much  as  does  flour  or  starch  in  that  ouly  the 
portion  of  the  lime  in  contact  with  the  sand  grains  is  affected, 
the  balance  of  it  simply  stopping  up  the  vent. 

At  least  two  large  foundries  are  making  extensive  use  of 
a  core-sand  mixture  containing  heavily  bonded  loam  sand 
and  a  quantity  of  limestone  pebbles.  For  some  classes  of 
very  heavy  work  no  artificial  binder  is  used,  the  clay  in  the 
new  sand  and  the  quicklime  in  the  old  sand  being  depended 
upon  for  that  purpose.  It  is  necessary  in  such  cases,  however, 
to  give  the  cores  a  coat  of  blacking  in  order  to  peel  the  cast- 
ings, and  in  making  up  the  cores  a  large  amount  of  coke  has 
to  be  used  to  form  veut  passages. 

Effect  of  Moisture  on  Volume  of  Sand. — [n  experimenting 
with  a  wide  range  of  binders  several  sands  representing 
different  types  were  selected  as  standards  and  cores  made  with 
each  series.  The  Ottawa  silica  sand,  Michigan  City  sand, 
and  the  Rockaway  Beach  sand  were  three  types  of  sharp 
sands,  or  sands  carrying  comparatively  little  bond,  selected. 
One  day  the  man  making  the  cores  reported  that  from  a 
measured  amount  of  sand  he  was  obtaining  more  cores  than 
formerly.    Upon  investigating  it  was  found  that  he  had  takeu 


io  ?o  30  io  :*o 

Fig.  2.— Diagram  showing  Relative  Strength  of  a 
number  of  binders. 


one  batch  of  sand  from  the  bottom  of  a  bin  of  Michigan  City 
sand  where  it  was  wet  and  the  next  from  the  top  of  tlie 
adjoining  bin  where  it  was  dry.  To  see  if  this  would  explain 
the  matter  a  quantity  of  dry  Michigan  City  sand  was  mea- 
sured, 10  per  cent,  of  water  by  volume  added  to  it,  the  mass 
mixed  over  by  hand,  and  an  attempt  made  to  put  it  back  in 
the  same  measure  from  which  it  had  been  poured.  It  was 
found  that  40  per  cent,  could  not  be  returned  to  the  measure. 
Experiments  were  then  made  by  taking  measured  amounts  of 
sand  and  adding  first  1  per  cent,  and  then  2  per  cent,  of 
water,  and  so  on  up  to  20  per  cent,  or  more.  It  was  found 
that  at  first  each  addition  of  water  increased  the  volume  of 
sand  until  about  10  per  cent,  had  been  added,  and  that 
beyond  this  the  volume  began  to  decrease  once  more,  until 
the  volume  of  water  was  so  great  tliat  the  sand  could  settle 
out  of  it,  when  the  volume  of  sand  became  very  nearly  the 
same  as  that  for  dry  sand.  The  explanation  is  simple.  In 
dry  sand  the  grains  slide  past  each  other  until  the  maximum 
number  of  bearing  points  are  in  contact.  When  there  is 
just  sufficient  water  present  to  form  a  film  over  each  grain  of 
sand,  two  grains  coming"  in  contact  adhere  and  will  not  move 
further  without  the  application  of  force.  Fairly  hard  ram- 
rriing  will  not  even  drive  the  sand  back  to  its  former  volume. 

Tlie  results  of  experiments  witli  New  England  bank  sand 
and  Rockaway  Beach  sand  are  given  in  Tables  IV.  and  V.  The 
practical  application  of  this  is  that  if  the  men  in  ilie  core- 
room  are  allowed  to  take  sand  as  it,  comes  and  measure  it  by 
volume  they  will  he  getting  constantly  varying  ratios  between 
tlie  sand  and  tlie  binder.  If  a  given  volume  of  dry  sand  is 
taken  it  will  contain  a  certain  number  of  grains  ami  there 
will  be  a  certain  ratio  to  the  bi"(】er.    If  the  same  volume  of 


wet  sand  is  taken  there  will  be  a  very  mucli  smaller  mm"'('r 
of  grains  and  hence  a  larger  proportion  o『 hinder  or  smaller 
binding  ratio,  which  will  result  in  n  stronger  core,  provided 
the  mixing  is  properly  clone.  All  core  sand  should  be  dried 
before  the  binding  material  is  mixed  with  it.  If  the  core 
sand  is  measured  by  weight  the  introduction  of  moisture  in 
it  also  introduces  an  error.  Fortunately  these  errors  tend  to 
make  stronger  cores  than  would  result  from  the  use  of  dry 
sand,  on  account  of  the  decrease  in  the  bonding  ratio,  but 
this  increase  in  the  proportion  of  binder  is  an  unnecessary 
and  increasing  expense  which  must  be  borne. 


Ta】u」e  IV， 一 Tests  with  New  E  mi  laud  Banl:  Sand  fro  hi 
Waterb/n  z/y  Conn. 


Sand, 

Water, 

Water, 

Sand  water 

Increased 

by  volume. 

by  volume. 

!»y  weight, 

added, 

in  volume, 

per  cent. 

volume. 

per  cent. 

500 

5 

0.77 

590 

18 

500 

H) 

1.54 

(>80 

36 

500 

15 

2-31 

750 

50 

500 

30 

4-62 

790 

58 

500 

45 

6-93 

830 

(>(> 

500 

(if) 

9-24 

810 

62 

500 

75 

11-55 

810 

62 

500 

90 

13-86 

800 

m 

Table  V. ― Tests  with  Bockatvay  Beach  Sand,  Bockawcif/ 

Beach, 

Sand, 

Water, 

Water 

Sand  water 

Increai3e 

by  volume. 

by  volume. 

by  weight, 

added, 

in  volu  nu% 

per  cent. 

volume. 

per  cent. 

500 

5 

0-68 

700 

40 

500 

10 

1-30 

740 

48 

500 

15 

2-04 

730 

46 

500 

30 

4-08 

7(H) 

40 

;">{»(» 

45 

S10 

62 

500 

()0 

S.  l(i 

810 

62 

500 

1,000 

Flooded. 

Effect   of   Damp   Sand   on  Hand-mixed  Oil-sand  Cores.  — In 

connection  with  the  use  of  damp  sands  an  interesting  core 
was  made  from  sharp  lake  sand  and  oil  at  the  ratio  of  50  to 
1.  The  sand  was  fairly  damp  when  taken  from  the  bin,  con- 
taining at  least  3  per  cent,  of  moisture  by  weight.  The  sand 
was  spread  on  the  coremakers'  bench,  the  oil  measured  and 
poured  over  it,  and  the  batch  thoroughly  mixed  by  hand, 
until  the  oil  appeared  to  be  evenly  distributed.  A  little 
watsr  was  then  added  to  temper  it  thoroughly  and  again 
rubbed  over  two  or  three  times  by  hand.  It  was  not  passed 
through  a  riddle,  however.  A  batch  of  cores  were  made  from 
it  and  baked.  When  they  came  from  the  oven  small  white 
spots  of  unbonded  sand  appeared  on  the  surface  and  the  sand 
could  be  poured  from  these.  A  number  of  holes  less  than 
^  in.  wide  and  a  little  over  ^in .  high,  extending  into  the  core 
for  gin.  were  seen  all  over  the  surface  of  the  core. 

Another  batch  of  sand  was  mixed  in  the  same  way,  and 
passed  through  a  No.  4  riddle  once.  Cores  were  made  from 
this  and  baked.  They  were  found  bo  contain  little  spots 
where  a  dozen  or  more  grains  of  sand  had  adhered  and  tlie 
water  on  them  had  prevented  the  oil  from  covering  them. 
These  spots  of  dry  sand  fell  out  leaving  small  spots  on  the 
face  of  the  core  and  upon  breaking  the  same  condition  was 
found  to  exist  through  its  entire  body.  A  portion  of  the 
same  batch  was  put  in  a  mixing  mill  and  ground  for  two 
minutes.  Cores  made  from  this  showed  perfectly  uniform 
results. 

These  experiments  clearly  showed  two  facts :  first  damp 
sand  should  never  be  used  in  making  up  core  mixtures,  and 
second,  core  sand  should  be  ground  or  thoroughly  mixed  to 
ensure  the  incorporation  of  the  oil  with  tlie  sand  and  the 
covering  of  every  grain  of  sand  with  the  oil. 

Binders  Tested. ― The  results  of  one  series  of  tests  on  binders 
are  shown  in  Fig.  2.  Tlie  paraffin  oil  and  crude  oil  which  are 
frequently  used  in  core  oils  for  blending  show  no  binding 
power  whatever,  or  at  least  they  broke  at  less  than  lib.  per 
square  iiu-li.    The  black  conipounds  tested  in  this  series  were 
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not  suited  for  u&&  with  the'  Rockaway  Beach  sand,  but  sliould 
have  been  used  witli  those  containing  some  loam.  The 
referred  to  is  what  is  known  as  parolite,  a  product  furnished 
by  the  Standard  Oil  Company.  A  sample,  of  raw  linseed  oil 
was  also  tested  in  tliis  series,  but  could  not  be  broken  on  t  he 
testing  maclune  then  in  use.  Since  this  time  experiments 
liave  been  tried  and  oil  sand  cores  made  at  the  ratio  of  1  to 
50，  breaking  as  high  as  1601bs.  per  square  inch  in  tension. 

Cores  for  Steel  Foundry  Work. ― The  selection  of  the  proper 
materials  for  use'  in  any  given  core>  room  depends  upon  local 
conditions  as  to  supply  of  core- forming  materials  and  the  pro- 
duct being  manufactured.  A  wider  variety  of  materials  can 
be  used  in  connei'tion  witli  grey  iron  work  than  in  ltiost  otlier 
classes  of  work.  Heavy  open-hearth  steel  work  requires  tlie 
)>est  materials.  Both  the  mould  and  the  cores  must  be  made 
of  silica  sand  and  nothing  tliat  has  a  tendency  to  fuse  at  low 
temperatures  van  be  employed.  At  the'  same  time  tlie  coros 
must  be  of  such  a  nature'  that  they  will  crush  readily  he  fore 
tlie  metal  as  it  shrinks.  Tliis  lias  brouglit  into  use  many  diffe- 
rent mixtures  all  having  the  same  object  in  view.  Flour  or 
lloui*  and  molasses  are  sometimes  used  as  binders  and  tlie  coi-es 
baked  until  the  bond  is  practically  destroyed  so  tliut  the.  core 
is  rotten .  Core  arbors  and  core  rods  are  relied  on  to  hold  the 
mai  orial  together  and  the  surface  is  thickly  coated  with  a 
silica  wash  whicli  gives  a  strong  skin  to  the  core.  Sucli  ； i  core 
will  usually  resist  tlie  action  of  the  molten  metal  and  crusli 
readily  when  the  casting  shrinks.  Others  use'  botli  clay  and 
sawdust  in  tlieir  core  mixtures,  the  sawdust  burning  out  and 
allowing  for  shrinkage  and  the  clay  acting  as  a  binder.  The 
burning  of  the  sawdust  frees  the  clay  and  permits  the  ('leaning 
of  the  core.  In  one'  light-work  steel  foundry  shop  a  core  made 
of  silica  sand,  Welsh  Mountain  clay,  and  sawdust  is  used,  tlie 
core  being  baked  until  tlie  sawdust  is  partially  charred. 

For  work  with  core  mixtures  in  which  a  binder  like  gl utrin 
will  sweat  to  the  surface  such  a  mixture  could  be  developed  to 
good  advantage  for  steel  foundry  work,  as  a  core  of  this  kind 
has  a  hard  skin  and  a  rotten  or  soft  interior.  All  such  cores, 
however,  have  to  be  baked  carefully  at  a  certain  temperature, 
for  if  the  skin  is  burned  there  is  nothing  left  of  the  core. 
Gl  utrin  is  used  in  steel  facing  sand  and  in  many  clay  and  silica 
sand  core  mixtures. 

Cores  for  Brass,  Bronze,  and  Aluminium — The  other  extreme 
in  the  core  field  is  found  in  the  brass  and  bronze  foundry. 
Here  the  temperatures  encountered  by  the  cores  are  mucli 
lower,  and  greater  diversity  of  sands  and  binders  can  be 
employed.  In  a  case  of  this  kind  what  is  needed  is  a  core 
witli  a  close  surface  which  is  still  free  venting  enough  to  permit 
the  mould  to  be  filled  quickly  and  the  gases  to  escape  readily. 
Clay  is  out  of  place  as  a  binder  in  brass  and  bronze  work  and 
the  material  used  should  be  of  such  a  nature  as  to  burn  out  at 
a  rather  low  temperature. 

In  dealing  with  aluminium  a  metal  with  maximum 
shrinkage  and  minimum  hot  strength  is  encountered.  This 
requires  a  core  that  yields  readily  and  softens  as  quickly  as 
the  metal  strikes  it.  Two  courses  are  open  ：  to  use  a  mixture 
giving  a  core  with  a  soft  interior  and  practically  all  tlie  binder 
on  the  surface  so  that  as  quickly  as1  the  surface  is  disintegrated 
the  core  can  be  readily  crushed  ;  or  to  use  a  binding  material 
which  softens  as  soon  as  lieat  strikes  it  whether  it  burns  or  not. 
Hesin  is  tho  only  binder  which  fully  meets  this  latter  require- 
ment, and  it'  is  frequently  used  to  good  advantage  in  alumi- 
nium work.  These  cores  clean  out  readily  if  the  castings  are 
taken  from  the  mould  hot  and  cleaned  out  at  once,  but  if  they 
are>  allowed  to  get  cool  the  resin  cores  harden  once  more  and  it 
is  almost  impossible  to  get  them  out. 

Cores  for  Grey  Iron  and  Malleable  Iron. ― For  grey  iron  or 
malleable  work  the  core  problems  to  be  met  are  almost  infinite. 
In  the  radiator  shops  and  in  stove  foundries  producing  gas 
range'  burners  it  is  necessary  to  have-  cores  which  are  exceed- 
ingly strong  and  free-venting  and  which  will  stand  beiner 
entirely  surrounded  by  metal  with  the  exception  of  a  small 
print.  This  means  a  core  made  from  sharp  sand  and  at.  pre- 
sent all  such  are  of  oil  or  mixtures  of  oil  and  glutrin  as 
binders. 

Oil-sand  cores  have  one  advantage'  possessed  by  few  other 
l)inders,  that  a  core  made  from  clean  sand  and  oil  has  no 
tojiflency  to  absorb  moisture  and  can  be  kept  without  losing 
st  r(Mi£rth  for  an  indefinite  lengtli  of  time.  The  writer  has 
cores  in  his  possession,  now  nearly  five'  years  old,  made  of 
linseed  oil  and  clean  sand,  some  of  which  were  used  after  tliey 


we're  four  years  old  and  seemed  to  give'  as  good  resultft  as  t  lio 
new  ones. 

A  t'oi'p  for  the  most  exacting  requirements  met  by  oil-saiul 
mixtures  must  have  a  tensile  strength  of  at  least  751l)s.  per 
square  incli.  In  siu-h  mixtures  it  is  usually  the-  most  et:ono- 
miral  ">  employ  only  lii^li-^radc  m;i"'ri;ils  aiid  ]ia.rt  iciihir  care 
must  be  taken  to  93©  that  the  sand  contains  no  loam 
which  will  destroy  tlie  bonding  value  of  the  oil.  Tlie  hi^li 
price  of  linsaed  oil  makes  the  cost  of  the  old  standard  binder 
almost  prohibitive  and  has  led  foundrynien  to  look  for  cheaper 
materials.  All  of  the  paint  and  varnish  oils,  including  China 
wood,  Soya  bean,  corn  and  cottonseed  oils  have  found  a  place 
in  the  core-oil  trade.  The  regular  blended  oils  on  tlie  inarket 
also  carry  resin  and  neutral  oil.  As  a  rule  tlie  neutral  oil 
山"1 s  not  ； "1(1  a[)]>recial)ly  ")  t  he  binding  power  of  t  Ik*  r',m_ 
I) (川 but  it  does  serve  to  carry  the  resin  into  the  mixture 
； m(l  to  give'  a  waterproof  oil  of  sufficient  strengtli  for  ordinary 
work  at  a  much  lower  cost  per  gallon  than  the  old  stand-by 
hiis(」t'(i.  As  linseed  oil,  however,  is  tlie  ultimate  standard  of 
excellence  for  all  core  oils,  some  firms  prefer  to  use'  it  and 
either  to  dilute  it  tliemselves  or  to  use  glutrin  in  tlie  mixture 
with  it.  In  n\'dt\y  grey  iron  and  malleable  foundries  flour  or 
dextrine  is  used  as  a  binder  ami  for  some  ('lasses  of  work  thoy 
give  entire  satisfaction. 

Cost  of  Strength  in  a  Core. —― In  solving  any  (ore- binder 
problem  tlie  ultimate  cost  is  tlie  guiding  factor.  To  cletennin^ 
tlie  cost  of  a  cubic  foot  of  core  several  points  must  be  con- 
sidered ： (1)  tlie  strength  of  the  core  mixture  botli  green  and 
<\vy  ；  (2)  the  chiiracter  of  the  surface  wliicli  tlie  core  presents 
to  the  metal  ；  (3)  the  question  of  the  percentage  of  vent  area 
in  the  core;  (4)  the  ability  of  tho  core'  to  resist  moisture  ； 
(5)  the  ease  with  wliicli  the  core  can  be  cleaned  from  the  cast- 
ing ； (6)  the  character  of  the  fumes  or  gases  given  off  during 
the  baking  of  tlie  core  and  wlien  tlie  mould  is  poured  ；  (7)  the 
number  of  cores  whicli  a  man  can  make  in  a  day  from  a  given 
mixture ;  (8)  the  cost  of  drying  ；  (9)  the  expense  of  the 
rigging  involved  with  the  use  of  a  given  binder. 

The  strength  of  the  green  mixture  is  important  in  cases 
where  cores  must  stand  at  a  considerable  height  above  tlie 
plate  during  drying,  and  if  the'  care  lias  any  overhanging 
bodies  it  】nust  possess  sufficient  green  strength  to  carry  these. 
Green  strength  may  be  afforded  by  using  a  bonded  sand,  tliat 
is,  a  sand  containing  clay,  or  by  using  flour,  dextrine,  or  some 
other  glutinous  or  starchy  material  in  tlie  mixture.  Tlie 
strength  of  the  dry  core  is  governed  by  the  amount  of  pressure 
it  must  resist  as  the  metal  enters  the  mould.  All  cores  tend 
to  float  as  the  metal  enters,  and  if  not  sufficiently  rigid  to  resist 
this  tendency  are  likely  to  be  broken  or  displaced. 

Cores  must  also  have  sufficient  strength  to  enable  thein  to 
resist  handling.  The  strength  of  core  mixtures  in  use  in  the 
foundries  in  which  we  have  carried  on  experiments  varies  from 
less  than  51bs.  to  over  lOOlbs.  per  square  inch.  The  proper 
strength  for  a  given  condition  ean  b&  determined  only  by 
experience,  but  after  this  has  been  decided,  any  other  sand  or 
binder  mixtures  can  easily  be  compared  with  the  standard  by 
suitably  testing  the  new  one.  Foundry  men  have  generally 
adopted  a  bar  lin.  square  and  broken  it  on  supports  12in. 
apart.  This  is  suitable  for  oil-sand  and  fairly  strong 
mixtures,  but  does  not  give  good  results  for  mixtures  having 
】ow  strength.  For  these  the  tensile  method  using  a  delicate 
machine  is  to  be  preferred  or  bars  4in.  or  6in.  long  and  lin. 
square  may  be  made  and  broken  in  the  middle. 

Under  the  second  heading  must  be  considered  the  character 
of  the  surface  presented  to  the  metal,  its  ability  to  carry  off 
the  air  or  gases  displaced  by  the  metal  as  it  enters  the  mould, 
its  ability  to  resist  the  cutting  action  of  the  metal  as  it  flows 
into  the  mould,  and  the  freedom  with  which  the  burned  core 
separates  from  the  surface  of  the  interior  of  the'  casting.  As 
has  already  been  stated,  in  the  case  of  metal&  which  have 
extreme  fluidity  and  a  tendency  to  search  out  all  small  open- 
ings in  the  core',  it  is  necessary  to  use  a  mixture'  which  will 
present  a  close  uniform  texture,  the'  voids  or  spaces  of  whicli 
are  so  fine  that  the  metal  cannot  flow  into  them.  In  the  case 
of  such  metals  it  may  be  necessary  to  use'  some  facing  or  black- 
ing on,  the  core  to  close  partially  the  spaces  or  voids  and  also 
to  make  the  core  clean  out  more  readily.  Cores  for  cast-iron 
water  pipe  and  a  large'  variety  of  similar  grey  iron  work  are 
given  a  coating  of  blacking  and  the  interior  faces  of  the  mould 
made  to  peel  just  as  well  as  the  exterior.  If  the  core  itself 
does  not  present  a  proper  surface  to  the  metal  it  must,  he 
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considered  whether  it  would  be  cheaper  to  select  a  material 
which  does,  or  to  treat  the  surface  of  the  core  in  such  a 
way  as  to  improve  it. 

Under  the  third  heading,  the  percentage  of  venting  area, 
must  be  considered  the  size  of  the  sand  grains  and  their  char- 
acter ； also  the  character  of  the  bond  and  the  extent  to  which 
it  blocks  tlie  vent.  In  the  case  of  castings  which  are  entirely 
surrounded  by  metal  with  the  exception  of  a  small  print,  as  for 
instance,  gas  stove  burners,  the  sand  mixtures  must  have  a 
maximum  amount  of  vent  and  a  minimum  amount  of  gases  to 
be  driven  out,  while  in  the  case  of  aluminium  the  metal 
solidifies  so  quickly  that  a  very  small  amount  of  gases  has 
to  be  taken  care  of.  The  thickness  of  the  casting  that  is  to 
surround  the  core  also  has  an  influence  on  this  as  it  determines 
the  duration  of  the  higli  degree  of  heat. 

Under  the  fourth  heading,  the  resistance  to  moistxire,  must 
be  considered  the  length  of  time  the  cores  remain  in  the  moulds 
and  the  manner  of  handling  and  storing  them.  If  high-grade 
oil-sand  cores  are  used,  their  moisture- resisting  properties  are 
such  that  no  ill  effects  need  b&  feared  from  leaving  them  in 
the  mould  several  hours  before  it  is  poured  or  in  connection 
with  their  storage,  but  many  other  binders  show  a  tendency  to 
absorb  moisture.  Where  this  is  the  case,  if  there  is  a  consider- 
able saving  in  the  use  of  one  which  absorbs  moisture,  it  may  be 
neoessarv  to  see  if  some  means  cannot  be  found  for  so  handling 
tlie  cores  as  to  minimise  their  exposure  to  moisture.  If  they 
are  kept  in  a  dry  place  and  are  introduced  into  the  mould  only 
a  short  time  before  pouring,  there  will  be  no  trouble  on 
account  of  dampness  and  the  saving  in  the  cost  of  binder  may 
more  than  compensate  for  the  additional  handling. 

The  fifth  heading,  ease  of  cleaning,  is  one  of  the  important 
problems  in  the  expense  of  making  castings.  A  proper  core 
mixture  should  rattle  out  without  any  difficulty,  leaving  a 
good  smooth  interior  surface.  If  this  is  not  so,  some  means 
must'  be  secured  of  freeing  the  surface  from  the  metal  or  of 
making  the  entire  core  of  such  a  nature  that  it  will  soften 
under  the  action  of  the  heat.  In  the  case  of  brass  and  bronze 
cores,  they  are  very  largely  blown  out  by  dipping  the  hot 
castings  into  water,  the  steam  formed  blowing  out  the  core. 
Iron  castings  cannot  be  so  treated,  hence  the  core  must  be 
compounded  and  baked  so  as  to  clean  freely.  One  of  the  most 
common  causes  of  difficulty  in  the  cleaning  room  is  the  use  of 
an  excess  of  binder  in  the  core  room ,  or  the  uss  of  sands  which 
are  too  heavily  bonded,  that  is,  contain  too  much  clay. 

Under  the  sixth  heading,  the  character  of  fumes,  must  be 
considered  both  the  effect  of  fumes  in  the  core-room  and 
foundry.  With  regard  to  the  character  of  fumes,  certain  oil 
mixtures  give  off  very  disagreeable  odours  after  the  cores  are 
withdrawn  from  the  oven  and  placed  in  the  racks  to  cool.  Tf 
less  offensive  mixtures  which  are  equally  efficient  can  be 
found  it  will  greatly  improve  the  working  conditions  of  the 
core-room  men  ；  if  not,  ventilating  devices  should  be  provided 
to  draw  these  fumes  away  from  tlie  coremakers.  In  the 
foundry  the  importance  of  this  question  depends  to  a  large 
degree  upon  the  volume  of  the  cores  used  for  each  individual 
casting.  If  there  are  only  a  few  small  cores  in  each  mould 
the  volume  will  not  be  sufficient  to  trouble  the  workman,  no 
matter  what  binder  is  used,  but  if  the  mould  is  largely  com- 
posed of  cores  it  becomes  an  important  item  in  the  comfort  of 
the  moulders  at  pouring-off  time,  a  great  many  castings  hav- 
ing been  lost  on  account  of  careless  pouring  of  a  moulder  in 
hurrying  from  the  stifling  fumes  of  the  surrounding  moulds. 
Wliale  oil  and  fish  oil  give  particularly  bad  fumes  in  these 
c^ses,  though  they  form  excellent  binders.  By  lighting  the 
gases  as  they  come  from  the  vents 'in  the  mould  the  dis- 
agreeable odours  can  frequently  be  reduced,  but  even  then 
they  may  be  sufficient  to  make  a  change  of  binding  materials 
desirable.    More  and  better  work  will  result. 

The  number  of  cores  per  man  per  day  is  influenced  by  the 
character  of  the  binder,  since  if  the  material  tends  to  stick 
to  the  core  box,  the  workman  cannot  produce  as  many  cores 
as  in  a  free  working  material.  In  many  binders  tlie  trouble 
with  the  sticking  was  found  to  be  due  to  too  strong  a  core 
mixture,  and  as  soon  as  the  proportion  of  binder  was 
reduced  the  trouble  disappeared.  In  the  cost  of  drying,  the 
length  of  time  it  takes  to  dry  each  different  class  of  cores 
when  using  different  binders  determines  the  capacity  of  the 
(•ore  ovens,  their  fuel  consumption,  and  the  floor  space  which 
inust  he  devoted  to  equipment  of  1  liis  kind.  Quick-drying 
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core  mixtures  increase  this  capacity,  and  so  decrease  t ho 
plant  expense. 

High-grade  oil-sand  rores  made  from  clear  sand  and  oil 
have  no  green  hiiuling  power,  and  hence  t  hey  must,  all  I)" 
provided  wit  li  driers  which  suppoi  t  t  lie  core  tlirou^hout  its 
entire  length,  or  the  cores  wust  be  bedded  in  ()pmi，  dear, 
sharp  sand  containing  no  binder.  One  of  these  procedures 
requires  a  considerable  outlay  for  driers,  and  the  other  an 
expenditure  of  time  for  bedding  in.  If  the  output  from  u 
given  core  box  or  pattern  is  to  be  limited,  it  may  pay  better 
to  use  a  mixture  having  some  green  bond,  so  that  the  cores 
may  be  allowed  to  stand  on  one  end  on  the  plate  or  be  sup- 
ported in  some  other  convenient  manner  wliirh  will  ； Lvoi<l 
the  making  of  driers.  If  very  large  outputs  ； m'  r('(iuin''l  tl"' 
driei-s  will  he  found  the  most  economical  course. 

(To  he  ro/tf//t  itt  ii .) 


HALL-BKOWN'S  CONDENSER. 

The  condensers  shown  in  the  accompanying  illusl rations  have 
been  designed  and  patented  by  Mr.  E.  Hall-Hrown,  1.— ")， 
Hynclland  Road,  Glasgow,  vvitli  tlie  object  of  preventing  the 
Hooding  of  the  cooling  surface  by  water  carried,  into  or  towards 
the  coiKlenser  along  with  the  exhaust  steam,  and  at  the  same 
time  of  enabling  the  water  of  condensation  to  he  withdrawn 
from  tlie  condensar  at  a  temperature  which  is  high  relatively 
to  the  pressure  witliin  the  condenser  and  comparatively  free 
from  oil  in  a  state  of  suspension.  The  arrangements  are 
specially  applicable  to  condensers  intended  to  work  at  or  about 
atmospheric  pressure  and  to  receive  the  exhaust  steam  from 
auxiliary  steam  engines  such  as  the'  engines  of  winches,  pumps, 
cVc. ,  on  board  ship.  Figs.  1  and  2  show  longitudinal  and 
transverse  vertical  sections  of  the'  condenser,  and  Fig.  3  slunvs 
a  modification.  In  Figs.  2  and  3  the  condenser  tubes  are 
omitted. 

Referring  first  to  Figs.  1  and  2，  the  exhaust  steam,  carry- 
ing with  it  a  certain  amount  of  water,  as  is  usual,  is  admitted 
by  way  of  the  port  B  to  a  duct  E  which  extends  from  the  top 
to  the  bottom  of  the  condenser.  When  the  water,  which  has 
run  alon^  the  bottom  of  the  exhaust  pipe  leading  to  the  con- 
denser, enters  this  dut-'t,  it  runs  through  the  lower  branch  of 
it  and  through  the  port  G  into  the  well  F  at  the  bottom  of  the 
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Hai.l-IIrown's  Condenser. 

condenser.  Moreover,  the  impact  of  the  steam  on  tlie  side  of 
tlie  duct  opposite  the  port  B  causes  the  deposit  of  a  large  pro- 
portion of  the  suspended  water  on  the  wall  of  the  duct,  whicli 
water  runs  down  to  the  well  F.  The  greater  and  drier  portion 
of  the  steam  ascends  in  the  upper  branch  of  the  duct  and 
enters  the  condenser  proper  at  the  top  by  way  of  the  port  H. 
This  steam  passes  into  the  condenser  between  the  top  wall  of 
the  latter  and  a  baffle  plate  or  tray  K  which  is  arranged 
parallel  to  the  top  wall  of  the  condenser,  and  then  passes  over 
the  sides  J  of  this  tray  in  order  to  obtain  access  to  the  con- 
denser cooling  surface  which  consists  of  tubes  M  through  whicli 
relatively  cold  water  is  circulated.  The  plate  or  tray  collects 
most  of  the  suspended  water  which  has  not  been  separated  out 
in  the  duct  and  also  water  formed  by  condensation  of  tlie 
steam  after  it  lias  entered  the  duct.  The  water  thus  collected 
on  the  tray  is  allowed  to  flow  through  holes  N  in  the  latter 
and,  without  being  cooled  by  contact  with  the  tubes  M，  to 
run  down  the  side!  of  the  condenser  to  the  well  F  at  the  bottom 
thereof,  where  it  mingles  with  the  water  which  has  passed 
directly  thereto  by  way  of  the  lower  branch  of  the  duct  E.  The 
water  produced  by  tlie  condensation  of  the  stea m  on  the 
tubular  cooling  surface  falls  as  rain  to  tlie  bottom  of  the  con- 
denser.     Tliis  rain  is  relatively  cold.      While  the  greater 
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portion  of  the  sieam  enters  tlie>  conflenser  proper  at  llio  top,  ;i 
certain  amount  passes  down  through  t'lie  lower  brancli  of  t  lie 
chict  E  and  is  coiulense<l  ai  tlie  bottoin  of  the  condenser  by  i  \\p 
rain  of  condensed  steam  water  from  tlie  tubes.  The  steam 
acts  to  heat  this  water  before  the1  latter  falls  into  the'  well  F. 

In  order  to  separate  tlie  oil  from  the  water  at  the  bottom 
of  the  condenser,  tlie  water  is  withdrawn  from  the  condenser 
over  a  weir  P,  which  is  of  annular  form  and  which  is  guarded 
by  a  baffle'  plate  Q  in  such  a  way  that  the  water  which  flows 
over  the.  weir  is  drawn  from  below  the  surface  of  the  water  in 
the  well  F.  The'  oil  which  collects  on  the  soirfac©  of  the  water 
is  thus  not  drawn  over  the  weir.  The  water  is  discharged 
through  the  port  C.  Separate  means  may  be  provided  for 
withdrawing  the  oil  either  continuously  or  intermittently. 
As  a  large  proportion  of  the  water  withdrawn  from  the  con- 
denser has  not  be-en  in  contact  with  the  tubular  cooling  sur- 
face, and  as  that  portion  whicli  lias  is  thereafter  heated  by  a 
portion  of  tlie'  entering  steam,  tlie  mean  temperature  of  the 
water  at  exit  from  the  apparatus  will,  it  is  claimed,  be 
considerably  higher  than  in  condensers  in  which  the  whole  of 
the  fluid  delivered  by  the  exhaust  pipe  is  precipitated  on  the 
cooling  surface. 

In  the  construction  just  described  the  amount  of  lieat  given 
up  by  the  entering1  steam  to  the  wat<er  of  condensation  drip- 
ping from  the'  tubes,  while'  sufficient  to  be  of  advantage,  is 
necessarily  comparatively 
small.  In  order  that  the 
water  of  condensation  may 
be  raised  to  a  higher  tem- 
perature by  the  entering 
steam,  practically  the  whole, 
instead  of  only  a  small 
portion,  of  the  entering 
steam  may  be  brought  into 
direct  contact  with  the 
water  of  condensation.  This 
is  accomplished  by  employ- 
ing the  construction  of  con- 
denser shown  in  Fig.  3. 
In  this  arrangement  tlie 
steam  entering  by  the  port 
B  passes  upwards  through 
the  port  R  and  down 
through  the  duct  S，  while 
the  water  carried  into  the 
apparatus  with  the  steam 
runs  down  the  duct  T  into 
the  well  F,  where  it  mingles 
with  the  water  of  con- 
densation from  the  con- 
denser proper,  which  flows 
into  the  well  by  way  of  the 
port  U .  The  combined 
waters  then  flow  over  the 
guarded  weir  P  into  a  spray- 
ing nozzle  V,  which  delivers  the  water  ia  a  finely  divided  or 
atomised  state  into  the  chamber  W.  The  sides  of  this 
chamber  are  perforated  ；  and  the'  chamber  is  provided  with  a 
jacket  X  into  which  th-e  steam  passes  from1  the  duct  S.  The 
steam  passes  through  the  perforations  in  the  sides'  of  the 
chamber  W  and  mingles  with  the  finely  divided  water,  part  of 
the  steam  being  condensed  thereby.  The  un condensed  steam 
passes  upwards  by  the  duct  Y，  enters  the  condenser  proper  by 
the  port  H，  and  is  condensed  on  tho  tubular  cooling  surface. 
When  the  steam  enters  the  condenser  proper  at  the  tc-p,  a  tray 
K  may,  if  desired,  be  provided  as  in  the  construction  of  appa- 
ratus illustrated  in  Figs.  1  and  2.  As  the  portion  of  ^he  water 
of  condensation  which  has  come  from  the  cooling  surface  of  the 
condenser  is  considerably  colder  than  the'  steam ,  the  mean 
temperature  of  the  water  which  enters  the  chamber  W  is 
colder  to  a  greater  or  less  extent  than  the  steam  and  therefore 
acts  to  condense  a  portion  of  the  steam  and  in  doing  so  to  be 
itself  raised  in  temperature.  Tlie  water  is  withdrawn  from 
the  apparatus  through  thei  outlet  C  at  the'  bottom  of  the 
chamber  W,  at  a  temperature^  closely  approximating  to  that  of 
the  steam.  The  spraying  device  V  may  consist  of  a  con- 
vergent nozzle  with  lonpitudinal  slits  extending  backwards 
from  the  orifice,  and  acts  in  conjunction  with  a  baffle  or  splash 
plate  D  which  is  placed  opposite'  it  and  on  to  which  tlie  water, 
or  the  greater  part  of  the  water,  wliicli  is  delivered  through 
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Hall-Brown's  Condenser. 


tire  nozzle,  is  (vaused  to  impinge.  A  very  small,  and  usually 
negligible,  umoiuit  of  steam  will  pass  down  the  duct  T  i'rom 
tlie  admission  port  H  and  be  condensed  on  tJie  surface  of  t  lie 
watei'  in  the  well  F.  The'  remarks  made  in  (lescribing  tlie 
construction  shown  in  Figs.  1  and  2  as  to  the  withdrawal  of  oil, 
apply  equally  to  the  construction  shown  in  Fig.  3. 


MODERN  WELDING  PROCESSES  * 

With  Special  Reference  to  Flame  Welding, 
by  h.  r.  cobleigh. 
(Concluded  from  page  821，  Vol  XXIX.) 
Acetylene    Generation. ― All    methods    of    acetylene  genera- 
tion are  alike  in  the  materials  used,   calcium   carbide  and 
water.    While  any  carbide  could  be  used,  the  calcium  form 
is  the  only  one  obtainable  on  the  market  in  large  quantities 
and  at  a  reasonable  figure.    It  is  a  product  of  the  electric 
furnace,  being  formed  only  at  a  very  high  temperature  from 
a  mixture  of  ground  coke  and  lime  in  the  proportions  of 
9  to  14  by  weight.    The  reaction  is  CaO  +  3C  =  CaC2  +  CO. 
When  calcium   carbide  and   water   are   brought  together 
acetylene  is  evolved  with  slaked  lime  as  a  residue  expressed 
by  the  following  equation  ：  CaC2  +  2H20  =  Ca(OH)2  +  C2H2. 

Commercial  carbide  yields  from  4|  to  5  cub.  ft.  of  acety- 
lene per  pound.  Lump  carbide  in  sizes  of  l|in.  by  |in., 
known  as  "nut,"  is  claimed  to  yield  from  5  to  15  per  cent, 
more  acetylene  than  finely  divided  carbide,  probably  due  to 
more  or  less  slaking  of  the  latter  by  moisture  in  the  air.  For 
that  reason  generators  capable  of  using  the  lump  carbide 
claim  a  certain  advantage  over  those  limited  to  the  use  of 
the  crushed  form. 

Two  kinds  of  generators  are  used,  known  from  their 
maimer  of  feeding  as  water-feed  or  "  water-to-carbide  ，， 
generators  and  carbicle-feed  or  "  carbide-to-water " 
generators.  The  first  is  very  little  used  because  of  the  disad- 
vantage that  the  apparatus  gets  very  hot  and  the  gas  is  not 
likely  to  be  so  good.  This  is  due  to  the  tendency  of  the  gas 
to  become  overheated  and  to  some  extent  to  be  converted 
into  oily  matters,  an  effect  know u  as  polymerisation.  Where 
this  has  occurred  it  is  indicated  )>y  a  yellowish  or  brownish 
staining  of  the  residue.  It  can  be  avoided  where  care  is 
taken  properly  to  water-cool  the  apparatus. 

An  example  of  the  most  approved  apparatus  of  this  type 
is  that  recently  installed  in  the  Santa  Fe  shops  at  Topeka. 
It  consists  of  cylindrical  iron  cells  placed  horizontally,  each 
fitted  with  galvanised  iron  drawers  of  six  sections  for  hold- 
ing carbide.  The  water  is  admitted  to  each  of  the  end  sec- 
tions and  the  gas  generated  is  carried  away  in  pipes.  When 
the  carbide  becomes  exhausted  in  the  end  cell,  sufficient 
water  has  accumulated  to  run  through  a  V-shaped  opening 
in  the  partition  to  the  next  section,  after  which  the  drawer 
is  withdrawn  and  recharged.  As  a  cell  is  opened  the  water 
supply  to  it  is  automatically  cut  off.  These  generating  cells 
are  kept  submerged  in  running  water  to  keep  the  tempera- 
ture of  the  gas  as  low  as  possible.  Any  cell  can  be  inspected 
or  re-charged  without  interfering  with  the  operation  of  the 
others.  The  gas  is  further  cooled  and  washed  by  being 
passed  through  water  before  it  reaches  the  holder. 

Where  the  reverse  manner  of  feeding  is  used  and  the 
carbide  is  dropped  into  the  water,  the  gas  is  washed  as  it  is 
evolved,  and  it  and  the  apparatus  kept  cool.  In  these 
generators  it  is  well  also  to  have  an  abundant  supply  of 
water  in  the  bottom.  The  generally  accepted  rule  now  is  a 
gallon  of  water  to  each  pound  of  carbide. 

The  carbide-feed  machines  may  again  be  divided  into  two 
classes,  gravity  feed,  where  some  sort  of  a  valve  is  used  to 
release  the  carbide,  and  forced  feed,  where  usually  by  means  of 
clock  work  the  carbide  is  forced  off  a  plate  or  some  similar 
device.  In  both  types  the  action  of  the  feed  is  dependent 
upon  the  pressure  of  gas  within  the  machine.  As  it  falls 
more  carbide  is  dropped  into  the  water  and  as  the  pressure 
rises  the  feeding  is  arrested.  Both  generate  acetylene  at  suffi- 
cient pressure  to  be  used  directly  in  the  pressure  or  positive- 
mixture  types  of  torches.  A  necessary  feature  of  all  types 
of  generator  is  a  water-sealed  flash-back    chamber  or  its 
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equivalent  to  make  coninuuiication  of  the  flame  to  the 
generator  impossible.  Safety  devices  interlock  the  various 
movements  of  valves  operated  when  re-charging  the 
machines. 

Low-pressure  generators  such  as  are  used  for  lighting  are 
suitable  for  supplying  torches  of  the  injector  type.  Their 
principal  difference  from  the  types  just  referred  to  lies  iu  the 
feed  control,  which  is  usually  by  a  bell  instead  of  a  pressure 
diaphragm. 

Where  a  generator  is  carried  ou  a  portable  outfit  the 
water-to-carbide  type  is  probably  the  safest,  since  a  carbide- 
feed  type  would  be  more  likely  to  generate  gas  when  jarred. 
Some  argue  that  a  generator  should  never  be  carried  on  a 
portable  outfit,  but  that  compressed  gas  tanks  should  be 
used.  This  calls  for  the  explanation  that  whenever  com- 
pressed acetylene  is  spoken  of  what  is  meant  is  dissolved 
acetylene,  for  the  gas  becomes  very  explosive  when  com- 
pressed to  above  two  atmospheres.  In  1896，  Claude  and 
Hesse,  two  French  engineers,  discovered  that  acetone  is  a 
remarkable  solvent  for  acetylene.  For  each  atmosphere  or 
pressure  it  will  dissolve  25  times  its  own  volume  of  acetylene, 
and  in  this  condition  the  latter  is  uot  explosive  under  heavy 
pressure.  The  acetone  is  placed  in  tanks  containing  porous 
material,  so  that  there  are  no  spaces  for  the  gas  to  separate 
and  collect  in,  aud  the  acetylene  is  compressed  into  them . 
Acetvlene  iu  this  form,  although  costing  twice  as  much  as 
when  generated,  is  very  convenient  in  outside  repair  work 
where  portability  is  a  feature. 

Of  all  hydrocarbons,  with  the  possible  exception  of  liquid 
and  Blau  gas,  acetylene  possesses  the  greatest  proportion 
of  carbon,  92*3  per  ceut.，  the  remaining  7"7  per  cent,  being 
hvdrogen.  It  is  therefore  most  nearly  gaseous  carbon,  for 
there  is  no  known  means  of  obtaining  a  high  enough  tem- 
perature to  gasify  pure  carbon.  It  gives  about  five  times 
as  much  heat  per  cubic  foot  as  hydrogen  and  a  flame  of 
greater  intensity,  the  temperature  being,  as  has  been  men- 
tioned before,  6,300°  Fah. 

Oxygen  Generation. ― Oxygen  generation  is  of  three  classes, 
chemical,  electrolytic,  and  atmospheric,  to  each  of  which 
except  the  second  there  are  sub-divisions.  Chemical  oxygen 
production  is  of  two  kinds,  wet  and  dry,  and  of  each  there 
are  several  variations.  The  wet  process  at  the  Santa  Fe 
shops  consists  of  boiling  in  a  water-tight  tank  a  saturated 
solution  of  bleaching  powder,  or  calcium  oxychloride,  to 
which  is  added  at  regular  intervals  a  saturated  solution  of 
five  parts  iron  sulphate  and  one  part  copper  sulphate.  A 
mechanically-operated  paddle,  agitating  the  mixture,  facili- 
tates the  release  of  the  gas.  The  oxygen  passes  off  at  the  top 
and  the  residuum  remains  in  solution  to  be  drawn  off  before 
the  tank  is  discharged.  The  water  in  the  tank  is  heated  by 
the  exhaust  steam  from  the  oxygen  compressor.  From  the 
generator  the  oxygen  is  passed  to  a  water  scrubber  to  remove 
the  chlorine  and  foreign  matter,  and  for  a  final  cleaning  the 
gas  is  passed  through  a  second  scrubber  containing  a  solution 
of  caustic  soda,  which  also  serves  as  a  water  seal  to  the  gaso- 
meter to  which  the  clean  gas  is  delivered,  and  from  which  it 
is  drawn  by  the  compressor  and  stored  in  tanks  at  a  pressure 
of  851bs. 

The  Lavoisite  process  is  another  of  the  same  class,  which, 
however,  evolves  oxygen  directly  under  pressure  by  the 
simple  addition  of  hot  water  to  a  powder  of  secret  composi- 
tion. The  Lavoisite  powder  is  received  in  a  drum  which  is 
inverted  over  the  top  of  the  generator  and  connected  with  it 
by  means  of  a  special  valve  arrangement  in.  connection  with 
tlie  cover  of  the  drum.  The  contents  of  the  drum  are  dis- 
charged into  the  generator,  the  drum  removed,  and  the 
^f-ncrator  manhole  cover  replaced  and  screwed  down.  Hot 
water  is  then  pumped  into  the  generator  until  the  charge  is 
exhausted,  the  oxygen  in  the  meantime  passing  through  a 
scrubber  to  the  distributing  main  or  storage  tanks.  When 
the  generation  is  complete  the  hot  water  is  shut  off  and  cold 
water  pumped  in  until  all  of  the  gas  remaining  in  the 
generator  is  displaced.  When  the  generator  is  clear  it  is 
ready  for  a  new  charge. 

Still  another  wet  process  used,  a  powder  sold  under  the 
trade  name  of  Epurite,  a  mixture  consisting   of   20  parts 


chlorate  of  】inie，  one  part  sulphate  of  copper,  and  three  parts 
sulphate  of  iron,  wliich  when  brought  into  with 
water  evolved  oxygen.  One  pound  of  Die  iiKilcria]  |,r(Hliir('(I 
about  8  cub.  ft.  of  oxygen.  The  generating  apparatus 
deteriorated  so  rapidly  and  the  cleaning  of  it  was  so  in  ussy 
that  it  was  soon  abandoned. 

The  most  conniion  chemical  process  is  the  dry  evolution 
of  oxygen  under  the  influence  of  heat  from  a  mixture  of  100 
parts  by  weight  of  crystallised  chlorate  of  potash  and  \'o 
parts  of  manganese  dioxide,  contained  in  a  sealed  retort. 
The  gas  requires  thorough  washing  in  a  solution  of  caustic 
soda  to  eliminate  its  chlorine.  It  can  be  compressed  after 
washing  in  a  two-stage  compressor,  or  generated  under  pres- 
sure by  using  heavier  retorts  and  heating  longer  or  more 
intensely. 

A  soniewliat  similar  process  is  that  using  oxygenite,  the 
trade  name  for  a  mixture  of  perchlorate  of  potash  with  in- 
fusorial earth  and  charcoal.  When  ignited  in  a  closed 
retort  it  burns,  evolving  an  excess  of  oxygen  over  that 
required  for  its  own  combustion.  The  reaction  under  the 
influence  of  heat  is  KC104  =KC1  +  20.  The  necessary  pres- 
sure is  obtained  without  subsequent  compression. 

The  fault  with  most  chemical  processes  is  the  difficulty  of 
eliminating  the  poisonous  chlorine,  wliich  also  has  a  ten- 
dency to  impair  the  weld.  With  all  processes  using  man- 
ganese dioxide  precautions  are  necessary  for  obtaining  pure 
oxide,  as  carbon  or  hydro-carbons  in  any  form,  even  traces 
of  oil  from  a  compressor  which  should  therefore  not  have 
cylinder  lubrication,  must  be  eliminated  before  compress- 
ing the  oxygen  on  account  of  their  combustibility.  The 
purer  the  oxygen  the  better,  as  even  small  percentages  of 
impurities  decrease  the  economy  and  the  strength  of  the 
welds.  Oxygen  produced  by  the  electrolytic  process  is  99 
per  cent,  pure,  the  only  impurity  being  a  trace  of  hydrogen. 

The  International  Oxygen  Company's  system  makes  use 
of  a  group  of  oxy-hydrogen  generators,  each  an  electrolytic 
cell,  through  which,  by  the  passing  of  an  electric  current, 
water  containing  some  alkali  is  decomposed.  The  oxygen 
collects  at  the  positive  electrode  and  the  hydrogen  at  tlie 
negative  electrode,  which  is  the  iron  tank  containing  the 
solution.  The  positive  electrode  is  a  perforated  tank  sur- 
rounded with  an  asbestos  sack.  The  two  gases  as  they  collect 
on  their  respective  electrodes  are  effectively  separated,  and 
the  bubbles  rising  as  they  collect  are  entrapped  in  compart- 
ments at  the  top,  separated  from  one  another  by  a  water 
seal. 

Atmospheric  oxygen  is  next  in  purity  to  electrolytic,  its 
only  impurity  being  nitrogen.  The  process  used  by  the 
Linde  Air  Products  Company  at  its  various  works,  from 
which  it  distributes  for  sale  the  gas  compressed  in  tanks, 
consists  first  in  the  complete  liquefaction  of  the  air  to  be 
resolved  by  a  process  of  accumulative  cooling.  The  liquid 
thus  formed  is  then  submitted  to  a  process  of  rectification  at 
the  same  time  that  an  almost  complete  transference  of  heat 
is  obtained  from  the  compressed  air  entering  the  apparatus 
to  the  liquid  air  thus  formed.  In  this  way  95  or  96  per  cent, 
pure  oxygen  can  be  obtained.  Air  is  compressed  by  a  four- 
stage  compressor  with  practically  adiabatic  compression,  and 
after  each  stage  the  heat  of  compression  is  removed  by  pass- 
ing the  air  through  a  cooler,  through  wliich  water  is  circu- 
lated. The  carbon  dioxide  and  moisture  in  the  air  are 
readily  eliminated  by  freezing,  and  the  oxygen  becomes 
liquid  while  the  nitrogen  is  still  gaseous.  This  explains  in 
brief  the  principle  of  the  separation  without  going  further 
into  the  details  of  the  apparatus.  The  equipment  is  in  dupli- 
cate to  permit  continuous  working,  so  that-  when  ice,  due  to 
entrapped  moisture,  has  accmnulated  in  one  the  other  can  be 
put  in  operation  while  the  first  is  allowed  to  thaw. 

Another  atmospheric  process,  partly  chemical,  employs 
barium  oxide  first  to  absorb  and  then  liberate  oxygen.  With 
a  constant  pressure  barium  oxide  will  absorb  oxygen  from 
the  air  to  form  the  peroxide  at  a  temperature  of  600°  C.  and 
at  850°  C.  will  again  give  off  the  excess  oxygen.  With  a  con- 
stant temperature  of  700°  C.  the  same  effects  can  be  accom- 
plished by  varying  the  pressure,  the  peroxide  being  formed 
at  If  atmospheres  and  the  excess  oxygeu  liberated  by 
diniiuishing  the  pressure. 
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Pressure  Regulation. 一 A n  important  device  between  the 
i orch  and  the  source  of  the  gas,  whether  oxygen,  ； "  (、t  yh>it(、, 
or  hydrogen,  and  whether  froin  pipe  line,  generator,  or  tank, 
is  the  pressure  regulator,  for  with  all  torches  it  is  necessary 
to  tnaiiitaiii  constant  pressures  to  secure  uniform  work. 
Regulators  vary  somewhat  according  to  the  gas,  and  in 
minor  details  in  different  makes.  The  function  of  the  regu- 
lator is  that  of  a  reducing  valve  to  maintain  any  set  constant 
pressure  not  exceeding  that  of  the  source,  and  there  is  always 
combined  with  it  a  pressure  gauge  on  the  discharge  side  to 
show  the  pressure  admitted'  to  the  torch .  Where  the  g-as  is 
taken  from  portable  cylinders  an  additional  gauge  is  pro- 
vided on  the  otlier  side  of  the  regulator  to  show  the  state  of 
depletion  of  the  compressed  gas  in  the  cylinder. 

Use  of  the  Torch. ― The  rest  of  this  paper  applies  practically 
to  all  kinds  of  gas  torches,  and  especially  to  the  oxy-acetylene 
and  oxy-hydrogen  torches,  unless  an  exception  is  noted. 
The  utility  of  all  torches  lies  in  their  ability,  on  account  of 
the  high  temperatures  of  their  flanios,  to  bring  tlie  part  of 
the  metal  acted  upon  to  molten  condition  before  the  lieat 
supplied  can  be  dissipated  l>y  conduction  and  radiation, 
therefore  making  possible  local  recasting.  Some  heat  is,  of 
course,  lost,  but  probably  not  witliout  an  advantage  in 
reducing  trouble  from  expansion  and  contraction. 

The  envelope  of  iho  flamo  starts  the  heating  of  tlie  jncta] 
in  advance  of  the  actual  work,  and  the  local  heat  at  the  point 
of  the  inner  cone  follows.  Metal,  thicker  than  Jin.,  to  be 
joined  should  be  scarfed  or  chamfered  to  give  a  V-groove 
iu  whicli  to  work,  permitting  penetration  of  the  flame  to  t  lie 
bottom  of  the  joint.  It  is  usually  】iecessai'y，  except  on  thin 
sheets  not  scarfed,  to  add  metal  to  the  joint.  This  is  melted 
in  from  a  wire  or  strip  generally  of  the  same  material  as 
those  being  joined,  which  is  called  a  soldering  or  welding 
st ick.  In  making  the  weld,  after  the  metal  adjoining  t\w 
joint  is  itself  in  running  condition,  molten  metal  is  added 
drop  by  drop  from  the  stick  until  the  groove  is  filled,  and 
where  it  is  allowable  a  little  excess  is  built  on  to  make  the 
joint  fully  as  strong  as  the  rest  of  the  work.  If  the  Dietals 
joined  are  dissimilar,  a  stick  of  approximately  the  same 
material  as  that  of  the  two  being  joined  whicli  melts  at  the 
lower  temperature  should  be  used.  Otherwise  the  added 
will  chill  when  falling  upon  the  otlier  molten  metal.  Sealing 
powders  are  sometimes  used  for  welding  cast  iron  and 
aluminium,  but  less  so  than  formerly,  since  experience  has 
shown  them  to  be  seldom  necessary.  The  function  of  a 
scaling  powder  is  not  primarily  that  of  a  flux  to  prevent 
oxidation,  but  to  remove  any  scale  in  the  weld  and  make 
the  metal  more  fluid.  With  proper  manipulation  of  the 
torch,  which  is  now  better  understood,  scale  is  not  so  apt  to 
be  formed  in  the  first  place. 

A  torch  or  nozzle  is  selected  which  will  give  a  size  of 
flame  suitable  for  the  work  in  hand,  which  must  be  large 
enough  to  do  the  work  thoroughly  in  the  shortest  time  with- 
out consuming  unnecessarily  large  quantities  of  the  gases. 
With  the  proper  blowpipe  flame  the  heat  is  kept  local,  so 
that  expansion  and  contraction  influences  are  minimised. 
It  is  not  good  practice  to  hold  or  grip  anything  to  be 
welded  so  that  it  cannot  adjust  itself  for  expansion  and 
contraction.  Therefore,  long  seams,  longitudinal  or  circum- 
ferential, should  be  first  spot-welded  or  tacked  at  intervals 
of  6in.  to  12in.,  and  after  tacking  all  bands  should  be 
removed.  Castings  to  be  welded  should  be  preheated  all 
over  if  there  is  any  chance  of  having  contraction  strains 
produced  when  the  weld  cools.  The  preheating  should  not 
go  above  500°  Fah.  if  there  is  any  serious  consequence  from 
permanently  distorting  the  casting.  The  preheating,  usually 
done  in  a  forge,  or  a  coke  fire,  or  by  a  gas- air  blowpipe,  saves 
the  corresponding  application  of  heat  with  the  torch  using 
more  expensive  gases,  and  also  saves  the  latter  when  the  weld- 
ing is  being  done,  by  reducing  the  loss  of  heat  by  conduction 
and  radiation. 

The  welding  of  aluminium  is  something  of  an  art  in 
itself.  This  metal  does  not  behave  like  any  otlier.  It  first 
heroines  pasty  when  heat  is  applied,  and  does  net  become 
fluid  until  very  near  the  burning  point.  It  is  quite  co】nmon 
lo  i'acilil  al  c  t  lie  uiiit  iiig  oi'  t  he  nictal  l)y  working  it  with 
an  iron  Hj)alula  until  the  joining  parts  amalg;ii»nite.  Fluxes 


are  often  used  for  aluniiniuin  wolding,  t Iw  t'u iicl-ions  of  which 
are  to  reduce  tlic  invisible  oxide  film  always  present  on  the 
surface  of  metallic  ahuniniiun,  so  tliat  the  parts  How 
together,  and  to  protect  the  hot  metal  from  the  air  ； m(l 
further  oxidation. 

Very  thin  metals  are  most  easily  welded  when  the  weld 
in  performed  on  the  edges  turned  up  as  flanges  back  to  hack, 
but  this  is  woL  necessary,  and  those  expert  at  the  work  v(in 
now  butt-weld  thin  sections  without  oven  adding 川 etal  i'roin 
a  stick.  Most  depends  on  moving  the  torch  steadily  at  the 
|>r(>i"'r  speed,  for  it  is  very  easy  to  let  the  torch  -clwcl]  too 
long  at  one  spot  and  burn  a  hole  through,  so  that  】iietal  Iwis 
to  be  added,  and  a  less  neat  joint  results. 

In  all  welding  judgineiit  plays  a  large  part,  and  a  know- 
ledge of  metals  and  their  characteristics  is  a  great  help.  It 
is  a  nice  determination,  for  example,  as  to  just  how  far  on 
o;icli  side  of  the  joint  to  carry  the  heating,  since  an  error 
i  itlif'r  way  is  likely  to  produce  a  poor  weld.  Ex])a.iision  a.iu! 
coiilraction  must  always  be  taken  into  consideration,  other- 
wise internal  strains  will  occur,  which  are  likely  to  produce 
a  new  crack  when  the  metal  cools.  Preheating,  as  brt'orc 
explained,  removes  most  of  the  difficulty.  As  to  the  strength 
of  welds,  much  depends  ujxxi  t  lir  operator.  Welded  steel 
work  can  easily  compare  witl>  double  riveting  and  caulking 
and  in  same  cases  can  attain  the  strength  of  the  butt  stra]) 
joint. 

With  flame  welding  nearly  all  kinds  of  metals  can  I"' 
welded,  cast  or  wrought  iron,  steel,  brass,  aluiTiiniuiri,  copper, 
&c.  Skill  and  experience  count  for  much,  and  many  things 
originally  thou^lit.  impossible  are  now  being  quite  readily 
accomplished .  A  consistent  study  of  materials  and  t licir 
composition  and  structure  has  led  to  the  overcoming  of  many 
difficulties.  The  beliaviour  of  metals  under  the  influence  of 
heat,  particularly  their  expansion  and  contraction,  requires 
study  and  allowances  in  making  welds.  Not  a  little  pro- 
gress has  already  been  made  in  the  heat  treatment  of  wHds 
a ftcr  they  are  made  to  restore  largely  the  original  properties 
as  to  structure  and  strength. 

The  flame  processes  are  especially  valuable  in  the  welding 
of  metal  from  No.  20  gauge  up  to  fin.  thick.  Work  that  ha.s 
to  withstand  high  heat,  such  as  boilers,  annealing  boxes,  &'(■.， 
can  be  satisfactorily  welded,  and  it  is  probable  that  this 
method  will  more  and  more  take  the  place  of  riveting,  par- 
ticularly since  in  many  cases  it  is  cheaper.  All  kinds  of 
tanks,  especially  those  designed  to  contain  anything  tliat 
would  tend  to  eat  its  way  around  rivets,  are  better  for  being 
welded. 

It  is  apart  from  the  purpose  of  tliis  paper  to  go  into  an 
exttnsive  enunieration  of  the  specific  kinds  of  construction 
and  repair  work  possible  by  arc  and  flame  welding.  No  list 
would  be  long  complete,  for  new  applications  are. continually 
being  found,  and  the  more  usual  ones  are  already  familiar 
to  all.  Among  the  things  that  are  still  difficult  or  impos- 
sible are  the  welding  of  very  heavy  sections,  this  being  better 
left  to  thermit  welding,  flame  welding  being  generally  too 
expensive,  and  the  greater  pressures  of  the  ga&es  necessary  to 
secure  deep  penetration  being  likely  to  produce  crystallisa- 
tion of  the  work  structure  ；  brazed  and  galvanised  articles,  on 
account  of  the  volatilisation  of  the  zinc,  producing  porous 
spots;  and  the  welding  of  aluminium  to  other  metals. 

Arc  and  Flame  Cutting. ― Although  the  welding,  and  not 
the  cutting  of  metals,  is  our  subject,  it  would  hardly  be 
proper  in  a  discussion  of  arc  and  flame  welding  to  make  110 
reference  to  the  scarcely  less  important  function  of  the  same 
implements  used  in  the  cutting  of  steel  and  wrought  iron. 
These  are  the  only  metals  that  can  be  so  cut,  some  alloy 
steels  being  excepted.  The  torches  using  hydrogen  have  the 
advantage  in  the  cutting  of  heavy  sections,  being  able  to  cut 
to  a  greater  depth  on  account  of  the  greater  penetration. 
With  such  torches  cuts  have  been  made  in  metal  24in.  thick, 
while  12in.  to  15in.  is  the  limit  that  has  been  accoinplislied 
with  the  oxy-acetylene  torch. 

For  cutting,  the  torch  has  an  additional  jet  of  oxygen 
under  high  pressure,  up  to  1251bs.  to  2251bs.  The  acetylene 
or  hydrogen  and  low-pressure  oxygen  preheat  tho  work,  and 
( lui  liii;-]i-]>r(,ssur(k  jet  following  in  the  wake  of  the  lieatin^ 
flame  docs  the  actual  cutting  by  producing  a  very  high  rate 
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of  oxidation.  Part  of  the  metal  is  removed  as  iron  oxide, 
aud  the  heat  of  the  combustion  inolt-s  the  rest,  so  that  it- 
runs  out  of  the  cut. 

Reference  to  the  time  and  cost  of  doing  work  by  any 
of  the  various  processes  is  purposely  omitted  here  since  so 
niauy  variables  enter  into  such  considerations  that  any 
figures  that  might  be  given  would  probably  be  more  mis- 
leading than  instructive.  Both  are  matters  that  can  be 
determined  only  by  experimentation  under  tlie  conditions 
that  will  apply,  and  a  result  in  one  field  can  never  be  taken 
as  a  criterion  for  another. 

Machine  Welding.  ― A  very  large  field  for  ingenuity  has 
beeu  opened  in  connection  with  all  of  the  welding  processes, 
in  the  devising  of  means  for  the  mechanical  guiding  of  the 
welding  or  cutting  implements,  or  otherwise  facilitating  the 
operations.  Most  of  this  work  has  been  done  naturally  by 
the  users  of  the  apparatus,  particularly  where  the  work  tliey 
have  to  do  is  largely  in  duplicate.  Unfortunately  these  are 
seldom  made  public,  either  because  the  user  has  no  inclina- 
tion to  enter  into  the  manufacture  and  marketing  of  them, 
or  because  he  does  not  wish  his  competitors  to  have  the 
advantage  of  their  use  that  he  enjoys. 

Attention  is  just  beginning  to  be  given  to  meclianical 
means  for  guiding  the  torches  when  doing  welding  and  cut- 
ting. For  neat,  uniform  work  of  both  kinds  they  are  j>rac- 
t  icallv  imperative,  and  save  greatly  in  time  that  would  other- 
wise be  necessary  to  do  careful  work.  With  a  cutting  torch 
inechauically  guided  and  and  moved  at  a  uniform  rate,  circu- 
lar or  straight  cuts  can  be  made  giving  as  smooth  an  edge 
as  though  cut  by  a  saw  or  any  other  tool.  Especially  for 
thiu  sheet  welding  macliiues  are  desirable  because  of  the 
precision  with  which  the  torch  can  be  moved. 


INTERNATIONAL  CONFERENCE  ON  WIFELESS  TELEGRAPHY. 

At  the  Iuternational  Conference  on  Wireless  Telegraphy, 
which  was  concluded  on  Friday  last,  several  important 
decisions  were  arrived  at.  The  conference,  at  the 
request  of  the  British  Government,  gave  special  con- 
sideration to  the  question  of  the  use  of  wireless  tele- 
graphy for  the  prevention  of  disasters  at  sea,  and  after  full 
discussion  passed  unanimously  a  resolution,  proposed  by  the 
British  delegation,  in  favour  of  the  principle  of  compulsory 
equipment  of  ships  with  wireless  telegraphy.  The  text  of  this 
resolution  was  as  follows :  "The  International  Radio-Tele- 
graphic Conference  having  examined  the  measures  to  be  taken 
with  the  view  of  preventing  disaster  at  sea  and  of  rendering 
assistance  in  such  cases,  expresses  the  opinion  that  in  the 
general  interests  of  navigation  there  should  be  impose<l  cer- 
tain classes  of  ships  the  obligation  to  carry  a  radio-telegraphic 
installation.  As  the  conference  has  no  power  to  impose  this 
obligation,  it  expresses  the  wish  that  the  measures  necessary  to 
this  end  should  be  instituted  by  the  Governments.  The  con- 
ference finds  it  important,  moreover,  to  ensure  as  far  as 
possible  uniformity  in  the  arrangements  to  be  adopted  in  the 
various  countries  to  impose  this  obligation,  and  suggests  to  the 
Governments  the  desirability  of  an  agreement  between  them- 
selves with  a  view  to  the  adoption  of  a  uniform  base  for  legisla- 
tion. Lastly,  the  conference  reoommends  to  the  Governments 
the  desirability  of  establishing  in  each  maritime  country  a 
number  of  coast  stations  with  a  permanent  service  adequate 
for  the  needs  of  navigation." 

The  new  regulations  contain  several  provisions  intended  to 
render  more  effective  the  service  of  wireless  telegraphy  in  cases 
of  distress  at  sea.  Ships  will  in  future  be  required  to  provide 
an  auxiliary  source  of  power  able  to  work  the  wireless  appa- 
ratus for  at  least  six  hours.  This  emergency  installation  must 
be  p】ac'erl  in  as  secure  a  position  as  possible,  and  must  be 
entirely  self-contained,  so  that  an  accident  to  the  ship  which 
stops  the  working  of  the  ship's  engines  need  not  affect  the 
wireless  apparatus.  Steps  have  also  been  taken  to  lessen  the 
danger  of  distress  calls  going  unheard  by  laying  down  rules  as 
to  attendance  on  the  wireless  apparatus  in  various  classes  of 
ships.  On  ships  of  the  first  dass  a  premanent  watch  will  be 
required,  and  in  this  case  two  fully-qualified  operators  at  least 
must  be  carried.  On  ships  of  the  second  class,  where  a  perma- 
nent watcli  is  not  considered  practicable,  the  operator  liuist 
】isteu  during  the  first  10  minutes  of  every  hour.  In  the 
smallest  ships  (fishing  boats,  &c.)，  no  regular  periods  of  watcli 


are  prescribed.  Each  Government  in  giving  a  license  to  carry 
wireless  apparatus  will  deierniiiie  in  which  of  these  threii 
classes  it  is  to  be  placed. 

Rules  have  also  been  made  for  both  ships  and  shore  st ations 
to  suspend  work  and  to  listen  at  tlie  end  of  eacli  quarter  of  an 
1 薩 r  in  cases  where  it  is  likely  that  distress  calls  might  other- 
wise not  be  heard.  To  prevent  confusion  the  ship  in  (list  ross 
will  in  future  have  control  over  the  wireless  working  of  all 
stations  in  its  vicinity,  while  the  operators  on  every  ship  ?n*: 
now  specifically  placed  under  the  authority  of  the  caplain. 
Provision  has  been  made  for  giving  priority  of  transmission  1o 
weather  reports  from  ships  and  for  keeping  coast  stations 
supplied  with  weather  forecasts  for  communication  to  ships  on 
demand. 

In  order  to  prevent  confusion  in  working,  t  lie  regulat ions 
adopted  at  the  Berlin  Conference  required  ships  to  communi- 
cate with  the  nearest  shore  station.  Various  proposals  were 
made  for  modifying  this  regulation  so  as  to  allow  coininunica- 
tion  between  a  ship  and  a  station  which  is  not  the  nearest . 
These  proposals  gave  rise  to  considerable  discussion ,  and  ；' 
regulation  was  finally  adopted  which  permits  sucli  ('f)imm'iii(.a- 
tions  provided  that  a  special  specified  wave  length  is  used  for 
the  purpose,  but  at  tlie  same  time  limits  tliis  exceptional 
arrangement  to  the  case'  of  communications  exrlianged  bet  ween 
a  ship  and  a  shore  station  in  the  country  to  which  the  ship 
belongs. 

Numerous  other  changes  were  made  in  the  regulations, 
with  the  object  of  promoting  the  smooth  and  expeditious  woH" 
ing  of  the  service.  In  this  connection  it  may  be  mentioned 
that  all  the  countries  concerned  have  now  agreed  that  all  wliips 
should  be  under  the  obligation  to  intercommunicate  with  one 
another,  irrespective  of  the  system  of  radio-telegrapliy 
employed.  It  was  decided  that  it  would  be  premature  to 
attempt  to  lay  down  regulations  for  the,  long  distance  between 
land  stations,  and  it  was  expressly  laid  down  that  eacli  count  ry 
remains  free  to  organise  services  of  this  nature  as  it  thinks 
best,  the  only  principles  laid  down  being  that  interference 
between  different  stations  must  b&  avoided  as  far  as  possible, 
and  that  differences  in  the  system  of  wireless  telegraphy 
employed  must  not  be  a  basis  for  refusing  intercommunication. 

The  American  delegation  conveyed  an  invitation  from  their 
Government  (subject  to  the  necessary  vote  of  Congress)  to  hold 
the  next  conference'  in  Washington.  This  invitation  was 
unanimously,  accepted,  and  1917  was  fixed  as  the  date  at  which 
the  next  conference  will  be  held . 


The  Simplon  Tunnel. ― The  proposal,  which  was  recently 
made,  to  widen  the  Simplon  tunnel  has,  we  leai'ii,  been  rejected 
by  the  Federal  Government  in  favour  of  the  original  plan  of 
having  a  second  gallery.  For  this  enterprise,  the  cost  of  which 
is  estimated  at  a  sum  of  somewhere  about  35,000,000  f.，  it  is 
reported  that  seven  firms  have  tendered,  and  that  negotiations 
have  now  been  opened  with  Messrs.  Brandau. 

Proposed  Memorial  to  Thomas  Ncwcomcn. ― A  proposal  is  on 
foot  for  the-  purpose  of  instituting  a  memorial  of  the  famous 
engineer  and  inventor,  Thomas  Newcomen,  who  was  the  first 
(at  least  in  England)  to  work  out  the  idea  of  a  piston  in  his 
atmospheric  engine,  being  the  first  piece  of  mechanism  in 
which  steam  was  used  with  practical  success.  This  invention 
was  at  one©  utilised  for  pumping  water  out  of  the  Cornish 
mines,  and  for  this  aud  other  purposes  proved  highly  efficient, 
being  also  the  pioneer  of  our  present  locomotive  and  stationary 
steam  engines.  As  this  well-known  worthy  was  a  resident  and 
native  of  Dartmouth,  having  been  born  there  in  1663，  it  is 
proposed  that  a  memorial  should  have  its  site  in  this  borough. 
Incidentally  it  may  be  mentioned  that  th&  present  year  is  the 
bi-centenary  of  Newcomen 's  invention.  The  representatives 
of  Dartmouth,  municipal  and  otherwise,  feel  justified  in 
making  an  appeal  for  aid,  external  and  local,  towards  a 
nieinoria]  of  one  to  whom,  as  the  pioneer  of  steam  utilisation  in 
England,  we  are  all  more  or  less  indebted  in  every  ministration 
of  art  and  science,  for  countless  necessities  and  conveniences 
of  our  every-day  life,  and  yet  wlio  has  hitherto  been  so  sadly 
and  strangely  neglected.  As  regards  the  form  the  memorial 
shall  take,  various  schemes  have  been  proposed,  but  the  adop- 
tion of  one  or  more  of  these  must  naturally  depend  on  the 
response  made  to  this  appeal.  Contributions  may  be  sent  to 
the  lion,  treasurer  (Mr.  A.  11.  Gregory),  manager  of  Lloyds 
Hank.  Dartiiiouth. 
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INDUSTRIAL  AND  TRADE  NOTES, 

Cleveland  Blastfurnacemen's  Wages . ~~ -  The  average  net  selling 
prico  of  No.  3  (i.M.B.  CI(、 、(山 iiid  |Mg- ir("i  for  the  inontlis  ol  April, 
May,  mikI  ，Jim(、  1i;ks  Ikhmi  certified  ;it  51  Is.  ()•  \  'M,  as  r' 、"屮 ：i '  w  ith 
ISs.  1  - 1  (id .  tor  the  first  q  uartcr  of  the  year.  I'liis  nutans  an  ;i(1v;i'i(p 
Ma^tfurniicemen's  wages  on  tlio  North-East  Coast  of  H  per 
cent"  which  raises  wages  from  20 '25  per  cent,  over  the  standard 
to  22*50  per  cent,  above  the  standard. 

Nationalisation  of  the  Mines. —  At  a  incetin^  oi'  tl"、  oxecuti\c  of 
the  Miners'  Feder;itioii  of  ("'eat  Britain,  in  Loudon  on  tl"' 

oth  inst"  a  committee  was  appointed  to  drnft  a  Bill  for  the 
nationalisation  of  the  mines  of  the  country,  and  it  was  further 
decided  to  initiate  an  active  propaganda  in  mining  districts 
and  industrial  centres,  to  present  the  case  of  mines  nationalisation 
from  the  point  of  view  of  the  mining  indufsti-y,  and  also  iVom  tl"、 
point  of  view  of  British  trade  generally. 

Stcrnol  Oil  Testing  Machine. 一  We  lnut'  iv(*  i\vd  trom  the  Stern 
Sonnehorn  Oil  Company,  Ltd.,  Ro.yal  London  House,  l^inslm i  v 
S(iu"re，  London,  E.C.,  a  descriptive  pamphlet,  giving  particulars 
of  the  Sternol  Oil  Testing  Machine,  which,  it  is  claimed,  is  an 
important  step  in  the  scientific  testing  of  oils,  as  by  its  moans 
comparative  values  of  luhriciitin^  and  cylinder  oils  and  greases 
('"" l)e  established  under  actual  working  conditions  at  the  actual 
temperature  and  pressure  tlio  hihricants  uii(lt>rg()  in  pincticn!  use. 

Personal.— Mr.  Tom  Westgarth,  of  IVIiddlcshrmi^li,  tlie  joint 
manuring  director  oi'  Messrs.  R icliardsons,  \VestK;i rth,  tV  Co.,  lad., 
engine  builders,  of  Hartlepool,  Mi(ldl(、sh 訓 gli，  and  Sunderland, 
has,  wo  inulerstaiid,  resigned  his  position,  l>nt  "ill  retain  a  seat 
on  the  board.  Mr.  D.  B.  Morison,  who  will  now  be  sole  inanaging 
director  of  the  conipuny,  li;is  ii])pointocl  Mr.  E.  Hall-Brown  to 
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l>e  general  manager  of  the  Mickllesbrough  works.  Mr.  Hall-Brown 
is  well  known  in  marine  engineering  circles,  and  is  at  present 
president  of  the  Institution  of  Engineers  and  Shipbuilders  in 
Scotland. 

Coalite,  Ltd. ― Mr.  A.  M.  H.  Walrond3  the  chaii-man,  presiding 
at  the  ordinary  general  meeting  of  Coalite,  Ltd.,  held  in  London, 
on  the  4th  inst.,  stated  tluit  the  capital  of  the  company  liad  1>con 
increased  by  81,100  shares^  and  that  they  had  issued  a  further  410 
shares  at  an  average  price  of  £1.  8s.  per  share  during  the  current 
year.  Referring  to  the  expenditure  and  the  receipts,  tlio  chairiuaii 
said  that  tho  total  year's  profit  amounted  to  £2,084,  which,  added 
to  the  old  halancoj  made  a  sum  of  £163077  to  be  carried  forwa rd. 
A  good  deal  had  been  done  to  pay  off  old  creditors.  The  report  was 
adopted. 

Demarcation  Dispute  at  Barrow  Shipyard. ― During  the  p;'st  、v<、(、k 
a  demarcation  (lisp ute  occurred  at  the  Barrow  Shipyard  of  JMessrs. 
Vickers,  Ltcl.，  botwecn  fitters  and  l)oilermakers  lespecting  the 
caulking  of  certain  parts  of  the  conning  tower  and  the  barbettes, 
tVc,  on  H.IN1.S.  "Lion."  The  fitters  claimed  that  it  was  their  job, 
and  as  a  consequence  some  2,300  men  were  rendered  idle.  The 
dispute  was  settled  the  day  after  its  commencement,  Messrs. 
Vir-kers  agreeing  that  the  caulkers'  work  on  the  disputed  job 
should  bo  included  in  the  duties  of  l>oilerni;ikersJ  and  that  this 
arrangement  should  form  part  of  the  boilermakers'  agreement  with 
the  ih'ra. 

Immingham  Dock  Extensions.  ―  When  the  Immingham  Deep 
"\Vator  Dock,  Avliich  is  to  be  openc<l  l>.v  His  ^Majesty  the  Kin^  on 
the  22nd  inst.,  was  tlosigned,  land  was  ;u*(iuire<l  for  the  purpose 
of  extensions,  provision  being  inacle  for  tlic  construction  of  four 
arms  exteucling  irom  tlio  central  basiu  of  the  dock,  and  each  cap- 


ablo  of  giving  an  increased  water  space  of  some  10  acres.  Now 
that  the  nuiin  basin  and  om(、  ； irni  h;i vc  Ihm'ii  fotnplrird,  Ui«、  rnsli 
of  traffic  is  so  great  that  the  Dock  Company  is  contemplating  pro- 
ceeding ； it  oiK'O  with  the  construction  of  tlio  south  arm.  It  is 
exprctcd  tlmt  tl"、  work  will  he  h(>gun  at  once,  and  i、t  will  take 
botuctMi  two  and  three  years  to  complete. 

Effect  of  Miners'  Strike  on  Railway  Receipts.  —  TVhr  oilici;il  n-i  nuts 
llir  51   ])rinci|>;il  railw  ;iys  in  tlu;  United   Kingdom  lot   th.-  l」i; 
>veoks  (Decom])or  31st  to  June  30th)  iimountod  to  £52,71 2/220,  a 
decrease  of  £2,027,325  on  the  corresponding  period  of  lust  year. 

Prices  per  Ton  of  Standard  Copper,  January  to  June,  1912. 
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This  (loc-reaso  is  (Mitircly  d\ie  to  the  miners'  strike  of  last  March. 
l'，oi'  the  nine  weeks  ended  March  3rd，  thore  was  an  aggregate 
increase  of  £345,273.  In  the  following  eight  weeks,  however,  this 
increase  was  wiped  out  and  a  decrease  was  shown  of  £3,85(5,064, 
which,  in  tl"'  ooursti  oi  tlio  last  】iine  weeks  of  the  half-year,  was 
reduced  hy  £1,238,739,  indicating  that  although  the  strike  seriously 
interfered  with  business,  its  effects  have  now  been,  largely 
ovtM-come.  The  traffics  now  being  reported  are  excellent,  and  the 
rail\\  a>s  mn  v  look  forward  with  confidence  that  the  next  half-year 
will  greatly  improve  their  position. 

A  Gas  engincd  Vessel.— iMessrs.  Napior  &  Miller,  Okl  Kilpatrick, 
huiut'lied  a  fV、v  (lays  ago  the  auxiliary  surveying  vessel  "Y  Ddi'aig 
Goch，"  wliicli  they  lia Imilt  for  Mr.  Godfrey  H.  Williams,  of 
Alirrpcr^w  in,  to  tlic  spj'<  ifit-itum  of  Mr.  William  (； ray,  丁" imlmi. 
The  vessel  is  200ft.  in  length  on  the  water  line,  38ft.  in  breadth, 
and  21ft.  6in.  in  depth.  The  propelling  macliinery  consists  of  a 
single- sere 、、-  gas  engine  with  six  cylinders,  of  about  225  h.p.  There 
is  a  suction  gas  producer  with  washer  complete,  anthracite  coal 
being  used.  The  vessel  is  fitted  witli  a  Bevis  reversing  propeller. 
An  auxiliary  gas  motor  drives  a  dynamo  supplying  the  current 
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throughout  the  ship  for  working  the  various  pumps,  the  windlass, 
and  the  capstan.  There  is  large  bunker  capacity,  which  will 
iMial.lo  the  vessel  to  make  a  cruise  practically  round  the  world 
without  refilling  her  bunkers. 

Trade  Circulars. ― Messrs.  Siemens  Bros.,  Ltd.,  Upper  Thames 
Street,  London,  E.C.,  send  us  a  copy  of  a  dosfripti\t*  pa mphlet, 
dealing  with  their  G5  watt-liour  meter,  Avliich  consists  of  a  small 
rliM-liic  motor,  the  'tic  fielfl  oi'  、vhif'li  is  created  by  st'iics 

en  [  rent  (  oils ；，  w  hile  tlio  shunt  current  flowing  through  tho  arma- 
iure  is  limited  by  the  resistance  in  series  with  the  armature.  The 
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readings  of  the  meter  are  proportional  to  the  current  flowing 
through  the  series  coils  and  the  supply  voltago.  Tho  l>rak(、 （小1 im'iit 
consists  of  an  aluiniiiium  I) rake  disc  and  rotates  between  tho  poh\s 
of  a  permanent  magnot.  The  meter,  it  is  olaimpd,  is  particularly 
suitable  for  export  work. ― The  British  Anti-Vibration  and  Noiso 
Company,  105，  St.  Vincent  Street  Glasgow,  sond  a  paniplilot 
descriptive  of  their  special  methods  of  deadoiiing  vibration  and 
noise  arising  from  tho  running  of  macliinory,  ^as  engines,  &c. 
The  devices  are  of  various  kinds  which  experienco  has  sliown  to  be 
best  adapted  to  deal  most  effectively  with  the  particular  trouhl^s. 

Industcia]  Census,  1913. ― The  Second  Census  ui  l^-oduction, 
under  the  Census  of  Production  Act,  1906，  will  be  taken  next 
year  iu  respect  of  production  carried  on  in  the  present  year.  Tin* 
schedules  to  be  issued  to  manxifaetuiers  will,  in  the  main,  <•("'("• 
the  same  ground  as  those  of  the  First  Census,  ！) ut  the  instructions 
have  been  simplified  somewhat,  and  the  majority  of  the  scbodultvs 


Prices  per  Ton  of  Block  Tin,  January  to  June,  1912. 


212 
210 
206 
206 

302 
200 
196 
196 

m 

192 


rpduoed  from  eight  pages  to  four  pages.  In  oortain  schedules 
particulars  will  be  required  of  the  total  make  of  important  semi- 
manufactured  products,  such  as  yarns,  pig  iron,  steel  ingots,  &r.， 
whether  further  worked  up  by  the  makers  or  not.  By  an'aiigt" 
ment  with  the  Home  Office  the  particulars  of  the  numbers  of 
persons  employed  will  also  serve  as  the  ordinary  Return  required 
for  1912  under  Section  130  of  the  Factory  Act,  and  manufacturers 
will  thus  be  saved  the  trouble  of  making  two  separate  Returns. 
Small  firms  employing  not  more  than  five  persons  besides  the 
emplo3*er,  on  making  a  declaration  to  that  effect  on  the  schedules 
issued  to  them,  will  be  exempted  from  the  requirement  to  furnish 
Returns.  At  the  present  time  the  schedules  are  being  issued  in 
draft  to  Chambers  of  Commerce  and  Trade  Associations  in  order 
to  afford  them  an  opportunity  for  the  consideratioii  of  the  dotails 
of  the  information  required  before  these  are  finally  settled.  The 
schedules  on  which  maiiufafturers  will  l)e  required  to  make  their 
Returns  will  not  1'e  sent  out  until  the  l)e^inning  of  next  yea r. 

The  Krupp  Company. ― A  report  just  issued  hy  the  Essen  Chambei' 
of  Commerce  ^ives  some  partif-ulars  regarding  tlie  present  e(|uip- 
ment  of  the  Krupp  Company.  The  cast-steel  works  at  Essen  com- 
prise about  60  departments,  containing  7,700  machine  tools,  &c, 
16  rolling  mills,  164  steam  hammers  from  100  to  10,000  kilos,  139 
hydraulic  presses,  539  steam  engines  ffom  2  h.p.  to  7,000  h.p., 
and  representing  in  the  aggregate  95,920  h.p.,  3,392  electric  motors 
representing  altogether  62,565  h.p.,  1,177  cranes,  &c.，  up  to 
lo0,fXK)  kilos  carrying  capacity,  and  aggregating  12,694,3^50  kilos 
carrying  capacity.  The  coal  mines  of  the  company  produced 
2，600，293  tons  last  year.  The  water  consumption  of  the  concern 
was  18,81 8,- "J09  cubic  metres,  about  the  same  as  the  total  consump- 
tion in  Bochum,  a  town  of  about  120,000  inhabitants.  There  are 
seven  electricity  works  in  connection  with  the  Essen  plant,  gene- 
rating last  year  54,662,200  kw.  hours.  There  are  three  shooting 
ranges  for  testing  ordnance,  and  last  year  4,512  guns  were  tried, 
34,000  shots  being  fired.  The  total  number  of  workpeople  employed 
at  the  various  works  is  given  as  69^950.  Of  these  37，853  are  in 
the  cast st<»el  works  and  shooting  ranges  in  Essen ,  0,346  at  the 
Frifdrich  Alfn^l  smelting  w r>rks,  l{boiuIiau.s(Mi,  080  ； it  the  Ani""， 
steel  works,  4,427  at  the  (Jruson  works,  Alagdf'l""'g，  4,923  at  the 
Germariia  stiipyarc],  Kiel,  10,008  at  the  various  coalfields,  8^3  ； it 
tl"'  \\ h^nisli  smelting  w orks,  ； uul  4 ,507  at  tho  iron  ore  mines. 


Standardisation  of  Automobile  Parts. ― A  conferonoo  of  or^inoors 
and  r('i"vs(>iit:itiv(';s  of  tho  various  institutions  r^prt^sontiiiK  the 
motor-car  industry,  convened  by  tho  F 川 giiwi'ing  Standards  Com- 
initto(s  to  considor  the  advisability  of  Um  standardisation  of  auto- 
mohile  parts,  was  hold  on  Friday,  Ju no  28tl，，  in  London,  Sir 
John  Wolfe  Harry,  K.C.H.,  fhairman  of  the  Enginoonng  Standards 
Committee,  heing  in  the  chair.  A  resolution  was  pnssod  t)\nt  tfio 
stantlardisation  of  automobile  parts  and  tl"'  pn'i>;ir;iiion  ot 
stjuulard  sp(*oifications  for  tho  material  used  th*»rein  were  desir- 
；") lt>.  It  was  decided  to  recommond  to  the  main  En^iiHUTiim 
Standards  CoinmitttH*  that  those  invited  to  the  (("il'('r("i('«'  I"' 
ioi  nu^l  into  a  swtional  committee  to  deal  with  tli"  mattor  with 
pow  t*r  to  add  to  their  number's.  It  was  understood  that  tin-  s<'c 
tional  committee  would  have  power  to  form  suit  committws  and  to 
co-opt  ineinl)ors  liaving  oxpert  knowledge  of  tlu>  particular  hranohes 
of  the  subject  to  he  dealt  with.  A  printed  list  of  matters  which 
it  was  suggested  might  receive  attention  was  submitted  to  the 
foiit'erence,  hut  it  was  de<'ided  that  tin;  rofereuco  to  the  coiinnittpe 
(川 glit  not  to  ho  con  fined  to  these,  but  that  it  should  l>o  ojX'ii  to 
discuss  such  matters  as  from  time  to  time  were  brought  forward 
tor  consideration.  It  was  suggested  that  each  of  the  various  bodies 
appointing  <lelogatos  to  the  committee  should  he  asked  to  d raw  up 
n  list  of  tho  subjects  it  desired  should  receive  .attention,  so  that 
tl"'  coniniitteo  might  have  these  before  it  when  commencing  work. 

New  Dredger  for  Burma.— Messrs.  William  Simons  &  C'o.，  Ren- 
frew, launcliod,  on  tho  2nd  inst.,  the  dredger  "  Lees，，，  wliioh  they 
have  huilt  to  the  order  of  the  Indian  Government  for  the  improve 
m('iit  of  tho  waterways  in  Bu rma.  The  dredger  is  of  tlie  "Siinoiis'1 
suction  reclamation  type,  and  has  been  specially  dosignod  and 
constructed  under  tho  direction  of  Prof.  J.  H.  Biles.  The  "Lees" 
is  a  t、vin_s(，r(MV  lightxlraught  cutter  dredger^  and  she  will  work 
in  conjuuctioii  with  a  floating  pipe  line  ； uul  terTiiinal  pontoon, 
arranged  for  th'liverin^  dredged  material  over  river  or  canal  banks 
ior  l:md  rticl;un;xtion.  The  dredging  pump  is  driven  l>y  an 
indepondent  set  of  triple  expansion  engines,  and  the  sue 
tion  pipe  is  carried  on  a  frame  fitted  in  at  the  forward 
part  of  tlu»  \- esse  I.  The  lower  end  of  tlie  suction  frame 
is  Htted  with  a  steel  spiral  rotary  exitter,  driven  hy 
cast  steel  ni;u'lune-cut  gearing  from  a  set  of  horizontal  com 
pound  engines  placed  on  deck.  Tiidependoiit  st ('； im  hoist  gear  is 
pi'o\'ided  ior  controlling  the  suction  frame,  and  v^ry  j)0\\  or tnl 
m:ui(miviiiig  winches  are  placed  at  eaoli  ond  of  the  vessel.  The 
drt'd^or  is  propelled  by  twin  screws,  eacli  driven  by  triple-expan- 
sion engines.  Ste;nn  is  siipplit'd  hy  two  f'yliiidi'if'al  imilti-tul>ular 
lM>il(、rs，  constructed  for  a  working  pressure  of  16011)s.  The  boilers 
;i  rr  litted  with  Howden's  forced  draught  for  1 川 i'n"ig  I  ndinn  fuel. 
A  repair  shop  with  electrically-driven  machine  tools  capahle  of 
uiidt'rtakin^  minor  repairs  is  fitted  on  board. 

Prices  per  Ton  of  Silesian  Zinc  Sheets,  January  to  June,  1912. 
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Durham  Collieries  Electric  Power  Company. ― At  the  ordinary 
general  meeting  of  this  company,  held  in  London  on  the  4th  inst., 
-、 lr.  A.  W.  Tait  said  the  company  had  again  made  a  loss.  In 
fonsequeiioo  of  the  report  which  the  directors  obtained  from  an 
independent  electrical  engineer,  the  prospects  were  considered  so 
unsatisfactory  that  the  position  was  placed  before  the  debenture 
stock-holders.  An  endeavour 'was  made  to  try  and  arrive  at  some 
settlement  of  the  situation  by  means  of  getting  an  amelioration 
of  the  conditions  under  the  contracts,  but  that  was  found  impossi- 
ble. The  directors  afterwards  entered  into  negotiations  with  the 
Newcastle-on-Tyne  company  for  the  sale  of  the  company's  under- 
taking, and  those  negotiations  looked  as  if  they  would  ultimately 
ho  successful.  He  was  afraid,  however,  that  the  negotiations,  even 
if  they  were  concluded,  would  mean  that  the  property  would  he 
sold  at  a  price  which  would  leave  nothing  whatever  for  the  share- 
holders ； in  fact,  there  would  1"、  a  substantial  loss  to  the  debenture 
shareholders.  The  report  of  the  independent  expert  showed  that 
not  only  was  the  position  unsatisfactory  at  the  moment,  but  that 
as  the  load  <irew  thero  was  no  gi'ent  prospect  of  better  lesults. 
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rriiis  Avas  due,  he  thought,  to  the  mistake  made  originally  with  rega  rd 
to  the  load  factor  in  working  the  oolliories.  At  the  time  the 
feeling  \v;is  that  tho  load  factor  woiild  he  very  mucli  lughci-  tlian 
it  liad  actually  tiin">(l  out  to  ho.  It  \vas_,  thorofore,  proposed  tliat 
the  company  slutuld  1"、  voluntarily  wound  up.  The  report  、、： is 
adopted,  ;uul  at  an  extraordinary  lneetin^  subsequently  held  a 
resolution  w;is  passed  voluntarily  winding  up  the  company. 

World's  Shipping. ― Tl"、  si;it  istioal  tables  prepared  by  Lloyd's 
lie^ister  of  British  and  Foreign  Shipping  for  the  1912-1913  edition 
of  their  l^^ister  Book  show  that  during  1911  tlie  number  oi 
\*  esse  Is  of  100  tons  and  upwards  (excluding  yaclits)  built  through- 
out the  world  was  1,189  vessels  of  2,405,681  tons.  Of  these  (528 
of  1,()71,1()2  tons  were  constructed  in  the  United  Kingdom.  The 
total  number  of  all  classes  of  vessels  built  in  the  United  Kingdom 
was  768  of  1,2.10,810  tons.  The  additions  made  to  the  Register 
of  the  United  Kingdom ― including  vessels  bought  from  foreign 
oountrios  n iul  tra n.sftMiod  from  the  British  Colonies,  as  \\ ell  as 
new  vessels  Ituilt  at  lioim、  and  a  It  road ― ainountod  to  1，U0'—)  ol' 
1  ,o5(i,2.r)l  tons.  The  removals  from  tho  Ko^ister  during  tlic  s:u"(、 
period  、vt、n'  1  ,U1.*>  vessels  of  1 ,018,034  tons.  The  ruslt  ot"  tlu>  v«、ar's 
additions  ； uul  (lodiKtions  tl""vfoiv  is  ； i  drorense  oi'  H)  in  tl"、  itiini- 
l»er  oi'  \ress*»!s  r('gis"'rt'(l，  hut  an  incroaso  of  338,217  in  tlic  :iggiv 
gate  gi'oss  tonnago.  Tli(、  total  number  of  \- esse  Is  of  l()f)  tons  <j;ross 
and  upwards  U'loiiging  to  t\w  scvcrnl  nuiritiine  countri*\s  oi  ilw 
world  as  rooordod  iti  tlu、  Ilc^isttM'  Book  is  30,31  (>  of  44"f)0(),(i77  ions. 
Of  tlu^se  11,441  vessels  «»t  1  <),S7  I  ,；1(10  tons  aro  British— 1),27!)  vessels 
of  18,213,(i20  tons  l>el()iiging  to  tlio  Uniteil  Kingdom  and  2，1(;。  of 
1，（；""，74U  tons  to  tho  ('olonics.  AnuM'ica  1ms  tl"、  i"、xt  largest  tmi - 
iiage,  the  iiunil)er  of  vessels  U'ing  3,4  12  and  the  tomiage  5,2~>S,  IK7. 
Ormaiiy  lias  2,213  vessels  of  4,(i28,983  tons,  Norway  2,132  vessels 
of  2/292/>D(i  tons,  Kimuco  1,491  vessels  of  2,(t-V2,.">IS  tons,  Italy  1，(>"(» 
vessels  of  1 ,3i)8，.W2  tons,  Japan  *)(；(! 、隱' Is  ol'  1,3  U,"!)I  tons,  and 
Holland  7ul  vessels  of  l，12"，i>U"  tons.  Tlit'  mmiU'r  ol"  vessels 
ctassefl  w i 1 1 1  Lloyd's  Hc^isirr  is  1 1),  I 


NEW  PATENTS. 

S  pecifirations  "j  fli  r  falluiri  mj  <i  rr  noir  yu  hi  islt  r//,  "ml  tra  .、'/'"〃 
bp  ph-fisrJ  tu  jnnrttui  '  /'".、•/  free  "ti  i  ('"'i pf  of  Knl .     Aihii  rss 

'' M  tt  ha  nicul  J*:  miitif ',',，，  .W，  AV'r  Jitiih'ij  Mnnrh  t'ster. 

MECHANICAL,  I9H. 


ing  li(|"i(ls.  Hnni])lir<*v  iV  R usdell. 
i lig  liquids  :i iul  romprossi n<i  jj;;iscs. 


A pj^aratus  lor  raising  or 
11K1S. 

Apparatus  J.or  raising 

Hiunplnvy.  120.V). 
Steam  turhi tu».     、Vivi ii Dumptt urMneii-Ges.     1 4 1  (13. 
Starting   dtn  let's    tor    explosion   engines.      Ad ams,    and    Ad;i ms 

Ma  mi  fact n^;  C'(»mi>:mv.     1  ik2l)l. 
Valves  oi  ]ntorn;iI  roiiih\ustiou  engines.    Berlize.    1  42(;1 . 
Rotary  ("igim、.     l)ugins.     1 4-li)l . 
Steam  generators.  Justice.   1  449(1. 

Turret-slide  inechanisni  i'or  turret  lathes.    Potter.  1459(1. 
Method  of  utilising  surplus  compressed  air  in  internal  oomlmstion 

motors.    Daimler  Motoien  (Jes.  14598. 
Recovery  of  sulphur  from  ^.aso.s.    Tewl,  Suliiian,  iS:  Picard.  14628. 
Bright  ； iimealinij;  of  mm  lerrous  metals.    Borker.  14648. 
Cai-  ('oiipliiig  HK'clianisni.    W illison .  1473(i. 
C'han^o-speod  and   ivversiny;  gt、ai's.     Wirtz.  loi)()ti. 
Mechanical  ort 、- roasting  furnares.    Hnrris.  1G.")S3. 
Gas  turl)ines.  Baxter.  l(i()13. 

Brakes  for  railway  Ava^ous.    Oxley  &  Parker.    1G791 . 
、【ecliani('al  ore- roasting  furnaces.    Harris.  17847. 
Explosion  tiirl)iiic.     K  utscinnski.    1 8( IV). 

C1haiii  gearing.    (V:iig，  Napier,  and  Coventry  Clin  in  Company. 
18380. 

Liquid  fuel  spravi)i^  devices.    Babcock  &  Wilcox,  Ltd.  18711. 
Valves.    Pankinust.  20134. 

Disc  milling  cutters  or  circular  saws.  Zwenjz:.  201  ">4. 

Starting  systems  for  iiiternal-eomi)iistion  engines.    Bell.  2()37(i 

and  2(')73(). 
Exhaust  silrnccrs.    Schollo  &  Co.  22939. 
.Apparatus  tor  smHtiiig  metals.    Hoveler.  23117. 
Apparatus  tor  signalling  on  trains  and  for  stopping  trains.  Snyers. 

23999. 

Self-lofkin*i;  nuts.    Ashury.  24583. 
I^our-stroke  oyclo  engines.    Kruk.  24665. 

Vnlve  nuH-lianisni  ior  internal-conil)ustion  engines.    Coffin.  2o007. 

Rotary  or  turl)ine  engines.    Stevenson.  26617. 

Mecliaiusm    for    con  verti»i<;    rota  ry    motion    into  reriprooatin^ 

motion.    Justice.  26639. 
CVmiliincd  (Irill  and  countersink.    Ullrich.  2fi907. 
Mt'ji  ns  tor  injoctin^;  a  ml  vaporising  liquid  fuel  in  intprnal-fom- 

luistion  engiiirs.     IYU'i'som,  ;ind  StorelMO  Aktiel>oln^;.    2<>01 7. 
Pinions  tor  sliding  whcpl  gears.    Bii'kigt.  27040. 
IW\  \  -.\ci  ion  ol  itiotiils  from  tlieir  ores.    Leslie.  23235. 


Crucibles   or    melting    pots.      Morgan    Cn'cihlc   Company,  and 
Harvoy.  282(>9. 

Two  stroke*  explosion  on^iups  with  r<、volviiig  cvlindors.  L(''gor. 
28510. 

(V)iipliiig  ； ippiiratus   for   r;iil、v;iv   v (小 i('l(、s.     K usciclck   &    Rot 丄 
sioiii.  288o0. 

1912. 

(J :is  washer.     Aniinofl'.  12(i. 

(h'、       J'or  rail\v;iys.     S;u)(lcr,  Vol/',  iV  Nippol.     ] 2(i-*>. 
Kv:ii)("'atiii^;  and  distilling  plant.    W('ir.  2813. 

Valve  g(';u'  of  int(»rnal comlmstioii  cn^inos.     HafFoiuloii  Sfc  Kvnofh, 
Ltd.  37U0. 

Shaft  hearings  of  rotary  pumps,    (jaode.  4100. 
Kxpansil)lo  pulloys.    Caldwell.  4750. 

、、： iti'r  tooled  iiitcnial-conibustion  enginos.    Hoss(»lninn.  .*)34S. 
I  ntcriiMl conilmstion  tMi^im\s.    'J，、voi"1>l.v.  5785). 

roTiH'ttTN.     l《og('rs.  ().'3()4. 
Pistons.     Raiiiiorth,  and  I).  N:ip"'r  ik  Soil,  \AA.  (>820. 
( 'cntriru^al  C;u is  or  Mowers.     I^ranic.    71 49. 

Process  lor  liardciiintz;  low  c;i rlion  stwl.    (" 山. Schultert.  7;V)S. 

、、- pumps.     Kiscmann  A:  l'('lm(».  8101. 
Khiid  prcssui'c  )ti  ;i kcs.     I)oiio\  an .    8 1 53. 
Sbcjuii  mMierators.     J  usiirc.  8K80. 
S(  +  n'、v  propellers.  Simon. 

A ri'jui^t'iMciit  lor  <li"ii"isl"，ig  cK^iranoo  losses  in  turbines  and 
pumps.     Ilolzrr.  10179. 

ELECTRICAL  1911. 

KltH'tricM lly  op('r;it('(l  r(、\(M'sing  ^o;ir.  Hriill. 
TctcplHUit'  systems.     I)i('k(»r.  f)-r)77. 

I^lccti  i<-;i  I  sci-\ o  ； uul  tclo  molfn's  :i  iid  i  lifir  modes  of  ； ippliration. 

KoiUMilniru.  NI7'>. 
M M^ncio  *i<'ii('r;itin^;  m:"l 山 i'or  lighting  and  ignition  purposes 

mi  imttoi*  \  «*hi<'l«'s.    V:uigli:iii.     1 43(jll. 
Kloctri<-  tr;uis|)(>itatioii  svstems.    V;ni^lian.    1 4"i( )"). 
Stor;>^c  h:ittvry  plates.     LaU<».     1 4938. 
Mai.ul.u  Lui »'  ol  * 小1 (  trie  steel.    Stol'it、.     1 7 1  Tf) 

Visililc  4'lt*ctri<*;il    si^icils    in    ('(nmoclion    with    colliery  winding 

. n-iiu's.    C'luulton  ik  Sniitli.  17430. 
！) oiiltlc  pole  clcctriciil  su  itches.    Al  idln iul  EUn-trir  Maiiuhtfturinj>; 

('"miKiii.Y,  mikI  Burlior.    21)31  I. 
M  i<-  •  tiiclmnieU'i  s.     Thompson.  ^-">488. 

1912. 

\  vc  lamps.   SicnuMis  Hros.  Dyinuuo  Works,  Ltd.  05.1, 

Kh.ctric  l.rh'^riipli.v.     Al  uirliojul,  ;ind  1VI  n irlioad  A'  Co.  2(»4<). 

lOlt'ctiol.viic  ap|>;ir;itus.     II;iz;ir(l  Fliiinand.  2124. 

A i  i  Mn^ciiuMits  i'oi-  ;"'r,Mt'r:itiii^;  tlio  variation  ot  a  magnetic  field 

in    (Iviuinios.     Ailiiiiinii;i    S\-onska    Elektriska  Aktiebolaget. 

4283." 

M  ctruxl    oi    MisixMulinii    elef-tric    oonduotors    between  supports. 

Vohhg  Akt.-Ges.,  and  Ellin^on.  4779. 
M  ii Iti |， It'  arc  lamps.    (Jos.  fur  Mnscliiiien  und  M eta  11  Industrie. 

r>3oi. 

'1\-1.^|-；1  pli  I  i  ;i iismitt i \\'^  maohinos.    Del  Vallo  Atiles.  7290. 
Electric  circuit  Ineakers.    Fa^erhnul.  9G17. 

Continuous  current  electric  meters.    Siemens  Sohuckertweike  Ges. 

9823. 


METAL  QUOTATIONS. 

TUESDAY,  JULY  9th. 

Aluminium  ingot   75/-  per  cwt. 

"         vinre,  according  to  sizes,  &c  from  102/-  " 

，，        sheets        ，，            ，，    】20/-  ，， 

Antimony   £27/10/-  to  £28/-/—  per  ton 

Brass,  rolled    9Jd.  per  lb. 

，， tubes  (brazed)    lljd. ,， 

，，       ，，      (solid  drawn)   10d.  ，， 

，，       ，，     wire   ^}d.  ,， 

Copper,  Standard  •   £72/5/-  per  ton. 

Iron,  Cleveland   56/7 J  ，， 

，， Scotch   62/7J  ，， 

Lead,  English    £18/17/0  ，， 

，， Foreign  (soft)    £18/10/-  ，， 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

，，           ，，           "       medium   3/6  to  6/-  ，， 

，，           ，，           ，，       large   7/6  to  11/- ，， 

Quicksilver   £8/10/-  per  bottle 

Silver   28d.  per  oz. 

Spelter    £25/17/0  per  ton. 

Tin,  block   £202/-/-  ，， 

Tin  plates   14/7^  ，， 

Zinc  sheets  (Silesian)   £29/5/-  ,， 

,，          (Stettin  ；  Vieille  Montagne)   £29/7/6  ,, 
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UNITED  FLEXIBLE  METALLIC  TUBING  CO.,  Ltd. 
Works  :  PONDERS  END,  MIDDLESEX. 
Head  Office : 

112,  QUEEN  VICTORIA  STREET,  LONDON,  E.C. 


The  man  stood  on  the  boiler  top,  whence  all  but  he  had  flown, 
For  one  and  then  another  of  the  blessed  joints  had  blown  ； 
'Twas  there  we  found  him  swearing,  when  we  took  him  underhand. 
Now  a  smile  he's  always  wearing,  he's  found  "  NONLEAK  "  will  stand. 


WHY  NOT  WEAR  A  SMILE  P 

NflNI  VhK  JOINTING 
IMUIlLtMIV  COMPOUND 

Will  Put  a  Stop  to  Leaking  Joints  &  Blow-outs. 


BBITI8H 


TSSTINO  BAMPLE8. 


FBEB  FKOM  LEAD  I 

mPBOVES  WITH  AGE  I 
•WTLL  NEVEB  BLOW 


r,  BOAI<Bt  OB  ROT. 

Leeds  Road, 


J.  E.  TURNER  &  CO.,  UK.,  ^  BRADFORD,RYork. 


Second  and  Greatly  Enlarged  Edition. 

The  Testing  of  Engines, 
Boilers,  &  Auxiliary  Machinery. 

A  Treatise  on  the  Construction  and  Use  of  the  Instruments 
and  Methods  Employed  in  the  Testing  of  Prime  Movers  in 
the  Laboratory  and  Workshop         ::       ::       :;       ::  :: 

By  W.  W.  F.  PULLEN, 

Whitworth  Scholar  ；  Membtr  of  the  Institution  of  Mechanical  Entineers  ； 
Associate  Member  of  the  Institution  of  Civil  Engine$rs. 

Price  13/-  post  free. 

CONTENTS.— Tables  and  other  Data.  Mechanical  Aids  to  Calculation.  Measure- 
ment of  Pressure.  Meaeorement  of  Temperature.  Measurement  of  Speed. 
Measurement  of  Power  Output.  Measurement  of  Power  Input  with  Dynamometer. 
Measurement  of  Power  Input  with  Indicator.  Indicator  Kigs  and  Accessories. 
Hints  on  the  Management  of  Indicators.  Analysis  of  the  Steam  Engine  Indicator 
Diagram.  Other  Features  of  Steam  Engine  Diagrams.  The  Adjustment  of  the 
Slide  Valve.  Internal-combustion  Engine  Diagrams.  Testinfl  Indicator  Springs. 
MeaBorement  of  the  Quality  of  Steam.  Measurement  of  Quantity  of  Steam  and 
Water.  The  Testing  of  Steam  Koginee.  Fuel  Testing.  The  Analysis  of  Flue 
Gases.  Boiler  TesldDg,  The  Testing  of  Auxiliary  Machinery.  The  Testing  of 
Internal-combustion  Engines. 

The  Scientific  Publishing  Co.,  53,  New  Bailey  Street,  Manchetter. 


Vol.  30,  No.  756. 


Edited  by 
WILLIAM    H.  FOWLER, 
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SUBSCRIPTION  RATES. 


United  Kingdom :  12/6  per  annum,  post  free. 
Anywhere  Abroad  ： ― 

17/6*  per  annum,  post  free.    Thin  paper  edition. 
21/-*  ，，  ,，  Thick  " 

*Foreign  Remittances  by  International  Money  Order  only. 
Note. 一 Direct  annual  subscriptions  include  a  Free  Copy  of 
Fowler's  £<  Mechanical  Engineers'  Pocket  Book/' 
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The  Illumination  of  Workshops, 

The  proper  lighting  of  a  workroom  is  of  importance  both  to 
workpeople  and  employers.  To  the  former  because,  in  many 
cases,  where  diligent  use  of  the  eyesight  is  necessary  to  per- 
form their  duties,  bad  lighting  may  cause  serious  injury, 
and  to  the  latter  because  anything  which  interferes  with  the 
discharge  of  workmen's  duties  reduces  industrial  efficiency. 
The  subject  has  not  in  the  past  received  the  attention  it 
deserved,  and  the  more  careful  study  bestowed  on  it  during 
recent  years  shows  that  in  many  instances  illumination  is 
ineffective  not  from  absence  of  light  so  much  as  from  improper 
use  of  it,  and  general  ignorance  of  the  principles  which  should 
govern  its  distribution.  For  this  reason  the  special  report 
on  the  subject  of  Factory  Lighting,  by  Mr.  D,  R.  Wilson, 
which  has  been  issued  in  the  annual  report  of  H.M.  Inspec- 
tor of  Factories,  is  deserving  of  study,  and  though  it  deals 
more  particularly  with  the  lighting  of  textile  mills,  the 
principles  which  apply  to  them  apply  equally  to  all  work- 
shops where  clear  and  comfortable'  vision  is  required.  The 
illumination  of  a  room  may  be  regarded  from  two  points  of 
view,  according  as  it  is  desired  for  the  general  lighting  of  the 
area  as  a  whole,  or  of  a  small  circumscribed  area  where  some 
specific  work  is  being  carried  on  more  or  less  continuously, 
and  practically  there  are  always  two  kinds  of  light  to  be 
considered,,  viz"  daylight  and  artificial.  The  principal  dis- 
tinction between  the  two  consists  in  the  variability  of  the 
fornier,  which  differs  not  only  with  the'  seasons,  but  from 
hour  to  hour  ；  and  a  further  distinction  lies  in  the  fact  that 
whereas  we  can  with  artificial  light  regulate  its  exact  position 
and  quantity  to  suit  the  convenience  of  the  work,  the  source 
of  daylight  is  limited  to  the  boundary  walls  of  the  building 
or  to  the  roof.  The  latter  is,  of  course,  the  most  efficient  area 
where  ifc  is  available,  but  obviously  that  can  only  be  on  a 
specially-arranged  upper  floor  or  ground  floor  shed.  In  the 
bulk  of  cases  window  space  in  the  side  walls  is  the  ouly  source, 
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and  the  amount  of  liglit  that  can  enter  often  varies  con- 
siderably even  in  the  same  structure,  owing  to  the 
presence  of  adjacent  buildings.  Ground  floors  are  fre- 
(|ucnily  very  defective  on  this  account,  apart  from  deficient 
window  area,  which,  to  secure  efficient  daylight  illumination, 
should  relatively  to  the  floor  area  amount  to  at  least  10  per 
cent.,  and  be  as  symmetrically  arranged  as  possible  to  serm(k 
uniform  diffusion.  To  this  end  the  nature  of  the  walls  plays 
ii  more  important  part  than  is  generally  thought.  They 
should  be  of  a  light  tint,  and  of  a  matt  surface  to  increase 
diffusion.  By  paying  attention  to  this1  detail  the'  illumina- 
tion may  sometimes  be  trebled  or  even  quadrupled.  As  an 
example,  Mr.  Wilson  quotes  an'  observation  of  a  liuen-weaving 
shed  where  the  illumination  intensity  in  tlie'  centre  was 
97  foot-candles,  whereas  at  a  distance  of  3ft'.  from 
whitewashed  walls  it  was  135  foot-candles,  showing 
an  increase  of  50  per  e&nt.  due'  to  reflected  light 
from  the  wall.  It  is,  however,  with  artificial  lighting  that 
most  scope  is  afforded  for  good  and  bad  arrangements,  a.n<I 
where  errors  most  frequently  occur.  The  main  principles  to 
be  observed  are :  (1)  The  light  should  be  adequate  ；  (2)  it 
should  not  cause  glare  effects  ；  (3)  it  should  not  produce 
troublesome  shadows.  The  question  of  adequacy  depends  on 
a  number  of  considerations,  such  as  nature  of  work,  fineness 
and  colour  of  material,  &c.，  and  is  not  one  on  whicli  special 
rules  can  be  formulated,  as  circumstances  differ  widely.  The 
work  may  be  of  a  nature  which  demands  close  application  to 
a  small  area,  or  may  only  require  general  supervision  over  a 
given  process,  while  individual  eyesight  as  well  as  work  may 
vary.  Obviously,  however,  dark  objects  require  more  illumi- 
nation than  light  ones,  and  where  colour  variations  occur  the 
same  should  permit  of  adjustment,  and  this  can  usually  be 
simply  obtained  by  allowing  a  few  feet  of  flexibility  in  the 
distance  of  the  source.  Glare  effects,  while  readily  under- 
stood in  a  general  way  are  less  easy  to  define,  but  the  defini- 
tions put  forward  by  Prof.  L.  Weber,  of  Kiel,  are  probably  on 
the  whole  the  most  practicable.  According  to  these  a  light  ing 
system  is  glaring  :  ((t)  .  If  the  ratio  of  the  w  intrinsic  bril- 
liancy of  the  source  of  light  to  that  of  illuminaied  sur- 
faces exceeds  100  ；  or  (/>)  if  the  absolute  intrinsic  brilliancy 
exceeds  that  of  an  open  candle  flame- ~ which  is  about  2 '5 
c  andles  per  square  inch  ；  (r)  if  the  angle  between  the  line  of 
vision  when  directed  on  the  work  and  the  line  from  the  eye 
to  the  source  of  light  is  less  than  about  30°  ；  (c/)  when  ihe 
apparent  area  of  the  illuminating  source  subtends  an  angle  of 
more  than  5°  at  the  eye. 

To  avoid  glare,  therefore,  the  important  points  io  note 
are  the  position  of  the  light  unit,  and  its  efFicient  shading. 
In  most  instances  the  angle  of  glare,  which  Prof.  Weber  fixes 
at  30°,  can  be  easily  avoided  by  raising  the  liglit  unit  suffi- 
ciently high.  Some  sacrifice  of  light  is,  of  course,  entailed 
in  this,  but  if  a  few  inches  will,  as  is  often  the  case,  eliminate 
"glare"  the'  diminution  in  intensity  is  inappreciable.  If 
the  light,  which  of  course  varies  as  the  square  of  the  distance 
from  the  illuminated  object,  and  as  the  cosine'  of  the  angle 
of  iiK'i'.loiK-c,  will  not  permit  of  this,  then  the  only  remedy 
is  efficient  shading,  and  when  this  is  necessary  care  should 
be  taken  to  make  the  shade  sufficiently  deep  to  afford  com- 
])lete  protection  to  the  eyes. 

Independently  of  this,  shades,  are'  often  of  convenience,  to 
concentrate  light  on  the  area  immediately  beneath  them,  and 
the  extent  to  which  this  occurs  is  illustrated  by  observations  in 
a  cloth  factory,  where  the  illumination  intensity  of  electric 
metallic  filament  glow  lamps  at  points  2ft.  3in,  vertically 

*  i.e.  tbe  bn^btness  of  a  surface  euiittin^  li^ht  expreKsed  in  terms  of  cundlc 
power  per  K<]uare  inch  area  of  surface. 


below  the  lamps  was  found  to  be  1*2  and  2*5  foot- 
candles  without  sliadc   and  and   7*0   Fooi-c;i udl^s  wln-n 

fitted  with  prismatic  shades.  The  nature  of  tlie  shade,  it  may 
be  further  observed,  influences  tlie  radial  (list  rihul  ion  of 
the  light,  and  should  therefore  be  selected  with  a  view  to  the 
particular  result  desired.  A  common  exainnle  of  failure  in 
i  liis  respect  is  often  afforded  when  carbon  filauiont.-  lamps  arc 
replaced  witli  electric  filament  lamps.  In  the  latt&r  1  he  light 
is  thrown  out  more  liorizontally,  and  therefore  to  obtain  tlie 
full  benefit  of  the  change'  new  shades  should  be  provided. 

Witli  artificial  light  troubles  from  shadows  arc  more  serious 
t  lian  with  daylight"  and  in  dealing  with  t  hem  t  wo  (jualil  ies  are 
to  be  noted,  viz.,  position  and  depth,  the  former  depending  on 
the  position  of  the  "  local  ,，  light  unit,  and  the  latter  on  the 
general  illumination  of  the  neigbbourlioocl.  To  avoid  trouble 
as  much  as  possible  the  unit  serving  each  area  should  be  so 
placed  that  the  light  falls  from  the  side,  or,  better,  over  the 
shoulder  of  the  worker.  If  tlie  lamp  is  in  front  with  the 
inachine  between,  these  neighbouring  lights  should  have 
access  to  the  work  to  neutralise  the  shadow  as  far  as  possible . 
The  suggestion  seems  obvious,  but  it  is  not  always  observed, 
and  inefficient  illumination  often  arises  in  consequence. 
Another  common  failing  is  the  placing  of  lights  so  that  they 
cast  the  worker's  own  shadow  on  his  work.  This  is  doubly 
aniHjying,  because  it  not  only  cuts  off  liglit  but  baulks  the 
worker  by  its  movements.  A  comparison  of  various  kinds  of 
artificial  light  opens  up  of  course  big  questions,  and  the  rival 
merits  of  gas  and  electricity  is  not  one  into  which  we  purpose 
to  enter  here  at  any  length,  suffice  it  that  from  a  sanitary  point 
of  view  the  superiority  of  electricity  as  an  illuminant  is 
universally  admitted,  and  though,  as  regards  efficiency,  incan- 
descent gas  compares  favourably  and  even  advantageously 
with  it  in  some  instances,  nothing  can  be  said  in  favour  of 
flat-flamed  gas  burners  as  source®  of  illumination,  tliough  they 
are  still  extensively  us&d .  They  not  only  flicker  and  evolve 
miu'li  heat,  besides  vitiating  the  air,  but  they  use  12  to  15 
1  imes  as  much  gas  per  candle-hour  as  other  gas  lighting 
systems. 


THE  SELF  DEMAGNETISATION  OF  ST 已 EL. 

A  paper  by  Messrs.  S.  W.  J.  Smith  and  J.  Guild  on  this 
subject  was  read  at  a  recent  meeting"  of  the  Physical  Society  of 
London.  The  constituents,  iron  and  iron  carbide,  were,  the 
authors  stated ,  easily  traceable  in  annealed  steel,  owing  to  tlie 
differences  betwe&ii  their  magnetic  properties.  The  ferro- 
magnetic transition  point  of  the  carbide  was  about  500°  C. 
lower  than  that  of  the  iron.  The'  carbide  was  also  magneti- 
cally harder  at  ordinary  teinperatures  and  possessed  greater 
coercive  force,  although,  like  iron，  it  was  magnetically  very 
soft  at  temperatures  near  the'  transition  point.  In  conse- 
quenco  of  these  facts,  the  effect  of  heat  upon  the  residual 
magnetism  of  an  annealed  steel  rod  was  peculiar  and  at  first 
sight  mysterious.  As  the  temperature'  rose1  the  residual 
magnetism  fell  continuously  until  it  became'  zero  in  the  neigh- 
bourhood of  200°  C.  It  then  changed  sign  and  reached  a 
maximum  negative  value  at  about  220°  C.  Beyond  this,  the 
negative  magnetisation  decreased  slowly,  and  finally  became 
imperceptible  between  700°  C.  and  800°  C.  If  the  rod  was 
cooled  from  800°  C.  it  remained  without  perceptible  polarity  as 
the  temperaturei  fell  ；  but  if  the  h&ating  was  interrupted 
before  the  whole  of  th©  residual  magnetisnn  was  destroyed  tlie 
behaviour  on  cooling  was  quite  different.  Thus,  to  quote  on© 
case,  the  rod  was  heabed  until,  at  600°  C.，  tli'&  residual  intensity 
of  magnetisation  was  about —— 0*5.  On  cooling  the  intensity 
increased  to  a  maxiniuni  negative  value  of  about  ― 1'6  at  about 
245°  C.  Tlien  the  magnetisation  began  to  fall,  reached  zero 
at  about  210°  C.，  became'  positive  and,  finally,  was  about  +  15'5 
at  the  air  temperature.  An  explanation  of  these  and  otlier 
results  which  we're  described  was1  given  in  the'  paper,  in  which 
it  was  shown  that  the  residual  magnetism  of  short  annealed 
steel  rods  was  deter  mined  by  the  retentivity  of  the  carbide,  and 
that  the  residual  polarity  of  the  iron  was  negative.  Th&  iron 
may  thus  be  said  to  contribute  less  than  nothing  to  t  he  residual 
magnetism  of  the  rods. 
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BOOK  REVIEWS. 

Text'book  on   Motor*car  Enjineerinj.     Vol.  I.,  Construction. 

By  Grahame  Clarke,  A.M.Inst.C.E.,  Member  of  the 
Institute  of  Automobile  Engineers,  Lecturer  on 
Motor-car  Engineering,  Polytechnic  School  of  Engineer- 
ing, Regent  Street,  W.  8|in.  by  6in.，  437  pages.  Lon- 
don : Constable  &  Co.,  Ltd.    Price  8s.  6d.  net. 

Several  books  have  been  published  professing  to  deal  with 
the  mechanical  principles  and  detail  of  motor-car  engineering, 
but  most  of  those  which  have  come  under  our  notice  have  been 
rather  in  the  nature  of  glorified  makers'  catalogues,  with  a 
profusion  of  half-tone  illustrations  which  tell  little  or 
nothing.  This  one  specially  appeals  to  us  by  contrast. 
It  bears  the  stamp  of  thoroughness  all  through.  It 
deals  with  principles  of  construction  and  details  of  arrange- 
ment, with  sectional  views,  not  outside  pictures  ；  in  a  word, 
with  solid  matter,  not  veneer.  It  is  what  a  text-book 
should  be  and  what  the  engineer  or  the  student  who  seeks 
scientific  explanation  and  comparisons  of  the  relative  advan- 
tages of  different  arrangements  wants.  There  has  been  a 
need  for  a  book  of  this  kind,  and  we  have  pleasure  in  com- 
mending it  not  only  to  the  student  who  seeks  information  on 
the  thermodynamic  and  constructional  problems  of  this  class 
of  internal-combustion  engines  and  its  mountings,  but  also  to 
the  makers  of  them.  They  will  find  much  that  will  interest 
and  in  many  cases  instruct  them. 

The  Dynamics  of  Mechanical  Flight,  by  Sir  G.  Greenliill. 
Lectures  delivered  at  the  Imperial  College  of  Science, 
March,  1910-11.  9in.  by  6in.  ；  122  pp.  London  : 
Constable  <fe  Co.    8vo.    Price  8s.  6d.  net. 

Apart  from  a  brief  introduction,  the  subject  matter  of  this 
little  book,  as  might  be  expected,  is  almost  entirely  mathe- 
matical, and  intended  for  the  delectation  of  the  advanced 
scientific  student  of  the  subject.  The  circle  of  readers  will 
necessarily  be  a  small  one,  but  it  is  on  them  that  future 
progress  in  aerial  flight  will  now  to  a  great  extent  depend, 
and  by  this  select  audience  we  doubt  not  the  problems  pre- 
sented and  discussed  will  be  appreciated.  The  subject  matter 
is  divided  into  six  chapters  ；  the  first  deals  with  general 
principles  of  flight,  light,  and  drift  ；  the  second  with  general 
solutions  of  the  problems  relating  to  thrust,  and  centre  of 
pressure  in  an  aeroplane  ；  the  third  discusses  the  Helmholtz- 
Kerdioff  theory,  of  a  discontinuous  stream  line;  the  fourth 
is  devoted  mainly  to  gyroscopic  actions  ；  the  fifth  to  the 
action  of  the  screw  propeller  ；  while  the  last  chapter  is  a  brief 
outline  of  the  pneumatic  principles  of  an  airship . 

Theory  of  Structures,  by  Arthur  Morley,  M.Sc"  Professor  of 
Engineering,  University  College,  Nottingham.  London  : 
Longmans,  Green,  &  (5o.  9in.  by  6in.  ；  574  pp.  Price 
7s.  6d.  nest. 

The  strength  and  design  of  structures  is  a  subject  on  wliic-h 
a  great  deal  has  been  written,  and  the  fundamental  principles, 
so  far  as  they  can  be  applied  or  defined,  are  so  generally  recog- 
nised that  within  these  limits  there  is  not  much  room  for  an 
author's  personality  or  for  original  treatment,  but  when  we 
depart  from  the  most  elementary  forms  exact  mathematical 
analyses  of  stresses  have  rapidly  to  give  way  to  conventional 
treatment  based  more  or  less  on  experiment  and  practical 
experience,  and  it  is  in  this  direction  scope  is  best  afforded  for 
the  exercise  of  an  author's  abilities  as  guide  and  counsellor  to 
students  and  in  which  this  work  more  particularly  excels. 
Xotliin^  helps  more  to  a  firm  grasp  of  this  feature  of  structural 
design  than  the  working  out  of  examples,  and  the  carefully 
selected  ones  offered  to  the  reader  constitute,  an  important 
feature  of  the  book.  To  those  wlio  already  possess  the 
author's  work  on  11  Strength  of  Materials  "  tlie  early  rliaplcrs 
will  seem  familiar  and  is  accounted  for,  we  are  frankly  told  i】i 
the  preface,  by  tlie  fact  that  a  considerable  amount  of  tlie 
matter  in  seven  chapters  out  of  the  first  nine  is  taken,  without 
great  modification,  from  that  earlier  work,  to  which  the  pre- 
s^nt  volume  is  intended  to  form  a  companion.  The  appropria- 
tion, it  is  true,  makes  the  present  work  self-contained,  though 
it  rather  suggests  an  amount  of  overlapping  which,  liowev&r 


advantageous  to  tlie  book  publisher,  is  a  bit  rough  on  the 
purchaser.  But  we  would  no!  einpliasi/c  point  unduly  in 
view  of  tlie  excellence  of  the  matter,  the  way  in  which  it  is 
presented,  and  ii.s  relative  chea])iiess  compared  with  works  of  a 
similar  character.  The  matter  is  deaHy  written,  solidly 
packed,  we'll  printed,  and  copiously  illustrated. 
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NEW  OPEN-HEARTH  FURNACE  DESIGNS. 

In  "The  Iron  Age"  of  June  27th,  Mr.  H.  F.  Miller,  jun., 
of  the  Verona  Steel  Castings  Company,  describes  some  iiiodi- 
fications  in  the  design  of  open -hearth  furnaces  whicli  he 
claims  are  an  improvement  on  existing  arrangements.  Tlie 
present  open-hearth  furnaces  are,  he  states,  so  designed  t liat 
the  fuel  has,  as  its  source'  of  combustion,  an  overlying  layer  of 
preheated  air.  This  means  that  the  bottom  of  the  layer  of  gas 
is  not  supplied  with  enough  oxygen  to  completely  burn  it,  and 
as  a  result  the  gas  does  not  develop  the  temperature  it  should 
attain  next  to  the  bath,  where  it  is  needed.  Tlie  air  is  over- 
head for  two  reasons :  (1)  it  acts  as  an  insulator  between  t  lie 
roof  and  the  flame ；  (2)  the>  air  being  heavier,  presses  the 
flame  down  on  the  bath  more'  or  less,  thus  making  the  flame  do 
its  work  by  contact  rather  than  by  radiation. 

Departures  in  design  of  open-hearth  furnaces  have  been 
held  in  check  by  two  main  considerations,  namely,  the  gas 
cost  and  the  brick  cost,  and  the'  problem  of  making  the  two 
costs  dovetail  efficiently  is  a  source  of  ceaseless  worry  to  the 
open-heai*th  furnace  men.  In  the  furnace  of  the  open-port 
type  the  combustion  and  control  of  the  gas  is  effected  almost 
wholly  by  the  width  of  the  port.  If  the  port  is  made'  narrow 
the  gas  layer  increases  in  depth .  This  thick  layer  of  gas  acts 
as  an  insulator  of  itself,  preventing  the  bottom  gas  layers  from 
combining  with  the  overhead  layers  of  the  air.  Thus  a  high 
gas  cost  is  attained  by  poor  combustion.  The  control  of  tlie 
gas  in  this  case  is  excellent,  and  the  brick  cost  low.  On  the 
other  hand,  if  the  port  is  widened  so  that  the  gas  layer 
becomes  thinner,  the  oppoi't/unity  for  combustion  is  increased, 
but  the  control  of  the  gas  is  lost,  resulting  in  a  high  brick  cost 
due  to  burning.  The'  producer  gas  type  is  affected  by  a  loss 
of  control  of  gas1  as  the'  rings  in  the  arch  of  the  gas  port  drop 
down  or  burn  back.  But  here  the  poor  combustion  of  the 
lower  part  of  the  gas  layer  by  the  overhead  layers  of  air  is 
more  definiiely  emphasized  than  it  is  in  the  open -port  type, 
because  of  a  greater  distance  from  the  source  of  combustion. 

Both  of  the  above-mentioned  types  are  used  when  oil  is 
employed  as  fuel.  Indeed  there  seems  to  have  been  no  special 
effort  mad©  to  design  a  furnace  especially  for  oil  or  liquid  fuel. 
When  oil  is  used  in  the  two  types,  th©  point  of  the  burner  is 
projected  across  the'  uptake,  for  th©  combustion  is  so  perfect 
when  the  point  of  the  burner  is  drawn  back  off  the  air  uptake 
that  the  intense  heat  created  melts  the  roof  and  bottom  of  the 
port.  The  author  has  actually  caused  magnesite  to  melt  under 
these'  conditions. 

The  logical  questions  ihat  present  themselves  now  are  ： 
(1)  if  th©  narrow  port  in  Fig.  1  gives  such  excellent  control  of 
th-e  flame,  is  there  not  some  simple  and  efficient  means  by 
which  good  combustion  can  b&  obtained  without  sacrificing  the 
control  of  the  flam©?  (2)  and  is  there  not  some  simple  con- 
struction that  will  lengthen  the  life  of  the  gas  ports  in  the 
producer  gas  furnace  without  resorting  to  troublesome  water- 
cooling  devices,  and  at  the  same  time  providing  for  a  far  batter 
combustion  ？  (3)  also,  if  such  an  intense  heat  can  be  created 
by  discharging  fuel  across  the  uptake,  cannot  some  form  of 
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construction  be  devised  wherewith  the  flame*  can  be  made  as 
hot  unattended  by  evil  effects  to  the  roof  and  port? 

Each  of  these  questions  has  been  solved  by  utilising  the 
same  principle  with  a  design  suitable  to  the  fuel.  Tlie  prin- 
ciple of  a  wide  port ~ good  combustion  and  poor  control  of  the 
flame ― was  demonstrated  when  one  of  our  furnaces  was  built, 
which  made  only  187  heats.  The  average  time  was  6  hours 
30  minutes  on  cold  charges.  The  high  temperatures  required 
to  pour  steel  for  1  hour  to  1  hour  and  55  minutes  and  making 
175  to  270  stops  made'  it  impossible  to  save  the  furnace,  at  the 
end  of  the  heat  with  the  gas  control.      In  the  next  run  t  lie 


Improvements  in  Open-hearth  Furnac  k  Design. 


lnpe  crossing 


Fig.  1  is  a  plan  view  of  the  portdesignod  especially  for  liquid  fuel  ；  B  is  the  water -coo  led  fuel 
uptake  A  and  terminating  above  and  not  extending  entirely  across  A"  Fi^.  2  is  a  longitudinal  section  of 
Fig.  1.  This  view  shows  uptake  A  and  Ai  with  arch  over  Ax.  Fig.  3  is  the  saine  as  r  ig.  2  except  that  the 
burner  is  nob  water-cooled.  The  fuel  pijie  instead  crosses  uptake  A  tlirouyh  a  hollow  pier  K,  wliich  protects  it 
from  excessive  heat.  Figs.  4  and  6  are  longitudinal  sections  of  the  open  ])Oit  type  adapted  for  natural  ^as,  tScc. 
In  Fig.  4  the  passages  for  putting  aiv  underneath  the  yas  are  parallel  with  the;  bottom  of  the  port.  This  is  con- 
sbructed  when  a  bridge  wall  is  used.  The  passages  At  are  inclined,  due  to  the  use  of  the  level  liort  instead  of 
tige  bridge  wall  type.  Fig.  5  is  a  plan  view  of  Fig.  6  showing  the  passages  Aj  as  they  terminate  in  the  port  lloor. 
Fig.  7  is  a  plan  of  the  producei"  gas  type  ；  G  is  the  gas  uptake  ；  A  and  A  the  air  uptakes  tor  the  overhead  layer  of 
aii*  and  Aa  is  the  air  uptake  for  the  lower  layer  of  air.  Fig.  8  is  a  lengitudin al  section  of  Fit,'-  7.  This  shows 
uptake  A1(  supplying  the  lower  layer  of  air  terminating  in  the  gas  port.  Fig.  9  is  a  longitudinal  section  of  the 
construction  used  in  the  gas  port  arches  of  Fig. 
away  from  the  bath  at  a  substantial  an^'le. 


cross-section  of  the  port  was  reduced  3^  sq.  ft.  This  gave  a 
very  low  and  safe  flame  which  was  smoky  on  the  bottom . 
The  average  time  of  the  heats,  however,  was  8  hours  and 
15  minutes.  When  this  smoky  flame  was  noticed  it  occurred 
to  the  author  that  the  contro]  of  the  flame  might  not  be 
sacrificed  in  order  to  get  good  combustion  if  some  construction 
could  be  devised  suitable  to  the  open -port  type  of  the  furnace. 

The  following  experiment  was  made,  which  clearly  brought 
to  light  the  solution  of  this  problem  :  A  piece  of  pipe*  4in. 
diam.  and  about  5ft.  long  was  placed  on  the  port.  One  end 
was  out  in  the  air  uptake,  the  other  well  down  on  tlie  port 
under  the  gas  layer.  It  was  thought  that  the  natural  draught 
of  the  furnace'  would  pull  some  air  through  the  pipe  and  supply 
the  under  part  of  the  gas  layer  with  oxygen.  The  result  sur- 
passed our  expectations.  The  smoky  flame  was  turned  to 
pure  white,  such  as  we  had  never  seen  before.  But,  of  course, 
in  two  reversals  the'  pipe  was  melted. 

Our  other  furnace  was  being  rebuilt,  and  the-  necessary 
construction  was  installed  to  utilise-  this  fundamental  prin- 
ciple. On  the  previous  run  of  this  furnace  oil  was  used,  for 
fuel.  The  furnace  was  built  on  the  producer  gas  type  of  port. 
Water-cooled  burners  were  installed  in  the'  gas  port.  The 
ends  of  the  burners  were  well  down  in  the  gas  port.  The 
combustion  not  being  good  they  were  gradually  pulled  back. 
The  combustion  improved,  but  no  sharp  change  took  place 
until  th&  burners  were  drawn  back  across  the  uptake.  Then 
the  flame  immediately  changed  to  one  of  intense  heat  ；  the 
bottom  of  the  port  melted  and  the  rings  of  the  arch  began  to 
drop  down.  The  heats  mad©  this  way  were  two  hours  shorter 
than  when  the  burner  rested  on  the  port. 

From  the  above  lessons  and  s&arch  after  an  efficient  furnace 
the  following  principle  was  evolved  and  patented :  A  fuel  to 
be  burned  efficiently  and  safely  must  be  introduced  into  the 
furnace  between  an  upper  and  a  lower  layer  of  preheated  air, 
the  upper  layer  being  far  larger  in  volume  than  the  lower 


layer.  To  utilise  the  principle,  plans  wore  made  for  natural, 
producer,  and  coke-oven  gas,  oil  and  tar.  Let  us  take  tho 
op  en -port  type,  Figs.  4，  5，  and  6.  This  type  with  the  above 
principle  utilised  can  take  oil,  natural  gas,  and  coko-oven  ^as 
introduced  through  pipes  B.  The  preheated  air  comes  up 
uptake.  A  and  over  the  fuel  entering  at  B  B.  At  the  sann; 
time,  part  of  the  air  coming  up  A  is  by-passed  through  the 
passages  A,  and  forms  a  layer  of  air  underneatli  the  gas.  This 
was  the  construction  used  in  tlie  furnac©  w©  rebuilt. 

The  flame  of  the  furnace  is  white,  and  tho  av&rage  time  per 
heat  is  4  hours,  2\  hours  faster  than  formerly.  Heats  have 
been  made  in  3  hours  and  20  minutes 
with  good  stock  and  fast  charging. 
These  heats  are  all  cold  charge®  of  15 
tons.  The  speed  of  these  heats  is  due 
to  two  factors  :  (1)  the  excellent  com- 
bustion of  the  fuel,  and  (2)  th©  almost 
perfect  control  of  the  flame  whicli 
sweeps  from  one  port  to  the  other  clear 
of  the  roof  and  down  on  the  bath.  The 
heats  contain  30  to  34  per  cent.  pi"r 
iron,  and  】ue】t'  at  about  0'40  per  ccul . 
carbon,  with  a  manganese  content  of  25 
to  30  points,  showing  that  coinpji ra- 
tively  small  oxidation  takes  place. 

The  design  can,  as  previously  stated, 
be  used  with  fuels  other  than  natural 
gas,  as  the  complete  combustion  possible 
does  not  make  it  necessary  to  atomis© 
liquid  fuel.  This  will  appeal  to  some 
operators,  because  the  forced  draught 
of  oil  and  tar  is  sometimes  attended 
with  evil  effects  to  the  end  walls  and 
checkers.  However,  for  those  who 
wish  to  use  liquid  fuel  atomised, 
designs  based  on  the  principle  enunci- 
ated are  shown.  The  fuel  pip©  in  each 
cas©  is  introduced  through  a  water- 
cooled  pipe,  or  a  hollow  pier  needing  no 
water-cooled  tuyere.  The  pipe  passes 
through  uptake  A  and  terminates 
above,  and  not  extending  entirely 
across  uptake  AL  so  that  the  fuel  in  this 
case  is  introduced  be'neatli  a  layer  of 
preheated  air  coming  from  A  and  above 
a  layer  of  preheated  from  uptake  Alt 
There  is  an  arch  over  uptake  A】， whicli  is  helpful,  as  a  more 
intimate  mixture  of  air  and  fuel  is  obtained.  The  flame  in 
this  cas&  is  discharged  immediately  into  the  melting  chamber, 
and  the  heat  is  taken  up  by  the  bath.  No  damage  is  done  lo 
the  furnace  port,  and  a  separate  protecting  layei*  of  air 
between  the  roof  and  flame  is  provided. 

The  arch  over  the  uptake  Ax  and  the  arch  of  the  gas  pori 
in  the  produc&r  gas  type  are  so  constructed  that  bricks  of  each 
ring  are  inclined  away  from  the  bath  at  a  substantial  angle. 
This  simple  construction  will  lengthen  the  life  of  the  ports 


on  ( 

2,  3,  7,  and  8.     This  view  shows  the  bi'ick  in  the  viny  inclined 


Fig  10 
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greatly,  for  gas  port  arches  do  not  actually  burn  back  ；  instead 
the  rings  of  brick  usually  fall  down.  This  is  caused  by  expan- 
sion of  the  brick  with  a  displacement  of  the  centre  of  gravity 
toward  tho  bath.  The  producer  gas  furnace,  as  has  been 
stated,  should  embody  the-  construction  described  in  the  arch 
of  the  gas  port.  This  construction  coupled  with  tho  principle 
of  introducing  the  gas  into  the  furnace  between  an  upper  layer 
of  air  coming  from  uptakes  A  A  and  a  lower  layer  of  air 
coming  from  uptake  A}.  Uptake  Al  is  located  between  A  and 
A  and  terminates  in  the  gas  port.  This  construction  will 
change  the  producer  gas  furnace'  from  a  comparatively  slow 
process  to  a  fast  one.  The  smoky  roll  will  disappear  as  it  did 
in  the  natural  gas  furnace,  and  the  layer  of  gas  next  to  the 
bath  will  develop  a  high  temperature  wliere  it  is  needed.  If 
a  producer  gas  furnac©  were  built  on  the'  design  of  Figs.  10 
and  11，  the  author  believes  that  ihe  control  of  gas  would  be 
secured  together  with  quick  and  perfect  control. 
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DESIGN,  CONSTRUCTION,  AND  INSPECTION  OF  LOCO- 
MOTIVE BOILERS. 歌 

(Concluded  from  page  29). 

Tubes. ― It  is  the  consensus  of  opinion  that  2in.  tubes  are 
preferred,  until  the  length  of  tube  exceeds  16ft. ，  at  which 
time  2^iu.  tubes  are  preferred.  Taking  into  consideration 
that  a  2in.  tube  will  give  a  greater  amount  of  tube-heating 
surface,  and  the  cost  of  maintenance  is  less,  and  less  damage 
is  done  to  the  tube  sheets  in  working  over  flues,  your  com- 
mittee suggests  that  further  consideration  be  given  to  the  use 
of  2in.  tubes  in  lengths  greater  than  16ft. 

Thickness  of  Front  Tube  Sheet. —— One-half  inch  and  gin- 
plate  is  being  used  in  the  majority  of  cases.  One  road  uses 
^in.  and  another  uses  fin. 

Thickness  of  Back  Tube  Sheet. ― One-half  tube  sheets  are 
being  used  by  16  roads.  Two  use  &in.  and  one  uses  fin. 
All  but  three  report  having  more  or  less  trouble  with  flue 


Fig.  16. 

sheets  on  account  of  frequent  work  on  the  flues,  causing  the 
flue  sheets  to  crack  across  the  top  of  the  flange  of  the  sheet. 

Width  of  Bridges.—  Width  of  bridge  in  the  front  tube 
sheet  varies  from  ^in.  to  in.  Three-fourths  inch  is  used  by 
a  majority  of  the  roads.  The  width  of  bridge  in  the  back 
tube  sheet  varies  from  ^in.  to  in.  Three-fourths  inch  is 
used  in  a  majority  of  cases. 

Flue  Setting. 一 Two  roads  have  tried  out  soft  iron  ferrules 
with  very  little  success.  One  road  has  had  a  limited  expe- 
rience trying  to  set  flues  in  the  back  flue  sheet  without  any 
coppers,  but  found  that  it  did  not  work  satisfactorily,  and  is 
now  experimenting  with  a  combined  copper  and  iron  ferrule, 
but  has  not  had  these  under  test  long  enough  to  make  any 
report.  One  uses  soft  iron  shims  on  the  front  flues  to  avoid 
excessive  expanding. 

Setting  of  Flues  in  the  Front  Tube  Sheet. 一 The  concensus  of 
opinion  of  the  roads  reporting  is  that  tubes  should  be  rolled 
in  the  front  tube  sheet  without  ferrules,  and  10  per  cent, 
of  the  flues,  equally  distributed,  should  be  beaded  with  a 
beading  tool. 

Tube  Setting  in  Back  Sheet.— Figs.  16，  17，  and  18  show  the 
practice  followed  out  by  some  of  the  roads  in  setting  the 
tubes,  which  are  giving  good  results.  Fig.  18  shows  the 
application,  maintenance,  and  removal  of  flues  in  locomotive 
boilers  as  used  by  three  roads.  Tube  setting  of  this  kind 
gives  a  large  bridge,  good  circulation  of  water  at  the  back 
tube  sheet,  and  at  the  same  time  the  inside  of  the  flue  is 
reduced  at  the  end  so  that  any  cinders  which  will  pass  through 
the  swedged  end  will  not  clog  the  flues.  The  instructions 
in  connection  with  this  plate  are  as  follows  ： ― 

Preparing  Flue  Sheets. —— Holes  in  new  firebox  flue  sheet  shall 
be  l^in.  diam.  Holes  in  new  smokebox  flue  sheet  shall  be 
2^in.  diam.  Holes  in  old  flue  sheet  more  than  ^in.  out  of 
round  must  be  reamed,  reamer  No.  1.  Inside  and  outside 
edges  of  flue  holes  in  both  sheets  must  be  slightly  rounded  to 
remove  sharp  edges. 

*  Abstract  of  a  committee  report  presented  at  the  annual  convention  of  the 
American  Kailway  Master  Mechanics'  Association. 


Flue -sheet  Holes  (No.  1). ― Care  should  be  taken  that 
holes  in  flue  sheet  are  true,  smooth,  and  free  from  burrs  and 
sharp  edges.  It  is  desirable  that  the  flue  hole  have  a  fillet, 
especially  on  the  water  side,  of  about  O.  radius.  A  sharp 
edge  around  the  hole  often  cuts  the  ferrule  in  two,  even  cut- 
ting into  the  flue.  The  diameter  of  the  flue  hole  should  be 
the  same  as  outside  diameter  of  flue  plus  ^in. 

Copper  Ferrule  (No.  2). ― For  new  work  this  should  not 
be  far  different  from  No.  16  B.W.G.  In  old  flue  sheets  when 
the  flue  holes  are  large  it  is  desirable  to  use  enough  heavier 
ferrules  to  bring  the  internal  diameter  of  ferrule  when 
expanded  into  flue  sheet  to  gin.  less  than  flue  diameter.  The 
ferrule  should  be  set  into  flue  hole  flush  with  fireside  and 
expanded  into  place  with  Prosser  expander,  No.  3. 

Swaging  Fine  (No.  4). ― Great  care  should  be  taken  to 
give  the  swage  the  right  length,  and  to  have  it  terminate  in 
as  abrupt  a  shoulder  as  possible.  The  flue,  after  it  is  swaged, 
should  be  annealed  and  the  scale  removed  from  the  portion 
entering  tlie  slieet.  Grinding  this  scale  off  by  machine  is 
desirable, 'but  in  the  absence  of  a  grinder  the  removal  of  the 
scale  with  a  file  will  answer.  The  flue  when  driven  into  the 
sheet  (Fig.  5)  should  extend  j^in.  through  the  sheet  on  the 
fire  side. 

Rolling  (No.  6). ― The  front  end  of  the  flues  having  been 
shimmed,  when  necessary,  both  the  back  and  front  ends  are 
rolled  with  dudgeon  or  other  suitable  roller — with  proper 
appliances  they  may  be  safely  and  economically  rolled  by  air  ； 
the  rolling  of  the  back  ends  must  be  done  by  an  experienced 
boilermaker,  and  the  motor  must  not  be  larger  than  a  Thor 
No.  22  or  its  equivalent. 

Beading  (No.  7). ― This  may  now  be  done  with  a  beading 
tool  in  an  air  hammer.  Do  as  little  hammering  with  the 
beading  tool  as  possible,  and  do  not  work  bead  to  a  feather 
edge,  but  leave  as  much  metal  as  possible  for  future  caulking. 

Expanding  (No.  8). ― Particular  stress  should  be  placed 
upon  this,  the  most  important  step  in  the  flue-setting  process. 
Care  should  be  taken  that  the  flue  shoulder  when  heavily 
expanded  bears  snugly  and  firmly  against  the  flue  sheet. 
Hammer  not  to  exceed  41bs.  after  prossering  the  front  ends, 
then  bead  a  sufficient  number  for  safety,  which  finishes  the 
flue  setting. 

Back  ends  of  flues  or  safe  ends  when  used  in  back  flue 
sheet  must  be  cut  off  square  in  pipe  machine  and  burr 
removed  by  reamer. 

Wheel-flue  cutters  must  not  be  used,  on  account  of  leaving 
a  heavy  burr  which  splits  when  beading  over. 

Applying  Copper  Ferrules, — Copper  ferrules  lfin.  inside 
diameter,  ^in.  long,  *095in.  in  thickness,  shall  be  used  in  fire- 
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box  flue  sheet  only.  Ferrules  shall  be  secured  in  place  with 
straight  expander,  No.  2,  taking  care  that  shoulder  of 
expander  is  tight  against  flue  sheet,  which  shall  bring  edge 
of  ferrule  ^in.  from  fire  side  of  sheet. 

Preparing  Flues. ― Flue  safe  ends  should  be  5in.  in  length, 
except  that  new  iron  flues  shall  have  safe  ends  4in.  long,  and 
when  these  flues  are  first  removed  the  4in.  ends  will  be  cut 
off  completely  and  6in.  ends  applied,  after  which  5in.  ends 
should  be  used.  Flues  shall  be  swaged  as  per  No.  4，  to  l^in. 
outside  diameter  by  3 in.  long,  including  taper  at  firebox 
end,  for  new  work  ；  for  old  work,  just  enough  to  enter  the 
copper  ferrule.    All  scale  must  be  removed  from  swaged  ends 
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of  flues  before  application.  Smokebox  end  of  flues  shall  not 
be  more  than  ^in.  less  in  diameter  than  holes  in  the  smoke- 
box  flue  sheet.    If  necessary,  liners  may  be  used. 

Fastening  of  Flue  in  Flue  Sheet. ― Flues  shall  be  placed 
in  back  flue  sheet  with  a  bar,  No.  5  (Fig.  20)，  and  project 
I  in.  through  the  sheet.  Gauge,  No.  6，  shall  be  used  in  check- 
ing location  of  flues.  Flues  shall  then  be  fastened  at  fire- 
box end  with  straight  sectional  expander,  No.  7.  While 
flue  is  being  fastened  it  may  be  held  in  place  at  front  end, 
using  bar,  No.  5.  Straight  sectional  expander  shall  be 
cliecked  with  master  gauge,  No.  8.  Before  using  sectional 
expander,  and  in  order  to  obtain  exactly  the  proper  length 
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equipped  with  standard  gauges.  All  gauges  will  be  made 
where  master  gauges  are  kept.  To  remove  flues,  use  flue 
cutter,  No.  1G,  for  the  front  end,  cutting  off  flues  as  close 
to  the  front  flue  sheet  as  possible.  Back  ends  should  be  split 
as  little  as  possible,  so  that  it  will  not  be  necessary  to  use 
safe  ends  longer  than  5in. 

Setting  of  Superheater  Tubes, ― Front  tube  sheet.  Only 
eight  roads  have  had  any  experience  with  setting  large  super- 
heater tubes.  The  practice  followed  out  mostly  is  that  the 
tube  is  rolled  and  beaded  as  shown  in  Fig.  19,  and  this  type 
of  setting  is  suggested  by  your  committee  for  further  con- 
sideration. Back  tube  sheet.  Eight  roads  advise  that  they 
use  copper  ferrules  ；  one  omitted  copper  ferrules  and  is  having 
good  success  with  this  method.  The  concensus  of  opinion 
of  the  roads  reporting  is  that  the  type  of  setting  shown  on 
Fig.  19  is  preferred,  and  your  committee  suggests  this  setting, 
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Fig.  18. 

of  flue  for  beading,  flues  may  be  rolled  lightly  to  fasten  them 
in  sheet  with  roller  expander,  No.  15.  After  all  flues  are 
fastened  they  shall  be  flared  at  firebox  end,  using  flaring  tool, 
No.  9,  and  long  stroke  riveting  hammer. 

Expanding  Flues. ― Flues  at  firebox  end  shall  be  expanded 
with  sectional  expander,  No.  10  (Fig.  20),  and  long  stroke 
riveting  hammer.  Roller  expander  must  not  be  used.  Pin 
shall  be  driven  into  expander  until  flue  is  solid  against  flue 
sheet.  This  must  be  done  three  times,  expander  to  be  slightly 
turned  before  each  operation.  The  expanding  sliall  be  per- 
formed as  follows :  First,  two  vertical  rows,  from  centre  to 
top  of  sheet.  Second,  same  rows  from  centre  to  bottom. 
Third,  the  two  horizontal  centre  rows 
from  centre'  to  right.  Fourth,  same  rows 
from  centre  to  left.  Fifth,  all  remaining 
flues.  All  flues  must  bei  carefully 
inspected  after  expanding*  to  assure  that 
recess  in  each  flue  is  the  full'  depth  of 
recess  in  expander,  aud  even  all  round  the 
flue.  Sectional  expander,  No.  10,  to  be 
checked  with  master  gauge,  No'.  11. 

Beading  Flues.  ― Flues  in  firebox  flue 
sheet  shall  1>&  beaded  with  standard  bead- 
ing tool,  No.  12  (Fig.  20),  and  short  stroke 
riveting  hammer.  Car©  must  be  taken  so 
that  nothing  enters  between  head  and  flue 
sheet.  Beading  tool  must  conform  accu- 
rately to  master  gauge,  No.  13，  at  all 
times.  Smokebox  end  of  flues  shall  be 
tightened  with  flaring  tool,  No.  14,  before 
rolling  takes  place.  All  flues  in  smoke- 
box end  shall  be  rolled  witli  roller 
expander,  No.  15. 

Five  Maintenance. ― The  firebox  end  of  flues  in  service 
must  be  expanded  at  regular  intervals  with  sectional 
expander,  No.  10.  This  work  shall  be  done  when  boiler  is 
empty  and  all  flues  thoroughly  cleaned  out.  Flue  leaks  in 
the  firebox  must  be  stopped  with  the  sectional  expander,  and 
not  with  roller  expander  nor  beading  tool.  If  beads  are 
slightly  away  from  flue  sheet,  standard  beading  tool  shall  be 
used  to  bring  beads  tight  to  sheet . 

Sectional  expanders  and  beading  tools  must  be  kept  stan- 
dard by  frequently  comparing  with  standard  gauges.  Any 
beading  tool  not  conforming  to  gauge  must  be  sent  to  prin- 
cipal shop  for  repairs  ；  these  tools  must  not  be  repaired  at 
any  other  shop.      All   shops  and   engine-houses   must  be 
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except  that  the  copper  ferrules  should  be  No.  13，  *095in. 
thick,  instead  of  No.  16，  "065in.  thick. 

Circulation  of  Water. ― The  committee  took  up  the  ques- 
tion with  the  members  whether  any  of  them  employed  any 
special  feature  of  design  to  facilitate  circulation  of  water. 
It  was  found  no  road  has  any  special  design  for  this  purpose. 
Four  advise  that  they  use  baffle  plates  in  the  boiler  shells 
located  ahead  and  rear  of  the  dome  ；  this  is  to  prevent,  as 
much  as  possible,  the  water  from  surging  when  making  quick 
stops.  The  committee  lias  no  recommendation  to  make  in 
regard  to  tlie  use  of  baffle  plates. 

Seventeen  roads  deliver  feed  water  to  boiler  in  the  first 
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course  on  the  horizontal  centre  line.  The  distance  from  the 
front  flue  sheet  varies  ；  the  minimum  distance  is  22in.  and 
the  iiiaximum  6ft.  On  five  roads  they  deliver  feed  water  to 
the  boiler  through  the  top  as  well  as  from  the  side.  One 
of  these  advises  that  they  have  never  been  able  to  find  any 
particular  improvement  with  the  top  check  as  compared  with 
the  side  check.  Two  prefer  the  water  to  be  fed  into  the 
boiler  from  the  top.  Boilers  having  the  checks  on  top  of  the 
boiler  have  a  pan-shape  deflector  under  the  check  valve  which 
catches  the  water  and  prevents  any  direct  stream  of  water 
falling  on  the  top  of  flues.  On  one  road  they  deliver  the 
feed  water  in  the  first  course  on  the  horizontal  centre  line 
and  use  a  deflector  plate  placed  a  short  distance  away  from 
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the  boiler  course,  this  being  to  direct  the  water  to  the  bottom 
without  striking  the  tubes.  Four  have  an  attachment  on 
the  inside  of  the  injector  check  to  deliver  water  upwards 
away  from  the  tubes.  One,  in  addition  to  circulating  water 
from  the  horizontal  line  of  the  boiler,  has  some  locomotives 
with  the  delivery  pipe  passing  through  the  back  head,  extend- 
ing from  3ft.  to  6ft.  from  the  front  tube  sheet,  and  the  end 
of  the  pipe  set  to  deliver  water  towards  the  side  of  the  shell  ； 
the  end  of  the  pipe  is  submerged.  The  committee  has  no 
recommendation  to  make  in  regard  to  auy  particular  location 
where  the  water  is  to  be  delivered  to  the  boiler,  as  any  of  the 
above  arrangements  seem  to  give  entire  satisfaction. 

Location  of  Blow-off  Cocks. ― There  is  no  uniform  practice 
in  regard  to  the  location  of  blow-off  cocks.  On  two  roads 
they  use  four  or  more  blow-off  cocks,  which  are  located  one 
iu  the  throat  sheet,  one  or  more  in  the  side  water  legs, 
depending  upon  the  size  of  the  boiler,  one  in  the  belly  of  the 
boiler  near  the  throat  sheet,  and  in  some  cases  additional 
blow-off  cocks  iu  the  belly  of  the  boiler  at  the  centre.  One 
of  these  advises  it  has  been  found  by  using  a  sufficient  number 
of  blow-off  cocks  and  insisting  upon  their  use  at  regular 
intervals,  the  amount  of  boiler  washing  has  been  cut  down 
considerably,  as  well  as  giving  greater  life  to  the  flues. 
Another  road  has  been  experimenting  with  the  blow-off 
system,  by  which  one  blow-off  cock  in  the  throat  sheet  draws 
mud  from  along  the  mud  ring  and  the  barrel  of  the  boiler 
by  means  of  slotted  pipes,  and  this  has  worked  out  satis- 
factorily in  service.  Some  favour  locating  the  blow-off  cock 
right  above  the  mud  ring,  and  another  locates  them  about 
lft.  up  from  the  mud  ring.  The  committee  has  no  recom- 
mendation to  make  in  regard  to  the  number  or  where  the 
blow-off  cocks  should  be  located.  The  number  and  location 
of  blow-off  cocks  depends  on  the  quality  of  water  used. 

Filling  of  Boilers  ― On  one  road  they  have  had  a  number 
of  side  sheets  cracked  by  filling  through  blow-off  cocks  located 
in  the  water  legs.  It  was  not  stated  whether  they  used  cold 
or  warm  water.  They  are  now  filling  through  the  blow-off 
cocks  located  in  the  barrel  of  the  boiler.  Another  advises 
that  they  have  had  considerable  experience  with  sheets  crack- 
ing from  the  filling  through  blow-off  cocks  with  cold  water. 
Thw  now  fill  boilers  through  injectors  when  using  cold 
water.  It  seems  to  be  the  concensus  of  opinion  that  it  is 
most  advisable  to  fill  the  boilers  from  the  blow-off  cocks  in 
the  water  leg,  providing  warm  water  is  used.  If  cold  water 
is  used  it  should  be  filled  through  the  valve  on  top  of  the 
boiler  or  through  the  injectors,  and  the  committee  recommends 
that  this  practice  be  followed  out. 


THERMIT  WELDING.* 

BY  G.  E.  PELLISSIER. 

The  compound  to  which  the  trade  name  thermit  has  been 
given  consists  of  finely  powdered  aluminium  and  oxide  of  iron 
combined  in  such  proportions  and  in  such  a  maimer  as  to 
react  when  ignited  in  accordance  with  the  formula,  Fe1103  + 
2AL  =  AL203  +  2Fe.  This  compound  has  the  peculiar  pro- 
perty that  when  ignited  in  one  spot  combustion  proceeds 
throughout  the  entire  mass  v^rithout  any  supply  of  external 
heat,  the  aluminium  reducing  the  oxide  of  iron  practically 
to  pure  metallic  iron  and  combining  with  the  oxygen  to  form 
aluminium  oxide  or  corundum.  As  the  reaction  is  exothermic, 
an  intense  heat  is  generated,  the  temperature  of  the  molten 
mass  being  estimated  at  about  5,400°  Fall.  It  is  also  of 
interest  to  note  that  the  compound  is  not  combustible  in  the 
ordinary  sense  of  the  word,  as  it  can  be  placed  upon  molten 
iron  without  igniting. 

In  practice  the  reaction  of  the  mass  is  started  by  a  special 
ignition  powder  which  creates  an  intense  temperature  at  one 
spot,  whence  the  reaction  proceeds  of  itself  without  any  further 
supply  of  heat,  requiring  less  than  one  minute  for  completion, 
regardless  of  the  amount  of  the  compound  brought  into 
reaction.  As  before  stated,  the  product  of  the  reaction  is 
aluminium  oxide  and  metallic  iron,  the  proportion  being 
approximately  50  per  cent,  of  each  by  weight,  but  as 
aluminium  will  act  similarly  on  the  oxides  of  nearly  all  of  the 
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metals  used  in  making  steel,  it  is  necessary  only  to  mix  these 
oxides  with  the  iron  oxides  in  correct  proportions  in  order  to 
obtain  practically  any  steel  that  is  desired. 

In  applying  this  reaction  to  the  problem  of  welding,  two 
quite  distinct  methods  are  followed,  one  of  which  utilises  the 
heat  of  the  reaction  to  bring  the  pieces  to  be  united  to  a  weld- 
ing temperature,  whence  they  are  forced  together  by  suitable 
clamps  and  butt-welded  in  a  manner  similar  to  forge-welding. 
In  the  other,  the  ends  of  the  pieces  to  be  united  are  fused  or 
melted  together  by  the  molten  metal  from  the  reaction,  which 
amalgamates  with  them  into  a  molten  mass,  which  is  retained 
by  a  suitable  mould  and  allowed  to  cool,  thus  uniting  the  parts 
into  one  homogeneous  mass. 

The  first  method,  which  is  commonly  designated  as  butt- 
welding,  is  applied  chiefly  to  welding  pipes,  tubes  and  small 
rods.  In  making  a  weld  by  this  method  the  ends  of  the  pipe 
to  be  united  are  filled  or  machined  to  fit  closely  together,  then 
fastened  together  with  suitable  clamps,  and  surrounded  with 
a  cast-iron  mould  designed  to  hold  just  enough  of  the  molten 
mass  to  bring  the  parts  to  be  united  to  a  welding  heat.  The 
necessary  amount  of  thermit  is  then  ignited  in  a  small  flat- 
bottom  crucible,  and  as  soon  as  the  reaction  is  over  the 
contents  of  the  crucible  are  poured  into  th©  mould.  Tlie 
aluminium  oxide  having  risen  to  the  top  of  the  crucible,  on 
account  of  its  low  specific  gravity,  flows  into  th©  moulds  first, 
and  coming  in  contact  with  the  cold  iron  adheres  to  it, 
forming  a  thin  refractory  coating  which  prevents  the  molten 
steel,  which  flows  in  later,  from  adhering  either  to  the  mould 
or  the  parts  to  be  welded.  As  soon  as  the  molten  mass  has 
been  in  the  mould  long  enough  to  allow  the  heat  to  penetrate 
the  parts  to  be  welded,  a  length  of  time  determined  by  experi- 
ment, the  pieces  are  forced  together  by  the  clamps,  which 
completes  the  weld.  On  account  of  the  fact  that  pieces  thus 
welded  are  heated  out  of  contact  with  the  air,  no  oxidation  can 
take  place  and  consequently  no  flux  is  necessary,  care  being 
taken  simply  to  see  that  th©  parts  to  be  united  are  clean  and 
bright.  Rods  up  to  2in.  diam.  and  all  sizes  of  pipes  from  lin. 
to  6 in.  diam.,  standard,  extra  heavy,  and  double  extra  heavy 
have  been  welded  by  this  method. 

The  chief  application  of  this  process  is  in  welding  ammonia, 
compressed  air,  high-pressure  steam  and  hydraulic  lines,  where 
the  work  has  to  be  done  in  place.  As  the  outfit  required  for 
welding  4in.  pipes  weighs  less  than  lOOlbs.  and  can  be  manipu- 
lated in  a  trench  wide  enough  for  a  man  to  stand  in,  lines 
can  be  welded  which  would  otherwise  have  to  be  provided 
with  mechanical  joints. 

As  an  illustration  of  the  efficiency  of  welds  made  in  this 
manner,  it  may  be  noted,  that  a  hydraulic  pipe  line,  4in.  extra 
heavy,  welded  for  the  New  York  Central  Railroad  at  Albany, 
was  subjected  to  a  test  pressure  of  3，0001bs.  per  square  inch 
maintained  for  24  hours,  and  has  been  operating  for  two 
years  under  a  working  pressure  of  l，5001bs.  per  square  inch 
with  entire  satisfaction.  Physical  tests  on  welded  samples 
before  the  contract  was  awarded  showed  the  strength  of  the 
welded  section  to  average  from  80  to  90  per  cent,  of  the 
strength  of  the  pipe  in  tension  and  cross  bending. 

In  welding  by  the  second  method,  the  so-called  inter- 
mediate welding,  the  parts  to  be  united  are  not  brought  close 
together  nor  fitted  in  any  way,  but  instead  a  space  varying 
with  the  section  to  be  united  from  |in.  to  2in.  in  width  is 
provided  to  allow  a  free  flow  of  the  molten  thermit  metal 
between  the  ends.  After  the  parts  have  been  thoroughly 
cleaned  of  grease,  dust,  &c,  they  are  surrounded  with  a 
refractory  mould  very  similar  to  that  used  in  making  steel 
castings.  This  mould  is  provided  with  a  suitable  pouring  gate 
and  riser,  and  in  addition  to  this  a  gate  or  opening  at  the 
lowest  part  of  the  mould  used  for  preheating. 

If  the  parts  to  be  welded  are  of  a  uniform  section  these 
moulds  are  made  from  wooden  patterns  similar  to  standard 
foundry  practice  ；  but  where  the  parts  to  be  united  are  of  an 
irregular  section  which  would  involve  difficult  and  expensive 
pattern  work,  such  as  in  repair  work,  the  so-called  wax  method 
is  used.  In  this  method  the  space  between  the  parts  to  be 
unit&d  is  filled  with  wax  and  a  reinforcing  collar  of  any 
desired  dimensions  is  formed  of  the  same  material.  As  soon 
as  the  wax  is  hard  the  parts  are  surrounded  with  a  mould  box 
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and  the  mould  rammed  in  place,  wooden  patterns  being  used 
for  gates  and  risers.  Heat  is  then  applied  through  the  preheat- 
ing gate  at  the  lowest  part  of  th©  mould,  which  melts  the  wax, 
allowing  it  to  flow  out  and  leaving  a  cavity  in  the  mould 
of  the  exact  dimensions  desired .  The  preheating  is  then  con- 
tinued until  the  mould  is  thoroughly  dried  and  the  ends  of 
the  pieces  to  be  welded  are  brought  to  a  bright  red  heat. 
While  the  preheating  is  going  on,  a  so-called  automatic 
crucible,  having  a  small  opening  in  the  bottom  with  arrange- 
ments for  pouring  and  tapping,  is  placed  over  the  heating 
gate  of  the  mould,  into  which  are  poured  the  thermit  and 
additions. 

The  amount  of  thermit  necessary  to  fill  the  mould  is 
obtained  by  weighing  the  wax  used  and  multiplying  the 
weight  by  32.  This  is  obtained  by  multiplying  the  weight  of 
wax  by  the  ratio  of  specific  gravity  of  wax  to  that  of  iron, 
approximately,  then  by  2，  as  thermit  is  half  iron,  and  again 
by  2  to  provide  for  metal  in  the  riser.  To  the  thermit  is 
added  the  proper  amount  of  carbon  steel  punchings,  nickel 
chromium,  manganese,  &c.，  to  give  the  resulting  steel 
approximately  the  same  analysis  as  the  pieces  to  be  welded. 
These  alloys  can  be  added  in  the  form  of  shot  or  as  manganese 
thermit,  chromium  thermit,  &c. 

In  making  welds  in  this  manner  the  usual  precautions 
have  to  be  taken  to  provide  for  the  contraction  of  the  metal 
when  cooling  whenever  possible.  Welds  can,  of  course,  be 
made  whore  it  is  impossible  to  provide  for  such  contraction^ 
but  the  welds  will  then  be  subjected  to  the  internal  stresses 
due  to  cooling.  This  method  of  welding  has  its  chief  appli- 
cation in  welding  rails  for  street  railway  companies  and  in 
repairing  all  kinds  of  machinery  where  the  sections  to  be 
welded  are  large,  and  where  the  work  of  necessity  has  to  be 
done  rapidly  or  in  place.  Among  such  repairs  might  be  men- 
tioned the  welding  of  engine  frames,  crank  shafts,  stern  and 
rudder  posts  of  vessels,  flywheels,  and  large  castings  of  every 
description. 

A  brief  description  of  a  few  representative  repairs  will 
serve  to  illustrate  what  may  be  accomplished  by  this  method 
of  welding. 

In  getting  away  from  her  pier  in  the  Lackine  Canal ，  the 
" Corrunna/'  a  vessel  of  1,296  tons  register,  35ft.  beam  and 
21ft.  depth,  was  caught  by  the  current  and  swung  against  the 
walls  of  the  canal ，  the  skeg  being  broken  off  close  to  the  keel 
and  the  rudder  post  lOin.  above  the  top  of  the  rudder.  As 
there  were  no  facilities  in  Montreal  for  making  a  repair  of 
this  nature,  it  would  have  b&en  necessary  to  tow  the  vessel 
to  Cleveland.  Both  of  these  welds  were  made  in  five*  working 
days  without  removing  the  stern  frame. 

The  steamship  (<  Duluth/?  which  is  404ft.  】ong，  50ft. 
beam,  and  6,400  tons  registered,  had  its  rudder  frame  broken 
lOin.  aft  of  the  rudder  post,  the  section  to  be  welded  being 
2|in.  by  9^in.  The  work  of  welding  was  carried  on  without 
docking,  rafts  made  fast  to  the  vessel,  and  required  only  two 
days  for  completion. 

A  flywheel,  weighing  48  tons,  was  wrecked  at  Sylva,  N.C.， 
when  the  car  upon  which  it  was  being  transported  overturned. 
The  wheel,  which  was  24ft.  diam.,  74in.  face,  and  weighed  48 
tons,  was  cast  in  four  pieces.  The  piece  wrecked  was  broken 
through  the  rim,  the  section  of  the  fracture  being  about  3^in. 
by  37in.，  with  ribs  at  the  edges  3Jin.  by  6in.,  and  one  of  the 
spokes  was  broken  near  the  hub  and  near  the  rim,  sections 
at  fractures  being  about  8in.  by  11  in.  elliptical.  The  repair 
was  made  in  the  wilderness  where  the  wreck  occurred,  the 
nearest  machine  shop  and  source  of  supplies  being  50  mile® 
away.  The  flywheel  has  been  in  continuous  service  over  two 
years  under  severe  conditions,  as  the  750  h.p.  engine  and 
generator  of  which  it  is  a  part  are  frequently  subjected  to  a 
50  per  cent,  instantaneous  overload. 

A  steel  gear  driving  a  so-called  continuous  rolling  mill 
at  the  works  of  the  American  TooJ  and  Stamping  Company, 
at  Bridgeport,  Conn.,  was  broken  in  two  places.  The  gear 
is  6ft.  diam.  with  a  22in.  face.  The  time  required  for  making 
these  two  repairs  complete  was  46  hours. 

The  main  driving  shaft  of  the  750  h.p.  engine  and 
generator  at  the  Binghamton  Railway  Light  and  Power  Com- 
pany, Binghamton,  N.Y.,  was  15ft.  long  over  all  and  varied  in 
diameter  from  lOin.  to  16in.    The  crank  webs,  one  of  which 


was  broken  in  two  places,  are  28in.  by  18in.  by  6^in.  The 
work  of  welding  was  not  done  in  place  in  this  instance  but 
at  the  shops  of  the  Goldschmidt  Thermit  Company,  as  it  was 
impossible  to  align  the  shaft  properly  in  the  power  station . 
The  operation  required  three  days. 


Table  I. ― Bending  Tests. 


Description. 

Size  of 
Bar,  In. 
Diameter 

Span, 
Ft. 

Total 
Load, 
Tons 

Angle 
Bent 
Through 

Effects 

Solid  bar  

2 

15 

10-18 

180 

Uncracked 

Thermit  welded  bar，  )>ull> 

turned  off   

2 

】r> 

10  09 

46 

Broken  at  、v('l(l. 

Thermit  welded  bar,  huUt 

2 

15 

17  30 

125 

Bent  as  far  ns 
practicable.  Un- 
cracked. 

Table  II. ― Tension  Test. 

Riehle  BrotlierB  Testing  Machine  Co.,  Inc.,  Philadelphia,  April  7th,  1908. 


Size, 

Area, 

Elastic 

Elastic  Limit. 

Ultimate 

Ultimate  Strain 

In. 

Li m it,  Lib 

Strain  in  Lb 

pt.n-  S(|.  In. ,  IA>, 

749 

0  441 

18670 

42330 

27930 

03330 

As  regards  the  efficiency  of  welds  made  in  this  manner, 
the  physical  tests  and  chemical  analyses  in  Tables  I.  to  III. 
show  clearly  that  the  metal  of  the  weld  is  practically  equal  in 
strength  to  the  metal  of  the  parts  repaired,  except  possibly 
in  the  case  of  special  steel  alloys.  When  it  is  considered', 
however,  that  the  section  at  the  fracture  can  be  increased  to 
any  desired  dimension  when  the  repair  is  made,  it  will  be 
readily  seen  that  the  repaired  section  can  be  made  stronger 
than  it  was  originally.  The  section  tested  in  tension  was 
taken  from  a  weld  on  a  section  6in.  by  8in.  and  was  turned 
from  the  thermit  metal  and  not  subjected  to  annealing  or 
forging. 

Table  III"  giving  the  chemical  analyses  of  welds  made  on 
carbon  steel  and  carbon  steel  containing  nickel 3  illustrates 
how  closely  the  material  of  the  weld  approaches  that  of  the 
metal  welded. 


Table  III. ― Chemical  Analyses  of  Welds. 


Nickel  Steel. 

Cabbon 

Steel. 

C 

M 

S 

P 

N 

C 

M 

S 

P 

Steel  ... 
Weld … 

0-92 
0-36 

0-  76 

1-  21 

o  o 

6  6 

CO  ZO 

00  CD 

o  o 
o  6 

1-06 
I'll 

o 寸 

6  6 

0-89 
0'90 

o  o 
o  o 

K)  00 

CO 

©  o 
6  6 

The  process  of  welding  is  invaluable  for  all  kinds  of  repair 
work,  not  only  because  by  welding  broken  parts  tlie  pieces 
themselves  can  be  mad©  as  good  as  new,  thus  saving  the 
original  cost,  but  on  account  of  the  extreme  portability  of  the 
outfit  and  because  in  nearly  all  cases  the  welding  can  be  accom- 
plished on  the  spot,  thus  saving  a  great  deal  of  time  and  keep- 
ing a  plant  or  ship  in  operation  when  it  would  otherwise  have 
to  be  put  out  of  commission  for  days,  weeks,  and  sometimes 
months. 


The  Institution  of  Mechanical  Engineers'  Summer  Meeting. ― As 

previously  intimated,  the  summer  meeting  of  this  Insti- 
tution will  be  held  in  Belfast,  and  will  begin  on 
Tuesday,  July  30th.  The  following'  papers  have  been 
offered  for  reading  and  discussion,  and  will  be  pre- 
sented as  time  permits :  "  New  Graving  Dock,  Belfast : 
Mechanical  Plant  and  General  Appliances, by  Mr.  W.  Red- 
fern  Kelly,  of  Belfast  ；  "  Rolling  Stock  in  use  on  the  principal 
Irish  Narrow-gauge  Railways/'  by  Mr.  R.  M.  Livesey,  of 
Stranorlar  ；  "  The  Evolution  of  the  Flax  Spinning  Spindle," 
by  Mr.  John  Horner,  of  Belfast  ；  "  Wire  Eopes  for  Lifting 
Appliances,  and  the  Conditions  that  Affect  their  Durability," 
by  Mr.  Daniel  Adamson,  of  Hyde;  "  Reciprocating  Straight- 
blade  Sawing  Machine/'  by  Mr.  Charles  Wicksteed,  of  Ketter- 
ing ； " Commercial  Utilisation  of  Peat  for  Power  Purposes," 
by  Mr.  H.  V.  Pegg,  of  Belfast.  During  the  course  of  the 
meeting  arrangements  have  been  made  for  visits  to  engineering 
works  and  other  places  of  interest  in  the  neighbourhood. 
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DUST  EXPLOSIONS  IN  FACTORIES, 

The  occurrence  of  several  disastrous  and  fatal  explosions  from 
the  ignition  of  dust  in  factories  during  the  year  1911  led  to 
the  matter  being  specially  investigated  by  W.  S.  Smith, 
H.M.  Inspector  for  Dangerous  Trades,  and  forms  the  subject 
of  some  interesting  remarks  by  him  in  the  annual  report  of 
the  Chief  Inspector  of  Factories. 

At  Manchester,  on  March  21st,  1911，  an  explosion  occurred 
in  two  six-storied  buildings  used  as  a  starch  and  gum  factory. 
The  explosion  swept  through  the  two  buildings  and  set  them 
on  fire,  and  led  to  three  persons  being  killed  and  several 
others  injured.  At  the  coroner's  inquest  doubt  was  expressed 
as  to  whether  starch  dust  could  account  for  the  effects 
observed,  and  it  was  suggested  that  an  explosive  mixture  of 
gas  and  air  was  the  cause.  Mr.  Smith,  however,  states  that 
the  circumstances  pointed  rather  to  ignition  of  starch  dust 
by  a  fire  iu  a  room  of  one  of  the  buildings  used  as  a  ware- 
house as  a  more  probable  cause.  Although  starch  dust  is 
generally  regarded  by  the  trade  as  non-explosive,  flashes  of 
fire  have,  lie  says,  been  observed  in  one  dusty  starch  factory, 
and  precautions  are  taken  to 
prevent  carrying  and  strik- 
ing of  matches  and  the  use 
of  naked  lights  on  the  pre- 
mises, while  it  has  been 
shown  experimentally  that 
explosions  may  be  produced 
by  dropping  finely-powdered 
starch  down  a  tube  at  the 
bottom  of  which  a  naked 
light  is  burning.  There  are 
no  previous  records  of  explo- 
sions in  this  country  attri- 
buted to  starch  dust,  but  it 
has  since  been  ascertained 
that  a  terrible  explosion 
occurred  in  1908  in  the 
mixing  department  of  a 
starch  factory  at  Providence, 
U.S.A.,  through  which  six 
men  were  killed  and  a  num- 
ber of  others  in  jured. 

At  Glasgow,  on  Novem- 
ber 10th,  1911,  five  persons 
were  killed  and  eight  injured 
by  an  explosion  at  a  pro- 
vender mill.  The  premises 
consisted  of  two  adjoining 
blocks  of  five-floored  build- 
ings, one  used  as  the  mill 
and  the  other  as  a  ware- 
house. In  this  cas-©  the 
front  wall  of  the  premises 
was  blown  into  the  street, 
and  the  warehouse  completely  collapsed,  as  shown  in  the 
accompanying  photo  views.  Millstones  we're'  at  work  at 
tlie  time  of  the  disaster,  grinding  peas  and  b&ans.  After 
careful  enquiry,  Mr.  Smith  came  to  the  conclusion  that  the 
explosion  was  due  to  the  ignition  of  carbonaceous  dust,  such 
as  finely-divided  bean  and  pea  meal,  by  a  naked  light.  All 
the  circumstances  pointed  to  the  millstone  floor  as  the  seat 
of  the  initial  explosion,  and  to  a  fall  of  meal  dust  from  an 
overhead  beam  on  a  naked  flame  as  tlie  cause.  Accumula- 
tions of  meal  dust  were  present  in  the  mill,  and  probably  in 
the  warehouse,  in  sufficient  quantity  to  be  disturbed  by  an 
initial  explosion .  The  presence  of  this  disturbed  dust  in  the 
atmosphere  of  the  rooms  was  responsible  for  the  transmission 
of  the  explosion  wave  through  the  entire  building  and  for 
the  damage  to  the  premises.  A  sample  of  the  meal  dust 
taken  from  one  of  the  overhead  beams  was  tested  for  inflam- 
mability at  the  laboratory  of  the  Committee  on  Explosions 
in  Mines  ；  the  dust  was  blown  into  a  tube  across  a  heated 
platinum  wire  coil,  the  temperature  of  which  was  accurately 
known.  It  was  found  that  for  this  apparatus  the  ignition - 
temperature  of  the  dust  was  1,050°  C.，  and  the  flame  travelled 
alon^  the  whole  of  the  tube  as  a  bright  flash,  the  speed  of 
travel  being  appreciably  faster  than  in  tlie  case  of  coal-dust 
samples  treated  in  a  similar  manner.    The  average  ignition- 


temperature  for  samples  of  coal  dust,  similarly  deter"iim"l， 
was  1，060°  C. 

The  disastrous  explosion  at  Messrs.  Bibby's  oil-cake  mill, 
Liverpool,  on  November  24th,  resulted  in  39  deatlis  and 
injuries  to  over  100  persons.  Tlie  damage  to  properly  was 
chiefly  confined  to  three  adjacent  blocks  of  five-floorefl  build- 
ings, where  processes  in  the  manufacture  of  oil  cake  were 
carried  on,  including  the  grinding  of  cake,  nuts,  locust  beans, 
&c.  In  this  case  the  explosion  was  traced  to  ignition  of 
dust  in  the  disintegrator  room  situated  in  tlie  basement  of 
the  central  damaged  block.  Tests  of  various  samples  of 
similar  dust  showed  that  it  was  exceedingly  inflammable,  and 
capable,  when  present  as  a  cloud  in  the  air,  of  causing  self- 
propagation  of  flame  with  ultimate  explosive  effects.  The 
ignition-temperatures  of  five  samples  by  a  hot  platinum  wire 
varied  between  1,040°  C.  and  1,070°  C.，  and  it  was  sliown  tliat 
the  dusts,  if  formed  into  a  cloud,  could  be  ignited  by  a 
naked  gas  flame,  the  striking  of  a  match,  an  electric  spark 
produced  by  breaking  an  electromagnet  circuit  (100  volts), 
or  the  melting  of  an  electric  fuse  wire  on  a  100-volt  circuit. 
The  evidence  pointed  to  ignition  of  a  dust  cloud  as  the  cause, 
and  as  experiments  have  shown  that  about  2ozs.  of  foal  dust 


Dust  Explosion  at  a  Glasgow  Provender  Mill.  Vikw 


per  cubic  yard  of  air  are  necessary  for  ignition  and  flame 
propagation  of  such  dusts,  probably  a  similar  proportion  is 
necessary  to  ignite  the  carbonaceous  dusts  of  cake  mills,  pro- 
vender mills,  flour  mills,  and  other  works  of  this  kind . 
Such  an  abnormal  quantity  of  dust  in  the  atmosphere  could 
have  been  produced  by  the  breaking  of  a  belt  in  the  room 
and  striking,  after  fracture,  the  accumulations  of  dust  ob 
beams,  ledges,  and  plant  in  the  neighbourhood.  There  was 
evidence  that  similar  belts  had  previously  broken,  forming 
very  thick  dust  clouds.  A  large  disintegrator  driving  belt 
was  found  after  the  explosion  to  be  broken,  and  the  breaking 
of  this  belt  and  ignition  of  a  dust  cloud  so  formed,  may  be 
regarded  as  the  most  probable  cause  of  the  explosion,  though 
the  exact  cause  of  ignition  could  not  definitely  be  stated. 

In  December  a  less  serious  dust  explosion  occurred  in  a 
large  dust-collecting  house  of  a  cattle-food  works  at  Aberdeen, 
in  which  oat  husks  were  being  ground.  In  this  case  a  large 
window,  originally  fixed  in  the  dust-house  to  take  the  force 
of  any  explosion,  probably  saved  the  building  from  being 
wrecked,  and  automatic  sprinklers  prevented  the  spread  of 
fire  from  tlie  dust-house  to  the  mill.  The  millstones  were 
faced  with  emery  and  set  very  close  to  each  other.  The 
explosion  was  considered  to  be  due  to  ignition  of  dust  in  the 
dust-house  by  sparks  from  a  piece  of  metal  between  the  stoues 
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After  the  Manchester  explosion,  ijisiruciions  were  issued 
to  the  inspectors  to  report  as  to  ( I )  the  class  of  works  in  which 
carbonaceous  dust  is  produced  in  large  quantities,  (*J)  tiie 
occurrence  of  dust  explosions,  and  (3 )  the  j>m，auUo";u'y 
measures  in  use,  tj.f/.y  the  avoidance  of  exposure  to  naked 
lights.  The  reports  received  from  the  staff  dealt  with  a  large 
number  of  trades  in  which  such  dusts  are  producpd  iti  t  he 
process  of  manufacture.  In  the  following  table  tJie  (lifTercnt 
classes  of  works  are  arranged  according  to  the  nature  ol'  t  lie 
dusts  liable  to  be  present,  and  those  marked  witli  an  asterisk 
indicate  works  where  explosions  have  been  recorded. 


—- 

Works  containing 

Works  containing 

-  -- 
Works  containing 

Works  ontninin^ 

farinaceous,  sao- 

caiboiiaceous 

dusts  ot  veyetablo 

dusts  of  aniiiial 

f-l  l  ii  vi  ，、  p     it  it  <1 

Lflltl'l  lilt*,  1111,-1 

(\  U  st>S ,    €.(/.,  clllM*- 

coh] ,  coal,  c( 
^riiphite,  &c. 

<)i"]{4i ii ,  c-ff-t  cork, 

oriyiti,  (" - ,  bones. 

stare liy  dusts. 

wood,  <)tc. 

boots,  horn,  &c 

(1) 

(2) 

(3) 

*  Breweries. 

t  Biiqtict  le 

Hone  yiiidiii" 

Cattle  food 

w  oiks. 

(linoleum  )• 

"orks. 

works. 

*CV,ment  works. 
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*  Flour  mills. 
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flour). 

Fouiuliy  l>l;n  k - 
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Gas  works. 

♦Maltings. 
Mustard  mills. 

L;un  p  l>l;u  k 

*Oak  husk  grind- 

works. 

ing. 

Mineral  aiifl 

Rice  mills. 

ivorv  black 

Saccharine 

^orks. 

works. 

*Ph<ino^ttij)h 

*Secd  crushing. 

record  w  orks. 

Spice  mills. 

*Rag  carbonising 

*Starch  and  "rum 

works. 

works. ' 

Explosions  were  generally  found  to  be  due  to  tlie  folluwiny 
causes : —— 

(1)  Falls  of  accumulated  dust  from  beams,  rafters,  ； i n> I 
ledges  upon  naked  lights. 

(2)  Falls  of  accumulated  dust  upon  burning  plant  or 
machinery  during  a  fire  on  the  premises. 

(3)  Introduction  of  naked  lights,  <.,'/.，  candles,  oil  1hiiij)s, 
or  defective  safety  lamps  inside  elevator  casings,  mills,  dust 
collecting  chambers,  or  other  confined  spaces. 

(4)  Production  of  sparks  in  a  dusty  atmosphere,  owing  to 
presence  of  particles  of  grit,  flint,  or  metal  in  the  mills  or 
other  machinery. 

The  provision  of  effective  exhaust  ventilation,  increased 
use  of  electric  lighting,  avoidance  of  use  of  naked  lights,  pro- 
hibition of  smoking  and  carrying  of  matches,  and  frequent 
cleansing  of  floors,  beams,  rafters3  and  other  ledges  on  winch 
dust  could  accumulate,  appeared  to  be  important  factors  in 
preventing  explosions  in  many  works  and  in  eliminating  the 
risk  of  explosions  in  factories  where  dust  explosions  had 
occurred  in  the  past.  Other  precautions  observed  hy  the 
inspectors  included  use  of  explosion  doors  on  elevator  casings 
and  dust  collecting  plant,  installation  of  automatic  sprinklers, 
and  provision  of  efficient  governors  to  prevent  racing  of 
machinery.  Special  attention  has  been  given  bo  the  various 
classes  of  works  in  which  carbonaceous  dust  is  produced  ； 
occupiers  have  been  warned  of  the  risk  of  explosions  in  dusty 
confined  spaces  or  from  accumulations  of  dust,  and  of  the 
need  for  observance  of  the  above-mentioned  precautions, 
where  practicable,  especially  those  dealing  with  avoidance  of 
naked  lights  and  frequent  cleansing  of  floors,  beairis,  and 
ledges. 

Dealing  with  the  various  classes  of  works  mentioned  in 
the  table,  the  following  observations  are  made  ： ― 

Breir cries . ― Dust  is  generated  in  tlie  clcuiin^  of  grain  find 
at  the  malt  mills,  elevators,  and  ^rai.n  lio]>|)ers.  Tlie  dust, 
in  grain  dressing  is  a  mixture  of  mineral  and  carbonaceous 
mat  t  or,  and  is  ])rol>aI)Iy  not'  so  iuflaimiwil^le  as  t  ！ if  d  ust  ； it  t  lie 
malt  nulls  and  elevators  which  is  of  a  saccharine  nature. 
Explosions  are  reported  from  Edinburgh  and  other  places. 
These  have  occurred  at  the  malt  mills,    at  the   malt  mill 


elcvntors,  and  al  the  lioppcis  m'i'r  nwisli  Luns,  due  to  use  of 
naked  lights  or  to  production  of  sparks  at  the  steel  rollers 
o f  the  mull  mills  owing  to  prcsonce  of  flinty  particles  in  tJie 
malt.  Electric  light's  and  portable  electric  lamps  are  now 
generally  in  use  in  t  lie  l;i  roer  hrewcrios.  OtJier  precaut  ions 
which  liave  Jjeen  noted  to  reduce  the  risk  of  explosion  include 
i  lu1  provision  of  flap  doors  to  malt  mills  and  the  covering  of 
openings  at  regular  intervals  in  the  malt  elevators  with  brown 
paper. 

<  V〃/ />'〃〃〃〃/■,/  II'"/ /  x. —  Much  dust  is  often  found  in  works 
where  jellies,  fondants,  and  gums  are  manufactured. 
Powdered  starch  is  used  to  form  the  moulds  for  the  jelly  or 
l.()ti(l;u"  pn'|)aration .  The  t  rays  of  moulds  ；' re  dried  in  liot 
stoves  and  the  dry  swoets  are  separated  from  the  starch  by 
sieving  and  brushing.  Even  where  these  operations  are  car- 
ried on  in  enclosed  macliincs,  inucli  dust  is  usually  present. 
In  some  works  the  use  of  electric  lights'  or  enclosure  of  open 
""ts  jois  in  L'hi1-(m*iis  is  fairly  general,  and  naked  lights  are 
iorhidden. 

/J/stif/ r/  irs.-  T\)v  (I  ust-  is  of  a  starchy  nature  derived  from 
sago  and  maize  meal.  Two  explosions'  have  been  noted,  at 
】la'inmersmiUi,  our  ； i  houl  '— '()  yr;u's  ； i.^o  and  I  lie  ot  her  (luring 
1911.  Both  explosions  occurred  at  sago  meal  elevators,  due 
io  falls  oi'  accmmihti  ions  of  dust  on  naked  lights )  these  have 
been  replaced  by  electric  lamps. 

Flour  M //As.-  Serious  explosions  have  been  recorded  in  the 
past  at  Cardiff,  Dundee,  Edinburgh,  Jiondon,  and  Liverpool  ； 
the  latest  occurred  at  a  Liverpool  flour  mill  about  seven  ycais 
ago.  The  causes  of  the  explosions  have  been  attributed  to 
absence  of,  dust- collecting  ])lant  or  to  fires,  or  use  of  naked 
lights  in  or  near  the  dust-collecting  chamber  or  ' '  stive  room.'' 
Sucli  clianihers  are  now  seldom  found  except  in  the  older 
mills;  they  have  been  largely  replaced  by  cyclone  collectors  or 
by  bag  filters  of  various  t ypps.  Where  "stive  rooms"  exist 
these  are  generally  used  to  collect  the  flour  dust  from  the 
roller  mills  and  elevators,  whilst  the  dust  from  offal  grinding 
is  collected  separately  in  bags  or  blown  into  the  open  air. 
Some  collecting  chambers  have  hinged  balanced  windows  to 
act  as  explosion  valves  in  aisc  of  explosion  within  the  cham- 
ber. Absence  of  dust  due  to  introduction  of  roller  machinery 
with  efficient  dust-extraction  plant,  the  general  use  of  electric 
lighting,  and  the  avoidance  of  naked  lights,  appear  to  have 
brcn  the  jn-incipal  factors  in  preventing  explosions  in  recent 
years.  Reports  show  that  even  in  the  old  mills  naked  lights 
are  avoided  as  much  as  possible,  care  is  taken  to  keep  gas 
jets  several  feet  away  from  sources  of  dust,  and  cleaning  of 
diust -collecting  chambers  is  don©  during  daylight.  Fire  in- 
surance premiums  are  reduced  where  locked  portable  lamps 
of  an  efficient  type  are  in  use,  or  where  the  miUs  are  lighted 
electrically  or  provided  with  fire-extinguishing  appliances. 
Other  precautions  include  the  frequent  sweeping  of  floors, 
beams,  and  all  parts  where  dust  is  liable  to  accumulate. 

(i  rist  M  'tfh. ― In  addition  to  the  recent  explosion  at  a  Glas- 
gow provender  mill,  a  serious  explosion  occurred  about  11 
years  ago  at  a  barley  mill  in  the  Edinburgh  district :  a 
grindstone  burst,  the  flying  fragments  dislodged  a  quantity 
of  dust  from  the  rafters,  the  dust  cloud  was  ignited  by  an 
exposed  gas  jet,  and  the  side  of  the  mill  was  blown  out.  In 
some  quarters  it  has  been  stated  that  the  dust  often  consists 
of  carbonaceous  and  siliceous  particles,  and  the  risk  of  explo- 
sion is  reduced  in  consequence.  Experiments  with  similar 
dust  from  granaries  have  shown,  however,  that  flame  pro- 
pagation is  possible  notwithstanding  the  presence  of  a  con- 
siderable amount  of  earthy  matter  in  the  dust.  Dust  ex- 
tracting and  collecting  plants  are  usually  absent,  and  naked 
lights  are  often  used.  These  are  matters  which  should 
receive  attention ,  and  further  precautions  should  include  the 
careful  examination  of  millstones  and  the  prevention  of  rac- 
ing of  grinding  machinery. 

Mdliiiujs. ― Recorded  explosions  are  of  a  similar  nature  to 
those  in  breweries,  and  these  are  fairly  common  at  the  malt 
mills.  Several  have  been  reported  from  Burton-on-Trent  dur- 
ing the  past  five  years.  The  introduction  of  a  lighted  candle 
into  a  mill  as  soon  as  grinding  had  ceased  was  responsible  for 
one  explosion  ；  others  were  attributed  to  production  of  sparks 
at  the  steel  rollers  owing  to  presence  of  particles  of  flint  in  the 
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mills,  or  to  use  of  naked  lights.  Electric  incandescent 
lighting  is  often  installed  and  portable  electric  lamps  are  now 
generally  used  during  examination  of  elevators  and  malt 
mills. 

Oat  Husk  Grinding. — This  process  is  carried  on  chiefly  in 
the  North  of  Scotland  and  Ireland,  in  the  manufacture  of 
cattle  food,  and  two  explosions  in  dust  collecting  chambers 
and  several  fires  have  been  recorded .  Sprinkler  installations 
have  proved  effectual  on  several  occasions.  In  a  recent  explo- 
sion the  provision  of  a  large  window  in  the  dust  house 
probably  prevented  destruction  of  the  building.  In  other 
cases,  dust  houses  have  been  abolished  and  replaced  by 
cycloue  collectors  fitted  with  explosion  flap  valves. 

Rice  Mills. ― Both  in  mode  of  working  and  in  machinery 
these  works  resemble  the  old-fashioned  corn  grinding  mills. 
Considerable  dust  is  given  off  at  the  millstones.  In  some 
works,  electric  lamps  or  enclosed  gas  lights  are 
used.  It  has  been  urged  by  some  occupiers  that 
dust-collecting  plant  would  increase  the  risk  of 
explosion  in  the  ducts  and  other  confined  spacer, 
but  efficient  localised  exhaust  has  apparently  been 
an  important  factor  in  preventing  risk  of  local 
explosion  in  flour  mills,  where  the  dust  is  somewhat 
similar. 

Seed -cm  slang  Mills. ― Dust  escapes  in  consider- 
able quantity  in  some  of  the  processes,  and  it  is 
reported  that  localised  exhaust  ventilation  would 
be  difficult  in  some  cases  without  reconstruction  of 
the  machinery  or  improved  plant.  The  dust  is 
oily,  and  very  inflammable.  Fires,  due  to  spon- 
taneous combustion,  might  be  expected  from  its 
nature,  but  few  occur.  In  addition  to  the  recent 
disastrous  explosion  at  Liverpool,  a  serious  explo- 
sion also  occurred  at  Liverpool  in  1908.  The  dust  in 
the  seed-drying  tower  either  became  overheated  or 
ignited  spontaneously,  and  caused  a  slight  explo- 
sion, which  dislodged  a  quantity  of  dust  from  the 
rafters  of  an  adjoining  room ,  in  which  a  nior? 
serious  explosion  immediately  occurred.  Two  men 
were  killed,  and  four  other  persons  were  injured. 
Increased  attention  to  efficient  removal  and  collec- 
tion of  dust  is  necessary,  including,  in  addition  to 
exhaust  ventilation,  frequent  sweeping  of  floors 
and  prevention  of  accumulation  of  dust  on  beams, 
rafters,  and  ledges.  Extended  use  of,  electric 
lighting  has  probably  reduced  the  liability  to 
explosions,  and  naked  gas  lights  had  already  in 
many  instances  been  discarded.  In  spice  mills, 
edge  runners  and  stones  are  used  as  grinding 
machinery,  and  considerable  dust  escapes  in  the 
processes.  Localised  exhaust  ventilation  is  usually 
lacking,  and  is  often  impracticable  in  many  mills 
unless  the  plant  is  entirely  reconstructed.  At  one 
large  works,  absence  of  explosions  during  the  past 
40  years  is  chiefly  attributed  to  great  care  in  clean- 
liness and  constant  sweeping  of  floors,  rafters,  and 
other  places  where  dust  may'  accumulate  :  unless 
this  is  done  there  is  grave  risk  of  explosion. 

Starch  and  Gum  Works. ― The  recent  case  in  Man- 
chester is  the  only  recorded  instance  of  a  serious  explosion  at  a 
starch  factory  in  the  United  Kingdom.  It  is  reported  that  many 
occupiers  and  managers  of  works  are  sceptical  as  to  danger 
from  starch  dust,  though  one  large  firm,  whilst  considering 
their  starch  (rice  starch)  non-explosive,  recognise  that  it  is 
inflammable,  and  prohibit  the  use  of  naked  lights.  In  some 
districts,  great  care  is  exercised  in  this  direction  ；  the  factories 
are  lighted  by  incandescent  electric  lamps,  smoking  is  pro- 
hibited, and  matches  are  not  allowed  inside  the  works.  In 
other  parts  of  the  country,  naked  gas  jets  are  used  daily, 
though  the  atmosphere  of  the  rooms  is  admittedly  dusty. 

Briquette  Works. 一 Explosions  of  ooal  dust  are  possible  at 
the  screens,  pug  mills,  and  coal  bunkers.  An  explosion 
occurred  several  years  ago  at  a  pug  mill  in  a  Cardiff  works. 
Slight  explosions,  causing  burning  accidents,  frequently  occur 
in  the  Swansea  district,  and  occasionally  happen  in  under- 
ground shafting  tunnels,  where  quantities  of  fine  dust  accu- 


mulate in  confined  spaces.  An  explosion,  causing  injury  to  a 
person  carrying  an  oil  lamp,  and  due  to  a  fall  of  an  accumula- 
tion of  dust  on  the  naked  light,  is  reported  from  Scotland. 
Naked  lights  are  generally  avoided,  and  safety  lamps  are  used 
in  some  works.  Exhaust  ventilation,  frequent  sweeping,  and 
electric  lighting  are  the  precautions  generally  observed. 

Cement  Works. ― In  the  modern  】naimfacture  of  Portlanrl 
cement,  the  fuel  used  In  the  rotary  kilns  consists  of  coal  dust 
which  is  blown  under  pressure  into  the  combustion  chamber 
of  the  kiln.  The  raw  coal,  freed  from  moisture  in  a  rotary 
drier,  is  ground  to  an  exceedingly  fine  powder  in  tube  or  pen- 
dulum mills.  Little  dust  escapes  from  the  】nost  modern  coal- 
^■riiiding  plants,  but  in  older  works  there  is  often  excessive 
dust.  A  few  explosions,  due  to  use  of  naked  lights,  occurred 
in  the  early  days  of  the  rotary  kiln.  One  happened  in  a  coal 
dust  hopper  which  was  undergoing  repair  ；  two  men  who  were 
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using  an  oil  lamp  were  injured.  The  danger  of  explosion 
from  coal  dust  is  now  recognised  at  all  cement  works,  and  at 
many  of  the  coal  grinding  mills  warning  notices  are  posted 
prohibiting  smoking  or  the  use  of  naked  lights.  Electric 
incandescent  lamps  are  generally  used.  Dust-collecting  plants, 
including  bag  filters,  are  installed  in  some  mills,  whilst  in 
others  the  whole  of  plant  (mills,  elevators,  and  conveyers)  is 
connected  directly  to  the  dust-supply  pipes  feeding  the  rotary 
kilns.  Both  systems  are  equally  effective  for  preventing 
escape  of  coal  dust. 

Gas  Works. ― Attention  has  been  directed  to  the  dusty  con- 
dition of  elevator  chambers  in  some  gasworks.  No  explosions 
have  been  noted,  though  naked  gas  jets  are  often  vised  to  light 
the  chambers.  Probably  the  dust  in  the  atmosphere  is  insuffi- 
cient in  quantity  or  too  damp  to  propagate  a  flame  and  ex- 
plode. The  danger  of  us©  of  naked  lights  in  such  places  has, 
laowever,  been  strongly  urged. 
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Lampblack  Works. —— Lampblack  is  manufactured  by  the 
imperfect  combustion  of  petroleum  oils.  Occupiers  of  works 
are  sceptical  as  to  danger,  as  naked  gas  flames  appear  to  have 
been  used  for  years  without  any  record  of  explosion.  They 
have,  however,  been  urged  to  avoid  naked  lights. 

Mint  ral  and  Ivonj  Jilrtrk  Works. ― The  materials  are  manu- 
factured from  animal,  mineral,  and  wood  charcoal.  There  is 
no  record  of  explosions,  though  miked  lights  are  used,  and  a 
considerable  amount  of  fine  dust  is  generated,  notwithstand- 
ing the  fact  that  the  mills  are  generally  equipped  with  exhaust 
ventilating  plant.  Occupiers  have  been  warned  as  to  the 
danger  of  naked  lights. 

J'Jiontxjraph  Record  Works. — The  records  are  composed  of 
graphite  and  resin,  which  are  finely  ground  together  in  mills. 
One  explosion,  with  injury  to  two  persons,  has  been  recorded. 
This  occurred  at  the  outlet  of  a  mill,  and  was  probably  chic  ") 
pre&ence  of  grit  between  the  rolls.  Since  this  explosion,  smok- 
ing and  introduction  of  matches  have  been  prohibited  in  the 
works,  which  are  now  lighted  electrically. 

Rag  C(trboi/isi/if/  M'o/'/'.s. — The  cotton  fibre  presoiii.  in 
woollen  rags  is  removed  from  the'  wool  by  exposing  these  to 
the  action  of  heat  and  hydrochloric  acid  vapour  ；  the  cotton 
is  converted  into  glucose  which  is  afterwards  beaten  out  of 
the  carbonised  rags  in  shaking  machines.  If  metallic  sub- 
stances, such  as  buttons,  are  present,  sparks  are  often  pro- 
duced by  the  b&aters  of  the  machines,  causing  explosions  of 
dust.  The  explosions  usually  happen  when  the  rags  are  being 
fed.  into  the  shaker  and  persons  are  occasionally  burnt.  Tlie 
following  precautions  are  recommended  :  reducing  the  d(Misit  v 
of  the  dust-laden  atmosphere  within  the  shakers  by  using 
larger  machines,  or  introducing  more  efficient  fan  exhaust,  or 
slower  feeding  of  the  machines  with  smaller  quantities  of 
rags;  cooling  the  rags  before  placing  the  in  in  the  shaker  ； 
opening  and  closing  the  shaker  daor  from  a  distance  by  means 
of  a  rope. 

Cork  Gri tiding. ― A  large  amount  of  dust  is  produced  in 
grinding  cork  and  wood  for  use  in  the  manufacture  of  lino- 
leum. An  explosion,  with  injury  to  one  】nan,  occurred  at 
Dundee  in  1902,  owing  to  ignition  of  dust.  In  order  to  pre- 
vent a  fire  in  a  dressing  machine  from  spreading,  this  man 
went  on  the  rafters  to  collect  the  accumulations  of  cork  dusti, 
and  accidentally  upset  a  large  pail  containing  the  dust  on  to 
the  burning  machine  below.  Naked  lights  and  smoking  are 
ge  lerally  prohibited  in  these  works  ；  the  means  of  illumination 
consist  of  ii'-candescent  electric  lamps  or  screened  oil  lamps, 
though  occasionally  exposed  lights  are  used  in  dusty  chaniliers 
without  occurrence  of  explosions.  Probably  in  such  cases  t-lie 
quantity  of  suspended  dust-  is  insufficient'  to  propagate  a  flame, 
but  the  danger  from  accidental  dislodgment  of  dust  must 
always  be  present.  Settled  accumulations  of  dust  are  gener- 
ally avoided,  however,  and  rafters  and  beams  are  frequently 
swept. 

Sawm  ills. ― One  instance  has  been  recorded  of  an  explo- 
sion, with  injury  to  workmen,  due  to  ignition  of  the  fine  dust 
from  a  sandpapering  machine  in  a  sawmill.  Localised  exhaust 
ventilation  is  now  general  for  sandpapering  machines,  and 
complete  dust  extracting  plant  is  often  installed  for  all  good 
working  machinery  in  sawmills.  Many  works  are  lighted  by 
electricity.  Fires  have  occurred  in  the  grinding  of  sawdust, 
but  there  is  no  record  of  explosions.  Enclosed  oil  lamps  or 
incandescent  electric  lamps  are  used  in  several  factories. 
Naked  lights  and  smoking  are  prohibited.  The  general  pre- 
caution in  this  trade  is  to  avoid  accumulation  of  dust. 

Hoof  and  H  om  Grinding  W  oris. —— Three  explosions 
occurred  prior  to  1906  at  a  factory  in  Aberdeen,  probably  due 
to  sparks  in  the  disintegrators  caused  by  pieces  of  iron  in  the 
refuse  hoofs.  Much  dust  existed  in  the  works  at  that  time, 
but  since  the  installation  of  an  efficient  dust-collecting  plant, 
including  bag  filters,  there  lias  been  no  recurrence  of  explo- 
sion, and  the  factory  is  now  practically  dustless.  Extra  car© 
is  taken  in  sorting  to  remove  all  pieces  of  iron  or  steel  from 
the  material. 


Automatic  Coaling  Plant, ― It  is  announced  i-liai  the  automat  ic 
coaling  plant,  for  Delagoa  Bay,  devised  by  Mr.  G.  Provay,  is 
to  be  adopted.  It,  is  expected  that  it  will  be  in  full  working 
operation  within  12  months, 


THE  PROPER  TREATMENT  OF  COMMUTATORS  AND  BRUSHES. 

As  most  electricians  know,  a  very  】arg&  part  of  the  attention 
required  by  direct-current  dynamos  and  moiors  must  be  given 
to  the  connnutaiors'  and  brushes.  Our  contemporary  the 
" Electrical  Review  and  Western  Electrician/'  referring  to  the 
proper  treatment  of  these,  says  that  while  much  of  the  matter 
on  this  subject  appearing  in  technical  publications  from,  time 
to  time  is  decidedly  good,  some  of  it  is  of  such  a  character  as 
to  induce  the'  in&xperienced  operator  to'  resort  to  an  excessive 
use  of  foreign  substances  on  commutators  and  brushes.  If  the 
commutator  b&  kept  round,  and  smooth,  and  clean,  and  the 
brushes  in  proper  adjustment,  tliere1  should  be  but  little  trouble 
from,  sparking  or  lieating  in  the  operation,  at  or  below  the 
rated  load,  of  a  dynamo  or  motor  of  any  of  the  usual  types ~ it 
b&ing  assumed,  of  course',  that  brushes  of  the  right  sort  are 
used.  The  common  practice  of  applying  vaseline  or  oil  to  a 
conntiutator  wlicnevor  ； i  sjiark  appears'  without  any  attenipt  t  o 
local  c  I  he  en  use  o[  if  is  as  bad  as  it-  is  common.  Wlicn  1  lies;.' 
lubricants,  or  even  ih&  best  of  th©  com  mutator  compounds, 
have  to  be  us&d  at  all  they  should  be  applied  in  very  small 
(|uaniil ies  usually,  and  lliei  necessity  of  frequent  applications 
can  be  taken  as  a  certain  indication  that  something  is, wrong 
with  the  machine.  Our  contemporary  recalls  an  experience  in 
which  it  suddenly  becani©  impossible  to  hold  the  voltage  on  a 
large  alternator  at  anytliing  like  its'  rated  value.  Aft-r^r 
nearly  an  hour  of  unsuccessful  efforts  to'  find  th©  cause  of  the 
disorder  it  was  discovered  that  an  attendant  had  applied  to 
the  commutator  of  the  exciter  an  excessive  quantity  of  a  sub- 
stance which  lie  had  been  using  in  smaller  quantities  on  the 
comumi  at  (n-s  nf  other  macliiiies  in  tlie  building.  An  applica- 
tion or  two  of  a  clean  cloth  saturated  with  benzine-  cleaned  the 
comm utator  and  removed  the  trouble  with  the  alternator 
voltage.  Carbon  brushes  which  have  been  in  use  a  long  time 
may 卜 :（）uiH  im('s  improved  by  boiling  process  often  recoiti- 
m&ndecl,  but  paraffin  is  better  for  this  purpose!  than  any  sort 
of  oil.  When  t  he  1  imp  for  boiling  lias  Ijoen  readied,  however, 
better  results  at  a  smaller  cost  may  very  often  be  had  by  pur- 
chasing a  new  set  of  brushes. 


British  Foundrymcn's  Association. ― The  ninth  annual  conven- 
tion of  this  association  will  be  held  at  the  University  College 
of  South  Wales,  Cardiff,  on  August  6tli，  7th,  and  8tli.  On  tlie 
Tuesday  morning  the  election  of  officers  will  take  place,  after 
which  the  president,  Mr.  P.  Longmuir,  will  deliver  his  address. 
This  will  be  followed  by  papers  on  "  Modern  Brass  Founding," 
by  Mr.  H.  S.  Primrose ;  "  The  Training  of  Apprentices, "  by 
J.  W.  Horn &，  B.Sc.  ；  "  Coking  in  South  Wales/'  by  R.  H. 
Gr&aves.  In  the  aft&rnoon  a  visit  will  paid  to  the  Dowlais 
Works  of  Messrs.  Guest,  Keen,  &  Nettlefolds,  Ltd.  A  recep- 
tion by  the  Right  Hon.  the  Lord  Mayor  of  Cardiff  will  take 
place  in  the  City  Hall  at  7-30  p.m.  Wednesday  morning  will 
b©  devoted  to  th©  reading  and  discussion  of  the  following 
papers  ：  "  The  Influence  of  Sulphur  on  Cast  Iron,"  by  Mr.  H. 
I.  Coe,  M.Sc.  ；  "Moulding  a  Water- jacketed  Gas  Engine 
Cylinder,"'  by  Mr.  J.  G.  Robinson  ；  (<  Pattern  Making,"  by 
Mr.  R.  H.  Schofield;  (i  Moulding  Sands,"  by  Mr.  A.  B. 
Searle.  The  afternoon  and  evening  will  b&  devoted  to  visits  to 
the  Cardiff  Docks  and  the  Penarth  Docks  and  hydraulic 
houses.  On  the  Thursday  a  picnic  has  be&n  arranged  to  the 
Wye  Valley. 

The  Junior  Institution  of  Engineers. ― About  100  members  of 
the  Junior  Institution  of  Engineers  recently  paid  a  visit' t'o  the 
works  of  the  Marconi  Wireless  Telegraph  Company  at  Chelms- 
foi'd.  Mr.  Marconi,  the  President  of  tlie  Institution,  was 
unfortunately  called  away  at'  the'  last  moment  to  Clifrlen,  in 
Ireland,  where  tlie  high-power  station  of  his  company  on  this 
side  of  the  Atlantic  is  situated.  Mr.  Marconi  was  to  have 
delivered  his  presidential  address,  but  for  tli©  above  r&ason  was 
prevented  from  doing  so.  Captain  H.  Riall  Sankey,  assisted 
by  the-  officials  of  the  company,  conducted  the  party  over  the 
works,  where  tho  actual  working"  of  wireless  belegrapliy  was 
seen  and  explained.  The  members  of  the  Institution  were 
particularly  struck  by  the  perfect  organisation  and  administra- 
tion of  the  works,  and  th©  ideal  cmulitions  under  wliich  the 
men  of  tlie  company  do  their  work.  Tlie  visitors  were  enle'r- 
iained  to  luncheon  by  tlie-  kind  invitation  of  the  coinj)any,  and 
during  the  afternoon  a  "  Marconigrann  ，，  was  sent  on  bclwilf  o( 
the  Institution  by  tlie  chairman,  Mr.  Walter  T.  Dunn,  to  Mr. 
Marconi  in  Ireland,  expressing  regret  at  his  enforced  absence, 
and  wishing  him  continued  and  increasing  success. 
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RECENT  ADVANCES  IN  BATTLE  SHIP  DESIGN, 

BY  NAVAL  CONSTRUCTOR  D.  W.  TAYLOR,  U.S  N. 

In  October,  1905，  Great'  Britain  laid  the  keel  of  a  battle-sliip 
materially  larger  than  any  before  constructed  and  differing 
much  from  its  immediate  predecessors,  notably  in  the  fact 
that  the  heavy  turret  guns,  instead  of  comprising  two  calibres, 
were  all  of  the  heaviest  calibre ― 12in. ― and  there  was  no 
intermediate  battery  of  6in.  calibre,  the  only  calibre  carried 
being  12in.  in  the  main  battery  and  3 in.  in  the  secondary 
battery  or  torpedo  defence  battery.  This  vessel,  named  the 
' ( Dreadnought/ ，  being  constructed  with  unprecedented 
rapidity  and  under  circumstance®  of  unusual  and,  for  Great 
Britain,  unprecedented  secrecy,  was,  largely  for  this  reason, 
the  best-advertised  ship  in  the  world.  It  has  been  the  fashion 
since  to  call  large  battle-sliijjs  Dreadnoughts,  though  in  Eng- 
land, where  the  fashion  originated,  the  expression  super- 
Dreadnought  is  much  used  now,  and  doubtless  we  shall  soon 
hear  of  super-super-Dreadnoughts.  While  the  "  Dread- 
nought ' ' herself  has  been  thrown  in  the  shade  by  the  later 
vessels,  some  of  which  are  more  than  50  per  cent,  larger,  she 
ushered  in  an  era  of  world-wide  competition  in  battle-ship 
building  and  rapid  increase  of  size  and  power  of  individual 
ships. 

Table  I.  shows  the  effective  battle-ship  tonnage  on  January 
1st,  1912,  of  the  eight  leading  naval  powers,  divided  between 
completed  battle-ships  of  the  pre-Dreadnought  type  and  vessels 
of  the  Dreadnought  type,  built  and  building.  For  th&  purpose 
of  this  classification,  vessels  having  a  main  battery  of  all 
big  guns,  llin.  or  more  in  calibre,  are  classed  as  of  the 
11  Dreadnought"  type.  None  of  the  eight  nations  of  Table  I. 
is  building  battle-ships  of  any  other  type.  Vessels  over  20 
years  old  are  not  included,  so  Table  I.  shows  approximately 
the  battle-ship  tonnage  completed  or  laid  down  from  1891  to 
about  1906  as  compared  with  that  completed  or  laid  down 
from  about  1906. 

Table  I. ― Effective  Battle-ship  Tonnage, 

Pre-Dreadnought  Dreadnon^hfc  type 

Nations.  type  built.    Tons  bnilt  and  building. 

of  displacement.      Tons  of  displacement. 

Great  Britain   :•    617,500    483,350 

Germany    252,712    359,120 

United  States    334,146    221,650 

France    286，005    92,368 

Japan   191,698    41,600 

Russia    122,250    158,000 

Italy   97,500    85,620 

Austria    74，613    80，000 

Table  I.  brings  out  clearly  the  world-wide  ' £  speeding- up  " 
in  battle-ship  building  of  the  last  few  years.  The  figures  for 
Great  Britain  and  Germany  make  it  clear  why  some  people 
in  Great  Britain  consider  that  country  to  have  made  a  colossal 
blunder  when  she  forced  the  pace  by  building  a  new  and  more 
powerful  type  of  battle-ship.  Tlae  result,  of  course,  is  to 
relatively  reduce  in  value  earlier  battle-ships,  as  to  which  we 
see,  in  the  second  column  of  Table  I"  England  had  a  much 
greater  superiority  over  Germany  than  indicated  in  the  third 
column  for  battle-ships  of  Dreadnought  type.  Incidentally, 
Table  I.  makes  it  clear  why  the  United  States  is  just  yielding 
the  place  of  the  second  naval  power  to  Germany.  Of  com- 
pleted battle-ships  the  United  States  even  yet  has  more  tons 
than  Germany,  but  the  latter  country  is  building  so  many 
more  tons  that  the  United  States  will  never  regain  second 
place  unless  there  is  a  marked  change  of  policy  on  the  part 
of  one  country  or  of  both. 

Of  course,  the  customary  gauging  of  naval  power  by- 
tonnage  is  not  an  exact  method  of  determining  fighting  power, 
but  there  is  no  accepted  method  by  which  we  can  determine 
this  except,  perhaps,  actual  war.  Even  tonnage  statistics  are 
not  strictly  comparable.  We  know  that  we  use  two  kinds  of 
tons  in  this  country,  the  short  ton  and  the  long  ton.  For 
measuring  displacement  of  battle-ships  there  are  virtually  as 
many  different  kinds  of  tons  in  use  as  there  are  nations. 

A  freight  steamer  may  be  able  to  carry  in  cargo  double  the 
weight  of  her  hull  and  machinery.    Her  displacement  then 

*  Abstract  of  paper  preHontcd  at  a  meeting  of  the  Franklin  Institute,  February 
21st,  1912. 


may  vary  200  per  cent,  from  her  empty  displacement.  A 
battle-ship  has  a  mucli  larger  proportion  of  fixed  weight,  but 
carries  a  large  removable  or  variable  load  in  her  coal, 
ammunition,  stores,  and  water.  Sucli  weights  may  amount 
to  18  or  20  per  cent,  of  the  empty  weiglit  of  a  large  battle-sliip. 
It  is  the  practice  to  include  arbitrary  amounts  of  (•onsuinable 
weights  when  fixing  the  legend  displacement  of  a  battle-ship, 
and,  as  the  practice  in  this  respecrt  of  the  various  nations 
varies,  the  designed  or  official  displacement  of  a  given  battle- 
ship would  be  different  in  each  country. 

A  battles-ship  is  a  very  complicated  matter,  a  complete 
•design  being  evolved  by  art  as  well  as  by  science  from  many 
conflicting  considerations.  Perhaps  the  most  salient  charac- 
teristics bearing  directly  upon  war  efficiency  are  offensive 
pow&r，  sp&ed  and  endurance,  and  defensive  power.  There 
are  many  other  essential  characteristics,  such  as  habitability, 
strength  of  structure,  stability  in  intact  and  damaged  con- 
dition, seaworthiness,  &c.，  but  for  present  purposes  we  must 
largely  take  these  for  granted  - 

Iu  making  Table  I.  we  adopt  as  the  dividing  line  between 
the  Dreadnought  type  and  pre-Dreadnought  types  the  charac- 
teristic of  carrying  a  main  battery  of  all  big  guns  llin.  or 
more  in  calibre.  The  "Dreadnought"  was  by  no  means  a 
wholly  novel  type.  The  name  has  been  borne  in  succession 
by  a  number  of  British  men-of-war,  and,  curiously  enough, 
when,  we  compare  the  "  Dreadnought  M  of  1905  with  her  im- 
mediate predecessor  completed  in  1875  (just  30  years  before 
the  "Dreadnought"  of  the  present  day  was  laid  down)  we 
find  that  the  Dreadnought  77  of  1875,  like  her  successor, 
was,  when  completed,  the  largest,  fastest,  most  powerful, 
and  most  heavily  armoured  British,  battle-ship.  Her  main 
battery  was  uniform,  in'  calibre,  consisting  of  four  muzzle - 
loading  rifle's  of  12'5in.  calibre,  mounted  in  turrets.  She 
carried  also  six  rapid-fire  guns ^ called  them  quick-firing ~~ 
of  2 Mn.  calibre.  The  '(  Dreadnought }>  of  1905  carried  a 
main  battery  uniform  in  calibre  consisting  of  ten  breech- 
loading  rifles  of  12in.  calibre,  mounted  in  turrets.  She 
carried  also  27  rapid-firing  guns  of  3 in.  calibre.  Each  of 
theise  ££  Dreadnoughts  ;'  had  an  armour  belt  extending  from 
end  to  end  ；  its  thickness  amidships  was  llin.  in  each  cas^e. 

Compare  them  how  we  may,  the  twin-screw,  reciprocating- 
engined,  14-knot,  10,800-ton  "  Dreadnought "  of  1875  shows 
remarkable  similarity  of  type  to  the  four-screw,  turbined, 
18,000-ton,  21.\-knot  "  Dreadnought  "  of  30  years  later.  One 
naturally  asks  how  it  happens  that  in  1905，  when  making  a 
marked  advance  in  battle-ships,  there  was  recurrence  to  the 
type  of  1875，  particularly  as  regards  battery.  The  reasons, 
I  think,  are  two -fold.  In  the  first  place,  in  30  years  the 
process  of  evolution  had  nearly  completed  its  cycle  and  the 
battery  was  approaching  again  the  type  of  a  generation  before. 
There  are  on  a  battle-ship  but  two  really  satisfactory  locations 
for  turrets  carrying  heavy  guns.  On©  is  forward  of  the 
machinery  spaces  in  the  centre  line  of  the  ship,  and  the  other 
is  aft  of  the  machinery  spaces,  also  in  the  centre  line  of  the 
ship.  So  we  find  successors  to  the  li  Dreadnought }J  of  1875 
in  tlie  English  Navy  mounting  usually  four  heavy  guns  in 
these  locations.  But  there  was  a  steady  evolution  from  the 
half-dozen  2^in.  quick-firing  guns  of  the  old  "  Dreadnought.' ' 
The  secondary  battery  grew  into  an  auxiliary  battery  plus  a 
secondary  battery,  so  that  in  15  years,  or  about  1890，  we  find 
British  battle-ships  carrying  four  heavy  or  main  battery  guns 
as  before,  but  instead  of  a  few  puny  quick-firing  guns  they 
carried  ten  or  a  dozen  6in.  guns,  protected  behind  armour,  in 
addition  to  smaller  guns  still. 

These  6in.  guns,  combined  with  four  heavy  12-inch  guns, 
remained  the  standard,  one  may  say,  for  some  ten  years  or 
so.  In  the  "  King  Edward  "  class,  designed  about  1901，  we 
find  a  cliange.  T4ieir  immediate  predecessors  carried  four 
12in.  guns,  twelve  6in.  guns  behind  armour  and  sixteen  3in. 
guns  unprotected.  The  "  King  Edwards  "  carried  four  12in" 
four  9'2in.  in  turrets,  ten  Gin.  behind  armour,  and  twelve  3in. 
unprotected.  This  was  the  first  appearance  of  the  9'2iu.  gun 
upon  the  British  battle-ship.  The  next  British  class ~~ the 
" Lord  Nelsons" ― laid  down  in  1904,  abandoned  the  6in.  gun. 
The  (t  Lord  Nelson  "  carried  four  12in.,  ten  9'2in.  in  turrets, 
and  fifteen  3in.  unprotected.  Here,  then,  we  have  two  sizes  of 
heavy  turret  guns,  and  it  is  quite  reasonable  to  suppose  that 
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in  time  the  9'2in.  guns  would  have  grown  larger  until  by 
natural  evolution  the  a】l-big-gim  one-calibre  shij)  would  liave 
apj)eared. 

But  there  was  a  second  factor  which  ；"' "1,  rated  the  slow 
process  of  evolution.  For  30  years,  to  i»iy  knowledge,  it  has 
be&n  a  truism  of  the  ordnance  officer  that  the  gun  is  a 
weapon  of  precision,  rndeed,  the  precision  of  heavy  guns  is 
astonishing.  Twelve-inch  shells  fired  from  a  modern  high- 
powered  gun  and  leaving  the  gun  in  exactly  the  same  direct  ion 
with  exactly  the  same  velocity  may  be  expected  in  still  air 
to  strike  a  target  10，0()()  y;i  i'ds,  or  say  5^  miles,  (away  wit  hin  a 
very  few  feet  of  each  other.  But,  strangely  enough,  up  to  some 
ten  years  or  so  ago  no  navy  appears  to  have  realised  tlie  p()ssi、 
bilities  of  the  gun,  or,  at  any  rate,  to  have  developed  accuracy 
of  shooting  to  an  extent  approaching  anywhere  near  t he 
inherent  possibilities  of  precision  of  the  gun.  About  the  year 
1900  there  began  a  moveinent  for  improve 川 entT  It  originated 
in  the  British  Navy,  but  their  first  improvements  were  very 
soon  adopted  in  the  United  States  Navy,  and  both  made  rapid 
and  remarkable  progress.  Telescopic  sights  were  adopted  and 
perfected.  Formerly  the  gun  sighter  had  to  look  simulta- 
neously at  his  rear  sight,  his  front  sight,  and  the  target. 
With  the  telescopic  sight  he  has  simply  to  look  at  the  target'. 


Now  it  was  found  very  early  in  the  evolution  of  methods 
of  fire  control  that  the  problem  was  very  much  complicated 
when  it  was  attempted  to  handle  simultaneously  two  different 
calibres  of  guns.  Also,  the  largest  guns  were  much  more 
accurate  at  the  longest  ranges.  Hence  there  arose  a  demand 
from  gunnery  officers  for  uniformity  of  calibre  of  lieavy  guns 
just  about  the  time  when,  by  a  process  of  natural  evolution, 
we  were  approaching  this  type.  Accordingly  we  find  the 
British  ( '  Dreadnought "  and  the  American  "Michigan," 
whk-li  was  designed  very  soon  afterwards,  carrying  12in.  guns 
； m(l  3in.  guns  only,  the  intermediate  calibres,  which  were  7in. 
and  8in.  in  America  and  6in.  and  9"2in.  in  Great  Britain, 
liaving  disappeared. 

It  is  iiitorevsting  to  note  that  at  once  the  process  of 
evolution  again  began.  The  small  guns  were  called  the 
torpedo  defence  battery  and  were  supposed  to  be  of  use  only 
against  torpedo  vessels.  But  in  England  the  3in.  guns  of 
tl"'  Dreadnought ,J  were  replaced  by  4in.  guns  on  her  suc- 
<'cssors,  "iid  it  is  currently  reported  that  t  he  most  recently  laid 
down  English  battle-ship  is  to  carry  a  torpedo  defence  battery 
of  6in.  guns.  In  the  United  States  the  3in.  guns  of  the 
' Michigan  r，  were  followed  by  the  bin.  guns  of  the  ''  Dela- 
ware," and  on  the  later  vessels  there  is  carried  an  improved 
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Cross  wires  in  the  telescope  which  to  the  gun  sighter  seem  to 
be  in  the  plane  of  the  target  show  the  point  of  the  target- 
where  the  shot  will  strike  if  the  sighting  is  correct. 

Methods  were  devised  for  increasing  the  rapidity  of  load- 
ing and  for  facilitating  training  and  elevating  guns  so  that, 
regardless  of  the  motion  of  the  ship,  the  gun  could  be  kept 
always  pointed  on  the  target  and  could  be  fired  as  fast  as 
loaded.  Guns,  of  course,  were  fitted  with  sight  bars  adjust- 
able for  the  various  ranges  and  also  to  allow  for  wind,  <fec.， 
but  it  was  soon  found  that  there  were  variables  present  which 
no  sight  bar  could  take  account  of.  For  instance,  after  a  gun 
had  been  warmed  up  by  firing  a  number  of  shots  it  would  not 
shoot  quite  the  same  as  when  cold.  Two  charges  from  different 
lota  of  powder  would  not  shoot  alike.  Charges  from  the  same 
lot  of  powder,  if  of  different  temperatures  when  loaded,  would 
not  shoot  alike.  Careful  and  systematic  endeavours  we're 
made  to  eliminate  or  reduce  to  rule  the  above  and  other 
variables  liable  to  produce  erratic  shooting,  and  it  was  found 
in  the  end  that  the  most  hits  were  made  if  the  sight  bar  was 
corrected  as  necessary  from  observations  of  previous  shots. 
1 1 i'\\ci\'  the  development  of  observation  stations  as  high  up  as 
possible,  so  that  the  ' (  spotters/'  as  they  are  called,  can 
follow  the  fall  of  shell  at  extreme  ranges.  Elaborate  systems 
of  communication  were  also  developed,  so  that  the  fire  control 
officers  at  the  spotting  stations  could  readily  coniniunicate 
necessary  instructions  to  all  guns. 


type  of  5 in.  gun  about  as  powerful  as  the  6in.  gun  of  ten 
years  ago.  Other  nations  which  took  up  the  "  Dreadnought  " 
type  later  never  abandoned  the  6in.  gun.  Hence  we  may  say 
that,  broadly  speaking,  on  the  average  the  type  of  battery  of 
to-day  is  again  that  of  10  or  15  years  ago,  consisting  of  a 
number  of  heavy  guns  in  turrets  and  a  number  of  6in.  guns 
in  broadside.  The  differences  are  that  on  the  much  larger 
ships  two  or  three  times  as  many  heavy  guns  are  carried  and 
the  6in .  guns  are  not  so  v/ell  protected,  being  regarded  by 
many  designers  as  useful  against  torpedo  craft  only.  With 
the  increase  in  size  of  torpedo  craft  and  in  range  of  the 
torpedo  we  may  anticipate  a  demand  for  torpedo  defence  guns 
which  will  put  torpedo  vessels  out  of  action  at  longer  ranges, 
and  probably  for  larger  calibres  which  are  more  accurate  at  the 
longer  ranges.  The  art  of  fire  control  has  not  stood  still, 
and  the  problem  of  the  control  of  a  mix&d  battery  is  not  so 
difficult  as  it  was  some  years  ago.  While  the  only  thing  that 
may  be  safely  prophesied  is  that  present  types  will  be  devel- 
oped into  others,  it  seems  reasonably  certain  that  the  evolution 
of  the  torpedo  defence  battery  of  to-day  will  be  along  one  of 
two  lines. 

The  torpedo  defence  battery  will  be  】nade  larger  in  calibre, 
given  more  protection,  and  relied  upon  for  use  in  action 
against  battle-ships,  so  that  we  will  return  to  a  mixed  battery 
type,  or  the  main  battery  will  be  relied  upon  for  torpedo 
defence  work  and  the  torpedo  defence  battery  will  disappear. 
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In  concluding  what  I  shall  say  about  armament  T  would 
invite  your  attention  to  Fig. 】， indicating  by  skeleton  deck 
plans  the  main  battery  distribution  of  the  most  recent  battle- 
ships of  the  principal  naval  powers.  Broadly  speaking,  the 
heavy  turret  guns  monopolise  the  commanding  posit  ions  and 
the  small  guns  have  to  be  given  what  is  left.  Most  nations, 
the  United  States  among  them,  locate  the  torpedo  defence 
guns  below  the  heavy  guns.  They  are  thus  better  protected 
and  easily  supplied  with  ammunition,  but  are  objectionably 
close  to  the  water.  Great  Britain  has  hitherto  located  torpedo 
defence  guns  at  the  level  of  and  above  the  heavy  guns.  It  is 
much  more  difficult  to  carry  6 in.  guns  thus  than  4in.  guns, 
and  if  it  is  a  fact  that  England  has  come  to  6in.  torpedo 
defence  guns  it  is  very  probable  that  the  change  in  calibre  will 
be  associated  with  a  change  in  disposition. 

As  to  the  heavy  guns,  the  disposition,  as  shown  in  Fig.  1 , 
is  most  varied.  I  have  already  mentioned  that  the  cnly  satis- 
factory locations  for  turrets  carrying  heavy  guns  are  forward 
and  aft  in  the  centre  line.  Broadside  fire  is  paramount  under 
present  conditions,  as  it  is  generally  admitted  that  ships  will 
fight  broadside  to  broadside  rather  than  end  on. 

A  centre  line  mounting  is  the  only  one  that  permits  a  gun 
to  be  used  with  equal  effect  on  each  broadside.  A  gun 
mounted  in  the  centre  line  forward  can  also  be  used  forward 
and  one  so  mounted  aft  can  be  used  aft.  A  gun  mounted  in 
the  centre  line  near  the  middle  of  the  ship  can  be  used,  as  a 
rule,  for  broadside  fire  only,  and  generally  for  rather  a  limited 
range  only.  Having  in  view  the  necessities  of  the  machinery, 
it  is  difficult  to  provide  satisfactory  ammunition  stowage  for 
guns  mounted  near  the  middle  of  length  of  a  sliip. 

As  exemplified  by  the  diagram  of  the  "  Michigan  "  in  Fig. 
1，  it  has  beeu  the  practice  in  the  United  States  "  Dread- 
noughts " to  carry  two  heavy  turrets  at  each  end,  thus  having 
four  turrets  in  the  most  satisfactory  location.  Additional 
turrets  are  located  in  the  centre  line.  With  two  turrets  at 
the  end  one  must  fire  over  the  other.  This  American  arrange- 
ment has  had  the  flattery  of  imitation  by  nearly  all  foreign 
nations.  Fig.  1  shows  clearly  that  the  latest  battle-ships  of 
nearly  all  nations  have  adopted  this  disposition. 

It  is  sesn  from  Fig.  1  that  heavy  turrets  that  are  not  placed 
near  the  ends  in  tlie  centre  line  are  disposed  according"  to  three 
methods.  (1)  On  the  broadside  firing  on  one  side  only. 
(2)  On  the  broadside  firing  through  a  large  arc  on  one  side 
and  a  restricted  arc  on  tlie  other.  (3)  In  the  centre  line  firing 
equally  on  each  broadside. 

The  first  arrangement  has  the  serious  drawback  that  a 
turret  so  mounted  can  be  used  on  one  broadside  only.  It  is 
seen  that  the  United  States  never  adopted  it  for  the  heaviest 
guns,  and  England  and  Germany  have  abandoned  it. 

The  second  arrangement  lias  the  disadvantage  that  the  arc 
of  fire  across  the  deck  is  usually  very  restricted ― and  more 
restricted,  as  a  rule,  upon  the  actual  ship  than  upon  the  design . 
It  has  also  the  disadvantages,  connnoii  to  all  large  broadside 
turrets,  that  the  opening  in  tlie  deck  for  the  barbette  below  tlie 
turret  is  a  source  of  weakness  of  structure  difficult  to  make 
good,  and  that  the  magazines  below  are  jnncli  more  liable'  to 
he  exploded  by  torpedoes  or  mines  than  in  tlie  central  location. 
With  this  broadside  arrangement  we  find  generally  one  turret 
on  each  side  near  the  middle  of  tlie  ship.  On  paper  such 
turrets  are  generally  indicated  as  firing  from  right  ahead  to 
right  astern.  As  a  matter  of  fact,  it  is  not  practicable  in  most 
cases  to  fire  riglit  aliead  or  riglit  astern  without  serious  damage 
to  the  ship  from  tlie  blast. 

The  third  arrangement  has  the  advantage  from  nearly  all 
points  of  view,  except  that  when  two  turrets  are  used  and  it 
is  necessary  to  raise  on©  in  order  to  permit  train  across  the 
deck,  it  is  slightly  heavier  than  the  broadside  arrangements. 

We  see  from  Fig.  1  tliat  a  comparatively  short  time  after 
the  adoption  of  the  all-big-gun  type  of  ship  many  nations 
increased  the  aize  of  these  big  guns.  England  went  from  12in. 
to  13^in.  in  the  "  Orion,"  laid  clown  in  1909.  Tlie  United 
States  went  from  12in.  to  14in.  in  the  "  Texas,''  laid  down  in 
1911.  Germany  went  from  llin.  to  12'2in.  in  the  11  Thiirin- 
W，，，  laid  down  in  1908，  and  there  are  rumours  in  the'  papers 
that  she  is  about  to  increase  again  her  big-gun  calibre,  and 
that  other  nations  who  have  not  surpassed  12in.  are  about  to 
do  so. 

The  introduction  of  a  new  calibre  of  heavy  guns  into  a  navy 
is  a  large  undertaking  and  results  in  permanent  complications 


as  regards  manufacture  and  supply  of  ammunition.  I  regard 
it  as  doubtful  if  the  calibre  of  Hin.  now  used  by  the  United 
States  will  be'  exceeded  in  the  near  future  by  any  nation. 
Looking  backward,  it  may  be  recalled  that  eight  out  of  our 
first  nine  battle-ships  carried  13in.  guns  of  rather  low  power 
and  t lial  in  1899  we  made  a  reduction  of  bore,  adopting  the 
12in.  calibre ^ of  high-power  type. 

Before  leaving  the  question  of  offensive  power  I  will  touch 
very  briefly  upon  the  torpedo  battery  of  battle-ships.  The 
torpedo  is  a  weapon  which  cannot  be  ignored,  but,  being  at 
best  complicated,  easily  deranged,  and  erratic,  it  has  never 
shown  in  practice  capabilities  claimed  for  it  by  its  advocates. 
It  is  primarily  the  weapon  of  tlie  torpedo  craft,  but  battle-ships 
carry  them  too ~ from  two  to  six  submerged  torpedo  tubes 
being  carried  by  the  latest  battle-sliips.  Torpedoes  have  been 
improved  during  the  last  few  years,  and  with  tlieir  increase  in 
size  and  range  they  would  now  be  a  very  formidable  addition 
to  the  battleship's  offensive  power  were  it  not  for  the  fact 
that  the  increase  in  fighting  range  due  to  improvement  in 
gimiiery  has  been  relatively  even  greater  than  the  increased 
range'  of  tlie  torpedo. 

The  torpedo  battery  of  battle-sliips  will  continue  to  be  a 
strong  incentive  to  induce  battle-ships  to  do  their  fighting 
at  ranges  beyond  that  of  the  torpedo,  and  naturally  to  prevent 
any  recrudescence  of  ramming  tactics  in  battle-ship  actions. 
Ramming  tactics  became  obsolete  as  soon  as  the  torpedo 
became  a  dangerous  weapon,  more  than  a  quarter  of  a 
century  ago. 

(To  be  continued.  J 


METHOD  OF  ADDING  ALUMINIUM  TO  YELLOW  BRASS. 

The  very  extensive  use  of  aluminium  in  yellow  brass  castings 
at  the  present  time'  has  been  instrumental  in  bringing  up  the 
question  of  the  best  method  of  adding  it.  Tlie  great  benefit  of 
aluminium  in  yellow  brass  has  now  been  thoroughly  demon- 
strated, and  with  the  exception  of  goods,  such  as  plumbers' 
brass  goods,  and  valves,  to  stand  pressure,  it  is  almost  exclu- 
sively used  in  making'  yellow  brass  sand  castings.  It  renders 
the  castings  sounder  and  free  from  pinholes  to  a  marked 
degree.  The  brass  runs  sharper,  more'  pieces  can  be  put  on  a 
gate,  and  the  castings  come  out  of  the  sand  cleaner.  Brass 
founders  have'  fully  realised  these  advantages.  The  natural 
method  of  adding  aluminium  to  yellow  brass  is  to  introduce  it 
into  the  brass  just  before'  pouring.  This  is  the  method  gene- 
rally used,  but  is  open  to  tlie'  objection  that  the  amount  of 
aluminium  used  is  so  small  that  it  is  difficult  to  alloy  it  with 
tlie  brass,  and  it  is  apt  to  float  on  tlie'  top  of  the  melted  metal 
and  waste-  ；  and  also  that  the  aluminium  causes  the  brass  to 
" flare,"  on  account  of  the  heat  generated  in  the  alloying  and 
is  apt  to  waste  spelter.  This  latter  objection  is  not  a  serious 
one  except  when  considerable  alu minium  is  to  be  added  ；  but 
tlie  first  objection  is  an  obstacle  when  certain  results  are 
obtained. 

According  to  "  The  Brass  、World，"  the  best  method  of 
adding  the  aluminium  to  yellow  brass  is  to  make  a  rich  alloy  of 
zinc  and  aluininiunt  by  melting  them  together  and  breaking  up 
into  small  pieces.  Take  the  following :  zinc  7ilbs.  and 
aluminium  2ilbs.  This  gives  an  alloy  containing  25  per  cent, 
of  aluminium.  It  is  added  to  the  brass  just  as  zinc  would  be 
added,  and  to  obtain  any  desired  weight,  simply  take  four 
times  thei  amount  of  the  alloy  of  zinc  and  aluminium.  This 
alloy,  by-the-way,  is  frequently  called  "  aluminised-zinc." 
If,  for  example,  it  is  necessary  to  add  2ozs.  of  aluminium  to 
brass,  take  8ozs.  of  the  alloy  ；  and  then  take  8ozs.  less  of  zinc 
in  the  mixture.  For  ordinary  work,  however,  it  will  not  be 
necessary  to  take  any  account  of  the  zinc  as  it  will  practically 
make  up  for  the  loss  in  melting.  All  that  is  necessary  to  do, 
therefore,  is  to  add  four  times  the  amount  of  the  aluminium 
needed  in  the  form  of  the  zinc  and  aluminium  alloy.  The  use 
of  this  zinc  and  aluminium  alloy  instead  of  pure  aluminium 
will  prevent  flaring  and  render  it  always  certain  that  the  right 
amount  of  aluminium  is  introduced  into  the  brass.  With  the 
regular  method  of  adding  tlie.  aluminium  alone,  it  is  not  posi- 
tive that  it  all  goes  into  the  metal.  For  ordinary  yellow  brass 
work ,  from  2ozs.  to  3ozs.  of  aluminium  are  used,  and  this 
means  that  from  8ozs.  to  12ozs.  of  the  aluminium  and  zinc 
alloy  are  required.  If  more  is  added,  the  brass  becomes  harder 
and  is  ai)t  to  shrink  considerably.  If  less  is  used,  then  the  full 
value  of  the  aluniinium  is  not  obtained. 
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THE  MAINTENANCE  OF  SUPERHEATER  LOCOMOTIVES. 

The  report  of  a  Committee  appointed  by  the  American  Rail- 
way Master  Mechanics'  Association  to  enquire  into :  (ft)  The 
best  metal  for  cylinder  and  steam-chest  bushings  ；  (b)  the  best 
metal  for  valve  and  piston  rings;  (r)  the'  best'  means  of  lubri- 
cating superheater  locomotives,  was  presented  at  the  amiual 
Convention  of  the  Association,  held  on  June  17th.  In  order 
to  obtain  as  many  data  as  possible  upon  which  to  base  its 
report,  the  committee'  issued  a  circular  of  enquiry  to  the  mem- 
bers. An  analysis  of  the  replies  indicates  that  the  r ©suits 
obtained  from  superheater  locomotives  have  been  very  satis- 
factory. 

It  appears  that  five  years  ago  there  wero  less  than  a  dozen 
superheater  locomotives  operating  in  the  United  States, 
whereas  at  the  present  time  there  are  about  2,500  locomotives 
in  the  United  States  and  Canada  having  fire-tub©  super- 
heaters. Minor  difficulties  have  been  experienced  on  a  number 
of  railroads  ；  but  the  great  advantages  to  be  derived  from  the 
us©  of  superheated  steam,  such  as  increased  economy  of  coal 
and  water,  increased  power,  due  to  the  absence  of  cylinder  con- 
densation, the  permissible  reduction  of  steam  pressure  combined 
with  the  use  of  larger  cylinders —— all  obtained  without  material 
increase  in  the  size  or  weight  of  boiler ― lead  us  to  believe  that 
the  us©  of  superheated  steam  in  locomotives  will  increase 
rapidly.  This  being  so,  it  is  of  great  importance  to  determine 
the  metal  best  suited  for  use  for  bushings  and  packing  rings 
on  modern  superheater  locomotives,  because  the  use  of  highly 
superheated  st&am  increases  the  difficulty  of  obtaining  proper 
lubrication,  and  thus  the  metal  is  subjected  to  more  severe 
working  conditions  than  are  usually  found  with  saturated 
steam  locomotives.  It  is  al&o  important  that  we'  know  the 
best  means  of  securing  proper  lubrication,  because  the  effici- 
ency of  lubrication  has  a  direct  bearing  on  the  life  of  bushings 
and  packing  rings. 

A  metal  suitable  for  use  as  cylinder  and  steam-chest  bush- 
ings of  superheater  locomotives  should  be  hom ogeneous,  close 
grained,  tough  and  of  good  wearing  quality,  combined  with 
sufficient  strength.  It  should  be  tough  in  order  to  resist  wear, 
but  at  the  same  time  it  must  be  of  such  composition  that  it 
can  be  readily  machined.  Replies  to  the  circular  of  enquiry 
indicate  that  Hunt-Spiller  gun  iron  has  been  used  on  many- 
railroads  with  excellent  results.  This  is  stated  to  be  an  air- 
furnace  charcoal  iron,  and  the  process  of  manufacture,  com- 
bined with  proper  chemical  composition,  seems  to  result  in  a 
metal  which  is  well  adapted  for  use  with  highly  superheated 
steam .  The  analysis  of  this  iron  obtained  by  your  committee 
is  as  follows  :  Silicon,  1'40  per  cent.  ；  phosphorus,  0*35  ； 
sulphur,  0*07  ；  manganese,  0*49  ；  combined  carbon,  0*80  ； 
graphite  carbon,  2*20.  Replies  indicate  that  this  same  iron 
ha?  been  used  extensively  for  piston  and  valve  packing  rings 
on  superheater  locomotives  with  very  satisfactory  results,  and 
that  an  iron  of  this  character  is  the  best  metal  so  far  produced 
for  piston  and  valve  packing  rings  of  superheater  locomotives. 

The  importance  of  properly  lubricating  cylinders  and 
steam  chests  of  superheater  locomotives,  especially  those  using 
a  high  degree  of  superheat,  can  hardly  be  overestimated, 
because  if  proper  lubrication  is  not  obtained  many  of  the 
advantages  derived  from  the  use  of  superheated  steam  are 
offset  by  continual  troubles  from  excessive  cutting  of  bushings 
and  packing  rings,  which  keep  the  engine  in  the  engine-house 
when  its  proper  place  is  on  the  road.  There  seems  to  be  a 
tendency  to  use  too  much  oil  in  superheater  locomotives,  with 
the  result  that  there  is  trouble  from  the  oil  carbonising  on 
the  cylinder  heads,  pistons,  and  steam  passages.  The  deposit 
of  carbon  also  tends  to  diminish  the  life  of  the  metallic  piston- 
rod  packing,  as  it  builds  up  in  the  stuffing  boxes  and  under 
the  vibrating  cups  to  such  an  extent  that  the  packing  in  a 
short  time  is  forced  to  carry  a  part  of  the'  weight  of  the  piston 
rod  and  piston  head .  On  certain  classes  of  locomotives,  possi- 
bly those  having  pistons  exceeding  24 in.  diam.,  it  is  con- 
sidered by  some  advisable  to  lubricate  the  cylinder  independent 
of  the  steam  chest,  but  in  most  cases  we  believe  better  results 
will  be  obtained  by  eliminating  the  connection  to  the  cylinders 
and  delivering  the  oil  to  the  steam  passageway. 

We  do  not  approve  of  the  arrangement  of  oil  pipes  in 
which  the  oil  is  delivered  near  the  end  of  the  steam  chest,  as 
in  this  case  it  is  probable  that  part,  of  the  oil  is  lost  in  the 


exhaust,  due  to  the  difference  in  pressure  between  the  live 
and  exhaust  steam .  A  number  of  roads  report  that  when 
superheater  locomotives  were  received  from  the  builders  oil 
was  delivered  to  both  ends  of  the  steam  chest  and  to  the  centre 
of  the  top  of  the  cyliiulcr  ；  but  this  arrangement  has  siuco 
been  changed  so  that  the  oil  is  now  delivered  into  the  steam 
passageway  above  the  entrance  to  the  steam  chest,  and  the 
feed  to  the  cylinder  lias  been  discontinued.  The  allowance  of 
oil  has  also  been  reduced  and  it  has  been  found  that  the 
locomotives  are  much  better  lubricated  than  formerly,  and 
there  is  a  marked  diminution  in  the  quantity  of  oil  adhering 
to  the  cylinder  heads,  piston  heads,  and  steam  passages. 

There  can  be  no  doubt  of  the  advisability  of  using  a  good 
grade  of  mineral  oil  having  a  high  flash  point  for  locomotives 
using  highly  superheated  steam,  because  the  temperature  of 
the  superheated  steam  is  sometimes  as  high  as  600°  Fah.  A 
number  of  the  roads  state  they  have  used  valve  oil  having  a 
flash  point  of  about  520°，  and  also  special  superheater  oil 
having  a  flash  point  of  at  least  585°，  and  in  every  case  better 
results  have  been  obtained  from  the  oil  having  the  higher 
flash  point. 

Tests  have  shown  that  a  moderately  high  temperature  has 
very  little  effect  on  the  lubricating  properties  of  a  good  grade 
of  valve  oil  when  the  oil  is  protected  by  steam,  but  when  the 
engine  is  drifting  there  is,  in  most  cases,  no  steam  in  the 
cylinders,  and  the  bushings  are  apt  to  become  hot.  There 
does,  however,  appear  to  be  a  difference  in  the  results  obtained 
on  superheater  and  saturated -steam  locomotives.  When  drift- 
ing the  conditions  are  the  same  on  both,  but  on  saturated- 
steam  locomotives  the  oil  deposit  on  the  cylinders  is  fluid  and 
the  condition  of  the  oil  does  not  appear  to  have  changed  ； 
while  on  superheater  locomotives  the  deposit  is  gummy  and 
sticky  to  the  touch.  This  difference  may  possibly  account  to 
a  large  degree  for  the  rapid  wear  of  piston  rings  and  bushings 
occasionally  experienced  on  superheater  locomotives.  When 
an  engine  is  drifting  a  good  deal  with  a  closed  throttle,  there  is 
a  considerable  vacuum  in  the  cylinders  and  steam  chests,  and 
cinders  may  be  drawn  through  the  exhaust  and  dirt  through 
the  relief  valves.  This  dirt  may  adhere  to  the  gummy  oil 
on  the  cylinder  walls  and  convert  them  into  a 】ap  which  will 
wear  away  the  packing  rings  and  piston  heads  very  rapidly. 

This  theory  explains  the  good  results  obtained  on  locomo- 
tives where  the  drifting  throttle  has  been  carefully  used  and 
is  supported  by  analysis  of  the  deposit  found  on  the  cylinders, 
which  show  the  presence  of  cinders  and  dirt  in  considerable 
quantities.  The  remedy  is  obviously  to  obtain  a  quality  of  oil 
that  does  not  make  a  deposit  of  this  nature  at  the  temperature 
to  which  it  is  exposed,  and  to  provide  means  either  by  ample 
vacuum  or  by-pass  valves,  or  by  the  admission  of  steam  to 
prevent  over-heating  when  drifting. 

Many  roads  use  a  tandem  type  of  metallic  packing  on 
account  of  the  importance  of  preventing  the  blowing  out  of 
the  lubricating  oil,  which  might  result  in  the  cutting  of  the 
cylinder  bushings.  During  the  past  year  or  two,  several 
alloys  have  been  tried  that  have  given  satisfactory  results,  and 
while  the  preferable  mixture  will  vary  with  the  type  of  pack- 
ing employed,  this  question  is  not  now  a  serious  one.  It  is 
important  to  use  a  type  of  piston-rod.  packing  which  will  stand 
up  under  the  high  temperature  met  with  in  the  use  of  super- 
heated steam,  and  considerable  trouble  has  been  experienced 
with  packing  that  had  proven  satisfactory  with  saturated 
steam  when  this  point  had  not  been  attended  to.  The  melting 
point  of  the  packing  rings  should  be  higher  than  the  melting 
point  of  rings  usually  found  on  saturated-steam  locomotives. 

In  conclusion,  your  committee  feels  that,  in  order  to  ensure 
satisfactory  results  in  the  operation  of  superheater  locomotives, 
it  is  of  the  utmost  importance  not  only  to  use  the  best  metals 
for  parts  subjected  to  the  action  of  superheated  steam,  but  it 
is  also  important  to  take  all  reasonable  precautions  to  obtain 
proper  lubrication.  When  superheater  locomotives  were  first 
placed  in  operation  it  was  to  be  expected  that  certain  difficul- 
ties would  b&  experienced,  but  these'  difficulties  have  been 
o\'(Tcome  one  by  on&  and  we  believe  that  at  the  present  time, 
with  reasonable  care  in  operation  and  with  proper  attention 
on  the  part  of  engine-house  forces,  superheater  locomotives  will 
be  no  more  difficult  to  maintain  than  sa tu rated - steam  loco- 
motives of  the  same  classes. 
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ELECTRIC  DRIVING  OF  TEXTILE  MILLS.* 

Description  of  the  Large  Power  System  of  the 
Pacific  Mills, 
by  fred  a.  wallack. 
The  principal  object  of  this  paper  is  to  describe  the  power 
system  which  has  recently  been  installed  at  North  Lawrence, 
which  supplies  electric  current  at  2,300  volts  for  power  and 
lighting  to  the  cotton,  worsted,  and  printing  departments  of 
the  Pacific  Mills.    The  Pacific  Mills  represent  several  textile 
industries  located  in  North  Lawrence,  South  Lawrence,  Mass., 
and  Dover,  N.H.,  and  employ  nearly  9,000  operatives.  The 
manufactured  products  are  principally  worsted,  and  all-wool 
dress  goods,  printed  and  dyed  cotton,  worsted  and  silk  fabrics. 
An  addition  is  now  being  built  at  South  Lawrence,  containing 
1,320,000  sq.  ft.  of  floor  space,  and  it  will  be,  when  completed, 
the  largest  print  works  in  the  world. 

The  entire  Pacific  Mills  contain  6,168,000  sq.  ft.,  or  about 
142  acres,  of  floor  space  and  operate  404,360  spindles,  10,468 
looms,  and  48  printing  machines.  There  are  181  engines  and 
turbines  of  30,000  h. p. ，  165  boilers  of  36,000  h.p.,  and  water 
wheels  of  7,500  h. p.      There  are  also  625  electric  motors  of 


28in.  by  48in.  10G  revs.  Buckeye  engines  of  750  h.p.  each, 
connected  to  four  water  wheels ；  also  a  double  walking  beam 
Corliss  engine  was  geared  to  four  ot  her  vertical  water  wheels. 
The  jackshaft  of  both  sets  of  water  wheels  was  conne<:ted  hy 
belt  transmission  through  the  several  floors  of  the  seven-storey 
mill  to  different  departments  and  l)y  long  lines  of  sliaft  in^ 
and  gearing  to  the'  print  works.  T\iv  displacing  of  these  belts 
and  shafts  by  electrical  transmission  inade  room  for  much 
extra  machinery,  besides  improving  general  cotulitious  of 
cleanliness  and  fire  risks.  A  great  many  sets  of  large  bevel 
and  spur  gears  were  also  removed  by  this  change,  which 
increased  tlie  general  efliciency  as  well  as  eliminating  a  great 
deal  of  noise  and  mechanical  troubles.  A  Rice  &  Sargent 
cross-compound  engine  of  800  li.p.  was  removed  from  the 
Lower  Mill.  This  load,  as  well  as  a  large  overload  from  the 
remainder  of  the  power  system ,  was  transferred  to  the  new 
central  station . 

About  the  time  that'  the  power  house  was  being  built, 
c'ulditions  to  the  processes  of  manufacture  wer&  installed,  so 
that  much  more  power  is  required  now  than  with  the  old 
arrangement.  The  ii&w  station  is  located  on  a  three  and  one- 
half  acre  lot  adjacent  to  the  main  line  tracks  of  the  Boston 
and  Maine  Railroad,  about  one-quarter  mile  from  the  Upper 


Fig.  1.— Cablk  System  at  the  Pacipic  Mills. 


Mill,  and  sends  current  at  2,300  volts  to  four  centres  of  dis- 
tribution, tlie  farthest  of  which  is  over  two-thirds  of  a  mile 
away.  The  plant  consists  of  a  building  for  the  boiler  and 
turbine  rooms,  and  a  separate  coal  pocket. 

Boiler  Room. ― The  boiler  house  is  140ft.  by  87ft. ，  and  is 
arranged  with  two  rows  of  boilers  and  a  20ft.  space  between 
them  for  coal  storage  and  a  firing  floor.  The  floor  is  on  a  level 
with  the  yard,  and  with  the  turbine  room  basement.  In  the 
boiler  room  are  24  72in.  by  21ft.  6in.  horizontal  multitubular 
boilers  arranged  in  six  batteries  of  four  boilers  each,  12  boilers 
being  on  each  side  of  the  firing  floor.  The  boiler  tubes  are 
3^ in.  by  20ft.  long,  and  the  total  heating  surface  of  each  boiler 
is  about  1,900  sq.  ft.  The  grate  area  is  36  sq.  ft.  The  boilers 
are  constructed  for  a  pressure  of  1601bs.  on  the  inch.  The 
steam  leaves  the  boiler  by  a  4in.  pipe  and  passes  through 
Foster  superheaters  set  in  the  rear  of  the  combustion  chamber 
before  entering  the  main  line  for  distribution.  All  are  con- 
nected to  a  lOin.  】r»ain  steam  header,  from  which  steam  passes 
to  the  different  turbines  and  auxiliaries. 

The  steam  is  carried  with  as  high  a  velocity  as  possible 
without   an   excessive  drop  in  pressure  in  order  to  get  tlie 


17,700  h.p.,  principally  alternating  current,  all  of  which  are 
General  Electric,  including  those  in  process  of  installation. 
The  different  departments  consume  10,000,0001bs.  of  wool, 
20,000, OOOlbs.  of  cotton,  and  85,000  tons  of  coal  per  year. 
The  finished  product  of  the  printing  department  alone  is 
nearly  2,000  miles  per  week  of  printed  cotton  clotli. 

When  the  mills  commenced  to  install  more  modern  and 
higher  speed  machinery  in  place  of  some  of  its  older  equip- 
ment, more  power  was  needed,  and  it  was  also  realised  that  the 
old  power  apparatus  was  getting  to  the  end  of  its  useful  life. 
These  conditions  necessitated  material  changes  in  the  power 
system,  and  after  making  a  study  of  tlie  conditions,  it  was 
dedded  to  build  the  Central  Power  Plant,  which  is  one  of  the 
largest  isolated  steam  turbine  stations  in  the  world  devoted 
entirely  to  the  textile  industry,  and  to  adopt  the  electric 
transmission.  Tlie  design  and  supervision  of  the  construction 
was  assigned  to  Mr.  Chas.  T.  Main. 

In  the  old  arrangement,  there  were  at  the  Upper  Mill  two 

*  Abstract  of  a  paper  entitled  "Power  System  of  the  Pacific  Mills:  Methorls 
and  HnleH  for,  and  Cost  of  Operation, '■  read  before  the  Boston  Society  of  Civil 
KngineerK,  and  reproduced  from  tlie  Journal  of  tlie  AsHociation  of  Engiuet'i'iw 
Societies. 
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highest  efficiency  from1  the  superheat,  and  averages  7,900ft. 
per  minute.  Feed  water  is  furnished  by  duplex  steam  pumps 
from  the  condenser  discharge  afc  about  75°  Fah.  through  an 
exliaust  steam  heater  which  raises  the  temperature  to  about 
200°  Fall.  This  heater  condenses  the'  exhaust  steam  from  the 
feed  ])intips,  condenser  pumps,  and  engines,  and  an  engine  on 
exciter  s&t,  as  well  as  the  75  kw.  alternator  engine. 

Th©  piping  is  arranged  so  as  to  avoid  as  far  as  possible  any 
chances  of  serious  trouble.  The  boiler  feed  piping  is  made  so 
that  any  boiler  may  be  fed  with  either  hot  or  cold  water  in  case 
of  trouble  with  the  other  piping.  For  this  purpose,  a  hob  and 
a  cold  feed-water  main  are  installed  and  so  arranged  that  any 
or  all  pumps  may  be  used  on  either,  or  part  of  them  on  each. 
The  steam  for  the  auxiliaries  is  taken  fromi  an  auxiliary 
steam  header,  which  is  connected  to  the  main  header 
near  each  end.  With  these  arrangements,  steam  may 
be  shut  off  from  any  section  of  the  piping  at  almost  any  time. 
The  arrangement  is  also  vwy  convenient  for  testing,  as  the 


Fig.  2.— Traxsvlrsk  Sectional  Elevation  of  Turbine  Power  Plant 
op  Pacific  Mills. 

part  of  the  plant  under  test  may  be  separated  from  the  rest 
of  the  plant.  All  pipes  and  exposed  parts  of  the  boiler  shell 
are  covered  with  85  per  cent,  magnesia,  2 圣 in.  thick,  and  par- 
ticular attention  is  given  to  radiation  from  heated  surfaces 
and  leakage  through  boiler  settings. 

Each  group  of  boilers  has  a  chimney  9ft.  inside  diam.  by 
200ft.  high.  The  12  boilers  are  connected  to  the  two  chimneys 
by  a  sheet-iron  fluei  6ft,  by  lOJft.  and  a  double  damper  which 
is  controlled  by  a  regulator  and  maintains  a  boiler  pressure  to 
within  lib. 

Turbine  Room.  ― The  turbine  room  is  126ft.  by  79ft.  with 
a  basement  of  same  size.  The  basement  is  14ft.  high,  well 
lighted  and  ventilated,  and  contains  all  the'  boiler  feed  pumps, 
condenser  apparatus,  firo  pumps,  heaters,  &c.  Below  the 
basement  is  a  cistern  105ft.  long,  10ft.  wide,  and  20ft.  deep, 
which  is  connected  with  a  48in.  penstock  to  the'  river  about 
1,000ft.  distant.  This  well  supplies  water  for  condensing  and 
all  other  uses  about  th©  station. 

The  station  was  first  started  in  July,  1908，  with  three 
750  kw.  Allis-Chalmers  steam  turbine  generating  sets,  and 
during  1909，  a  3,250  kw.  set  of  the  same  type  was  added. 
Additions  to  the  various  processes  have  called  for  more  power, 
and  a  second  3,250  kw.  turbine,  similar  to  the  other,  has  been 
installed  during  the  summe'r  of  1911  to  replace  one  of  the 
•  750  kw.  machines.  The  machine  displaced  is  to  be  taken  to 
another  part  of  tlie  mill  system  where  small  units  could  be 
advantageously  used. 

As  the  station  now  stands,  it  contains  two  3,250  kw.  and 
two  750  kw.  steam  turbines  with  jet  condensing  outfits,  two 
motor-driven  ©xcifc&r  sets,  one  steam-driven  exciter  set,  and 
one  75  kw.  engine-driven  alternator  with  exciier.  A  small 
motor-driven  centrifugal  pump  furnishes  all  pressure  water  for 
tho  station.  The  steam  turbines  are'  of  Parsons  reaction  typ«, 
running  1 ,800  revs,  per  minuto  with  1501bs.  boiler  pressure, 
125°  Fall,  superlieat,  and  27in.  to  28in.  vacuum.  The  con- 
densing water  after  passing  the  jet  condensers  is  returned  to 


the  river  through  a  48in.  penstock  and  has  been  raised  in 
temperature  15°  or  20°  Fah.  The  river  water  is  nearly  32° 
during  several  months  in  the  winter  and  roaches  a  maximum  of 
85°  Fah.  in  the  summer. 

Tb©  turbo-generators  are  cooled  by  air  supplied  tluougli  a 
shaft  extending  above  the  roof  next  to  tlie  chimney.  In  i his 
shaft  are  12  bags,  each  26ft.  long  and  22in.  diam.,  and  m;"h' 
of  cotton  cloth  of  a  suitable,  weave  to  admit  plenty  of  air  and 
to  filter  out  all  dust.  These  bags  are  cleaned  every  three 
months,  and  about  six  quarts  of  material  collected,  besides 
that  which  is  fine  enough  to  escape  during  the'  cleaning  process. 
This  form  of  filter  is  very  successful  and  is  an  absolute  neces- 
sity for  this  dusty  locality. 

All  alternating  current  in  the  plant  is  generated  three 
phase,  60  cycle,  and  2,300  volte.  The  switchboard 
controls  all  th©  generators  and  feeders.  There  is  a 
panel  of  the  switchboard  for  each  exciter,  one  for  each 
alternating-current    generator,    a    total    load    panel,  and 

one  panel  for  each  main 
feeder  circuit.  The  power 
from  it  is  distributed  in 
large  blocks  to  the  various 
groups  of  mills,  where  it  is 
further  subdivided  into 
smaller  feeders  about  the 
mills.  The  large  power 
feeders  to  upper  and  lower 
mills  are  really  tie  lines  be- 
tween stations,  as  one  of 
these  already  has  generators 
installed  and  the  other  will 
have  in  the  future. 

The  output  of  each  gene- 
rator is  measured  by  an 
integrating  watt-meter,  so 
that  the  total  energy  gene- 
rated is  known.  Then  each 
feeder  circuit  has  its  inte- 
grating meters  so  that  the 
power  sent  to  each  group  of 
mills  is  known.  The  power 
used  for  driving  the  motor 
exciters,  coal  handling, 
pumping,  lights,  &c -，  about 
the  station  is  also  metered. 
Each  circuit  is  also  equipped 
with  indicating  meters  so 
that  th©  instantaneous  load  and  current  may  be  obtained. 

Tlie  current  is  sent  from  the  station  at  2,300  volts  through 
lead-sheathed  cables  in  vitreous  conduits  underground  to  four 
main  divisions.  (1)  Upper  mill  power  and  lights,  which  is 
for  cotton  mill  and  old  print  works.  (2)  Yarn  mill  lighting, 
which  is  for  cotton  spinning.  (3)  Lower  mill  power  and  light, 
which  is  for  worsted  and  woollen  manufacture.  (4)  The  new 
worsted  power  and  lighting. 

Coal  Pocket. ― Coal  is  stored  in  a  concrete  pocket  210ft.  by 
52ft.  holding  5,000  tons,  with  a  storage  depth  of  20ft.,  which 
is  reached  by  a  trestle  from,  t>lie'  Boston  and  Maine  tracks. 
Cars  are  pushed  up  this  trestle  and  dumped  either  into  a  main 
pocket  or  an  auxiliary  pocket.  The  floor  of  the  main  pocket  is 
10ft.  below  the  yard  level  and  that  of  the>  auxiliary  pocket  afc 
the  yard  level .  The  purpose  of  the  auxiliary  pocket  is  to  be 
able  to  handle  coal  by  automobiles  to  the  boilers  if  any 
accident  should  happen  to  the*  regular  coal-conveying  system. 
A  6in.  pipe  from  the  fire  system'  is  connected  by  a  valve  to  the 
bottom  of  the  coal  storage  so  that,  in  case  of  fire  to  the  coal, 
the  whole,  area  can  be  flooded  as  a  last  resort.  The  coal- 
convoying  system  is  a  monorail  grab  bucket,  travelling  at 
about  400ft.  per  minute  and  carrying  2，0001bs.  The  length  of 
the  average  haul  is  about  350ft.  The  working:  capacity  of  the 
bucket  is  about  12  tons  per  hour,  allowing  for  weighing  each 
load.  This  system  is  proving  satisfactory  and  one  man  handles 
all  the  coal  at  a  cost  of  less  than  one  penny  per  ton,  including 
labour,  repairs,  supplies,  and  electric  current. 

2,300  Volt  Transmission  System. ― The  ducfc  system  is  com- 
posed of  multiple  duct  vitrified  tile  conduits  laid  in  a  concrete 
casing  in  the  eartli.  The  main  part  of  this  system  near  th© 
power  hous©  has  22  ducts.  They  are  laid  up  only  two  ducts 
wide  so  that  oach  duct  has  at  least  one  side  exposed  to  the  sur- 
rounding earth.    This  was  done' so  as  to  avoid  any  chances  of 
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overheating  cables  on  the  interior  of  the  system  during  the 
long  period  of  steady  load,  lasting  practically  all  day. 

All  the  cables  for  transmission  from  the  power  house  are 
varnished  cambric  insulated  for  the  standard  of  5,000  volts 
working  pressure,  and  have  the  three  conductors  under  the 
same  lead  sheath.  The  main  cables  are  all  either  of  3/0  B.  &  S. 
or  4/0  B.  &  S.  size.  The  large  circuits  are  made  up  by  connect- 
ing several  of  these  in  parallel  at  th©  ends,  at  disconnecting 
switches.  With  this  arrangement,  should  a  cable  fail,  it  could 
be  cut  out  and  repaired  later.  This  arrangement  of  discon- 
necting switches  also  makes  a  very  easy  method  of  disconnect- 
ing the  cables  for  testing  them. 

Tests  of  the  insulation  of  all  cables  are  made  each  month, 
and  the  insulation  resistances  plotted  for  record.  These  tests 
are  made  with  a  Fisher  testing  set,  fitted  with  a  very  sensitive 
galvanometer.  These  records  are  considered  very  valuable  as 
we  expect  to  be  able  to  follow  any  deterioration  of  the  cables 
and  anticipate  any  trouble  on  the  transmission  cables. 

Upper  Mill  Yard. ― The  current  from  the  main  power 
station  is  received  near  the  centre  of  the  yard  at  a  transformer 
station  in  power  and  lighting  transformers  and  is  there 
reduced  to  550  volts  for  power  and  115  volts  for  lighting  before 
reaching  the  bus-bars  of  the  distributing  switchboard.  At 
this  station  are  three  transformers,  each  800  kilovolt>ampere, 
for  power,  and  three  transformers,  each  100  kilovolt- ampere, 
for  lighting 一 all  being  water  cooled.  At  another  small  sub- 
station in  the  yard  there  are  three  other  lighting  transformers, 
each  100  kilovolt-ampere. 

Small  auxiliary  transformers,  each  15  kilovolt-ampere,  are 
connected  for  light  and  power  when  required  for  overtime 
work.  The  secondaries  of  all  these  transformers  connect  to 
the  distributing  switchboard  for  this  yard  located  in  the  next 
room,  at  what  is  locally  known  as  the  west  wheel  pit.  This 
switchboard  also  controls  all  of  the  output  from  the  water 
power  at  the  upper  mill. 

. In  the  main  mill  cotton  department  there  are  gobd 
examples  of  group,  four  frame,  and  individual  motor  drive 
installations.  The  first  installations  of  motors  were  all 
arranged  to  drive  groups  of  machinery  througli  short  lines  of 
shafting.  This  type  of  drive  was  admirably  fitted  for  us&  in 
this  cotton  d&partment  where  much  of  the  shafting  was  already 
in  place  and  required  no  changing.  Later,  when  some  new 
twisting  machines  wera  installed  and  the  motor  for  driving 
four  frames  by  belts  direct  from  the  motor  had  been  developed, 
some  of  this  type  were  installed. 

There  are  36  pickers  driven  by  5  h.p.  or  7^  h.p.  motors 
bslt-ed  directly  to  the  machine  beaters.  In  making  this 
change  a  large  amount  of  shafting  was  removed  from  the 
picker  room,  ben sfiting  efficiency,  appearance,  and  fire  risk. 
The  increase  in  the  efficiency  of  this  particular  drive  was  sur- 
prisingly large.  The  motors  for  these  pickers  were  mounted 
on  tli&  stand  which  formerly  carried  the  countershaft  for  the 
machines.  No  trouble  has  ever  be&n  experienced  with  thess 
drives. 

Water  Power  at  Upper  Mill. ― The  water  power  is  developed 
in  two  places,  east  and  west  wheel  pits,  each  having  two  39in. 
and  two  36in.  Hercules  wlieels,  direct  connected  to  generators. 
That  for  the  east  pit  is  of  800  kw.  capacity,  and  that  for  the 
west  pit  600  kw.  Current  is  delivered  to  tlie  switchboard  by 
these  generators  at  550  volts.  Although  there  are  four  wheels 
connected  to  each  of  these  generators,  it  is  customary  to  run 
only  two  wheels  on  each,  except  at  times  of  high  back  water 
and  consequent  low  head. 

The  Pacific  Mills  at  these  two  wheel  pits  have  the  privilege 
of  using,  during  16  hours  a  day,  water  at  the'  rate  of  25 】ni]l 
powers.  A  mill  power  is  an  arbitrary  unit  varying  in  different 
localities,  and  in  this  particular  case  is  tlio  right  to  draw  water 
at  the  rate  of  30  cub.  ft.  per  second  at  25ft.  head.*  This  is 
equivalent  to  about  85  h.p.  theoretically.  Thirty  feet  gross 
bead  is  to  be  had  most  of  the  year,  although  in  the  worst 
freshets  this  has  been  reduced  to  6ft. 

As  the  generator  shafts  are  slightly  lower  than  the  highest 
known  river  level,  extra  precautions  would  have  to  be  taken 
to  protect  tliem  during  severe  freshets  ；  as  freshets  which 
would  wet  the  generators  would  probably  occur  once  in  50 
years,  it  was  Uioughi  best  to  take  the  small  risk  of  trouble 
from  freshets  and  avoid  any  complicated  construction  in  order 
to  arrange  the  plant  so  as  to  be  safe  from  these  maxinium 
freshets. 

When  the  electric  power  was  being  installed,  due  to  more 


rapid  progress  in  the  installation  of  textile  machinery  than 
was  expected,  the  electric  load  greatly  exceeded  the  generating 
capacity,  as  all  the  generators  were  not  ready  for  service.  The 
power  factor  at  the  time  was  low,  being  about  60  per  cent. 
There  were  at  that  time  many  motors  on  tlie  line  which  liad 
only  a  small  part  of  their  load  of  machinery  ready  to  run. 
The  600  kw.  generator  was  erected,  but  the  wheels  were  not 
ready.  This  generator  was  pub  on  the  line  and  run  as  a 
synchronous  condenser,  doing  no  work,  simply  floating  in  the 
circuit,  carrying  at  times  50  per  cent,  current  overload,  and 
thus  raising  the  power  factor  on  the  system  so  that  the  other 
generators  could  carry  more  power  load.  No  trouble  was 
experienced  in  running  this  generator  in  this  manner  and  very 
satisfactory  results  were  obtained.  When  the  wlieels  were 
ready,  the  coupling  bolts  were  put  in  and  the  unit  put  into 
regular  service. 

The  east  pit  is  in  a  different  room  and  not  visible  from  tlie 
west  pit,  where  the  switchboard  is  located.  The  east  pit 
generator  is  controlled  from  the  board  by  tlie  regular  atten- 
dant, who  has  only  his  instruments  to  go  by  and  an  arrange- 
ment for  indicating  the  gate  opening  of  the  wheels.  No 
difficulty  has  ever  been,  experienced  from  this  an*angement. 
An  oiler  at  the  east  pit  looks  after  the  bearings,  &c. 

One  very  marked  advantage  of  having  these  wheels  con- 
nected to  generators  which  run  in  parallel  with  the  rest  of  the 
system  is  that  they  can  be  used  for  supplying  power  to  any  part 
of  the  system  for  night  work.  As  the'  water  can  be  used  16 
hours  per  day  without  extra  cost,  the  water  power  can  supply 


Fig.  3.— View  of  Boileu  House. 
power  to  departments  running  a  few  hours  overtime  very 
cheaply. 

Yarn  Mill  Yard.  一 Only  the'  lighting  load  of  this  mill  is 
carried  by  the  new  plant,  the  power  still  being  generated  by 
the  Corliss  engine,  which  is  in  good  condition.  Provisions 
have  been  left  for  changing  over  the  power  if  it  should  be 
desirable  in  the  future. 

Lower  Mill  Yard. — The  lower  mill,  or  worsted  department, 
is  situated  two-thirds  of  a  mile  from  the  power  house  which 
supplies  both  power  and  lighting  current  .  Some  engine  power 
and  water  power  with  belt  and  gear  transmission  is  still  being 
used  at  this  yard.  These  drives  will  be  replaced  to  a  great 
extent  by  electricity  wlien  the  conditions  are  suitable  to  make 
the  change.  There  is  now  an  electric  load  of  1,600  kw.  This 
mill  has  a  transformer  house  similar  to  the  one  at  the  Upper 
Yard,  except  that  there  is  now  no  generator  controlled  from 
the  switchboard.  The  transformer  house  contains  three  trans- 
formers for  power,  each  625  kilovolt-ampere,  and  three  for 
lights,  each  110  kilovolt-ampere.  Other  small  transformers 
are  located  about  the  plant.  The  switchboard  is  in  the  base- 
ment adjoining  the  transformer  house.  It  is  designed  so  that 
generators  can  be  controlled  fi*om  it  in  future,  if  desired.  All 
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the  motors  in  this  yard  drive  groups  of  machines  through  belts 
and  shafting.  As  in  the  Upper  Mill  yard,  all  motors  are 
wound  for  550  volts,  and  open  wiring  is  used  from  the  switch- 
board to  the  motors.  The  samei  metering  scheme  is  carried 
out  as  at  the'  Upper  Mill. 

New  Worsted  Mill. ― The  new  worsted  mill  is  driven  entirely 
by  electric  motors  of  2,300  volts.  There  are  no  small  motors 
and  conditions  are:  ideal  for  tliei  use-  of  a  high  voltage  equip- 
ment. This  is  th©  latest  and  most  up-to-date'  installation  and 
will  consume  about  3,500  h.p.  The  power  wiring  is  all  run  in 
conduit,  especially  protected,  making  a  very  efficient  form  of 
distributing  power.  The  smaller  wires  required  and  also 
absence'  of  transformers  about  offset  the  extra  cosl  of  installing 
this  2,300  volt  work  as  compared  with  that  for  550  volt. 

This  mill  has  many  group  drives  and  four  frame  motor 
drives.  In  the  four  frame  drive,  one  motor  suspended  from  t  he 
ceiling  drives  four  machines  without  requiring  any  shafting, 
the  motor  shaft  being  extended  to  carry  two  pulleys  at  eacli 
end.  The  four  frames  ar©  set  so  that  the  tiglit  pulley  of  each 
lines  up  with  one  of  the  pulleys  on  the  motor.  There'  are 
28  of  these  drives  where'  the  motor  runs  1,200  revs,  per  minute 
for  the  frame  spinning,  and  20  running  900  revs,  per  miiiut.e 
for  the  twisters.  All  are  25  h.p.  motors.  Tliese  motors  are 
started  by  throwing  them  directly  on  the-  2,300  volt  line,  there 
being  no  compensator  or  other  starting  device,  except  the 
automatic  oil  switch.    The  niotors  are  squirrel-cage  type,  with 


•  Fig，  4. ― View  of  Turbine  Room. 

silver  soldered  rotors.  Started  in  this  manner,  they  create  no 
more  disturbance  on  the  line  than  starting  an  ordinary 
100  h.p.  internal  resistance  motor  with  its  usual  shafting  load. 

Throughout  th&  power  wiring  in  the  mill,  junction  boxes 
have  been  used  at  switches  and  motors  so  that  any  piece  of 
apparatus  may  be  quickly  removed  from  the'  circuit  and 
replaced  without  having  to  break  and  remake  permanent 
splices,  all  connections  being  made  with  lugs  and  nuts  on  small 
tablet  boards. 

Auxiliary  Power  for  Night  Use. ― The  75  kw.  alternator  men- 
tioned in  the  turbine  room  is  used  for  supplying  the  current 
for  the  yard  lights,  which  are  on  all  night,  and  for  such  other 
small  uses  as  may  be  required.  In  order  to  make  this  opera- 
tion as  simple'  as  possible,  and  at  th©  same  time  avoid  exciting 
the  large  transformers,  a  separate  or  auxiliary  transmission 
circuit  was  installed  for  this  set.  This  is  so  arranged  that  the 
whole  may  be  run  in  parallel  with  the  rest  of  the'  plant,  or  tlie 
75  kw.  set  and  its  feeder  circuit  and  transformer  equipment 
run  entirely  separate  from  the  main  circuits.  The  latte'r  is 
the  normal  operating  condition..  Under  this  condition  the 
set  takes  care  of  itself,  except  that  the  night  man  inspects  the 
bearings,  oil  supply,  &c. 


Load  Connected. 一 There  is  at  pre&enfc  a  connected  load  on 
the  electric  power  system  of  about : — 
Lighting. 

Incandescent  lamps,  16  c.p   14,600 

Arc  lamps,  6  amp.  A.  C.  enclosed    187 

Cooper-Hewitt  mercury  vapour  lamps  ...  360 
Power. 

Induction  motors,  224,  totalling  9,548  h.p. 
Methods  of  Metering  Power  at  the  Station. —― The  four  different 

main  circuits  all  have'  total  load  integrating  wattmeters  as 
well  as  having  wattmeters  for  the  different  departments  on 
these  circuits.  The  power-house  switchboard  has  17  panels, 
five  of  whicli  are  for  distributing  outside'  of  the  station,  one 
(list  ributing  for  the  st  at  ion,  one  regulator  panel,  five  generator 
panels,  and  five  exciter  panels.  The  output  of  the  station  is 
known  daily  from  the  integrating  meters  on  each  generator, 
and  this  in  connect  ion  with  the  coal  consumed  gives  the  most 
d^sira ble  operating  item,  pounds  of  coal  per  kilowatt-hour. 

All  distributing  switchboards  have  curve-drawing  watt- 
mt-t  its  on  t  lie  different  circuits  leading  to  manufacturing 
ilrpart  nieni  s,  and  by  tliese  the  weekly  records  are'  kept  of 
inanufacl  ui  t'd  product  and  power  required.  Indicating  watt- 
tiii-l ers  are  also  placed  on  every  distributing  circuit  so  that 
power  required  at  any  time  can  be  noted.  The  records  are 
very  desirable  and  supersede'  the  older  methods  of  indicating 
t  litj  si  eatn  cii^iufs.      These  records  from  the  curve-drawing 

meters  are  very  interesting,  as 
they  show  the  character  of  t  lie 
loads  of  the  various  departments 
and  also  indicate  how  we'll  tlie 
machines  are  kept  in  service. 
These  curves  show  some  surpris- 
ing information  as  to  machines 
being  stopped  before  the  regular 
time. 

For  further  inforniiation,  an 
ammeter  is  placed  at  every  motor 
and  this  allows  any  person  to  see 
at  once  any  change  of  power  due 
to  temperature,  humidity,  tight- 
belts,  systems  of  oiling,  machinery 
out  of  level,  or  any  change  of 
quality  or  kind  of  material  manu- 
factured. It  also  furnishes  a 
very  convenient  way  of  making 
tests  on  the  power  to  drive  machi- 
nery under  different  conditions. 
The  results  obtained  in  this 
manner  are  probably  not  as 
accurate  as  could  be  mad©  by 
more  elaborate  tests,  but  are  close 
enough.  Then,  too,  tests  which 
ran  be  made  easily  and  quickly, 
even  if  only  closely  approximate, 
are  more  apt  to  be  made  than 
tests  which  require  considerable 
preparation. 

Reduced  to  a  percentage  basis, 
the  following  is  the  manner  in  which  the  power  generated  at 
the  steam  turbine  station  is  used  ： ― 

Per  cent. 

Upper  Mill,  Power    46'6 

Upper  Mill,  Lights    2  6 

Lower  and  New  Worsted  Mills,  Power   47'0 

Lower  and  New  Worsted  Mills,  Lights …  1.9 

Yarn  Mill,  Lights    0  3 

Station  use    1*6 

Method  of  Operating. ― The  success  of  operating  is  due  to 
care,  watchfulness,  and  attention  to  small  things,  which  makes 
it  possible  to  foresee  and  prevent  what  might  be  serious 
accidents.  Any  trouble  in  the  power  house',  or  generating 
systems,  which  would  cause  loss  of  production  in  any  of  the 
manufacturing  processes  is  considered  a  serious  offence  by 
those  who  are  responsible.  In  the  economical  operation  of  the 
station  much  attention  is  given  to  the  burning  of  fuel.  The 
boilers  are  all  hand  fired,  and  an  attempt  is  made  to  produce 
smokeless  combustion.  Samples  of  the  gases  are  frequently 
taken,  and  an  analysis  showing  12  per  cent.  00；,,  7  per  cent.  O, 
is  considered  good  practice.  The  load  factor  of  th&  station  is 
practically  33A  per'cent.,  and  although  the  load  is  quite  con- 
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stant  for  5^  hours  in  the  morning  and  5  hours  in  the  afternoon, 
it  starts  and  stops  very  abruptly,  which  makes  it  difficult  to 
manage  the  furnace  fires  economically  at  these*  times.  All 
fires  are  banked  at  night,  except  those  required  to  run  over- 
time work  on  the  regular  lighting  night  circuits.  All  the 
ashes  are  weighed  before  being  taken  from  the  boiler  house  and 
the  percentage  of  ash  entered  on  tlie  weekly  report .  Every 
carload  of  coal  is  sampled  and  a  chemical  analysis  made  for 
fixed  carbon,  volatile  matter,  ash,  moisture,  and  B.T.U.,  and 
much  attention  is  given  to  this  record  and  its  comparison  with 
power-house  results. 

The  steam  pressure  is  controlled  by  damper  regulators 
which  also  serve  as  a  guide  for  firing,  as  the  fireman  practically 
works  to  this  regulator  and  when  the  steam  pressure  drops 
even  a  fraction  of  a  pound  the  damper  starts  to  open  and  all 
the  firemen  together  either  level  their  fires  or  put  on  fuel  in 
accordance  witla  our  alternate  system  of  furnace  control.  This 
is  on  similar  lines  to  modern  steamship  practice,  except  that, 
with  their  unusually  steady  load,  they  can  set  a  gong  to  ring 
at  definite  intervals,  at  which  every  fireman  doe's  certain  work 
on  his  furnaces.  The  burned  gases  after  passing  through  the 
boiler  tubes  escape  directly  to  the  main  flue  at  a  temperature 
of  about  475°  Fah.    There  is  no  economiser. 

There  are  now  four  firemen  and  a  boss  fireman  on  duty  day 
times,  each  fireman  firing  four  190  h.p.  boilers.  There  are 
three  firemen  on  night  times.  Two  of  these  men  clean  the 
fires  of  14  boilers,  while  the  third  man  cleans  two  boilers  and  is 
responsible  for  the  station. 

In  any  large  power  system  it  is  very  important  that  the 
generator  speed  be'  correct.  We  check  the  speed  each  day  to 
keep  the  cycles  correct,  as  the  governor  is  changed  earh  time 
the  generators  are  phased  together.  In  order  to  ensure  correct 
frequency  for  the  system,  the  spindle  speed  for  56  hours  and 
also  for  five-minute  intervals  is  kept  on  daily  and  weekly 
records.  • 

The  help  for  the  turbine  room  consists  of  a  chief  engineer, 
who  also  has  other  duties  outside  the  station,  two  operating 
men,  one  oiler  for  auxiliary  apparatus,  one  cleaner  who  is  also 
a  spare  fireman.  The  electric  motors  are'  started  and  stopped 
by  electricians  and  helpers,  each  man  attending  to  about 
800  h.p.  of  motors.  They  are  allowed  15  minutes  to  get  every- 
thing running  and  then  take  two  ammeter  readings  before 
】ea\'ing  this  department  to  attend  to  other  duties.  During  the 
remainder  of  the  day  these  men  trim;  arc  lights,  repair  wiring, 
install  any  new  work  or  make  any  changes  in  the  lighting  or 
power  equipment  which  may  be  necessary  ；  they  also  attend  to 
lire  alarms,  danger  signals,  and  watch-clock  system ,  and  all 
repairs  and  maintenance.  No  one  outside  the  electrical 
department  is  allowed  to  start  or  stop  a  motor  unless  life  or 
property  is  in  danger.  This  arrangement  is  found  to  give 
better  results  than  the  previous  one  where'  the  mill  overseers 
and  foremen  started  and  stopped  the  motors.  With  the  atten- 
tion we  give  it,  the  electric  drive  has  proven  dependable  and 
successful. 

Cleaning  and  Inspection. ― The  motors  and  switches  are 
cleaned  by  compressed  air  weekly  or  semi-we&kly  as  location 
demands,  weekly  for  all  departments  in  the  mill  and  print 
works,  except  carding,  pickers,  shearing  and  nappers,  which 
are  cleaned  semi-weekly.  Compressed  air  at  801bs.  pressure  is 
piped  over  the  entire  area  occupied  by  motors,  and  a  valve  and 
quick-connecting  coupling  located  at  each  motor.  This  same 
air  supply  is  used  also  for  repair  tools,  &c.，  when  required. 
The  air  is  used  through  a  special  nozzle'  which  mixes  roomi  air 
and  compressed  air  together  and  in  so  doing  reduces  the  final 
jet  pressure  and  also  has  a  tendency  to  dry  the  air.  A  sharp 
jet  of  air  will  possibly  injure  the  windings  and  is  especially 
dangerous  when  accompanied  by  moisture.  This  special  nozzle 
gives  much  lower  velocity  than  the  initial  pressure  would  give, 
and  at  the  same  time  gives  a  much  greater  volume  of  air.  The 
generators  are  cleaned  every  three  months,  except  the  enclosed 
ones,  which  are  supplied  with  filtered  air,  and  these  are  cleaned 
about  once  a  year. 

A  rigid  system  of  inspection,  including  everything  pertain- 
ing to  electric  generation  and  transmission,  as  well  as  elevators, 
fire  risk  and  steam  plants,  is  made  weekly  and  is  found  to  be 
of  much  importance  in  maintaining  liigh  efficiency.  Inspec- 
tors have  definite  territory  to  cover  and  each  one  signs  weekly 
reports  which  are  kept  on  record.  As  an  example,  the  inspec- 
tors for  the  motors  take  the  temperatures,  inspect  all  wiring 


and  connections,  switches,  oil  in  bearings,  cleanliness  and 
general  conditions  and  also  read  the  ammeters. 

Records. — A  system  of  weekly  reports  is  kept  on  file,  wliidi 
gives  daily  and  weekly  operating  figures  on  all  important 
items  about  the  different  power  stations,  and  includes  current 
generated,  weight  of  coal  and  ashes,  temperatures,  pressures, 
oil  and  waste,  labour  of  operating  and  repairs,  supplies, 
division  of  costs,  &c.  A  complete  set  of  curves  is  also  kept 
of  these  items,  which  show  at  a  glance  the  comparison  of  any 
week  and  year.  These  figures  are  inspected  each  week  by 
the  chief  engineer  of  the  plants  and  the  author. 

Tests. ― The  acceptance  tests  of  3,250  kw.  turbine  at  100  per 
cent,  load  was  15'401bs.  of  steam  per  kilowatt-liour,  with 
1501bs.  boiler  pressure,  125°  superheat,  28in.  vacuum  with 
barometer  at  30in.  and  condensing  water  at  70°.  At  other 
points  the  steam  used  was,  50  per  cent,  load,  17  83  ；  75  per 
cent,  load,  15*50  ；  125  per  cent,  load,  15*46  ；  and  140  per 
cent,  load,  15'84. 

Tests  on  the  750  kw.  turbines  under  the  same  conditions 
gave  for  75  per  cent,  load,  18'921bs.  ；  100  per  cent.  load, 
17'84lBs.  ；  125  per  cent,  load,  16'631bs.  steam  per  kilowatt- 
hour. 

The  auxiliaries,  including  condensers  and  feed  pumps,  use 
about  12  per  cent,  as  much  steam  as  the  main  unit.  This  test 
was  made  with  the  3,250  kw.  turbine  delivering  3,810  kw., 
two  condenser  pumps,  one  feed  pump,  and  the  Holly  drip 
return  system  constituting  the  12  per  cent. 

During  nights  and  Sundays,  the  75  kw.  lighting  set,  the 
50  kw.  exciter  set,  which  is  used  for  charging  electric  auto- 
mobile storage  batteries,  and  a  boiler  feed  pump  are  run,  and 
this  load,  together  with  the  loss  due  to  banking  and  cleaning 
fires,  brings  the  weekly  coal  consumption  to  2*31bs.  of  coal 
per  kilowatt-hour  for  the  total  current  generated. 

The  station  is  operated  at  present  at  3,600  kw.  As  this 
is  only  about  65  per  cent,  of  its  past  rated  capacity,  the 
economy  is  not  as  high  as  it  might  be.  Within  the  next  few 
months  this  load  will  be  increased  to  about  6,100  kw.  The 
station  now  has  a  normal  capacity  of  8,000  kw. 

Operating  Costs. ― The  following  figures  are  for  cost  of 
operating  an  average  week  on  3,600  kw.  These  are  the  con- 
ditions under  which  we  have  been  operating  for  the  last 
year : — 

Turbine-room  labour,  5  men,  and  superintendence  JB99.85 

Boiler-room  labour,  8  men    99*15 

Fuel,  at  |4'25  per  long  ton  in  pocket    880.00 

Oil,  waste  and  supplies  and  repairs    37*05 

Total  operating  expenses  per  week   ？ 1，116'05 

During  the  week,  204,780  kw.-hour  are  generated,  giving 
a  cost  per  kilowatt-hour  of  0.545  of  a  cent.  Within  the  next 
few  months  the  load  will  be  increased,  due  to  the  putting 
into  service  of  all  of  the  new  worsted  mill,  to  about  6,100  kw., 
giving  a  weekly  output  of  approximately  340,000  kw. -hours 
per  week.  At  this  time,  the  normal  operating  condition 
will  be  to  run  the  two  large  turbines,  leaving  the  two  smaller 
ones  as  spares.  To  operate  the  station  under  these  conditions 
will  cost : —— 

Turbine-room  labour,  5  men,  and  superintendence  S99"85 


Boiler-room  labour,  9  men    108*95 

Fuel,  at  $4*25  per  long  ton  in  pocket    1,483*25 

Repairs  and  supplies    58*60 

Total  operating  cost  per  week   SI, 750*65 

$1  750*65 

Operating  cost  per  kilowatt-hour  =  qqq  =0*515  of  a 
cent. 


The  station  as  it  now  stands  with  8,000  kw.  normal 
capacity  of  generators,  cost,  with  land  and  everything  up  to 
and  including  the  switchboard,  a  little  less  than  ？ 90  per 
kilowatt.  Figuring  the  fixed  charges  on  this  at  11  per  cent" 
we  get  ： ― 

11  per  cent,  x  720,000  =  $79,200  per  year. 

or  $79，00O  +  52  =  $l，523'O8  per  week. 

With  station  generating  340,000  kw.-hour  per  week,  the 
1  523*08 

fixed  charges  will  be  J  ^  n0  =  0448  cents  per  kilowatt-hour. 
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The  total  cost  then  per  kilowatt-liour  at  the  switchboard, 
for  the  6,100  kw.  load  on  the  plant,  will  be: ― 

Operating  expenses  per  kilowatt-liour  0*515  of  a  cent. 
Fixed  charges  per  kilowatt-hour    0*448  of  a  cent. 

Total    0-963  of  a  cent. 

The  same  figures,  if  this  plant  should  be  operated  at  its 
full  capacity  of  8,000  kw.,  as  is  quite  customary  in  textile 
mills,  would  be  ： ― 

Operating  charges  per  kilowatt-hour  ...  0*501  of  a  cent. 
Fixed  charges  per  kilowatt-liour    0'340  of  a  cent. 


； hich 


Total  cost    0*841  of  a  cent. 

Analysing  these  costs  for  the  operating  conditions  of 
6,100  kw.，  it  is  found  that  in  percentage  of  tlie  total  cost:  — 

Per  cent. 

Labour  is    6*4 

Fuel  is    45*5 

Repairs  and  supplies    1*8 

Fixed  charges    46*3 

These  figures  plainly  show  that  the  two  items  from 
any  great  saving  may  be  expected  are  :  (1)  Less  fixed  charges  ； 
(2)  better  fuel  economy.  We  can  also  calculate  how  much 
more  expensive  and  efficient  apparatus  we  could  afford  to 
install  to  help  out  the  fuel  charges,  remembering,  however, 
that  the  more  complicated  apparatus  invariably  requires 
more  expense  of  repairs  and  deprecia- 
tion. The  principal  object  in  view  in 
the  design  and  operating  of  this  station 
has  been  simplicity  and  reliability,  and 
these  have  been  obtained.  Many  of  the 
requirements  which  are  supposed  to 
make  for  refinements  in  efficiency  have 
been  omitted,  particularly  in  the  boiler- 
room,  where  simplicity  was  especially  jiq^j^^ 
desired.  We  prefer  to  operate  a  boiler 
plant  as  far  as  possible  without  many  of 
the  automatic  devices  on  the  market,  as 
without  these  there  are  less  parts  to  get 
out  of  order. 

When  the  old  mills  were  changed 
from  engine  to  m  otor  drive,  a  great 
amount  of  shafting  and  belting  was  re- 
moved, and  this  in  itself  is  one  of  the 
motor's  best  recommendations,  not  men- 
tioning flexibility  of  service,  ability  to 
check  power  required  at  any  time,  and 
increased  production,  due  to  more 
uniform  speed.  We  have  no  accurate 
way  of  knowing  whether  the  total  power 
of  the  mills  is  more  or  less  with  the 
electric  driving  than  with  the  old 
system,  but  probably  the  losses  in  one 
system  would  about  balance  those  in 
the  other.  It  is  of  interest  to  mention 
that,  in  these  days  of  high  economy, 
we  are  only  realising  10  per  cent,  of  the 
which  we  burn  at  the  power-house,  on 
machine  in  the  mill. 


controlled  by  sluice  valve®.  The  evaporators  are  of  the  Weir 
type,  in  which  the  vertical  height  is  considerably  less  than  is 
usual  for  a  given  duty，  and  th©  sluice  valve  arrangement  allows 
of  the  condenser  lying  close  to  the'  top  of  the  evaporators  so 
that  the  total  height  of  the  plant  need  not  be  much,  if  any, 
greater  than  is  now  usual  for  plant  of  equal  evaporative 
capacity. 

Referring  to  the  illustrations,  A  A  are  the  two  evaporators 
and  B  is  the  ooiulenser,  which  latter  is  of  the  cylindrical 
tubular  type.  The  shell  of  the  condenser,  at  or  near  ita  two 
ends,  is  swelled  as  shown,  and  a  cylindrical  plat©  D  is  riveted 
to  the  sliell  at  tliis  swelled  portion  so  as  to  form  an  annular 
chamber  E  between  the  plate  and  the  shell.  Each  evaporator 
is  arranged  to  communicate  with  one  of  these  annular 
chambers  by  means  of  a  short  coupling  piece  F  which  com- 
】uunicates  on  the*  one  hand  with  the  steam  space  in  the 
evaporator  and  on  the  other  hand  with  the  annular  chamber  E. 
Th©  flow  of  steam  through  each  of  these  coupling  pieces  is  con- 
trolled by  means  of  the  sluice  valve  G.  Perforations  H  are 
formed  in  the  upper  portions  of  the  plates  D,  which  perfora- 
tions serve  to  admit  to  the  interior  of  the'  condenser  the  steam 
wliicli  rises  from  the  evaporators  tli rough  the  coupling  pieces  F 
and  1.1 10  annular  chambers  E.  The  steam  is  condensed  on  t  he 
exterior  surface  of  the  tubes  K，  cold  water  being  circulated 
through  t\\e>  tubes  in  the  usual  manner.  M  indicates  the 
circulating  water  inlet  and  N  tli©  circulating  water  outlet. 


energy  in  the  coal 
the   pulley  of  a 


WEIR'S  MARINE  EVAPORATING  AND  DISTILLING  PLANT. 

Installations  of  evaporating  and  distilling  plants  for  use  on 
board  ship  may  comprise'  one  or  more'  evaporators.  It  is  com- 
mon practice  for  two  evaporators  to'  be  arranged  side  by  side 
with  a  single  condenser  placed  alongside  them,  the  condenser 
being  of  the  vertical  cylindrical  type  with  vertical  tubes.  The 
steam  evaporated  from,  the'  sea  water  in  tho  evaporators  passes 
from  the  latter  through  their  uptakes  to  a  common  vapour 
pipe,  which  is  arranged  above  the  evaporators,  and  is  led 
downwards  to  the'  distilling  condenser.  As  the  available 
engine  room  floor  space  is  often  very  limited,  especially  in 
warships,  it  is  desirable  to  reduce  as  much  as  possible-  the  floor 
space  required  by  such  plant,  and  witli  this  object  in  view,  Mr. 
William  Weir,  of  Messrs.  G.  &  J.  Weir，  Ltd . ,  engineers, 
C^athcart,  Glasgow,  has  designed  and  patented  tlie  construction 
illustrated  herewith,  which  consists  in  brief  in  an  arrangeiuent- 
and  coinbiiKition  of  <'lomonts  arcordiiig  to  wliicli  a  single  dis- 
i illin^  cf)!Kleiis(M*  is  arranged  horizontally  above  a  pair  of 
evaporators  and  is  connected  thereto  by  short  pipes  or  j)assages 


Wkiu'h  Maiiine  Evavohatinc;  and  DisTiiiLiNOi  Plant. 

O  is  the  air  pump  suction  pipe'  which  is  connected  to  the 
bottom  of  the  condenser  at  or  about  the  centre  of  its  length. 
The  employment  of  steam-control  valves  of  the  sluice  type 
allows  of  the  coupling  pieces  F  being  of  short  length  so  that 
the  condenser  B  is  raised  very  little  above  the  tops  of  the 
evaporators  and,  by  employing  evaporators  of  a  type1  in  which 
the  height  is  less  than  usual,  the  total  height  of  the'  plant  can 
b&  kept  quite  moderate.  As  the  steam  is  admitted  to  the 
interior  of  the  condenser  at  the  top  and  at  tho  ends,  and  as  the 
air  pump  suction  i&  at  the  bottom-  of  the  condenser  and  midway 
between  the  ends,  and  as,  moreover,  tho  steain  is  admitted  to 
the  condenser  through  a  large  number  of  holes,  the  flow  of 
steam  over  the  cooling  surface  is  fairly  uniform,  and  the  con- 
densation is  very  well  distributed  over  the  cooling  surface,  thus 
allowing  a  condenser  of  minimum  cooling  surface  to  be 
employed.  Th©  steam  in,  passing  through  tho  annular 
chambers  E  and  through  the  perforations  in  the  plates  D 
tends  to  deposit  on  these  plate's  and  on  tha  swelled  portion  of 
the  condenser  shell  any  particles  of  brine  wliicli  may  have'  been 
carried  up  with  it  from  the  evaporators.  Any  brine  so 
(l(^j)osited  drains  back  into  tlie  evaporators;  and  ih©  appar;it us 
is  therefore  useful  in  preventing  or  reducing  the  admission  of 
salt  to  tho  interior  of  the  coudeuser. 
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LOW  WATER  TESTS  OF  LOCOMOTIVE  BOILERS. 

An  interesting  test  was  made  under  the  direction  of 
Prof.  W.  F.  M.  Goss,  on  June  20th  last,  to  ascertain  the  effect 
of  low  water  on  two  full-size  locomotive  boilers,  one  fitted 
with  the  Jacobs-Shupert  firebox  and  the  other  with  the  ordi- 
nary radial  stay  firebox.  In  the  Jacobs-Shupert  firebox  the 
usual  arrangement  of  flat  sheets  supported  by  stay  bolts  is 
abandoned  except  in  the  front  sheets  and  door  sheets.  The 
side  sheets  and  wrapper  sheet  are  replaced  by  sets  of  channel- 
shaped  sections  riveted  together  with  their  flanges  away  from 
the  fire  as  clearly  shown  in  Figs.  1  and  2.  These  sheets  are 
partially  cut  away  in  the  water  leg  to  permit  of  tho  water 
circulating  around  the  firebox.  All  seams  are  submerged  and 
no  joints  are  exposed  to  the  direct  current  of  heat  and  gases. 
The  construction,  it  will  be  obvious,  is  of  exceptional  strength, 
and  this  feature  was  brought  out  in  tiie  test  under  notice. 


able  distance,  and  to  lift  the  entire  boiler,  weighing  40  tons, 
several  feet  above  its  foundation.  The  damage  to  the  boiler 
was  such  as  to  make  necessary  its  reconstruction.  Pig.  4  shown 
the  condition  of  the  firebox  after  the  test,  while  Y'v^.  5  shows  a 
photo  view  at  the  moment  of  the  explosion.  The  steam 
pressure  varied  between  2201bs.  and  2301bs.，  being  228Ibs. 
when  failure  occurred. 


A  NEW  DRY  BLAST  PROCESS  FOR  IRON  FURNACES. 

BY  JOHN  B.  MILES. 

Since  James  Gayley,  in  1904，  gave  to  the  world  the  results  of 
the  operation  of  his  refrigerating  dry  blast  process,  no  marked 
deviation  has  occurred  from  the  type  of  apparatus  devised  by 
him.  Th©  dry  blast  plant  of  the  Northern  Iron  Company, 
built  at  Stanclish,  N.Y.,  in  the  summer  and  fall  of  1911，  is 
of  interest,  sine©  the  process,  here  employed  for  the'  first  time, 

differs  in  essentials  from  any 
other  process  that  has  been 
tried  in  practice.  The  cooling 
is  done  after  compression  in 
the  blowing  engines  and  sprays 
of  water  or  brine,  in  direct  con- 
tact with  the  air,  accomplish 
th©  cooling  instead  of  pipes  in 
which  the  cold  brine  is  cirru- 
lat'ed.  The  plant  has  a  capa- 
city of  20,000  cub.  ft.  of  free 


 ■  ■  


Fig. 


-View  showing  Arrangement  of  Jacobs-Shupert  Firebox. 


For  the  purpose  of  the  test,  the  two  boilers,  which  were 
designed  for  high-speed  passenger  service  and  identical  in  size 
and  design  with  the  exception  of  the  fireboxes,  were  mounted 
in  a  field  50ft.  apart,  and  were  operated  from  a  "  bomb  proof  ，' 
located  200ft.  away  from  the  nearest  boiler.  Oil  was  used  for 
fuel  becausa  of  the  danger  to  which  a  fireman  shoveling  coal 
would  have  been  exposed.  In  the  process  of  testing,  each 
boiler  was  brought  to  a  condition  of  operation  closely- 
approaching  maximum  power  estimated  to  be  1,400  h.p.， 
which  is  equivalent  to  that  required  to  haul  a  heavy  passenger 
train  at  60  miles  per  hour.  The  supply  of  feed  water  was 
then  shut  off,  but  all  other  conditions  were  continued 
unchanged.  The  water  level  gradually  fell,  exposing  the 
crown  sheet  and  otlier  portions  of  the  heating  surface  to  the 
full  effect  of  the  fire. 

The  boiler  having  the  Jacobs-Shupert  sectional  firebox  was 
continuously  tested  under  these  severe  conditions  for  55  mins. 
without  developing  any  failure,  notwithstanding  the  fact  that 
the  level  of  the  water  fell  to  a  point  more  than  25in.  below  th-e 
crown  sheet.  The  water  gauge  glass  did  not  read  below  25in. 
The  test  was  then  discontinued,  because  the  small  amount  of 
water  remaining  did  not  evaporate  sufficiently  fast  to  supply 
the  draught  necessary  to  maintain  the  fire.  At  the  conclusion 
of  this  test,  tlie  Jacobs-Shupert  firebox  was  apparently  in  good 
condition,  and  ready  for  further  service.  A  viev^  of  the 
firebox  after  the  test  is  shown  in  Fig.  3.  The  boiler  pressure 
varied  between  2151bs.  and  2251bs.  on  the  inch  for  27  minutes 
until  the  level  of  the  water  had  reached  18|in.  Thereafter 
the  pressure  gradually  fell,  being  501bs.  at  the  end  of  55  mins. 

The  ordinary  radial  stay  boiler  was  then  tested  under  con- 
ditions identical  to  those  above  described.  Afi&r  th&  test  of 
the  ordinary  boiler  had  been  in  progress  for  23  minutes,  and 
the  water  level  had  fallen  to  14^in.  below  th&  crown  shest,  an 
explosion  occurred .  The  crown  sheet  and  the  stays,  which  hold 
it  in  place,  having  become  highly  heated,  pulled  away  from 
each  other  and  released  the  pressure  in  the  boiler.  The  dis- 
charge of  steam  was  through  the  firebox  and  the  force  of  the 
explosion,  amidst  clouds  of  steam  and  smoke,  was  sufficient  to 
throw  parts  from  the  furnace  in  all  directions  for  a  consider- 


In  the  summer,  when  the 
brook  water  used  is  at  60° 
Fall.,  the  compres&ed  air  will 
be  cooled  from  180°  to  65°  in 
the  first  stage1,  and  from  65°  to 
28°  in  the  second  stage,  reduc- 
ing the  moisture,  if  the  blast 
pressure  is  lOlbs.  per  square 
inch,  from  8|  grains  to  1  grain 
per  cubic  foot  of  free  or 
expanded  air.  Cooling  after 
compression  requires  much  less  capacity  of  apparatus 
and  less  steam  for  its  operation  than  any  possible  process 
in  which  the  cooling  is  done  before  compression,  as  in  the  case 
of  the  various  dry  blast  plants  in  this  country  and  abroad. 
Since  water  from  a  natural  source  can  b&  used  for  the  greater 
part  of  the  cooling,  the  size  and  cost  of  the  refrigerating  appa- 
ratus is  much  reduced,  and  with  it  tliei  size  and  cost  of  the 
buildings.  This  process  does  not  depend  upon  the  use  of 
unusually  cold  water,  since'  its  advantages  can  be  demonstrated 


Fig.  2.— Section  showing  Method  of  Staying  Jacobs-Shupert  Fibebox. 

even  with  water  of  the  temperature  found  in  most  of  our  rivers 
during  the  summer  months. 

The  refrigerating  apparatus,  furnished  by  the  Carbondale 
Machine'  Company,  is  of  the  ammonia  absorption  type  and 
us&s  exhaust  steam  from  the  pumps,  except  for  the  aqua- 
ammonia  pump.  At  this  furnace,  where  there  is  an  abundant- 
supply  of  exhaust  steam,  the  steam  requirements  of  the  dry 
blast  plant  are  so  small  as  to  be  practically  negligible.  The 
cooling  chambers  were  furnished  by  the  Carrier  Air  Condition- 
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Irani  thence  is  drawn  by  the  pumps  and  returned  to  the'  second 
stage. 

Table  II. —— Daily  lieport  of  Operations  in  Blowing  Engine 
House,  Day  endintj  April  (Hh,  1912 1 


Blowing  lOnyine  No.  1. 

】！lowin«  F'nHine  No.  2. 

Time. 

ordei'd 

■Air 

<  ',,r 

lv、、 

Aii' 

'('oi-'ct 

ot6B.ll] 

Air 

t(;mp. 

revs 

made 

oi-fler'rl 

teni)). 

x-evs. 

press. 

preRH. 

(5  a.m. 

40 

56 

40 

32 

•)() 

34 

1  |() 

12 

7  a.m. 

40 

60 

40 

40 

32 

87 

34 

1  in 

1 1  r, 

8  a.m. 

40 

(10 

40 

40 

：52 

86 

34 

1 10 

12 

9  a.m. 

40 

05 

41 

40 

32 

！ t{) 

:u 

1  10 

K 

10  a.m. 

40 

70 

41 

42  5 

32 

87 

:u 

1  10 

1 15 

1  1  a.m. 

40 

73 

42 

40 

32 

！ tl 

34 

110 

12 

12m. 

40 

75 

42 

42 

32 

«)2 

34 

1  |() 

】 】•；"> 

1  p.m. 

40 

75 

42 

40 

32 

！) ：5 

34 

110 

11 

2  |).ni. 
：!  p  in . 

40 

79 

42 

4ir> 

：52 

<)5 

34 

1  10 

115 

40 

75 

42 

42 

32 

9(i 

110 

nr> 

4  p.m. 

40 

75 

42 

42 

32 

95 

34 

1 1" 

12 

]).m . 

40 

74 

42 

42 

32 

95 

34 

110 

12 

(i  |)  Ml. 

40 

71 

41 

42 

32 

！) a 

34 

110 

12 

7  ))  ni. 

40 

(i7 

tl 

30 

32 

88 

:u 

I  111 

12 

p  in . 

40 

(i3 

41 

41 

32 

！ tr, 

:u 

1 II) 

9  p.m. 

40 

(>2 

42 

41 

32 

95 

:u 

110 

11 

10  ]).m. 
1  1  p.m. 

40 

(>2 

41 

41 

32 

96  5 

:u 

110 

1 1 

40 

01 

41 

41 

32 

<)(i 

34 

111) 

1 1 

12  nielli 

40 

"1 

41 

41 

32 

04-5 

:i4 

1  10 

8 

1  a.m. 

40 

59 

" 

40 

32 

!»4-5 

:u 

110 

12 

2  a.m. 

40 

,«0  5 

41 

41 

32 

95 

34 

110 

12 

3  a.m. 

40 

.")!)  5 

41 

41 

32 

95 

34 

1  10 

12 

4  ； i  .ni . 

40 

59 

41 

41 

32 

95 

:u 

110 

12 

5  a.m. 

40 

02 

41 

41 

32 

965 

:u 

] 10 

14 

At  the  end  of  the  second  stage  are  located  a  tliermometer 
well  with  mercury  tlionnoiiieter  and  the  resistance  bulb  of  an 
electric  thermometer  by  wliicli  the  temperature  of  tlie  outgoing 
air  is  read  at  the  desk  in  the  dry  blast  room.  In  addition,  a 
Bristol  recorder,  which  is  located  at  the  desk,  shows  the  out- 


ing Company,  including  the  spray  nozzles  and  piping,  and  tli 
eliminators. 

The  compactness  of  the  plant  will  be>  evident  from  the  fac 
that  the  dry  blast  house  occupies  only  60ft.  by  30ft.  and  i 
attached  as  a  lean-to  to  the  blowing  engine'  house.  Tli 


Fig.  3.  —Interior  of  JAroiis-Snui'F.itT  Fiukuon   attek  low-watkr  test.  (See  n. 


■：  ― 


pumps  for  the-  water  and  brine  and  aqua  ammonia,  tin 
absorber  generator,  Baudelot  cooler  of  the-  refrigerator  appa 
ratus  and  the  evaporating  are  located  on  the'  first  floor.  Tin 
first  and  second  stage  coolers,  the  ammonia  condenser,  intcr- 
clianger,  weak  liquor  cooler,  &c.，  are  located  on  the  second 
floor  or  gallery. 

Table  I. ~ Daily  Beport  of  Operation  of  Dry  Blast  Plant, 
Da  11  ouVdui  April  1st,  1912. 


Jlustle  】*i】）p. 


Time. 


Dry. 


Wet.  Grains. 


Driecl  Air. 


Dry.      Wet.   Grains.  Pressure  Temp 


The  air  leaves  the  cold  blast  main  and  passes  to  the  first 
stag©  cooler,  which  is  48ft.  long.  It  then  passes  through  a 
bend  of  180°  outside  of  the  building,  and  returns  through  the 
second  stage  cooler,  36ft.  long,  to  the  cold  blast  main.  These 
coolers  are  divided  into  compartments  with  an  eliminator  at 
the  end  of  each,  which  arrangement  uses  the  water  efficiently, 
the  air  being  reduced,  in  the  last  compartments  of  each  stage, 
to  within  a  few  degrees  of  the  temperature  of  the  entering 
water  or  brine.  From  each  stage  the  water  or  brine  flows  to  a 
drum  in  which  are  floats  controlling  the  drain  valves.  Tha 
water  from  the  first  stag©  passes  to  tlie  suction  well  of  the 
pumps,  which  furnish  the  furnace'  supply,  and  the  brine  from 
the  second  stage  flows  over  the'  Baudelot  cooler  into  a  well  and 


going  air  temperature  at  all  times,  as  well  as  furnishing  a 
record  of  each  day's  operations  when  taken  in  connection  with 
the  pressure  chart. 

As  the  moisture  removed  from  the  air  in  the  second  stage 
passes  into  tlie  brine,  it  is  necessary  to  remove,  by  boiling,  an 
equal  amount  from  the  brine.  This  is  accomplished  by  】"eans 
of  an  evaporator  using  exhaust  steam,  the-  steam'  from  the 
brine  being  condensed  in  a  small  jet  condenser.  The  cold 
brine  to  t.be  evaporator  and  the  hot  brine  drawn  from  it  pass 
through  the  iiiterchanger. 

In  Table  I.  is  given  part  of  the  record  or  log  for  the  day 
ending  April  1st,  1912.      Particular  attention  is  directed  to 


Fig  4.— Intkrioh  of  Radial  Stay  Firebox  after  low-water  test.  (See  p.  79) 

the  readings  of  moisture  taken  from  a  connection  on  the  bustle 
pipe  and  their  ('loss  agreement  with  those  taken  in  the  dry 
blast  room.  The  air  sampled  at  the  bustle  pipe  has  been 
heated  in  the  stoves  to  1,100°  or  more,  and  cooled  down  by 
passing  through  a  pipe  coil  to  such  a  temperature  as  will 
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permit  of  dry  and  wet  bulb  readings.  If  any  entrained 
moisture  were  carried  with  the  air  from  the  second  stage^  its 
presence  would  be  detected  in  these  readings.  The  close  agree- 
ment of  the  readings  with  the  moisture  calculated  from  the 


Fig.  5. ― View  of  Explosion  of  Locomotive  Boiler  fitted  with  Radial 
Stay  Fibebox.   (See  page  79.) 

temperature  and  pressure  of  the  air  leaving  the  second  stage 
proves  conclusively  that  the  end  eliminator  removes  practically 
all  of  the  entrained  moisture. 

At  present,  on  account  of  some  improper  action  of  a  spring 


regularity  of  the  moisture  readings  sliows  the  ease  with  whicli 
the  necessary  regulation  is  accomplished  by  means  of  liand 
control  of  the  two  pumps. 

Table  II.  is  a  sample  engine  room  record,  aiul  illust  ral  <-s 
the  method  of  obtaining  regularity  in  the  quantity  of  air  in 
pounds  delivered  to  the  furnace,  the  speed  of  each  engine  being 
changed  each  hour  if  the  change  in  the  temperature1  of  1 1  i (j  air 
entering  tlie  blowing  cylinders  requires  it.  By  means  of  llif 
electric  therm ometer,  the  temperature  of  the  air  entering  the 
blowing  cylinders  is  read  hourly  in  tlie  dry  blast  hou&e,  and 
tlie  necessary  correction  made  from  a  chart.  The  revolutions 
ordered  by  the  furnace  manager  are  assumed  to  be  based  on  an 
arbitrary  temperature  of  50°,  and  the  engines  are  run  faster 
or  slower,  as  the  air  is  warmer  or  colder,  than  the1  standard. 

It  is  not  found  necessary  to  change  the  speed  frequently 
during  the  24-hour  period.  Engine  No.  1  takes  its  air  from 
outside  through  a  pipe,  and  in  oonsequence  its  speed  must  be 
changed  more  frequently  than  engine  No.  2,  whose  air  is  of 
more  constant  temperature  as  it  comes  from  the  engine'  room. 
As  the  dry  blast  apparatus  is  operated  by  one  man  on  each 
turn  without  difficulty,  the  operating  expense  should  compare 
very  favourably  with  that  of  any  other  process. 

The  accompanying  illustrations  show  the  arrangement  for  a 
40,000-cub.  ft.  plant  and  attention  is  directed  to  the  small 
amount  of  refrigerating  apparatus  required.  The  coolers  are 
in  the  shape  of  towers,  and  each  cooler  is  surrounded  by  an 
annular  space  in  which  the-  tubes  of  an  interchanger  are 
installed.  These  interchangers  not  only  reduce  the  amount  of 
cooling  to  be  done  in  the  first  and  second  stages,  but  in  addi- 
tion, heat  the  air  before  it  reaches  the  cold  blast  main  to  a 
degree  as  high  or  higher  than  would  be  the  case  if  the  air  had 
been  treated  in  the  older  process  of  cooling  before  compression. 

As  the  initial  cost  as  well  as  the  operating  expense  of  a 
plant  using  this  process  is  much  lower  than  that  of  any  possible 
arrangement  of  apparatus  using  cooling  before  coinpression, 
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Plan^andIElevation  of^Dry  Blast  Apparatus  for  Handling  40,000  Cubic  Fket  of  Air.  . 

and  only  a  fraction  of  that  of  the  original  type  using  pipes  for 
cooling,  it  is  believed  that  its  introduction  will  result  in  a  great 
extension  of  the  use-  of  dry  blast. 


forming  part  of  the  mixing  valve  mechanism,  the  automatic 
controller,  which  will  eventually  regulate  the  temperature  of 
the  outgoing  air,  has  not  yet  been  put  in  use.    The  remarkable 
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THE  CORE  ROOM  ：  ITS  EQUIPMENT  AND  MANAGEMENTS 


BY  HENRY  M.  LANE. 


(Concluded  from  page  49.) 
Self- pasting  Cores. ― Many  intricate  cores  must  be  made  in 
halves  and  then  either  dried  on  flat  plates  and  pasted,  or  the 
two  halves  rocked  together  before  pasting.  If  the  latter  is 
done,  the  binder  must  be  of  such  a  nature  that  it  will  form 
a  self -pasting  core.  High-grade  core  oils  when  used  in  fairly 
large  proportions  will  generally  bind  the  two  halves  together 
in  cases  of  this  kind.  In  some  cases,  however,  the  expedient 
shown  in  Fig.  3  must  be  resorted  to.  One-half  of  the  box 
is  provided  with  a  thin  metal  sheet  shown  at  A  which  pro- 
jects slightly  over  the  edge  of  the  box.  After  the  two  half- 
cores  are  made  in  the  boxes  the  metal  plate  A  is  lifted  off 
and  the  two  halves  of  the  box  closed  together.  When  the 
halves  first  meet,  the  condition  will  be  as  represented  in  the 
lower  portion  of  Fig.  3.  As  the  box  is  closed  together,  the 
projections  of  sand  left  by  the  opening  in  the  plate  A  will 
crush  into  the  faces  of  each  half  of  the  core  so  as  to  bond 
thoroughly  the  sand  in  the  two  parts.  This  device,  the 
writer  believes,  was  patented  some  years  ago  by  Mr.  Lee, 
superintendent  of  a  department  of  the  Crane  Company.  In 
other  cases  the  coremaker  is  careful  to  leave  the  sand  pro- 
jecting slightly  above  the  face  of  the  box  when  he  strikes  it 
off，  and  then  when  the  boxes  are  closed  together  there  is 
sufficient  pressure  to  make  the  sand  along  the  faces  of  the 
core  adhere.  These  rock-over  boxes  are  now  used  in  a  num- 
ber of  different  classes  of  work  either  with  or  without  the 
stripping  device,  and  their  use  simplifies  the  making  of  intri- 
cate cores  and  at  the  same  time  permits  the  drying  of  the 
entire  core  in  one  piece.  Where  cores  are  made  in  halves, 
as  shown  in  Fig.  3，  and  then  rocked  together,  some  form  of 
block  is  generally  employed  for  pressing  a  vent  into  the  face 
of  one-half  of  the  core.  The  introduction  of  this  vent  block 
swells  the  sand  on  both  sides  of  the  vent,  and  this  is  usually 
sufficient  to  make  the  core  self-pasting. 

Grinding  Experiments.  ―  Concerning  the  compounding  of 
core  mixtures,  the  writer  has  tried  a  great  many  experiments, 
and  was  aware  that  the  grinding  of  moulding  sands  greatly 
increased  their  strength,  and  under  the  impression  that  a 
similar  grinding  would  aid  core  sands.  In  this  connection 
a  series  of  tests  were  made.  A  Wadsworth  mixing  and  com- 
pounding mill  was  used,  having  a  pair  of  small  rollers  run- 
ning around  on  an  annular  track,  following  which  are 
scrapers  that  turn  the  sand  over  first  one  way  and  then  the 
other.  A  number  of  different  classes  of  mixtures  were  put 
through  the  mill.  In  the  case  of  sharp  sands  mixed  with  oil, 
grinding  in  the  mill  from  1  min.  to  2  mins.  was  found  to  be 
a  decided  advantage  over  hand-mixing.  After  5  mins.,  how- 
ever, there  was  a  marked  falling  off  of  the  strength  of  the 
core,  due  evidently  to  grinding  the  sand  in  such  a  way  as  to 
form  dust,  which  absorbed  the  oil  and  prevented  its  acting 
as  a  binder  between  the  sand  grains.  One  of  the  mixtures 
tested  consisted  of  120  parts  of  Lake  sand,  60  parts  of  Del 
Ray  bank  sand,  5  parts  by  volume  of  No.  1  Peterson's  core 
oil,  and  1  part  by  volume  of  flour.  Cores  made  from  this 
mixture  showed  a  strength  of  over  601bs.  per  square  inch 
after  a  grinding  of  2  mins.  A  large  batch  was  made  up, 
thoroughly  mixed  with  the  shovel ,  and  then  succeeding  parts 
of  it  put  through  the  mill,  grinding  the  first  2  mins.,  the 
second  5  mins"  then  15  mins.，  20  mins.,  and  30  mins.  Several 
series  of  this  kind  were  run,  and  in  each  case  the  initial 
strength  of  the  material  was  about  601bs.  per  square  inch, 
while  the  final  strength  ground  30  mins.  averaged  less ^ than 
301bs.  per  square  inch. 

An  experiment  was  then  made  by  grinding  a  facing-sand 
mixture  for  dry  sand  moulds.  This  was  composed  of  four 
parts  of  new  Zanesville  moulding  sand,  52  parts  of  heap 
sand,  \  part  of  glutrin,  and  \  part  of  dextrine.  With  this 
the  strength  increased  slightly  for  the  first  10  mins.'  grind- 
ing, and  then  remained  constant  for  grinding  up  to  30  mins. 
In  it  there  is  no  bond  that  would  be  injured  by  fine  material, 
as  in  the  case  of  the  oil-sand  cores  already  described.  It  is 
evident,  therefore,  that  in  the  case  of  oil-sand  cores  all  that 
is  required  is  a  thorough  mixing  or  blending  of  the  ingre- 
dients.   The  hand-mixing  experiments  tried  at  the  same  time 
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showed  conclusively  that  if  the  oil  and  water  were  not 
ground  together  in  contact  with  the  sand  so  as  to  form  an 
emulsion  and  to  bring  it  in  contact  with  the  grains,  the  core 
would  have  unbonded  spots.  The  writer  has  also  had  access 
to  the  records  of  several  foundries  using  mixing  and  com- 
pounding mills  of  various  types,  and  found  that  in  all  cases 
the  oil- sand  mixtures  require  thorough  blending,  but  are 
the  better  for  not  being  ground  with  heavy  rollers.  Loam- 
sand  mixtures  require  more  grinding,  and  in  this  respect  are 
similar  to  moulding  sand. 

The  selection  of  core  materials  will  probably  remain  for 
some  time  in  the  hands  of  the  core-room  foreman,  but  the 
writer  confidently  expects  to  see  all  of  the  larger  concerns 
and  the  more  progressive  foundries  placing  the  control  of 
these  supplies  in  the  hands  of  the  laboratory,  just  as  they 
have  placed  the  control  of  their  metals  and  fuels  in  the  hands 
of  the  laboratory. 

Core  Ovens  and  Core  Drying. ― The  baking  or  drying  of  a 
cor©  is  a  complex  process,  depending  upon  the  character  of 
the  sands  and  the  nature  of  the  binders  used.  Where  flour, 
starch,  or  dextrine  are  used,  the  moisture  is  first  driven  out 
and  then  the  starch  or  flour  compound  is  baked,  as  in  any 
ordinary  bread-baking  process.  To  develop  the  greatest 
strength  the  material  must  not  be  charred,  but  should  be 
carried  simply  to  the  condition  of  ordinary  bread  crust.  For 
this  purpose  the  temperature  should  b©  between  350°  And 
375°，  and  under  no  circumstances  should  it  be  allowed  to  rise 
above  400°  to  410°.  If  flour  or  starch  bonds  are  charred 
they  immediately  lose  strength.  Such  a  core  taken  from  the 
oven  at  its  condition  of  maximum  strength  will  still  contain 
some  moisture  in  the  starch  or  flour  compounds,  this  moisture 
being  mechanically  combined,  and  naturally  gives  off  a  great 
deal  of  smoke  when  the  mould  is 
poured. 

In  the  baking  of  resin  or  pitch 
cores  it  is  necessary  only  to  heat  the 
material  to  such  a  temperature  as  to 
cause  the  resin  or  pitch  to  flow  and 
unite  the  grains  of  sand.  Practically 
all  black  core  compounds  contain  a 
considerable  percentage  of  dextrine, 
and  on  this  account  the  baking 
partakes  both  of  the  nature  of 
the  process  already  described  and 
of  the  melting  of  the  pitch ,  caus- 
ing it  to  flow  through  the  sand. 
This  requires  only  a  temperature 
of  350。  to  400。，  and  if  heated 
much  above  410°  the  dextrine  contained  in  the  black  com- 
pounds will  be  burned  out  or，  in  the  case  of  the  resin  core, 
some  of  the  resin  oils  will  be  distilled  off  and  the  material 
will  lose  in  binding  power.  Most  of  the  resin  oil,  however, 
does  not  distill  off  below  550Q,  but  at  640°  Fah!.  over  90  per 
cent,  of  it  can  b&  driven  off. 

In  both  of  these  classes  of  cores  described,  the  first  opera- 
tion is  to  drive  out  the  water,  and  the  second  simply  a  baking 
or  melting,  as  the  case  may  be.  In  both  cases,  during  the 
first  part  the  core  oven  should  have  ample  ventilation  so  as 
to  drive  out  the  steam  as  it  is  formed .  During  the  latter 
part  a  free  circulation  of  air  is  not  needed,  and  in  fact  not 
desirable,  as  it  would  tend  to  oxidise  or  burn  the  compounds 
forming  the  bonds  if  the  temp&rature  of  the  oven  got  a  little 
too  high. 

With  oil -sand  cores  an  entirely  different  proposition  is  en- 
countered. The  active  bonds'  are  the  drying  oils  with  the 
exception  of  resin，  which,  is  sometimes  blended  with  the  core 
oil.  The  drying  or  paint  oils  all  require  a  good  circulation  of 
air  through  the  oven.  As  in  the  previous  cases,  the  first 
action  which  takes  place'  is  the  driving  out  of  the  moisture  con- 
tained in  the  core,  and  the  second  largely  the  oxidation  of  the 
oil.  If  a  blended  or  compounded  oil  is  being  used  which 
contains  mineral  or  tar  oil,  or  any  similar  compound,  there 
will  be  some  volatile  hydrocarbons  which  will  be  driven 
out.  After  this  it  is  necessary  to  continue  a  good  circulation 
of  air  through  the  oven  to  oxidise  the  oils. 

The  process  going  on  in  the  core  oven  during  the  latter 
part  of  the  drying  of  an  oil-sand  core  is  similar  to  that  of 
drying  oil-skin  clothing.    This  clothing  is  made  by  dipping 


Fig.  3. 
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cloth  in  a  niLxture  of  oils  aud  drying  it  iu  a  current  of  warm 
air.  If  the  rooms  containing  the  clothing  to  be  dried  are 
shut  up  so  that  there  is  no  current  of  air，  the  oil  will  remain 
moist  for  days,  even  though  the  temperature  may  be  much 
above  that  ordinarily  employed  for  the  purpose.  With  a 
good  circulation  of  air,  however,  the  clothing  will  dry  rapidly 
to  a  firm,  hard  skin .  In  like  manner  oil -sand  cores  must  be 
given  plenty  of  oxygeu  if  they  are  to  be  properly  dried. 

Very  few  of  the  bonding  oils  will  be  burned  at  tempera- 
tures below  500°,  and  hence  when  they  are  being  used  c^re 
ovens  cau  be  driven  at  a  higher  temperature  thau  with  Hour 
or  starch.  There  is  no  need,  however,  of  carrying  the  tem- 
perature above  400°  to  410。，  and  the  writer  believes  that  the 
best  results  are  obtained  at  about  this  range.  If  the  tem- 
peratures reach  600° ,  all  forms  of  carbon  used  in  core  binders 
begin  to  char  and  the  strength  of  any  carbon  bond  is  reduced. 
The  cores  already  spoken  of,  composed  of  silica  sand,  Welsh 
mountain  clay,  and  sawdust,  were  baked  at  about  600°,  for 
the  purpose  of  charring  the  last  ingredient.  With  ordinary 
binders,  however,  this  would  not  be  a  proper  procedure. 

As  a  rule  a  foundrymau  keeps  no  record  as  to  the  part  of 
his  oven  in  which  certain  cores  were  baked,  and  may  be 
wholly  unaware  of  the  fact  that  from  10  to  30  per  cent,  of 
the  product  is  seriously  damaged  every  day,  and  that  in  many 
cases  castings  are  lost  on  account  of  being  baked  at  too  high 
a  temperature  in  hot  parts  or  not  thoroughly  baked  by  being 
left  in  cold  parts. 

If  all  core  ovens  were  equipped  with  recording  thermo- 
meters and  account  taken  of  the  time  different  cores  were 
placed  iii  the  oven,  the  foundrymau  would  have  a  record  of 
the  baking  temperature  of  each  batch  of  cores,  and  would 
thus  be  able  to  trace  irregularities  in  the  quality  of  the  cores 
to  the  baking  temperatures,  if  variations  in  these  tempera- 
tures were  to  blame.  When  workmen  know  that  a  recording 
instrument  is  watching  them  and  drawing  a  record  of  just 
how  they  maintain  the  temperature  in  the  oven,  they  will 
look  after  the  fire  and  the  draughts  and  see  that  the  record 
is  a  credit  to  them.  The  writer  believes  it  is  a  good  thing  to 
put  the  recording  thermometers  where  the  foreman  can  see 
them,  and  then  hold  himi  responsible  for  the  results,  for  many- 
castings  are  ruined  through  bad  cores  and  the  trouble  laid  at 
the  moulder's  door  or  considered  a  mysterious  dispensation 
of  Providence. 

Core-Oven  Design.  ―  It  is  not  intended  in  this  paper  to  go 
into  an  exhaustive  discussion  of  core-oven  construction,  but 
the  underlying  principles  of  core- oven  design  will  be  stated. 
If  it  is  to  be  efficient  it  must  be  so  constructed  as  to  maintain 
a  practically  uniform  temperature  throughout  the  entire 
drying  chamber.  For  the  best  results  the  extreme  variations 
between  different  parts  of  this  chamber  should  not  exceed 
60°  Fah.  There  also  should  be  a  proper  circulation  through 
the  oven  to  insure  the  carrying  off  of  any  steam  generated 
during  the  first  period  of  drying  of  cores  and  to  afford  an 
ample  amount  of  oxygen  for  oxidising  and  drying  oil  binders. 
Where  no  oil  binders  are  used  and  the  cores  are  dried  in 
batches  it  is  advisable  to  vary  the  amount  of  circulation 
through  the  oven  at  different  periods  of  the  drying  process 
so  as  to  avoid  undue  oxidation  of  certain  classes  of  binders 
toward  the  end  of  the  drying  period. 

The  most  common  mistake  made  in  core-oven  design  is 
that  of  locating  the  firebox  too  close  to  the  oven  and  of  dis- 
charging the  products  of  combustion  into  the  core-drying 
chamber  at  too  high  a  temperature.  This  practice  renders 
certain  portions  of  the  oven  inoperative  for  efficient  baking  on 
account  of  the  fact  that  if  any  cores  were  located  in  these  hot 
parts  they  would  be  burned.  In  the  oven  there  should  be 
ample  space  between  the  combustion  chamber,  or  firebox,  and 
the  oven,  or  drying  chamber,  for  the  mixing  of  the  products 
of  combustion,  so  that  they  will  have  a  uniform  temperature 
when  entering  the  oven,  and  this  should  be  the  maximum 
baking  temperature  of  the  oven.  The  most  efficient  ovens 
that  have  come  under  my  attention  have  all  had  their  firebox 
located  at  some  distance  from  the  oven  proper,  or  else  have 
had  a  large  mixing  chamber  introduced  in  the  flue  between 
the  oven  and  the  firebox.  In  one  case  there  is  a  battery  of 
ovens  constructed  with  fireboxes  in  the  basement  and  the 
ovens  are  located  two  storeys  above.  The  flues  are  so  arranged 
and  provided  with  dampers  as  to  make  it  possible  to  control 


the  temperature  and  volume  of  the  incoming  gasee  entering 
each  oven  or  oven  compartment.  A  provision  of  this  kind 
insures  rapid  drying  without  any  danger  of  burning  the 
cores. 

Steam -heated  Core  Ovens.  ―  For  some  classes  of  bi"d<rs 
steam-heated  ovens  are  excellent,  since  they  insure  control 
of  the  temperature  and  preclude  any  possibility  of  its  rising 
above  the  desired  maximurm.  The  fuel  economy  of  the  steam- 
heated  oven,  however,  is  very  low,  and  hence  some  form  of 
direct  firing  by  carbonaceous  fuel  is  generally  depended  upon. 

Corc-Ovcn  Fuels. ― The  fuel  used  must  be  one  that  does 
not  give  a  smoky  flame  which  would  cover  the  cores  with  soot. 
In  consequence,  anthracite  coal,  coke,  fuel  oil,  and  gas,  are 
the  fuels  commonly  employed.  The  products  of  combustion 
from  anthracite,  coal,  and  coke  are  carbon  dioxide,  with  pos- 
sibly a  little  carbon  monoxide  if  there  is  imperfect  combus- 
tion. With  these  are  mingled  a  large  amount  of  nitrogen, 
which  is  passed  through  the  oven  with  the  air  supply  to  pro- 
vide oxygen  for  the  combustion  of  the  solid  carbon.  All  of 
these  gaseous  products  are  efficient  drying  agents,  and  have 
the  power  of  absorbing  moisture  and  carrying  it  from  the 
core  oveu  with  them. 

Turning  to  fuel  oil  or  gas  as  a  means  of  heating  the  oven^ 
an  entirely  different  set  of  fuels  is  encountered.  Both  of 
these  fuels  contain  larger  percentages  of  hydro-carbons,  all  of 
which  burns  to  water,  which  passes  off  as  steam,  and  as  its 
temperature  falls  in  the  core  oven  it  tends  to  saturate  the 
air  with  steam,  and  hence  is  not  efficient  as  a  means  of  carry- 
ing moisture  from  the  oven.  In  other  words,  while  all  of  the 
combustible  material  in  oil  or  gas  produces  heat  when  it  is 
first  burned,  the  products  of  combustion  are  of  such  a  nature 
that  much  of  the  heat  is  carried  through  the  oven  locked  up 
in  the  steam  resulting  from  the  burning  of  the  hydro-carbon 
compounds,  and  so  is  not  available  for  the  drying  of  cores. 
The  exceedingly  high  thermal  efficiency  of  gas  and  oil,  how- 
ever, and  the  fact  that  the  use  of  fuels  of  this  kind  does  away 
with  the  handling  of  coal  or  ash  may  make  it  .advisable  to 
use  such  material  though  it  is  not  the  most  efficient  fuel. 

Continuous  Core  Ovens.  ― In  the  case  of  continuous  ovens, 
where  the  cores  are  carried  by  mechanical  means,  care  should 
be  taken  to  see  that  there  is  no  hot  spot  in  the  ovens  where 
the  temperature  exceeds  the  safe  drying  limit  for  the  binder 
in  use.  Cores  may  be  made  to  resist  high  temperatures  by 
spraying  the  surface  of  the  core®  to  increase  the  percentage 
of  binder  in  the  surface,  but  this  is  expensive  since  in  spray- 
ing cores  much  of  the  material  is  wasted,  and  the  operation 
itself  takes  time.  It  is  far  more  economical  to  design  the 
oven  so  that  it  will  bake  the  cores  with  the  maximum  degree 
of  rapidity  and  at  the  proper  temperature,  than  to  try  to 
utilise  improperly  designed  ovens  by  doctoring  the  core-room 
practice.  One  advantage  of  continuous  ovens  over  many  of 
the  other  types  is  that  the  temperatures  of  the  different  parts 
may  be  controlled  so  as  to  give  the  most  rapid  and  efficient 
dryiug  possible,  but  this  is  true  only  where  the  cores  are 
approximately  uniform. 

Chamber  Ovens  with  Shelves.  ― For  chamber  ovens  in  con- 
tinuous use,  the  cores  being  dried  on  individual  shelves,  it  is 
necessary  to  determine  the  condition  of  the  drying  by  inspect- 
ing the  cores.  In  such  ovens  the  products  of  combustion 
usually  rise  and  pass  out  of  the  top,  and  if  there  are  par- 
tially baked  cores  on  the  upper  shelves  and  subsequently  green 
cores  beneath  them,  the  steam  driven  out  of  the  green  cores 
passes  over  the  dry  cores  and  tlie  moisture  may,  to  some 
extent,  be  absorbed  by  the  dry  cores,  thus  retarding  their 
baking.  In  any  case  the  presence  of  steam  in  the  ascend- 
ing current  of  air  will  retard  the  baking  on  the  upper  shelf. 
This  is  one  reason  why  the  lower  shelves  of  a  drying  oven  fre- 
quently bake  faster  than  the  upper  shelves,  even  when  the 
temperature  of  the  incoming  gases  is  kept  well  below  the 
maximuni  allowable  for  the  oven. 

Distortion  of  Metal  Parts  of  Core  Ovens. ― Core  ovens  have 
been  arranged  in  many  cases  so  that  the  fire  was  lft.  to  3ft. 
from  the  cores  being  dried.  The  core  cars  have  often  been 
warped  and  bent  out  of  shape  by  the  fact  that  the  flame 
from  the  fireboxes  played  against  tlieni.  Iron  will  not  be 
distorted  at  any  temperature  that  is  safe  for  the  baking  of 
cores,  heuce  any  warping  of  any  metal  work  in  the  oven  is 
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evidence  of  too  high  temperature.  For  tlie  proper  regula- 
tion of  the  temperatures  in  core  ovens,  recording  tlierjno- 
jueters  should  be  applied  not  only  to  the  ovens  themselves 
but  to  the  】miiii  heat  flues. 

Core-Oven  Cars.  ―  For  efficient  core-oven  work  the  car 
must  be  designed  so  that  it  will  support  the  cores  without 
any  danger  of  being  distorted.  The  tracks  for  supporting 
t  lie  chi'  must  also  be  rigidly  supported  and  kept  in  peri'eef, 
condition.  Too  little  attention  is  given  to  the  design  of  this 
part  of  tb©  core-room  rigging.  The  core  trucks  or  cars  should 
run  into  the  oven  as  easily  as  any  other  part  of  the  industrial 
t  ransportation  system . 

Core  Pasting,  Handling,  and  Storage. ― With  the  incrensin^ 
demands  from  tlie  dosigning  dcpariinent  for  greater  a('('u】';iry 
in  finished  castings,  it  has  been  necessary  to  improve  the  core- 
room  rigging  to  ensure  the  accurate  fit  and  location  of  the 
cores.  For  convenience  many  cores  are  made  in  halves,  so 
that  they  can  be  dried  on  flat  plates.  This  method  also 
afTords  an  opportunity  for  the  forming  of  vent  passages  on 
the  parting.  After  baking  tliey  must  be  assembled  and 
pasted  together. 

Drying  Pasted  Cores.  —  After  the  cores  are  pasted  it  is 
necessary  to  dry  the  paste  before  introducing  the  cores  into 
the  moulds.  In  some  cases  a  torch  is  used  to  dry  the  paste 
near  the  edges  of  the  parting,  and  the  cores  sent  directly  to 
the  mould,  but  the  maximum  adhesion  of  the  paste  has  not 
been  developed  and  the  core  is  likely  to  shift.  Generally  a 
regular  core  oven  is  used  for  drying,  the  pasted  cores  being 
placed  on  plates  and  introduced  on  to  core-oven  cars  or  placed 
in  drawer  ovens. 

Core-Testing  Gauges.  ―  After  the  cores  have  been  (lri  j'i 
they  are  tested  by  means  of  various  gauges.  It  is  no  uncom- 
nion  thing  for  the'  modern  foimclry】naii  to  hold  his  core  work 
within  limits  of  a  few  thousandths  of  an  inch  for  niediuni- 
sized  cores  and  within  O'Olin.  for  cores  lft.  or  more  in 
diameter  or  length. 

It  is  also  possible  to  use  setting  jigs  for  placing  cores  in 
the1  mould  to  ensure  the  proper  fit  of  the  various  parts. 

Handling  the  Dry  Cores.  ― The  handling  of  cores  is  of  im- 
portance. Every  time  a  core  must  be  picked  up  and  set  down 
there  is  danger  of  its  being  broken  and  an  expense  for  the 
labour  involved.  Cores  should  pass  from  the  oven  to  the 
moulder  with  the  fewest  handlings  consistent  with  tLe  main- 
tenance of  a  sufficient  stock  of  cores  to  ensure  continuous  work 
in  the  foundry  and  also  with  distribution  of  the  work  in  the 
core  room  so  as  to  allow  the  coreinakers  to  complete  batches 
of  a  given  style  of  cores  in  the  most  efficient  manner. 

Where  the  operations  are  such  that  a  constant  number  of 
standard  cores  are  required  they  should  be  taken  from  the 
core-oven  trucks,  and  placed  directly  on  some  form  of  carrier 
which  will  deliver  them  to  the  moulders.  In  the  case  of  small 
chunky  cores,  such  as  are  used  in  fitting  shops,  the  cores  are 
often  piled  into  boxes,  and  these  in  turn  laid  on  the  trucks 
or  on  racks  supported  from  overhead  trolleys  and  then  trans- 
ported to  the  moulders.  Where  cores  must  be  passed  to  a 
storage  or  must  be  pasted  subsequently  to  drying,  they  can 
be  taken  from  the  core-oven  trucks,  laid  on  industrial  rail- 
way cars  and  delivered  to  the  storage  or  pasting  departments 
and  to  the  foundry  as  required. 

Handling  Green  Cores.  ―  Where  possible  the  coremaker 
should  place  the  plate  carrying  the  green  cores  either  on  the 
shelves  of  the  core -oven  truck  in  which  it  is  to  be  dried  or  on 
a  conveyer,  which  will  carry  the  cores  to  the  core  oven.  For 
luediuni-sized  plants  one  of  the  most  efficient  methods  is  to 
have  the  core -oven  trucks  so  designed  that  they  will  run  on 
tracks  between  tlie  coremakors'  benches.  The  coreniakers 
place  the  cores  on  the  shelves  of  the  truck  and  labourers  then 
iMiii  it.  out  from  between  the  benches  to  a  transfer  car  which 
delivers  it  to  the  oven  in  which  tlio  cores  are  to  be  baked. 
After  t  he  cores  are  dried  the  truck  carrying  the  dry  cores 
jiiay  In*  \a kvn  lo  the  core  storage,  or  the  dry  cores  may  be 
placed  on  industrial  railway  trucks  or  carriages  supported 
from  a  trolley  system  and  carried  either  to  the  storage  or  the 
foundry. 

Protecting  Cores  from  Dampness.  ―  (1oinplaints  are  ((di- 
stantly made  to  the  e fleet  ilial  flour,  starch,  dextrine,  or 
glutrin  cores  become  soft  if  left  in  storage.    The  reason  for 


this  is  that  if  exposed  to  moisture-ladened  air  these  corea  will 
absorb  moisture.  The  author  has  seen  a  core  storage  located 
in  a  cold  unheated  building,  with  the  exhaust  from  an  engine 
playing  past  the  unclosed  windows  so  that  the  exhausl  s"';im 
came  in  over  the  cores  in  clouds.  They  might  just  as  well 
have  played  water  from  a  hose  over  them  so  far  as  the  effect 
was  concerned. 

()n  the  othei-  hand,  there  are  a  good  many  heated  core 
storages.  In  most  cases  these  are  located  over  the  core  ovens 
and  take  adva  nl  a^e  of  t  he  waste  heat  from  the  core  oveus. 
In  other  cases  tliey  are  located  over  mallealjle  annealing  ovens 
or  in  any  place  where  there  is  waste  heat  available.  In  some 
other  cases  they  are  heated  with  steam  coils  or  stoves  fired 
with  coke  or  natural  gas.  The  author  has  seen  flour  cores 
taken  from  such  a  heated  storage  and  used  after  they  had 
been  in  storage  for  three  years,  and  they  were  just  as  good 
as  the  day  they  were  made.  Glutrin  cores  made  with  gang- 
way sand  have  been  used  after  they  were  many  months  old. 
In  many  planis  it  is  the  practice  to  leave  cores  standing  upon 
tlie,  Dioulders'  floor  from  one  to  three  days  before  they  are 
used,  or  to  introduce  t  liein  into  moulds  long  before  they  are 
used. 

Moisture  in  Moulding  Sand.  ~  In  order  to  ascertain  the 
moisture  conditions  that  the  core  must  meet  in  the  mould, 
samples  of  the  moulding  sand  were  taken  from  many  foun- 
dries in  different  parts  of  the  country  and  moisture  determina- 
tions made.  The  amount  of  moisture  used  in  moulding  sand 
was  found  to  vary  from  less  than  5  per  cent  to  over  10  per 
cent"  and  in  the  same  foundry  it  will  frequently  vary  3  per 
cent,  in  a  single  day.  By  watching  the  moulding  operations 
the  author  has  been  able  to  predict  which  moulds  would  be 
lost  before  they  were  poured,  and  these  predictions  were 
verified  when  a  badly  blown  casting  was  shaken  out.  In  one 
case  the  foundryman  had  been  blaming  first  the  iron  and  then 
the  coremaker  ；  it  was  proved  conclusively  that  the  trouble 
lay  in  the  too  free  use  of  the  swab  on  certain  moulds.  A 
core  made  from  any  of  the  standard  binders  should  be  able 
to  remain  in  the  mould  from  morning  until  afternoon  without 
any  danger  of  its  absorbing  an  excessive  amount  of  moisture, 
providing  the  core  has  not  been  subjected  to  undue  moisture 
in  the  storage  or  the  moulding  sand  has  not  been  worked  too 
wet  or  over-swabbed. 

Location  of  Core  Storage. ― The  core  storage  in  any  plant 
should  be  so  designed  and  located  that  the  cores  can  be 
handled  with  the  least  amount  of  labour,  and  also  so  that 
the  number  of  cores  of  any  given  kind  on  hand  may  be  ascer- 
tained readily  at  any  time.  The  placing  of  the  cor©  storage 
on  the  second  floor  usually  makes  it  possible  to  utilise  some 
waste  heat  for  the  protection  of  the  cores,  and  the  transporta- 
tion of  the  cores  to  and  from  the  storage  by  elevator  adds  but 
little  to  the  expense,  as  vertical  transportation  is  very  cheap. 

Types  of  Core  Machines. ~~  Core  machines  in  so  far  as  they 
affect  core  sands  and  core-binding  materials  are  considered 
in  this  paper.  There  are  four  distinct  types  of  core  machines 
in  general  use.  The  best  known  and  probably  the  oldest 
type  is  that  which  corresponds  to  the  hand-rammed  mould- 
ing machine.  In  this  case  the  core  boxes  are  simply  attached 
to  a  moulding  machine,  the  core  sand  rammed  in  the  boxes, 
and  the  machine  used  for  rolling  over  and  drawing  the  boxes 
away  from  the  finished  core. 

Another  type  of  machine  which  has  long  been  in  use  is 
the  screw-feed  machine  forming  a  core  through  a  die.  The 
plunger-feed  machine  works  on  the  same  principle  so  far  as 
the  die  is  concerned.  In  a  machine  of  this  kind. the  core  mix- 
tures must  be  forced  through  a  die  and  on  to  a  plate.  Such 
a  mixture,  must  contain  sufficient  green  binder  to  make  tlie 
core  stand  up  on  the  plate  and  sufficient  oil  to  make  it  slip 
on  tlie  plate  without  being  torn  up.  These  conditions  are 
jmta^onistic,  as  the  green  binder  depended  upon  is  usually 
flour  and  the  core  oil  neutralises  much  of  the  effect  of  the 
flour.  Core  mixtures  for  use  in  machines  in  which  the  core  is 
forced  throiigh  a  die  must  contain  an  excess  of  binder,  but 
tiie  capacity  of  the  machines  is  usually  sufficient  to  more  thtin 
pay  for  the  excess  of  binder  used.  Such  cores  usually  vent 
r;iirly  freely  in  spite  of  the  excessive  amount  of  binder,  and 
the  reason  for  this  is  that  the  large  amount  of  flour  used 
shrinks  greatly  during  drying,  thus  giving  added  vent  space. 
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Where  silica  sand  or  a  good  sharp  sand  is  used  as  a  base 
with  a  proper  binder  the  cores  will  neither  shrink  nor  swell 
appreciably  during  baking,  and,  in  fact,  George  丄 1.  Wads- 
wortb  has  succeeded  in  producing  both  square  and  round 
cores  which  were  kept  within  limits  of  0  004 in.  over  or  under 
a  given  size.  This  is  a  total  allowable  variation  of  less  than 
OOlin.  Machines  of  this  type,  that  is,  either  the  screw-feed 
or  plunger- feed  machine,  are  extensively  used  for  forming 
parallel-sided  stock  cores. 

For  forming  irregular  cores  a  new  type  of  machine  lias 
come  on  the  market  within  the  last  few  years.  This  is  known 
as  the  llulet  machine.  In  this  the  core  mixture  is  blown 
into  the  core  box  by  compressed  air  and  the  packing  accom- 
plished by  the  impact  of  the  sand  as  it  enters. 

The  jar-ramming  moulding  machine  was  very  promptly 
applied  to  core  making,  and  a  large  variety  of  special  jar- 
ramming  machines  have  been  developed  for  this  purpose. 
Jar-rammed  cores  vent  more  freely  than  hancl-ramnied  cores 
on  account  of  the  fact  that  hand  ramming  tends  to  form 
hard  faces,  which  effectually  block  the  flow  of  the  gases 
through  the  mould,  and  so  interfere  with  the  vent.  In  the 
case  of  automobile  cylinder  jacket  cores  and  other  intricate 
work  made  from  silica  sand  aud  oil  mixtures,  jar  ramming 
has  almost  eliminated  the  use  of  artificial  vents. 

In  the  case  of  large  cores  made  from  pitch  or  black  com- 
pound 】iiixtures  or  from  any  mixtures  suitable  for  heavy  work 
the  jar-ramming  machine,  can  be  used  with  special  or  ordinary 
standard  boxes.  A  layer  of  facing  sand  is  first  shovelled  in, 
next  the  core  box,  the  core  arbors,  and  the  core  bars  are  in- 
trr.cluced  together  with  any  coke  or  other  material  that  may 
be  required  to  form  vent  passages,  the  remainder  of  the  sand 
is  then  introduced,  and  the  whole  mass  jar-rainjiied,  the  core 
arbors  and  core  bars  settling  down  into  the  sand  as  it  is 
ra mined.  This  results  in  a  uniformly  rammed  core,  which 
does  not  have  a  tendency  to  swell  and  become  irregular  in 
drying,  as  is  often  the  case  with  hand-rammed  cores.  Such 
a  core  also  vents  more  f reey  than  a  hand-rammed  core. 

These  advantages  alone  would  be  sufficient  to  induce 
foundrymen  to  introduce  core  machines  into  their  foundries, 
but  there  is  the  additional  advantage  of  larger  output,  and 
the  author  is  convinced  that  in  the  future  there  will  be  an 
increasing  use  of  machines  for  forming  cores  in  the  foundry. 
Ill  addition  to  the  types  of  machine  already  specially  referred 
to,  nearly  every  type  of  moulding  machine  has  found  its 
application  in  the  making  of  some  kind  of  special  cores.  The 
roll-over  moulding  machine  is  being  used  extensively  for  tlie 
production  of  automobile  jacket  cores. 

Sand  •  Handling  Equipment.  ―  Particular  attention  should 
be  given  to  the  storage ,  preparation,  and  mixing  of  core 
sands.  The  sand  should  be  put  into  storage  at  the  time  of 
year  when  it  is  driest,  as  this  saves  freight,  and  also  ensures 
sand  in  better  condition  for  core  work.  Core  sand  should 
always  be  kept  under  shelter.  The  method  of  storing  sand 
will  depend  largely  upon  the  size  of  the  plant.  For  com- 
paratively small  plants  a  series  of  covered  bins  may  be 
arranged  in  the  basement,  and  the  sand  introduced  into  them 
through  chutes  in  the  side  of  tlie  building  from  a  switch  out- 
side or  clumped  into  them  through  hatches  in  the  roof.  For 
the  storage  of  large  quantities  of  sand,  concrete  bins  are  best  . 
The  sand  is  handled  into  the  bins  and  from  there  to  the 
foundry  by  means  of  a  grab  bucket  operated  by  means  of  a 
crane.  For  smaller  plants  some  conveyer  system  is  advan- 
tageous, the  sand  being  conveyed  from  the  bins  to  the  mixing 
machinery  by  means  of  a  belt  conveyer.  Where  the  cores 
are  made  by  hand  tlie  core  sand  can  be  delivered  to  1  lie 
o|)orators'  benches  eitlier  Ijy  means  of  boxes  carried  on  trucks 
or  supported  from  overhead  trolleys,  or  by  a  conveyer  system, 
but  iu  most  cases  tlie  latter  is  more  complicated,  and  for  this 
reason  not  desirable.  An  oilier  objection  to  it  is  that  in  most 
plants  several  core  mixtures  are  in  use,  and  in  some  cases  tlie 
same  operator  may  work  on  diHVrent  mixtures  during  dif- 
ferent parts  of  the  day.  For  moderate-sized  plants  working 
only  from  four  to  ten  bench  coremakers,  a  mill  of  the  Wads- 
worth  type,  that  is,  a  small  mixing  and  compounding  mill 
with  small  rollers,  gives  excellent  results.  The  experiments 
tried  in  the  mixing  of  sands  at  different  foundries  indicate 
that  for  all  sharp  sand  mixtures  the  sands  should  be 
thoroughly  mixed  but  not  ground,  and   for  this  reason  a 


paddle  mixer  working  on  1  lie  principle  oi'  t  he  ordinary  pu^ 
mill  used  in  brick  inanul'aclure  is  suilabk*. 


VALVE  GEAR  FOR  INTERNAL  COMBUSTION  ENGINES. 

The  accompanying  illustration  shows  an  arraugejnent, 
patent-ed  by  Mr.  A.  G.  ] lafTenden,  aiul  Messrs.  Kynod), 
Lifl.,  of  Jjion  Works,  Witton,  】{iniiiiigliaiii，  for  'on- 
trolling  the  mixture  of  gas  and  air,  or  1  lie  gas  only  of  an 
internal-combustion  engine  l>y  uieans  of  an  equilibrium 
throttle  valve'  sliding  on  the  spindle  of  t  lie  main  inlet  valve, 
and  arranged  concentrically  with,  but  quite  iiidepsnfleiil  of  it. 
A  is  the  equilibrium  throttle  valve  sliding  on  t  he  main  iiilH 
valve  spindle  B.  This  valve  is  placed  as  \wrv  as  passible  to  t  lie 
main  inlet  valve-  C,  so  that  there'  is  a  miniinum  of  space  for 
tlie  accumulation  of  mixture,  thus  making  the  engine  respond 
more  promptly  to  the  action  of  the  governor  and  also  prevents 
ing  back  fires.  The  valve  is  raised  or  lowered  by 
mechanism  attached  to  the  governor,  such  as  tlie  lever  D，  so 
as  to  reduce  or  increase  the  size'  of  the  gas  and  air  ports  E  aiul 
F,  according  to  the  load  o'n  the  engine.  By  throttling  the  ^rns 
and  air  by  means  of  this  separate  equilibrium  valve  the 
governor  is  free  to  work  during  any  portion  of  the  inlet  stroke, 


Valvk  Gear  for  Inteiinal-combustion  Exginks. 

thus  rendering  this  gear  especially  suitable  for  nnilticylinder 
engines.  The  valve  as  shown  is  an  equilibrium  valve  of  the 
lift  typo  which  is  neither  a  piston  or  slide!  valve,  in  which  the 
outside  circumference  of  the  throttling  edges  never  come  in 
contact  with  the  surface  of  the'  ports  during  the  normal  work- 
ing of  the  engine.  As  a  consequence  of  the  valve  A  being 
usually  partly  or  altogether  open,  the  gas  and  air  passages  G 
and  H  may  communicate'  with  eacli  other,  and  as  this  is 
undesirable  except  when  the  main  inlet  valve  C  is  open  and  a 
mixture  is  being  drawn  into  the'  cylinder,  another  valve  J  is 
placed  in  the  gas  passage1  G,  which  is  opened  each  suction 
st  roke  by  median  ism  such  as  the  lever  K，  attached  to  t  he  main 
inlet  valve  lever  L,  or  by  an  auxiliary  cam.  This  auxiliary 
valve  is  arranged  to  close  a  little  before  the  main  inlet  valve, 
tlius  interrupting  the  stream  of  gas  and  ensuring  the  passages 
being  swept  out  by  pure  air. 


Boiler  Explosion  at  Wishaw,  near  Glasgow.— A  disastrous 
boiler  explosion  took  place  at  9  a. in .  on  the  10th  inst . ,  at 
Allan  ton  Foumlry,  Morningside,  near  Wish  aw,  belonging  to 
Belliaven,  Ltd.,  Wishaw,  resulting  in  considerable  damage  to 
property,  the  death  of  three  workmen,  and  serious  inju rv  t o 
other  three.  By  the  force  of  the  explosion  tlie  windows  of  the 
pattern  sli'op,  back  and  front,  were' completely  shattered,  and 
three  of  the  workers  in  this  shop,  who  were  in  line  of  the  escap- 
ing steam  and  the  flying  debris,  were  severely  sralded  and 
bruised.  The  large  entrance  doors  of  the  moulding  shop  were 
also  blown  down,  and  two  workers  who  were  in  that  vicinity 
also  suffered  injury.  It  is  stated  that  the  day  of  tlie  explosion 
was  the  last  day  on  which  the  boiler  was  to  be  in  use,  arrange- 
ments having  been  made  to  replace  it  by  a  new  boiler,  and  that 
tlie  owners,  Messrs.  Belliaven,  Ltd.,  formerly  Belliaven 
Engineering  and  Motors,  Ltd.,  took  over  the  works  only  a  day 
or  two  before  the  disaster. 
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THE  MANUFACTURE  OF  ELECTRIC  STEEL 

The  usual  process  followed  in  the  manufacture  of  steels  in  an 
electric  arc  melting  furnace  is,  in  tho  case  of  the  steel  being 
entirely  produced  in  th©  electric  furnace  from  cold  scrap  or  raw 
material,  to  oxidise  out  the  phosphorus,  manganese,  silicon, 
and  carbon  to  whatever  extent  is  desired  by  addition  of  iron 
oxide  to  tho  bath  or  slag.  When  this  oxidation  has  proceeded 
sufficiently,  th©  slag  is  raked  off  tho  metal,  and,  if  desired,  a 
second  and  a  third  similar  slag  washing  is  given .  When  the 
metal  is  judged  to  he  sufficiently  free  from  somei  or  all  of  the 
above  elements  a  final  slag  consisting  usually  of  lime,  sand, 
and  fluor-spar,  or  lime,  fluor-spar,  and  a  substance,  such  as 
bauxite,  containing  alumina  and  silica,  is  thrown  on  thei  metal 
and  some  carbon  spread  on  th©  top.  A  function  of  this  slag 
is  to  deoxidise  the  bath  and  to  reduce-  th©  sulphur  content  of 
the  steel.  The  reaction  within  the  slag,  after  the  iron  oxide  is 
reduced  therein,  is  probably  the  following  ： ― 
CaO  +  3C  —  CaC2  +  CO, 
and  that  between  the  slag  and  tho  bath  : 

CaC2  +  2FeO  +  FeS  ->  CaS  +  2CO  +  3Fe, 
the  FeO  and  FeS  representing  the  probable  state  of  the  oxygen 
and  sulphur  in  the  metal. 

Another  reaction  which  takes  place  within  the  slag,  when 
the  latter  is  free  from  iron  oxide,  is  represented  by 
Si02  +  2C     Si  +  2CO; 

the  silicon  entering  tho  metal  below.  This  reaction  makes  it 
impossible  to  obtain  a  steel  with  only  a  trace  of  silicon  by 
hitherto  known  means  in  the  electric  furnace,  whereas  steels 
which  are  required  of  exceptional  ductility  should  contain  the 
least  possible  quantity  of  this  element.  In  a  recent  patent 
granted  to  Mr.  Victor  Stobie,  of  the  Sfcobio  Steel  Company, 
Warren  Street,  Sheffield,  two  methods  of  producing  electric 
steel  are  described  in  which  only  traces  of  silicon  ar^  found. 
In  addition  to  reducing  silicon  from  the  silica  in  the  slag, 
finishing  electric  steels  by  the  usual  method  is  expensive  by 
reason  of  tho  consumption  of  electricity  during  such  time  as  is 
occupied  by  th©  reactions,  which  take  from  half  an  hour  to  two 
hours,  according  to  tho  state  and  nature  of  the  steel.  Of  the 
two  methods,  the  first  is  preferably  followed  if  desulphurising 
by  the  finishing  slag  is  not  required,  and  the  second  preferably 
when  desulphurising  and  deoxidising  are  both  required. 

In  the  first  method  any  usual  finishing  slag  may  be  placed 
in  the  bath,  but  preferably  one  composed  of  about  60  per  cent  , 
to  70  per  cent,  lime  and  30  per  cent,  to  40  per  cent,  fluor-spar. 
Sufficient  carbon  is  thrown  on  this  slag  when  fluid  to  free  it 
from  any  oxide  of  iron  held  by  it.  The  quantity  necessary  will 
vary  with  the  iron  oxide  held  by  the*  slag,  which,  in  turn，  will 
vary  with  the  oxidised  state  of  the  bath,  the  time  the  slag  has 
b&en  thereon,  and  the  heat  of  the  furnace.  The  desideratum 
is  to  quite  free  the  slag  from  iron  oxide  whilst  maintaining  the 
slag  as  fluid  as  possible  by  having  little  excess  of  carbon  or  other 
slag  deoxidant.  When  the  slag  has  thus  been  freed  from  iron 
oxide,  aluminium'  is  introduced  into  the  metal.  The  quantity 
of  aluminium  will  depend  upon  the  oxidised  state  of  the  steel  ； 
samples  taken  from  tho  bath  in  the  usual  way  will  indicate 
when  the  metal  is  ready  for  tapping. 

Th©  second  method  is  similar  to  the  above  except  that  an 
ordinary  finishing  slag,  composed  of,  say,  60  per  cent.  lime'，  15 
per  cent,  each  sand  and  spar,  and  10  per  cent,  carbon,  is  allowed 
to  desulphurise  in  the'  usual  way  for  some  time,  during  which 
some  deoxidation  will  also  proceed  ；  the  process  be^ng  com- 
pleted as  by  the  first  method  as  soon  as  desulphurising  is  suffi- 
ciently effected.  By  this  method  some  small  quantity  of 
silicon  will,  however,  enter  tho  bath.  The  steel  must  b&  kept 
in  the  furnace  a  minute  or  two  after  deoxidation,  when  only 
most  minute  traces  of  aluminium  will  be  found  in  the  metal. 
The  minute  or  two  rest  gives  th&  alumina  produced  sufficient 
lime  to  slag  out  of  the  bath.  Aluminium  estimates  on  st&els 
1 1ms  produced  have  shown  '00  per  cent,  to  '01  per  cent. 
Mhuniniuni.  By  the  use  of  aluminium  as  above  tlie  time 
req uirod  for  finisliing  ste-el  in  an  electric  furnace  will  be 
curtailed  by  20  per  cent,  to  80  per  cent. 


INDUSTRIAL  AND  TRADE  NOTES, 

Stockport's  New  Reservoir. ― The  new  reservoir  at  Kinder,  u'hidi 
will  furnish  the  water  supply  for  vStockport  and  neigl 山 miring 
tow  nships,  w a s  loi'mully  opened  on  the  11th  inst.  It  covers  44 
acres,  and  holds  /3l^  million  gallons.  It  has  the  largest  earth  dnm 
in  the  world. 

Re-starting  of  the  Sol  way  Ironworks.  ― The  Sohvay  In 川 u  orks， 
Miiryport,  owned  by  the  Workington  Iron  Company,  re-started  on 
the  12th  inst.,  after  being  idle  since  last  August.  They  employ 
n.l)Oiit  2'rj0  liands.  It  is  understood  that  the  d("irii('ss  and  scar<-^y 
of  coke  since  the  railway  strike  kept  the  works  from  re-starting 
sooner. 

Big  Bridge   Contract  for  India. ― Tlie  contract  for  a  new  bridge, 

consisting  of  no  fewer  than  15  deck  spans,  each  of  90ft.  length, 
required  for  carrying  the  broad  gauge  railway  over  the  River  Ravi 
― one  of  the  fivo  givat  allhionts  of  tlie  Indus ― at  Tjahore,  has 
been  placed  by  the  India  Office  with  Messrs.  Head,  Wrightson, 
and  Co.,  Ltd.,  of  Tliornaby-on-Tees. 

Important  Ironworks  to  be  Re- started. ―  We  undci  stand  that  the 
Osier  Bed  Ironworks  at  Wolvorliampton,  the  property  for  many 
years  of  Messrs.  John  Lysaght,  Ltd.,  tho  steel  and  galvanised 
iron  making  firm,  are  to  be  ro-startecl,  after  having  been  idle 
l(>r  s(>voral  years.  The  site  has  been  puicliased  by  a  new  con 中： inv 
who  are  about  to  lay  down  16  puddling  furnaces,  and  a  number 
of  mills  for  bar  iron  and  strip  manufacture.  Steel  manufacture 
may  also  be  added  later. 

Oil-propelled  Tank  Boat. ― TIicmc  w  as  recently  launched  from  ilic 
yard  of  the  Reiherstieg  Schiffswerke  und  Maschinenfabrik  at 
Hamburg  a  new  tank  vessel  of  7,500  tons  capacity,  which  has 
been  constructed  for  the  Deutsche  Petroleum  Gesellschaft.  '  The 
boat  is  fitted  with  Diesel  oil  i  no  tors  of  the  6-cylinder  2-cyolc  Carels 
type.  The  bunkers  Jiave  a  capacity  of  600  tons,  sufficient  for  a 
voyage  of  50  days.  She  will  carry  a  crew  of  11  men,  as  against 
18  required  in  a  steamsliip  of  the  same  power  and  size. 

German  Pig-iron  Output. —Tlie  production  of  pig  iron  in  Germany 
dtinu^  the  month  oi  Jim (―、  amountod  to  1,418,445  tons,  or  45,105 
tons  less  than  in  May,  but  still  materially  larger  than  in  any 
month  prior  to  March  of  this  year.  During  the  past  half-year 
Germany  produced  8,426/266  tons,  against  7,682,555  tons  last 
year,  7,202,032  tons  in  the  same  period  of  1910,  and  6,249,589  tons 
in  1909.  The  increase  of  the  half-year  is  thus  nearly  10  per  cent, 
compared  with  1911,  17  per  cent,  compared  with  1910，  and  35  per 
cent,  compared  with  1909. 

The  United  States  Metallic  Packing  Company,  Ltd . ― Some  12  months 
ago  tHis  company  acquired  a  site  of  about  2\  acres  at  Allerton 
Road,  on  the  outskirts  of  the  city  of  Bradford,  and  erected  thereon 
large  and  convenient  premises,  specially  adapted  for  the  manu- 
facture of  metallic  packings,  steam  traps,  <fec"  and  fully  equipped 
with  most  suitable  appliances.  The  business  has  now  been 
transferred  from  the  old  premises,  and  the  new  works  and  offices 
are  in  full  swing.  The  additional  space  provided  will  enable  the 
company  to  cope  more  efficiently  with  their  increasing  trade. 
The  new  address  is  the  United  States  Metallic  Packing  Company, 
Ltd.,  Solio  Works,  Allerton  Road,  Bradford. 

Shipbuilding  Records.  ― The  returns  compiled  by  Lloyd's  Eegister 
of  Shipping  for  the  second  quarter  of  the  year  show  that,  excluding 
warships;  there  were  529  vessels,  of  1，774，040  tons,  under 
construction  in  the  United  Kingdom  at  the  end  of  June.  For 
the  first  quarter  the  figures  were  545  vessels,  of  1,G8G,898  tons, 
so  that  the  work  in  hand  has  increased  during  the  three  months 
by  about  87,000  tons.  The  figures  for  the  period  under  review 
are  the  highest  ever  recorded  in  the  society's  quarterly  returns, 
being  298,000  tons  in  excess  of  the  tonnage  which  was  in  course 
of  construction  at  the  end  of  June,  1911.  The  figures  for  the 
warship  tonnage  also  constitute  a  record,  the  total  number  of 
vessels  building  being  G7，  of  503,003  tons.  The  previous  highest 
total  、vas  that  of  454,110  tons,  which  was  attained  in  March,  1900. 
Of  the  67  \varshipsj  13，  of  122,240  tons,  are  being  constructed  at 
royal  dockyards,  and  54,  of  38037G3  tons,  at  private  yards. 

State  of  Skilled  Labour  Market. ― The  monthly  report  prepared  by 
the  Board  of  Trade  on  the  state  of  the  labour  market  says  that 
employment  in  June  continued  good,  and  showed,  on  the  whole, 
some  improvement  on  the  previous  month  and  a  year  ago.  The 
weekly  increase  in  wages  during  June  was  larger  than  the  total 
weekly  increase  in  the  previous  five  months.  In  the  iron  and 
steel,  tinplate,  and  engineering  trades  employment  was  very  good. 
The  ship-repairing  industry  in  London  was  much  affected  by  the 
dock  strike.  In  the  390  trade  unions,  with  a  net  membership 
of  833,940,  making  returns,  20,698  (or  2-5  per  cent.)  were  returned 
as  unemployed  at  tho  end  of  June,  1912,  com])a vvd  with  2*7  pei- 
cent,  at  the  end  of  May,  1912,  and  3'0  per  cent,  at  the  end  of 
Juno,  1911.  The  chan^os  in  ral(»s  oF  wa^os  roportod  i.or  June 
wore  all  iiu-roasos,  ； ui(l  ;init>uiited  to  tld,dO{)  per  week  on  the 
、vagcs  of  1(J1,0U0  w  oi  kpcople. 
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Iron  and  Steel  Production  in  America. 一 Figures  compiled  l»y  tho 
American  Iron  and  Steel  Association  show  that  tho  ])rodiiction  of 
iron  and  steel  in  the  I'liited  States  (luring  1911  was  far  below  that 
of  1910,  a nd  chat  last  year  was  a  period  of  reaction  in  the  pro- 
duction of  all  leading  iron  and  steel  and  auxiliary  products.  The 
production  of  pig  iron  in  1911  declined  by  3,(554,020  tons  as  com- 
pared with  1910;  all  kinds  of  steel  by  2,418,813  tons,  and  all 
kinds  of  rails,  813,241  tons.  The  output  of  railroad  cars  by  the 
principal  car-building  companies  of  the  United  States  and  Canada 
in  1911  decreased  by  over  58  per  cent.,  and  the  output  of  loco- 
motives by  the  locomotive  builders  in  the  two  countries  by  over 
2o  per  cent.  The  prospects  of  pig-iron  production  in  the  United 
States  for  the  current  year  are  mucli  brighter,  and  it  is  estimated 
that  the  figures  are  likely  to  be  not  far  short  of  29,000,000  gross 
tons.  Up  to  the  present  the  largest  total  for  a  calendar  yea r  was 
27.303,567  tons,  which  、、- as  the  output  for  1910. 

Mining  in  Scotland. ― The  report  of  Mr.  W.  "Walker,  H.M.  Inspec- 
tor of  Mines  for  Scotland,  states  that  during  1911  the  total 
number  of  persons  employed  in  and  about  the  mines  in  Scotland 
ii nder  the  Coal  Mines  Acts  was  138,377,  being  an  increase  of  504 
as  compared  with  1910.  The  total  number  of  mines  at  work 
during  the  year  was  518,  as  against  509  in  1910.  The  total  out- 
put for  the  year  was  4(5,548,384  tons,  as  compared  with  4(i,20o,.5o2 
tons  in  1910，  or  an  increase  of  342,832  tons.  The  output  of  coal 
was  41,718,163  tons,  or  an  increase  of  383,031  tons.  During  the 
year  186  separate  fatal  accidents  occurred  in  and  about  the  mines 
classed  under  tbe  Coal  Mines  Regulation  Acts,  causing  194  deaths, 
a  decrease  of  nine  in  the  number  ol'  accidents  and  of  15  iu  the 
number  of  lives  lost  as  compared  with  1910.  The  average  quantity 
of  mineral  raised  per  person  below  aud  above  ground  is  33G  tons, 
or  1  ton  per  person  more  than  in  the  previous  year.  There  was 
a  large  increase  both  in  the  number  ot  coal-cutting  machines  at 
work  and  the  quantity  of  muiernl  obtained  by  them,  as  compared 
with  the  previous  year.  The  increase  in  the  number  of  machines 
is  no  less  than  95,  and  of  the  quantity  of  mineral  obtained  by  them 
1,097,191  tons. 

Midland  Ironworkers'  Wages. ― The  demand  of  the  pucldlers  em- 
ployed by  the  firms  associated  with  the  Midland  Iron  and  Steel 
\Vages  Board  for  increased  wages  aud  a  limitation  of  working 
hours  came  before  the  Board  at  a  meeting  at  Birmingham  on 
Monday  last.  The  Midland  Wages  Board  covers  not  only  the 
counties  of  Staffordshire,  Shropshire,  aud  Worcestershire,  but 
many  employers  in  Yorkshire,  Lancashire,  and  South  Wales  are 
also  affiliated.  Puddlers'  wages  are  governed  by  a  sliding  scale 
based  on  the  net  average  selling  price  of  all  classes  of  iron  made 
by  17  representative  firms.  Ttie  books  of  these  inaiiufactureis 
are  examined  every  two  months  by  a  firm  of  accountants,  and 
tlie  ascertainment  of  production  and  selling  prices  is  reported 
to  the  Wages  Board.  At  the  beginning  of  June  the  Ironworkers' 
Association  held  a  meeting  at  \\  ednesbury,  when  it  was  decided 
to  give  notice  to  terminate  the  sliding  scale.  Since  then  there 
have  been  several  informal  conferences  of  employers.  The  meet- 
ing on  Monday  occupied  two  hours,  and,  as  was  generally  anti- 
cipated, an  amicable  arrangement  was  come  to  involving  certain 
amendments  of  the  sliding-scale  agreement.  The  terms  of  the 
new  agreement  will  be  made  public  as  soon  as  they  have  been 
communicated  to  the  firms  affiliated  to  the  Board. 

Engineers'  Demarcation  Agreement.  ―  The  voting  of  the  Amal- 
gamated Society  of  Engineers  on  the  trade  demaifation  agreement 
has  res  a  1  ted  as  follows :  For,  18,090  ；  against,  3,90o.  The  agree- 
ment stipulates  that  there  should  be  no  stoppage  ot  work  on 
account  of  a  demarcatiou  dispute  ；  that  an  endeavour  should  be 
made  to  settle  the  dispute  immediately  it  arises  in  tho  works, 
and  that  failing  such  a  settlement  the  recognised  practice  of  the 
works  should  be  continued  pending  a  settlement  by  the  committee 
appointed  in  terms  of  the  agreement  for  dealing  with  disputes  ；  that 
this  committee  should  consist  of  throe  representatives  nominated 
ijy  the  eniployers'  local  association  and  three  representatives 
nominated  by  each  of  the  societies  concerned  ；  that  the  decisions 
of  the  committee  should  be  accepted  by  the  parties  as  final  and 
binding 一 all  decisions  to  continue  for  a  period  of  12  months,  and 
thereafter  until  brought  up  for  review  on  three  months'  notice  ； 
that  tHe  application  of  the  decision  should  be  confined  to  the 
works  in  which  the  question  arose  ；  that  the  expense  of  the  com- 
mittee should  l>e  borne  one-third  by  the  employers'  local  associa- 
tion and  the  balance  by  the  societies,  according  to  the  number  of 
questions  to  which  they  have  been  parties.  The  agreement  applies 
to  Aberdeen,  Dundee,  Kdinbiir^h  and  Leith,  Clyde,  Tyne,  Weai^ 
'J'ees  and  Hartlepool,  iiarrou ;  Liverpool,  liirkeuhead,  and  Hull. 

Output  and  Accidents  at  Coal  Mines. ― The  annual  report  of  Mr. 
J.  B.  Atkinson,  Inspector  of  M ines  for  the  Newcastle  district,  has 
just  been  issued  by  the  Homo  Office.  The  district  embraces  the 
counties  of  Northiimhci  landj  North  】）'irham，  and  Ciiniberlimd,  and 
in  the  year  1911  there  were  employed  D8,7(;5  persons  below  ground 
in  the  collieries  of  the  district  and  23,017  above  ground,  making 
a  total  for  the  whole  area  of  121,782  below  and  above  ground. 


These  fig"r(、s  sliou  an  iiu  roaso  of  2,5.^0  in  the  nunibor  of  persons 
omi)loy(ul  ns  comp;i red  with  tho  pucpding  year.  During  1911  a 
total  of  30,791 tons  of  coal  were  r:iis"(l  from  tho  mines  o\ 
Ui(>  district,  which  shows  a  \a\^  increase  as  compared  、vith  the 
previous  year.  The  reason  of  tho  in('reas<>  is  two-fold 一 first,  there 
no  strikes,  sticli  as  iu.  H,10  accompanied  tho  iiu-option  oi 
the  Eight  Hours  Act  ；  and,  socoiid,  tho  th rco  shifts  of  li('、"'rs 
introduced  at  many  collicrios  in  coiisequenoe  of  the  Ei^ht  floms 
Act  has  increased  the  output.  A  ial>lc  is  given  showing  the  out- 
put of  mineral  per  person  employed,  from  which  it  is  seen  that 
the  average  for  the  district  was  315  tons  per  person  employed 
lielow  and  256  per  ixm-soji  omploy(Ml  a l-iovo  ground.  A  total  o| 
ol3,149  tons  of  coal  "  as  obtained  by  coal-cutters  worked  by  elec- 
tricity in  the  district,  and  1,132,715  tons  by  compressed  air. 
One  hundred  nnd  sixteen  fatal  accidents  occurred,  rostiltin^;  in 
122  deaths.  The  death-rate  from  accident's  per  1,000  persons 
employed  during  the  year  1911  is  as  follows :  (1)  Below  ground, 
1*07  ；  (2)  above  ground,  0-(i9  ；  (3)  below  and  above  ground,  1'00. 

Standardisation  in  the  Motor  Industry. ——Dealing  with  the  sulijcct 
of  standardisation  in  "  The  Motor,"  AIV.  Henry  Sturrn<\y  considers 
that  tlie  Americans  have  a  great  advantage  over  us,  for,  whereas 
the  production  of  even  1 ,000  cars  to  one  model  would  be  con- 
sidered a  very  large  numhor  in  a  Kuro])o;in  tactory ,  and  is  only 
reached,  or  exceeded,  in  very  few  concerns,  the  enormous  liome 
market  at  the  door  of  the  Amei  icaii  ]>ioducers  make  10  times 
this  number  a  by  no  means  uncommon  figure,  even  with  compara- 
tively new  concerns.  And  in  this  matter,  too,  the  American 
manufacturer  has  a  further  advantage  over  us,  in  the  fact  that 
a  iVw  general  dimensions  are  standard  throughout  the  trade,  a 
fact  which  enahh^s  the  ])roducers  of  component  parts  to  stan- 
dardise aud  produce  in  large  quantities,  knowing  that  part  so 
produced  will  fit,  or  be  usable  in,  practically  a ny  United  States 
car  on  the  market.  This,  as  Mr.  Sturmey  points  out,  is  un- 
doubtedly a  great  \uA\i  to  manufacturers  of  cars,  who  are  enabled 
to  ])iirchase  their  fomponents  cheaper,  and,  what  is  almost  of 
more  importance,  enables  them  to  he  more  independent  of  the 
vagaries  of  the  component  maker.  In  illustration  of  the  price 
a d vantage  which  this  larger  production  on  the  part  of  the  com- 
ponent maker  gives  to  the  builder,  Mr.  Sturmey  mentions  that 
an  American  manufacturer  who  purchases  his  engines  can  buy 
them  at  from  50  per  cent,  to  65  per  cent,  less  than  would  be  paid 
for  similar  engines  of  equal  power  over  here,  and  so  on  throughout 
the  machine,  a  fact  which  is，  of  course,  reflected  to  the  advantage 
of  the  motorist  in  the  price  of  the  cars. 

British  Trade  with  Russia. ― H.M.  Consul  at  Moscow,  in  his  animal 
l'eportj  states  statistics  show  that  during  the  last  five  years  im- 
ports into  Russia  from  Germany,  France,  and  the  United  States 
have  made  great  advances,  while  British  imports  have  remained 
almost  stationary.  Certain  1> ranches  of  industry  which  once  were 
]jractically  British  monopolies  are  ]iow  being  exploited  by  foreign 
competitors.  This  is  especially  bhe  case  with  spinning  machinery, 
Avhieh  at  one  time  、vas  almost  entirely  in  the  hands  of  British 
firms.  Of  late,  however,  the  German  firms  have  entered  the 
market.  They  can  supply  cheaper  machinery,  ami,  aided  by  their 
trade  bauks,  can  give  longer  credit  than  British  firms  are  either 
able  or  willing  to  give.  Although  British  supremacy  in  this  line 
is  not  likely  to  be  threatened,  British  firms  will  no  longer  enjoy 
the  monopoly  which  once  、、as  theirs.  It  is  impossible  for  British 
firms  to  grant  the  same  credit  as  German  and  French  firms  which 
are  supported  by  their  local  trade  banks.  In  Moscow  alone  there 
are  five  German  and  two  French  trade  banks,  which  shows  the 
necessity  for  creating  a  British  trade  bank  in  Moscow  to  assist 
British  firms.  British  firms  are  at  last  beginning  to  realise  the 
necessity  of  printing  their  catalogues  in  Russian  and  of  sending 
young  employes  to  learn  the  language ~~ a  policy  which  has  been 
advocated  for  years.  A  factor  which  tells  against  British  firms 
i"、's  in  the  immense  advantage  which  the  foreign  commercial 
traveller,  especially  the  German,  possesses  over  the  British,  owing 
to  the  fact  that  English  is  hardly  spoken  at  all  in  Russia,  Avhereas 
German  is  widely  known.  The  British  traveller  usually  knows  no 
】{iissian.  A  further  factor  which  tells  against  British  firms  is  the 
tact  that  they  are  often  very  badly  represented  by  their  foreign 
a^onts.  In  Moscow  these  are  often  Germans  or  German-Jews  who 
will  take  an  agency  for  a  British  firm  simply  for  the  sake  ot 
blocking  it. 

The  Centenary  of  the  "Comet."— An  exhibition  is  now  being  held  iu 
Glasgow  to  celebrate  the  centenary  of  the  "  Comet,"  the  first 
steam-driven  vessel  to  i*un  continuously  in  Europe.  This  vessel, 
which  was,  of  course,  propelled  by  paddles,  ran  for  eight  years 
on  the  Clyde,  and  was  ultimately  w  recked  in  December,  1820. 
To  the  United  States  belongs  the  distinction  of  having  possessed 
the  first  steam-]) ropol led  \va rship.  The  vessel,  which  was  named 
the  "  Demologos,"  was  designed  by  Robert  Fulton  in  1813，  and 
was  launched  in  October  of  the  year  following.  It  was  a  double- 
hulled  structure,  with  the  paddle-wheel  working  iu  the  space 
between  them.     She  was  156ft.  long,  her  sides  were  5ft.  thick. 
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and  she  cai  ried  iwoiity  32  pounder  guns.  The  fii'st  British  steam 
warship  was  a  wooden  paddle  steainoi'  of  238  tons,  built  at  ])t'pt- 
ford  in  1822,  and  also  naniod  tlic  "  Coinct."  A  little  ln"、r  ； i 
somewhat  similar  vess(>l ,  the  "  Monkey, "  which  ]nul  been  huilt  ;vt 
Ilothorhithc  in  1821，  avhs  juircliascd  for  the  Navy.  Some  otlier 
'mkil 山， dates  in  the  development  of  the  steam  u  arsliip  in  Gr(、;" 
Britain  arc  "s  follows :  1840,  first  steam  w  arsltips  built  from 
Admiralty  designs  ；  1843,  Her  Majesty's  paddle  frigate  "  Pciic 
lope  M  built,  first  ship  to  be  fitted  with  tubular  boilers  ；  1842，  Her 
.M  njesty's  ship  "Dwarf"  (ex  "Mermaid"),  the  first  British  screw  - 
Imoju'IKhI  warship,  launched  at  Black  wall  ；  1843，  Her  Majesty's 
ships,  "  Jackal/'  "  Lizard,''  and  "  Bloodhound/'  the  first  iron 
\v;u"shi])s  propelled  by  steam,  ordered  on  the  Clyde;  1863，  Her 
'、l;i.i(、siy，s  ship  "  Exporiment/'  first  twin-screw  warship,  built  at 
Milhvall  ；  1868,  Her  Majesty's  ship  "  Penelope/'  first  twin-screw 
ironclad,  built  ；  188(;，  Her  Majesty's  ship  "  Rattlesnake  "  launched, 
the  first  warship  to  have  triple  expansion  engines  ；  1899，  Her 
Majesty's  destroyer  "  Viper,"  first  turbine-driven  warship, 
launclicd  ；  1903，  His  Majesty's  ship  "  Amethyst,"  first  tiiibiiu» 
driven  cruiser,  launched  ；  1 !)()(;,  first  torpedo-boats  burning  oil 
exclusively  launched  ；  1906,  first  tu rbinc-drivcn  battle-ship 
launched ― His  Majesty's  ship  "Dreadnought"  ；  1911，  His  Majesty's 
shij)  "  Hardy/'  first  destroyer  with  auxiliary  motors  for  cniisin^, 
laid  down.  To-day  over  150  ships  built  and  building  lor  the 
Navy  are  driven  by  turbines.  A  collier  for  the  United  States 
Navy,  the  "Jupiter,"  will  be  propelled  by  turbine-driven  electric 
motors. 


Distributing  valvo  mechanism  for 
Teetor.  24989. 


iiiteriial-combu.slioii  on^inos. 


12707. 
Newman. 


1  I'.Ho. 


Rooty. 
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NEW  PATENTS. 

Specifications  of  the  following  are  now  published,  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  10 d.  Address 
u  Mechanical  Engineer,"  5Sy  New  Bailey  Street j  Manchester, 

MECHANICAL  1911. 
Ctanks  and  driving  shafts.    Drury.  7418. 
Variable-speed  gearing.    Lurie.  11062. 
Valve  gear  for  4-stroke  cycle  internal-combuytion  oiigities. 
12138. 

Hydraulic  clutches  and  driving  gear.  Jones. 
Carburetters  for  inter nal-combiistion  engines. 
Moulding  machines.    Phillips.  14791. 
Forced-draught  furnaces.    Meld  rum.  14808. 
Spark  arresters  for  locomotives.  Fredericks. 
Steam  engines.    Eastwood.  14974. 
Internal-combustion  engines.    Garuffa.  14995. 
Internal -combustion  engines.    Densmore  &  Mcnary.  15048. 
Ships.    Knap  p.  15056. 

Systems  of  marine  propulsion  and  apparatus  thereior.      Gra  y. 
15060. 

Elastic-fluid  turbines.    Gray.  15061. 

Combined  boiler  and  thermo-electric  generator.    Perry .  15087. 

Engine.    Clark,  Dawson,  Clark,      Dawson.  151(31. 

Steam  generators.      Rosenthal,  Babcock  tt  Wilcox,  Ltd.,  Carnt, 

and  J.  Samuel  White  &  Co.  15176. 
Propulsion  of  ships.    Alquist.  15342. 

(Jlanips  or  clamping  plates  for  use  with  machine  tools.    Sha  u  . 
15418. 

Railway-rail  joints.    Hoach.  15465. 

Manufacture  of  articles  of  tungsten.      British  Thomson-Houston 

Company.  15586. 
Marine-boiler  furnaces.    Campbell.  1*5674. 

Carburetter  for  liquid-fuel  motors,  llotherham  A:  Johnson.  1(5743. 
Machines  for  slitting  or  nicking  screw  heads.    Levin.  16785. 
Furnace  doors.    Scott.  17022. 

Chain  drives.    Hans  Kenold  Ltd.,  and  Simpson.  1731(5. 
Water-tube  boilers.    Aitken.  17494. 

Mechanical  indicator  specially  applicable  for  railways.  Gaw- 

thorps ?  Ltd. ;  and  Robson.  17030. 
13uriicrs  for  drying  moulds.    Deutsch  Luxernburgiscbe  Borgwerks- 

und  Hutten  Akt-Ges.  18003. 
Machine-tool  sockets,    llichards.  18709. 

lN'ci])focating  engines  combined  with  turbines.    J^rlangsen.  l(J21lJ. 
Means  for  preventing  corrosion  of  surface  condensers.  Cumber- 
land.   19037.  ' 
Piessuiu-regulating  valves.    Cockburn  dc  MacXicoll.  19808. 
Plug  taps  or  cocks.    Coombs.  20158. 
Adjustable  reamers  and  taps.    Price.  20!J4(J. 

Water  level  indicating  apparatus  for  steam  boilers.  J^ukutome. 
21201. 

Valve  mechanism  of  internal-combustion  engines.    Kow an.  21723. 

Railway  signalling.    Bowett.  22098. 

Watet'-tube  boilers.    Yarrow.    23351 . 

Friction  speed  change  gear.    Pattireau.  2348G. 

Mcjins  for  regulating  the  supply  of  oil    to  internal-coinbustion 

engines.    Jintos  &  Hall.  21138. 
Act'tylone  generators.      Powell  &  Hanmcrj  Ltd.,  and  Hanmer. 

2^212. 

Internal-combustion  motors.    Losey .  24027. 


Vaporisers  or  heaters  for  iiitei'nal-coinbustion  engines.  Nichols. 
25365. 

Prossmc-icdiiciiii;  \ '； i Ives.     ll;uu.  25460. 

Bearings  for  clutches  and  loose  pulleys.    Cooper,  and  Unbreakable 

Pulley  and  IVIill  Goaritio;  CV)ni})any.  26504. 
( n  I  luifetters  for  inicniMl  cornhustion  („'ii^iin\s.    Simmons.  2G7H2. 
Internal-combustion  engines.    J3arth.  27710. 

Device  for  regulating  the  chain  tension  in  chain  transmissions. 

Soc.  Anon,         Automobiles  G rejoice.    k2H I .r,\ ) . 
Automatic  hydra' i lie- pr<>ssur(、  regulators.    _K()"ig.  28299. 
Explosion  engines  with  water  injection.    AktieselsUabet  "Volund." 

28828. 

Milling  machines.    Hess  &  Myers.  29051. 

1912. 

A])j)araLus  for  scrcwiii^  mctnls.    A<i;oroii  &  Mollard.  lOSli. 
J^ock-drilliiiK  olivines.    Leyner.    1344,  1349,  13(i8，  n\u] 
Siip('rn(、aters  for  locomotive  boilers.    De  Grubiuski  <k  De  Gnibin- 

ska.  1443. 
(1ouj)liii^;.s  for  sliafts.    Jouff ret.  1498. 
Sca-water  evaporators.    Weir.  2812. 

Planing,  shaping,  and  slotting  machines.    Batuinaii       Batt'inn n - 
讓 )• 

Ail'- compressing  pumps.    Zwicky.    4 300'. 

( ';irl"u'(，tUMs  for   iiitoi'iial-coinhiistion   engines.       Robinson  and 

Nicholson.  4381. 
Fan  blowers.    McLean.  5303. 

Rotary  drum  furnaces.    Pfeifer.    5867.  . 
Tu  o  })iirt  rac-e  for  roller  or  t)all  boa  rings.    Norma  Compngnic  Ges. 
(51,57. 

Altiniinium  alloys.    Coles.  6583. 

\  «i pot'i.siii^  'iqi.id  fuel  for  interiiiil-conibusLion  engines.  Pollock 

and  Pollock;  7142. 
M  ici  omoter  gauges.    O'lirien.  7173. 
Pi  imp  valves.     Jiohoi'tson .  7287. 

卜 appii ratus  for  internal-combustion  engines.  Lindc 

maim.  9501 
1  inhiiie  (Migines.    Anderson.  10269. 
I^uiii  ace  grates .    Meld  rum .    11511 . 

ELECTRICAL,  19H. 

Electrical  potential  regulators.    Fuss.  7220. 

Electro-deposition  and  refining  of  zinc.    Tain  ton  &  Pring.  7235. 
Thermo-electric  generators.    Alhrecht.  14234. 
Electrical  condensers.    Dearlove  &  Brown.  1G554. 
Arc  lani]ts.      JOngineeiing  and  Arc  Lamps,  Ltd.,  and  Dowdell. 
16679. 

Electrically-operated  c-ranes.  Thomas,  Thomas,  &  Holme.  lGDOfi. 
Systems  of  electrical  distribution  employing  rotary  converters. 

Siemens  Bros.  Dynamo  Works,  Ltd.,  and  Cook.  21G87. 
Selecting  devices  foi-  telephone  systems.      Siemens  Bros.  &  Co. 

22804. 

Miners'  electric  safety  lamps.    Atherton.  2541(5. 
Field  magnets  for  multi-polar  dynamos  having  external  stationary 
armatures.    Volkers.  29161. 

1912. 

Integrating  electric  meters.    Dicker.  1871. 

Generation  of  alternating  currents.    Zickler  &  Czepek.  5551. 

Electro-pneumatically  operated  brakes.    Turner.  8152. 


METAL  QUOTATIONS. 

TUESDAY,  JULY  16th. 

Aluminium  ingot   75/-  per  cwt. 

，，         wire,  according  to  sizes,  &c  from  102/—  " 

，，        sheets        „  ，，   ，  120/-  ，， 

Antimony   £27/-/-  to  £28/-/-  per  ton. 

Brass,  rolled   9^d.  per  lb. 

，， tubes  (brazed)    llJcL  ，， 

，，       ，，      (solid  drawn)   10d.  ，， 

，，       ，，     wire   9Jd.  +  ,， 

Copper,  Standard   £75/10/-  per  ton. 

Iron,  Cleveland   5(y/l0\  ，， 

，， Scotch   %2/\0h  ，， 

Lead,  English    £18/17/"  ，， 

，， Foreign  (soft)    £18/10/-  ，， 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

，，  ，，  ，,       medium   3/6  to  6/ -  ，， 

，，  ，，  ，，       large   7/6  to  11/- ，， 

Quicksilver   £8/10/-  per  bottle 

Silver   27Jd.  per  oz. 

Spelter    £20/-/-  per  ton. 

Tin,  block   £200/15/- ，， 

Tin  plates   14/7i  ,， 

Zinc  sheets  (Silesian)   £29/5/-  ，， 

,，  (Stettin  ；  Vicille  Montagne)   £29/7/6  ，， 
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^=FLEXIBLE— 
METALLIC  TUBING 

UNRIVALLED  FOR  ALL  PURPOSES. 


Steam,  Highest  Pressures,  Oil  Pumping, 
Air,  Gas,  &c. 


THE 

UNITED  FLEXIBLE  METALLIC  TUBING  CO.,  Ltd. 
Works  :  PONDERS  END,  MIDDLESEX. 
Head  Office : 

112,  QUEEN  VICTORIA  STREET,  LONDON,  E.C. 

The  "PERFECT"  VISE 


E  Dept.       J.  PARKINSON  &  SON,  SHIPLEY,  YORKS. 


Second  and  Greatly  Enlarged  Edition. 

The  Testing  of  Engines, 
Boilers,  &  Auxiliary  Machinery. 

A  Treatise  on  the  Construction  and  Use  of  the  Instruments 
and  Methods  Employed  in  the  Testing  of  Prime  Movers  in 
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A  New  Method  of  Analysing  Indicator  Diagrams. 

A  new  analysis  of  th&  cylinder  perf onnaiice  of  reciprocating 
engines  is  described  by  J.  Paul  Clayton,  in  Bulletin  No.  58， 
just  issued  by  the  Engineering  Experiment  Station  of  the 
University  of  Illinois.  The  usas  of  the  steam  engine  indicator 
have  hitherto  been  mainly  limited  to  determining  the  indi- 
cated horse -power  of  an  engine,  the  setting  of  valves  or  the 
detection  of  serious  leakages.  But  according  to  the  author 
of  this  bulletin  七 he'  indicator  diagram  may  itself  consti- 
tute sufficient  evidence  upon  which  to  base  an  analysis  of 
cylinder  performance,  the  results  of  which  have  not  heretofore 
been  considered  possible.  The  process  involves  the  transfer- 
ring of  the  indicator  diagram  to  logarithmic  cross-section 
paper,  and  the'  drawing  of  a  figure'  called  a  logarithmic 
diagram.  By  the  aid  of  this  diagram,  it  has  been  found  that 
the  expansion  and  compression  of  all  elastic  media  used  in 
practice  obey  substantially  the  law  PV"  =C,  and  from  this 
fart'  are  d&veloped  rational  methods  of  approximating  the 
clearance  of  a  cylinder,  of  closely  locating  the  cyclic  events, 
and  of  detecting  moderate1  leakage  with  the  engine  in  normal 
operation.  It  is  shown  that  the  value  of  n  is  controlled 
directly  in  steam  cylinders  by  the  quality  of  the  steam  in  the 
cylinder  at  cut-off,  and  that  this  relation  of  the  value  of  " 
to  the  quality  of  steam  is  practically  independent  of  size  and 
speed  for  the  same  class  of  engine.  It  is  claimed  the 
method  permits  of  the  actual  steam  consumption  of  an  engine 
being  computed  from  the  indicator  card  alone,  to  within  4  per 
cent,  of  the  consumption  as  measured  by  test.  The  engine  used 
was  a  long -range  cut-off  Corliss  engine,  12 in.  diam.  by  24in. 
stroke,  and  some  60  selected  tests  arranged  in  14  series ~ half 
with  saturated  and  half  with  superheated  steam —— were 
used  for  tli&  data  on  which  the  conclusions  are  based. 
Apart  from  abnormal  inflii3nces,  the  value  of  n  exhibited 
a  large  range  of  variation,  from  0*70  to  1.34，  the  value  being 
higlier  as  the  cut-off  was  lengthened.  The  quality  of  the 
steam  was  detenuined  by  the  total  weight  of  steam  mixture 
present  as  steam  at  cut-off.      The  author  claims   that  his 
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method  is  more  accurate  than  the  average  test,  since  it 
virtually  gives  an  instantaneous  rate  instead  of  an  average 
quantity  over  a  long  time  and  thus  enables  a  large  number  of 
points  to  be  obtained  for  a  water  rat&  curve,  while  at  the  same 
time  the  tests  are  much  less  expensive  and  involve  no  change 
in  the  routine  observed.  Whether  other  steam  engine  experi- 
menters will  accept  the  author's  conclusions  and  abandon 
existing  methods  in  favour  of  his  remains  to  be  s&en，  but  at  all 
events  it  deserves  attention,  for  a  reliable  test  as  ordinarily 
conducted  is  a  laborious  and  somewhat  expensive  process.  We 
cannot  here  enter  into  a  precise'  description  of  the'  method  of 
drawing  the  logarithmic  indicator  diagram.  Its  method  of 
application  resembles  in  some  ways  the  us©  of  the'  equilateral 
hyperbola  familiar  to  all  engine  students,  and  may  perhaps 
on  that  account  be  discounted,  though  the  author  points  out 
the  two  are  not  comparable,  and  instances  cases  where  the  us& 
of  the  equilateral  hyperbola  for  purpose  of  comparison  may 
b©  misleading,  its  only  rational  use,  lie  asserts,  being  to  (let er- 
mine roughly  whether  n  is  greater  or  less  than  10，  or  for 
purpose  of  cylinder  design  in  case  of  ordinary  size  of  engines 
using  saturated  steam. 

Thermal  Efficiency. 

Few  terms  used  in  discussing  the  relative  economies  of 
various  types  of  prime  movers  are  more  liable  to  abuse  than 
the  expression  "  thermal  efficiency. It  is  trotted  out  ad  if 
it  were  an  impartial  and  rigid  measurement  of  fuel  economy 
against  which  there  could  be  no  appeal.  ((  Thermal  efficiency  " 
is  simply  the  ratio  of  output  to  input  in  terms  of  heat  units, 
and  while  the  statement  that  the  thermal  efficiency  of  steam 
engines  seldom  exceeds  20  per  cent,  as  compared  with  25  per 
cent,  in  gas  engines  and  30  per  cent,  in  oil  engines  may  to 
thoughtless  persons  seem  to  imply  marked  inferiority  in  the 
former,  often  it  is  not  really  so  if  the  cost  of  the  fuel  used  be 
taken  into  account.  In  the  steam  engine  the  heat  is  nearly 
always  derived  'from  coal,  which  is  so  cheap  that  nobwith- 
standing  boiler  and  other  inevitable  losses  it  can,  except  in 
small  sizes,  easily  beat  an  oil  engine  commercially  owing 
to  the  much  more  expensive  fuel  the  latter  requires. 
Comparisons  in  fuels  of  totally  different  character  are  very 
misleading.  Even  fuels  of  the  same-  kind  may  give  false- 
impressions.  The  Diesel  engine  and  the  motor-car  engine  are 
equally  oil  motors,  but  a  comparison  of  their  thermal  effi- 
ciencies would  be  futile  which  did  not  take  account  of  the 
cost  of  th©  fuels  used,  whether  it  be  crude  oil,  petrol, 
or  alcohol.  The  comparison  of  thermal  efficiencies  again  is 
but  on©  of  many  that  must  be  made'  in  determining  all 
round  efficiency  or  economy,  for  th©  latter  word  is  capable 
of  many  definitions  even  when  limited  to  the  running 
of  power  plant.  There  is  economy  of  capital,  economy  of 
labour,  economy  of  maintenance,  and  these  are  so  closely 
linked  with  each  other  and  with  wider  questions  that  it 
is  often  difficult  to  disentangle  them.  A  brief  glance, 
however,  is  sufficient  to  show  that  the  choice  of  a  motor  must 
be  determined  by  a  careful  consideration  of  many  things,  and 
is  by  no  means  an  easy  question.  It  taxes  in  many  cases  the 
trained  abilities  of  engineers,  and  can  seldom  be  settled  by  a 
reference  to  a  formula  or  any  single  definition  of  efficiency, 
" thermal  "  or  otherwise.  ' 


PROFIT  SHARING. 

" The  Board  of  Trade  Labour  Gazette  "  gives  an  examination 
of  the  returns  already  received  in  connection  with  the  enquiry 
into  profit-sharing  and  co-partnership  which  is  now  being 
made  by  the  Labour  Department  of  the  Board.  It  deals  con- 
cisely with  the  first  100  schemes  at  present  in  operation.  In 
few  cases  is  the  share1  in  profits  allotted  to  employes  given  as 
a  matter  of  strict  legal  right  ；  in  the'  majority  of  (、a&es  the 
amount  allotted  for  distribution  as  bonus  is  a  fixed  proport  ion 
of  the  profits,  but  in  oilier  participation  stops  at  a  certain 
point  or  a  sum  is  given  contingent  on  a  certain  rate  of  profit 
being  earned.      In  a  few  cases  a  part  of  the  profits  of  each 


year  is  carried  for  ward  in  oidei'  iu  etiabk'  a  bon  us  to  be  paid 
in  an  occfisional  bad  year.  rl'he  divisible  profits  for  the  pu i - 
poses  of  the  jorofit-sharing  s('l"'im'  aiv  usually  declared  to  be 
the  clear  or  net  profits,  that  is  to  say,  the  gross  profits  after 
deduction  of  rent,  taxes,  rates,  wages,  salaries,  and  other 
working  exp&ns2s.  As  to  the  minimum  remuneration  of 
capital,  interest  n\  lived  rates  is  usually  included  among  the 
deductions  to  bs  made  before  "  net  proiits  "  are  arrived  at, 
this  rate  being  generally  5，  sometimes  6,  per  cent.,  and  only 
exceptionally  a  lower  or  a  higher  percentage. 

The  proj)ort  ion  ()f  1 1 1 ' •  pcofii  s  allotted  for  division  betwecti 
the  employes  varies  very  greatly  in  different  schemes.  In 
cases  in  which  no 川 eiitimi  is  nuule  of  any  part  of  the  total  noi 
profits  being  retained  for  the  employers  as  a  reserved  limit, 
there  are  a  few  ('ass's  of  10  per  c&ut.  of  the  profits  being 
allotted  as  t  Ik*  — 1i;ii、'  of  i  1 1 e  einpioycs  ；  a  r;i'se.  of  5  per  cent .  is 
mentioned,  and  anoi  her,  i  u  which  Hie  share  of  (lie  employes  is 
2\  per  cent,  of  the  divisible  p rofits  up  to  a  cerl ； iin  sum,  and 
5  per  cent,  of  the  profits  in  excess  of  such  sum.  In  a  very 
small  number  of  cases  capital  and  wages  share  concurrently, 
the  bonus  being  at  the  same  rate  on  wages  as  tlie  rate*  of  inte- 
rest received  on  the  capital.  It  is,  however,  necessary  to  state 
that  for  the  】iiost'  j)art  the  returns  in  thes?  cast's  conlaiu  no 
iiifm'maUon  as  to  the  percentage  in  question. 

Where  a  reserved  limit  is  mentioned,  tlie  p roportion  of  the 
surplus  profits  above  this  limit,  wlii(,h，  so  far  as  is  known,  is 
appropriated  to  the  payment  of  bonus,  varies  from'  5  up  to  50 
per  cent.,  well  over  niic-tliird  of  tlie  schcincs  in  ([uestioii  allot- 
ting the  latter  percentage,  and  nearly  one  other  third  giving 
from  20  to  25  per  cent.  In  a  certain  number  of  cases  the 
surplus  is  shared  between  capital  and  wages'  pro  rata. 

With  regard  to  tlie  division  of  t lie  total  bonus  fund  among 
the  different  einploy6s，  by  far  the  most  common  method 
adopted  is  to  divide  this  fund  between  the  participants  in  pro- 
portion to  the  amount  wliich  each  has  earned  in  the  period  to 
wliicli  t lie  distribution  relates,  no  deduction  being  in  many 
cases  made  for  time  lost  by  illness  up  to  a  certain  limit  ；  but  in 
making  the  calculation  overtime  is  excluded  in  a  few  cases, 
overtime  and  piecework  in  a  considerable  number  of  schemes. 

In  som&  cases  all  the  employes  without  distinction  are 
allowed  to  share  in  the  bonus  fund  ；  but  in  many  instances 
participation  is  confined  to  persons  who  possess  certain  quali- 
fications, the  most  frequent  of  which  is  a  certain  length  of 
service  with  the  firm,  varying  from  six  months  up  to  seven 
years,  the  most  frequent  period  named  bsing  one  year.  In  a 
few  cases  persons  below  a  certain  age  are  excluded,  and  in 
others  persons  receiving  commission,  piece-workers,  or  casual 
labourers.  In  certain  instances  conditions  are  attached  to 
participation,  by  far  the  most  frequent  of  which  is  the  signing 
of  a  contract  of  service  for  a  stated  period,  generally  12 
months. 

In  about  one-half  of  all  the  schemes  the  bonus  is  paid  in 
cash  ；  in  a  considerable'  number  part  is  paid  in  cash  and  the 
remainder  credited  to  a  thrift  fund  available  to  provide  provi- 
dent benefits  for  the  employes,  this  fund  being  usually  deposited 
at  interest  with  the  employers.  In  a  not  inconsiderable  number 
of  cases  the  whole  of  the  bonus,  until  the  employe  holds  a 
certain  amount  of  stock,  is  invested  in  the  capital  of  the 
undertaking  by  which  the  participant  is  employed,  and  there- 
after one-half,  as  a  rule,  is  so  invested,  while  the  other  half  is 
either  paid  out  in  cash  or  retained  on  deposit  with  the 
employers.  In  a  few  schemes  the'  whole  of  the  bonus  is 
invested  in  the  shares  or  stock  of  the  employing  company.  In 
a  few  cases  shares  obtained  by  th&  investnient  of  bonus  cannot 
be  disposed  of  except  with  the  permission  of  the  employers. 

As  a  rule,  to  which  there  are,  however,  iniporiant  excep- 
tions, the  shares  owned  by  the  employes  give  them  the  ordi- 
nary voting  powers,  and  as  time  goes  on  and  their  holdings 
increase1,  their  voting  strength  should  in  due  course  be 
augmented.  At  present  the  proportion  of  the  total  number 
of  votes  that  might  be  given  at  a  general  meeting  of  share- 
holders, which  belongs  to  the'  employes,  hardly  ever  reaches 
5  per  c&nt.,  and  is  in  nearly  all  cases  a  quite  insignificant 
percentage.  In  only  six  out  of  the  100  cases  here  dealt  with 
are  the  employes  represented  on  the  board  of  directors.  Tliere 
exist,  however,  under  a  very  large  number  of  profit-sharing 
schemes,  joint  com  mitiees  composed  of  employers  and 
employed,  whose  functions,  although  of  n  consultative  nature 
only,  cannot  be  considered  as  oilier  than  important.  The  full 
report  of  the  enquiry  will,  it  is  expected,  b&  published  in  the 
autumn. 
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GAS  ENGINES  AND  PRODUCERS  FOR  SHIP  PROPULSION. 

In  the  course  of  the  discussion  on  the  paper  on  the  "  Suction 
Gas  Engine/'  by  Mr.  A.  C.  Holzapfel,  read  before  the  North- 
East  Coast  Institution  of  Engineers  and  Shipbuilders,  and 
reproduced  in  our  issue  of  April  26th  last  (see  p.  509,  Vol. 
XXIX.),  Mr.  A.  E.  L.  Chorlton,  of  Messrs.  Mather  &  Piatt,  Ltd., 
described  a  new  and  more  simple  form  of  gas  engine  than  that 
given  by  Mr.  Holzapfel  in  his  paper,  one  particularly  suitable 
for  the  duties  of  ship  propulsion,  and  which  had  much 
impressed  Mr.  Holzapfel  with  its  advantages  over  the  more 
complicated  engines  of  current  practice.  The  description  of 
this  engine  was,  he  said,  apposite  in  view  of  what  had  been 
said  about  the  high  temperatures  in  gas  engine  cylinders, 
and  the  difficulties  met  in  overcoming  them.  The  temperature 
strain  set  up  in  the  usual  jacketed  form  of  gas  engine 
cylinder  lead  bo  possible  cracks  iu  working,  as  was  well 
known,  and  the  methods  to  overcome  them,  adopted  in  this 
type  of  engine,  would,  h©  felt,  be  interesting  to  marine 
engineers,  and  give  them  confidence  in  the  use  of  such  engines 
on  board  ship.  Such  strains  in  the  first  place  arose  through  the 
practice  of  casting  the  liner  and  jacket  of  the  cylinder  in  one 
piece,  when,  on  the  cooling  of  the  casting,  contraction  strains 
were  set  up.  Experience  had  shown  that  to  obviate  these 
successfully  the  jacket  had  to  be  entirely  separate  from  the 
liner,  both  in  casting  and  working.  From  the  speaker's  long 
experience  with  the  land  engine  in  most  varied  and  onerous 
duties,  certaiu  conclusions  in  design  were  arrived  at,  all  of 
which  had  greater  simplicity  than  in  current  practice,  as  an 
essential  principle.  In  making  these  observations,  he  (Mr. 
Chorlton)  had  in  mind  engines  of  comparatively  larg&  powers, 
i.€.，  2,000  b.h.p.  and  upwards.  These  conclusions  referred  to 
an  engine  of  the  2 -stroke  cycle,  vertical,  double-acting  open 
marine  type,  valveless,  and  having  the  jacket  arranged  as  a 
separate  casting  or  envelope.  The  initial  engine  of  the  vertical 
open  marine  type,  as  shown  in  Fig.  1，  'had  now  been  at  work 
over  twelve  months?  and  had  been  so  successful  that  four  others 
had  since  been  supplied  to  the  same  firm.  A  high-speed 
enclosed  forced  lubrication  engine  of  the  same  principle  now 
at  work  had  been  reported  on  very  favourably  to  Mr. 
Holzapfel,  and  was  considered  by  him  most  suitable  for  work- 
ing with  the  hydraulic  transformer  for  ship  propulsion. 

About  six  years  ago  Mr.  Chorlton  had  designed,  and  his 
firm  constructed,  a  special  3-crank  2-stroke  cycle  marine 
engine,  complete  with  producer,  cooling  and  cleaning  plant, 
exhaust  boiler,  and  the  necessary  auxiliary,  for  ship  propul- 
sion. The  many  and  varied  experiences  with  this  plant,  most 
valuable  in  every  way,  convinced  him  of  the  ready  applicability 
of  the  new  design  to  ship  work,  and  its  superiority  in  simplicity 
and  effectiveness,  particularly  so  as  the  first  engines  built  were 
of  the  exact  marine  type  (triple  expansion  3-crank).  This 
view  was  confirmed  by  such  marine  engineers  as  had  seen  these 
engines  at  work,  when  their  simplicity,  ease  of  reversal,  &c" 
were  apparent.  The  "  Duplex  ，，  cylinder  was  shown  in  section 
in  Fig.  1，  surrounded  by  the  plain  tank-like  jacket. 

The  engine  might  b©  briefly  described  as  of  the  vertical 
double-acting  2-stroke  cycle  type,  in  which  every  stroke  was 
a  driving  stroke. 

The  power  cylinders  were  arranged  for  the  admission  of  air 
and  gas  without  the  use  of  any  valves.  The  incoming  charge 
was  controlled  by  one  piston,  and  the  burnt  gas  exhausted  by 
the  other  through  peripheral  ports  in  the  centre  of  the  cylinder 
wall,  thus  obviating  the  use  of  both  inlet  and  exhaust  valves. 
The  cylinders  were  of  the  simplest  construction,  of  U  form, 
one  inverted  over  the  other,  the  whole  bolted  together  and 
contained  in  a  water  tank.  There  were  no  cylinder  covers, 
the  usual  irregular  combustion  chamber  was  entirely  dispensed 
with,  and  there  were  no  joints  under  expulsion  pressure. 
Pumps  for  the  supply  of  air  for  scavenging  and  mixing  and 
for  gas  supply  were  arranged  alongside  the  power  cylinders. 
As  the  piston  reached  the  end  of  its  expansion  stroke  the  air 
pump  delivered   a  scavenging   charge  of   air   only,  which 


scoured  the  products  of  combustion  out  of  the  power  cylinders 
through  the  exhaust  ports.  Thereafter  the  gas  pump 
delivered  its  supply  of  gas  automatically,  simultaneously  to 
the  power  cylinder,  in  readiness  for  the  compression  stroke. 

Speaking  further  on  the  marine  appliration  o f  gas  on^inos, 
it  was  Mr.  Chorlton's  experience,  and  it  appeared  also  Mr. 
Holzapfers,  that  the  gas  producer  had  been  responsible  i.or 
the  greatest  difficulties  in  the  propulsion  of  ships,  it  bein^  of 
simple  land  design,  and  not  considered  sufficiently  in  coui- 
bination  with  the  engine.  A  gas  producer  specialist  '"uUl 
be  found,  and  an  engine  specialist,  but  a  specialist  combining 
these  was  unfortunately  rare.  Consequently  the  users  fell 
between  two  stools.  There  was  unquestionably  the  talent  in 
the  United  Kingdom  to  accomplish,  when  combined,  a  lii^iily 
successful  result  in  marine  work.  Yet  through  this  lark  of 
combi'iation,  foreign  countries  were  being  constantly  looked  t  o 
for  new  ideas  and  designs.  Undoubtedly,  in  England,  the 
subject  of  marine  propulsion  by  gas  engines  had  not  been 
adequately  studied,  as  it  was  overshadowed  by  foreign  oil 
proposals.  British  engineers  had  not  given  it  nearly  the  same 
consideration  that  marine  propulsion  by  the  triple  expansion 
engine  or  the  turbine  had  received.  If  they  could  be  induced 
to  specialise  in  marine  gas  engines  and  producers,  many  diffi- 
culties at  present  insurmountable  to  their  eyes  would  clis- 


Fig.  1.— Maiiine  Type  Twin  Duplex  Gas  Engine. 


appear.  It  seemed  astonishing  to  the  speaker  that  when  coal, 
the  life-blood  of  the  country,  could  be  obtained  at  10s.  per  ton, 
more  thought  was  not  being  given  to  its  use  as  gas  power, 
especially  when  that  price  was  compared  with  the  high  com- 
parative cost  of  oil,  taking  due  account  to  the  thermal  values 
of  the  two.  Mr.  Chorlton,  in  conclusion,  said  Mr.  Holzapfel 
was  endeavouring  to  bring  home  to  the  shipping  public  the 
great  economical  possibilities  of  gas  power  from  coal,  and 
while  greatly  appreciating  the  value  of  that  gentleman's  work 
was  also  fully  aware  of  the  largo  and  powerful  interests  of  the 
oil  firms  he  had  to  fight. 

Mr.  Stainer  Hutchins,  of  the  Power-Gas  Corporation,  said 
that  the  experience  gained  with  at  least  two  of  the  forms  cf 
propulsion  referred  to  was  probably  not  sufficient  to  enable 
comparisons  to  bo  drawn,  and  to  anyone  who  had  not  followed 
the  developments  in  the  gas  propulsion  of  vessels  it  would 
appear,  when  reading  Mr.  Holzapfel's  paper,  that  very  little 
work  had  been  done  under  that  head.  Having  been  in  con- 
stant touch  with  Mr.  Holzapfel  since  the  "  Holzapfel  I."  was 
built,  Mr.  Hutchins  could  safely  say  the  author  of  the 
"Suction  Gas  Engine  "  had  put  his  paper  forward  in  this  way 
because  of  his  desire  to  draw  attention  to  the  points  where 
improvements  were  mostly  required,  and  not ~ as  was  usually 
the  case ~ to  give  results  of  successes.  It  no  doubt  appeared 
to  many  that  to  adopt  a  simple  non-bituminous  plant  from 
land  to  marine  purposes  was  an  easy  problem,  but  doubtless 
in  practice  it  had  been  found  to  be  the  reverse.  Some  years 
ago  he  had  studied  the  question  very  deeply  in  conjunction 
with  Mr.  J.  B.  Wilkie,  engineer  to  the  Elder  Dempster 
Company,  and  as  a  result  a  producer  had  been  designed  winch 
was  coupled  to  a  double-actiug  two-cylinder  engine.  The 
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arrangement  of  this  engine  was  such  as  to  enable  it  to  reverse. 
This  combination  was  fitted  in  a  vessel  and  a  number  of  tests 
were  mad©  upon  the  Thames.  Another  producer  of  this  type, 
but  of  a  smaller  capacity,  had  been  sent  out  to  New  Zealand 
to  be  installed  in  a  boat  for  river  work.  Producers  suitable 
for  marine  work  should  have  special  arran^otncut s  for  clinker- 
ing,  as  the  space  available  for  sn<']i  wm'k  could  not  be  so  great 
as  on  land.  The  vaporiser  a  1  so  should  be  of  special  design 
to  prevent  the  accumulation  of  water  at  one  end  or  one  sid& 
when  the  vessel  had  either  a  constant  list  or  was  rolling,  &(•. 
Top  poking  in  most  cases  would  be  impossible,  and  therefore 
facilities  for  searching  practically  the  whole  of  the  fire  should 
be  arranged  for  from  the  bottom  ；  yet  space  was  extremely 
limited  and  poking  from  the  bottom  and  ashing  should,  for 
obvious  reasons,  be  all  done  from  one  side.  This,  when 
anthracite  or  non-bituminous  coal  was  used,  caused  trouble 
and  difficulty  through  being  unable  to  withdraw  tlie  clinker, 
<fec.，  from  the  back  of  the  producer,  which  could  only  he  over- 
come by  a  special  arrangement  of  brickwork.  Owing  to  the 
small  head  room,  special  grates  had  to  be  used,  and  if  these 
were  not  specially  designed  the  result  was  that  they  were  very 
quickly  burnt  out.  If  this  should  happen  at  sea  it  might 
easily  spe】l  disaster. 

In  dealing  with  the  question  of  utilising  bituminous  rn;'l 
all  the  difficulties  in  the  producer  designed  for  non-bituininous 
coal  plus  the  removal  of  the  tar  and  greater  percentage  of  dust- 
were  encountered  and  also  more  clinkeriiig.  It,  was  not  an 
uncommon  thing  for  even  engineers  to  imagine  t lnit  all 
bituminous  coal  was  alike'  ；  that  was  far  from  the  case ~ it 
varied  considerably.  His  company,  the  Power-Gas  Corpora- 
tion, had  at  their  disposal  the  experience  of  twenty-five  years 
of  work  on  bituminous  gas-plants,  and  during  that  time  many 
types  had  been  tried —— up  and  down  blast,  double  blast,  &c. ― 
yet  from  the  gasification  of  the  usual  marketable  bituminous 
coal  they  had  only  found  the  typo  of  that  originally  designed 
by  Dr.  Ludwig  Mond  to  be  commercially  satisfactory. 

The  problem  to  be  faced  was  that  of  combining  certain  of 
those  parts  which  compose  the  land  producer  (and  which  had 
been  tried  and  proved  satisfactory  for  so  many  years)  into 
a  producer  suitable  for  marine  work.  It  was  obvious  that  it 
would  be  necessary  to  eliminate  certain  of  the  parts  contained 
in  a  land  producer  and  to  replace  them  by  others  occupying 
less  space.  As  Mr.  J.  Archer  had  pointed  out,  efficient  tar 
extractors  could  be  obtained —— so  that  there  was  no  need  to 
complicate  the  producer  or  generator  by  attempting  to  destroy 
the  tar  within  it.  The  following  table  gave  the  results  of 
a  test  of  a  special  fan,  and  it  was  apparent  from  these  figures 
that  by  putting  two  in  series  the  tar  remaining  would  be  so 
small  that  it  could  be  dealt  with  in  a  very  simple  way. 


Date. 

Conditions  of  Test. 

Tem  p. 
Leaving 
Coolfers, 

Temp. 
Entering 
Fan. 

Temp. 
Fan. 

Pressure 
Entering 
Fan. 

Pressure 
Leaving 
Fan. 

Nov.  7 
Nov.  8 
Nov.  9 

Running  on  ... 
Unwashed  gas  ... 
From  coolers  … 

Degrees 
Cent. 
26 
21 
21 

Degrees 
Cent. 
26 
2L 
21 

Inches. 
1  75 
175 
175 

另—— o 

Fan 
Revolu- 
tions. 

Water 
Gallons 
per  Hour. 

Water 
Entering. 

Temp. 
Leaving. 

Tar  in  Gas. 

Extraction. 

Entering. 

Leaving. 

2,600 
2,600 
2,600 

270 
180 
120 

Degrees 
Cent. 
8 
8 

7  5 

Degrees 
Cent. 
13 
14 
14 

Inches. 
176 
170 
1-27 

Inches. 
034 
■043 
•099 

Per  Cent. 
98 
97  5 
92-2 

Mr.  Hutchins,  in  conclusion,  stated  that  knowing  the 
difficulties  of  marine  work  as  they  did,  neither  his  company 
nor  himself  anticipated  any  great  difficulty  in  manufacturing 
a  producer  suitable  for  marine  work.  It  should  not,  however, 
be  thought  that  they  wfere  content  in  simply  resting  upon 
their  experience  and  the  proved  parts  composing  their 
standard  plants,  as  they  had  under  consideration  and  test  a 
special  type  of  generator  which  appeared  to  have  】nany 
peculiar  advantages,  making  it  available  for  marine  purposes; 
also,  a  special  combined  gas-cooler  and  tar-extractor. 


A  NEW  DYNAMOMETER  CAR, 

A  new  (lynainometer  car  has  recently  been  completed  at  the 
Topeka  shops  of  the  Atchison,  Topeka,  and  Sant  a  Fr  Railway. 
The  general  arrangement  of  the  car  is  shown  in  the  accom- 
panying illust rations,  for  whidi  we  are  iiulehtcd  to  "The 
H;iilw;iy  and  Engineering  Review."  The  undcrfrajne,  side 
and  roof  frame  are  built  entirely  of  steel ,  and  the  length  over 
end  sills  is  5(M't .  and  the  oxt rctno  width  10ft.  The  working 
end  of  the  car  is  25ft.  in  length  and  contains  the  dynainoineber, 
recording  apparatus,  switchboard,  gauge  board,  and  work 
benches.  The  trucks  are  of  the  4 -wheel  arch  bar  type, 
with  heavy  elliptical  springs  and  extra  heavy  arch  bars.  The 
wheels  are  34in.  (liam.  and  are  steel  tyred.  The  car  is 
lighted  by  elect  ricit y  from  an  axle  lighting  system.  The 
heating  system  consists  of  a  stove  and  steam  coils. 

The  dynaiuoinot-er  is  of  the  double  diaphragm  type,  record- 
ing both  drawbar  pull  and  buff.  The  lever  arms,  with  a  ratio 
of  five  to  one,  are  connected  at  one  end  to  a  filler  block 
in  the  yoke,  and  at  the  other  end  to  a  double  piston,  20in. 
diam.，    whose   heads   press   'against   blind    rubber  gaskets, 


Fig. 


-Dynamometer  Car. 


covering  the  liquid  chambers.  The  piston  is  suspended  by 
means  of  knife  edges,  in  order  to  eliminate  all  friction.  The 
bearings  for  the  arms  are  made  by  means  of  small  hardened 
tool  steel  pins  surrounding  the  main  pin.  A  mixture  of 
glycerine  and  alcohol  is  used  in  tlie  liquid  chambers.  These 
latter  are  connected  to  the  recording  apparatus  and  gauge 
board  by  ^in.  copper  pipes.  When  the  dynamoijieter  is  not 
in  use  the  arms  are  brought  to  centre  and  held  by  four  small 
jacks  between  the  top  of  arms  and  cylinder  casting.  The 
dynamometer  is  so  designed  as  to  safely  take  and  record  a 
shock  of  l，000，0001bs,  at  the  drawbar. 

The  recording  apparatus  is  placed  just  back  of  the  dyna- 
mometer. The  following  records  may  be'  made  on  the 
chart  ：  (1)  Curve  of  drawbar  pull  ；  (2)  curve  of  drawbar  buff  ； 
(3)  curve  of  speed  ；  (4)  record  of  time,  either  by  five  seconds 
or  half  seconds  ；  (5)  record  of  position  of  mile  posts,  stations, 
&c.  ；  (6)  record  of  throttle  opening  ；  (7)  record  of  reverse  lever  ； 
(8)  record  of  boiler  pressures ；  (9)  record  of  indicator  cards; 
(10)  record  of  train  line  pressure  ；  (11)  record  of  brake 
cylinder  pressure  ；  and  (12)  record  of  coal  or  oil  fired. 

The  apparatus  is  mounted  on  a  heavy  iron  baseplate 
through  which  a  driving  shaft  passes  from  the  auxiliary  truck 
below.  The  auxiliary  truck  has  two  22in.  wheels  with  9in. 
flat  tyres.  It  is  connected  with  the  main  driving  shaft 
through  a  train  of  bevel  gears,,  running  in  oil,  and  a  universal 
joint.  This  auxiliary  truck  may  be  raised  or  lowered  from 
within  the  oar.  A  motor  is  also  provided  for  driving  the 
recording  apparatus.  Three  speeds  are  provided  for  the  motor 
drive  and  three  for  the  auxiliary  truck  drive,  it  being  the 
intention  to  use  the  auxiliary  truck  drive  in  rating  work  and 
general  engine  tests,  and  the  motor  drive  in  special  air  brake 
and  draft  rigging  tests.  By  means  of  two  conveniently 
located  levers  and.dutche's  it  is  possible  to  quickly  change  froni 
one  drive  or  one  speed  to  another.    The  drive  is  so  connected 
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that  reversal  of  direction  of  the  car  movement  does  not  reverse 
the  direction  of  chart  travel. 

The  records  are  made  on  a  chart  15in.  wide,  which  is  drawn 
over  the  table  by  means  of  friction,  between  two  gear  connected 
rollers.  Both  originating  roll  and  receiving  roll  are  located 
at  the  back  of  the  machine  where  they  can  be  readily  removed 


board  is  so  arranged  with  a  series  of  multiple  jacks  that  it  is 
impossible  to  put  any  voltage  on  any  magnet,  thus  making 
the  whole  arrangement  very  flexible  and  convenient.  The 
total  weight  of  the  car  is  91 ,0001  bs. 


^  h 


、^？ 


1  A  d  ^Z 


圏 


Fig.  2.— Plan  of  Dynamometer  Car. 

or  put  ill  place.  All  curves  are  drawn  by  pens  attached  to 
hollow  aluminium  rods  running  at  right  angles  to  the  paper. 
All  datum  line  pens  are  connected  to  a  single  cross  bar  at 
the  front,  their  records  being  made  an  inch  in  front  of  those 
made  by  the  recording  pens.  The  pens  consist  of  small  brass 
cups  with  phosphor  bronze  troughs,  which  carry  a  thread 
wick  from  the  barrel  to  the  point,  and  will  draw  a  line 
moving  sideways  as  well  as  forward. 

The  pressures  from  the  dynamometer  are  transmitted  to 
standard  out-side  spring  Crosby  indicators  on  one  side  of  the 
recording  table,  it  being  the  intention  to  put  in  different 
weights  of  indicator  springs  to  suit  the  various  classes  of  work. 
The  curve  of  speed  is  obtained  from  a  Boyer  speed  recorder 
located  in  the  base  of  the  recording  apparatus  and  chain 
driven  from  the  main  shaft,  it  being  so  arranged  that  it  may 
be  driven  at  double  its  normal  speed  in  freight  service  and  at 
normal  speed  in  passenger  service,  thus  giving  a  large  off-set 
at  low  speeds  when  desired.  The  time  record  is  drawn  on  one 
edge  of  the  chart  by  means  of  a  pen  connected  to  a  small 
electric  magnet,  which  in  turn  is  operated  from  an  -electric 
clock.  Off-sets  of  one  minute,  five  seconds,  or  cme-half  second 
may  be  obtained.  The  record  of  locations  is  made  by  a  small 
electric  magnet  in  connection  with  a  push  button  running  to 
the  observation  cupola  above.  The  cupola  is  provided  with  an 
electric  searchlight  for  night  work.  The  records  from  the 
locomotive  are  also  made  by  means  of  electric  magnets  similar 
to  that  used  in  the  location  record.  Two  pens  connected  to 
standard  Crosby  indicators  on  the  side  of  the  table  give  a 
continuous  curve  of  air  pressure  in  the  train  line  and  in 
the  brake  cylinder,  or,  if  it  is  so  desired,  in  the  auxiliary  or 
supplementary  reservoirs. 

The  gauge  board  contains  the  following  apparatus  ： 
One  standard  clock  ；  one  Haushalter  speed  recorder,  driven 
from  main  truck  ；  four  air  recording  gauges  ；  four  standard 
air  gauges  ；  one  gauge  for  dynamometer,  showing  drawbar 
pull  ；  and  two  electric  counters. 

Electricity  for  the  lighting  of  the  car  and  the  operation  of 


Fig.  3 —Recording  Tablk,  Dtnamomkter  Car. 

all  magnets  and  motors  is  obtained  from  a  set  of  16  storage 
cells,  located  beneath  the  car.  These  in  turn  are  charged 
by  means  of  a  Bliss  generator,  driven  from  the  rear  truck  of 
the  car.    The  voltage  used  throughout  is  32.    The  switch- 


THE  SINTERING  AND  BRIQUETTINO 
OF  FLUE  DUST.  : 

HY  FELIX  A.  VOOEL. 

Flue   dust,   to   most  blastfurnace 
operators,  means  a  troublesome  by- 
product,   the   formation  of  which 
should  be  curtailed,  if  not  eliminated 
entirely.     However,   with  the  in- 
creasing   use    of   fine  ores,  larger 
furnaces,   and    high-pressure  blast, 
the  production  of  flue  dust  is  con- 
stantly increasing.    As  a  result  of  greater  economy  in  the 
iron    industry,  attention    has    been    directed    towards  the 
utilisation    of   this   enormous  amount   of  waste  material. 


Fig.  4.— View  Showing  Dynamometer  in  Position. 

Flue  dust  is  generally  a  fine  material  containing  con- 
siderable coke  and  iron  ore,  with  a  small  admixture 
of  lime  and  silica,  depending  upon  the  burden.  The'  iron  ore 
is  partly  reduced,  which  shows  that  it  originates  largely  from 
the  reducing  zone  of  the'  blastfurnace.  This  dust  usually  con- 
tains 20  p&r  cent',  of  coke  and  morei  than  40  per  cent,  of  iron, 
and  unless  mad&  available  rep  resent  si  so  much  loss.  This 
accounts  for  the  first  efforts  to  re-charge  the'  flue  dust  into  the 
furnace,  either  by  moistening  it  down  with  an  excess  of  water, 
or  mixing  it  with  clay  to  form:  balls  or  pulp,  or  treating  it  with 
limewater. 

These  methods,  however,  have  been  practically  discarded, 
as  they  failed  to  produce  the  desired  economies.  To  recover, 
in  the  blastfurnace,  all  the  values  represented  by  the  material 
contained  in  the  flue  dust,  the  following  conditions  should  be 
complied  with .  (1)  The'  dust  should  be  agglomerated  into 
lumps  about  the  size  of  furnace  coke,  so  that  it  will  help  to 
carry  the  burden  and  facilitate  the  flow  of  the  gases.  (2)  The 
agglomerated  material  should  be  strong  enough  to  carry  the 
burden  without  disintegrating  ；  it  should  be  heavy  so  as  to 
decrease  its  volume,  and  it  should  be  sufficiently  porous  to 
permit  the  furnace  gases  to  penetrate  fully.  Under  no  con- 
dition should  the  surface  be  glazed.  (3)  It  should  contain  all 
of  the  valuable  constituents  of  the  dust,  such  as  coke,  iron  ore, 

*  Abstract  ofjpaper  presented  at  the  New  York  meeting  of  the" American  Insti- 
tute of  Mining  Engineers. 
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lime,  &c.  (4)  It  must  stand  handling  without  undue  break- 
age, and  should  not 'produce  more  than  5  per  cent,  of  dust. 
(5)  It  must  stand  the  weather.  (6)  It  must  not  disintegrate 
in  the  blastfurnace  before  being  greatly  or  totally  reduced. 
(7)  It  must  submit  to  easy  reduction  without  requiring  addi- 
tional fuel.  (8)  It  must  not  contain  substances  detrimental 
to  blast  l  iu'iiare  operations.  (9)  Its  cost  of  production  must 
ht  low. 

Blastfurnace  operations,  by  the  use  of  such  agglomerated 
material,    will    result   in  :    (1)   Regular,    steady  operation. 


plant  is  required,  the  operation  of  which  is  more  or  less  diffi- 
cult and  costly. 

The  Huntington-Heberlin  pot  process,  which  lias  been  used 
with  good  result's  in  the  roasting  of  pyrite  cinders,  has  been 
re<roni mended  for  the  fritting  of  flue  dust.  The  resulting 
fritted  material  is  of  more  or  less  cellular  structure.  How- 
ever, this  would  not  be  an  advantage,  as  the  surface  would  he 
largely  glazed,  reml&ring  it  not  permeable  to  gases,  and  would 
have  to  be  removed  in  the  blastfurnace  at  about  smelting  heat. 
The  process  is  somewhat  simple,  requiring  stationnry  iron  pots 


Fig.  5  — Genkral  Ahkangemknt  of  Dynamometer. 


(2)  Increased  burden,  increase  in  tlie  yield  and  metal  pro- 
duced. (3)  Decrease  in  the  consumption  of  coke.  (4)  De- 
cireass  in  the  prochiction  of  flue  dust.  (5)  Decrease  in  the  cost 
of  producing  pig  iron. 

In  order  to  obtain  these  results  American  and  European 
metallurgists  have  followed  two  different  lines.  In  the 
United  States1  it  has  sufficed  to  save  the  iron  content  only, 
though  not  in  the'  best  possible  form,  while  in  Europe  the 
endeavour  has  been  to  make  a  high-class  product  which  would 
meet  all  the  conditions  above  enumerated. 

A  number  of  processes  have  been  evolved  in  the  United 
States,  generally  known  as  agglomerating  and  sintering  pro- 
cesses. They  are  based  on  fritting  together  the  particles  of 
ore  by  heat,  the  binding  action  being  due  to  the  formation  of 
silicates,  mostly  of  iron.  When  the 
coke  has  not  been  eliminated  mecha- 
nically from  the  dust,  it  is  burned 
out,  leaving  ashes  in  the  agglome- 
rated material,  which  increases  the 
formation  of  silicates  of  iron  or 
glazing  material.  In  some  cases, 
however,  more  fuel  is  added  to  the 
flue  dust,  which,  naturally,  further 
increases  this  drawback. 

The  nodulising  process,  the  oldest 
process  in  the  United  States,  has 
b&en  in  successful  operation  far  a 
number  of  years.  Flue  dust  is 
treated  either  directly,  or  it  is  pre- 
viously submitted  to  a  magnetic 
separation  to  eliminate  coke  and 
lime.  This  is  done  to  facilitate 
tlie  subsequent  nodulising  operation, 
wliic-h  is  carried  on  in  a  slowly 
rot  ating    cement    kiln    from  80ft. 

to  1 20ft.  long.  From  2001bs.  to  3001bs.  of  finely-powdered 
ccal  is  used  per  ton  of  finished  material,  the  coal  being  blown 
int o  1  lie  kiln.  Gas  and  oil  have  also  been  tried  with  m'ore'  or 
less  success.  The  heat  produced  is  considerable'  and  difficult 
t'o  control,  the  semi -soft  material  formed  consisting  of  iron  ore 
l':irl  ides  and  slag,  which  by  the  revolving  action  of  the'  kiln  is 
balled  together  in  nodules  of  various  sizes ~ from,  a  pinhead  to 
I  li;t I  of  a  cannon  ball ― which  are  usually  quite  dense,  often 
fuswl  and  glazed.  They  contain  from  60  to  67  per  cent,  of 
iron ,  wliicli  makes  them  quite  attractive  from  the  furnaceman's 
[»f>ini  of  vif^v.     To  make  nodules  an  elaborate  and  expensive 


fitted  with  a  perforated  false  bottom  through  which  the  air 
is  blown  into  the  charge.  Tlie  equipment  is  cheap  ；  the 
operation,  however,  is  not  continuous,  which  makes  it 
expensive. 

The  Groendal  briquetting  process  has  also  been  applied  to 
flue  dust.  The  flue  dust,  either  moistened,  or  after  the 
elimination  of  the  coke  and  stone,  is  pressed  into  bricks  which 
are  subsequently  fritted  in  higli  temperature.  To  facilitate 
the  operation  ii  was  found  necessary  to  eliminate  the  coke  ； 
this,  however,  increases  the  cost.  The  separated  coke  is  of 
little  value,  since  it  contains  many  impurities.  The  machines 
used  are  ordinary  brick  presses.  The  bricks  ar©  carefully 
placed  in  layers  on  car 9,  which  are  run  into  long  kilns  about 
170ft.  long,  where  they  are  submitted  to  high  heat,  gas  being 


Auxiliaby  Truck,  Dynamometer  Cab. 


used  for  the  purpose.  The  platforms  of  the  cars  are  built  of 
firebrick  and  form  the  bottom  of  the  kiln.  The  highest  tem- 
perature, about  1,300°  C.  or  1,400°  C.，  is  reached  in  the  centre 
of  the  kiln,  the  highly-burned  briquettes  working  gradually 
towards  the  cooler  end  of  the  kiln,  where  they  are  finally 
unloaded.  The  operation  lasts  about  seven  hours.  The 
resultant  briquettes  contain  from  65  to  70  per  cent,  of  iron 
with  practically  no  impurities,  thesei  having  been  eliminated. 
No  ashes  are  left  by  tlie  fuel.  The  briquettes  are  only  slightly 
fritted,  are  very  porous  and  friable1,  and  in;ike  a  high-class 
material  for  use  in  an  onen-heartli  furnace.    The  manufacture 
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of  Groendal  briquettes  is  expensive,  necessitating  a  costly 
plant,  which  has  limited  output.  A  ton  of  flue  dust  will  pro- 
duce about  two-thirds  of  its  weight  in  briquettes. 

Quite  recently  the  Dwight-Lloyd  process  has  been  applied 
to  the  sintering  of  flue  dust.  The  material  is  submitted  to 
internal  combustion  in  layers  of  from  Sin.  to  Tin.  thick.  It  is 
fed  on  an  endless  conveyer  fornved  of  iron  pallets  or  grates. 
After  the  fuel  therein  contained  has  been  ignited  by  means  of 
a  gasoline  torch ,  or  some  other  device,  the  air  is  drawn 
through  by  suction.  The  operation  lasts  about  20  minutes. 
A  good  deal  has  been  published  of  late  in  regard  to  this  pro- 
cess. It  is  claimed  that  the  required  plant  is  not  costly,  while 
the  operating  expenses  are  considerably  lower  than  in  the 
previous  process.  The  resultant  sintered  material  is  not 
homogeneous  and,  while  a  large  portion  of  it  is  of  cellular 
structure,  it  is  glazed  on  the  surface,  which  makes  it  quite 
difficult  to  reduce  in  the  blastfurnace. 

The  Greenawalt  process  uses  much  the  same  apparatus  as 
the  Heberlin  pot,  but  air  is  drawn  through  the  charge  similar 
to  the  Dwight-LIoyd  process.  The  sintered  material  from 
these  various  processes  is  expensive  on  account  of  the  loss  of 
carbon  and,  with  the  exception  of  the  Groendal  briquette,  is 
not  of  good  physical  structure  and  is  usually  glazed  on  the 
surface.  The  briquet  ting  of  flue'  dust  has  been  more  attrac- 
tive abroad  thau  has  the  sintering. 

The  lime  process  mixes  the  flue  dust  with  from  5  to  10  pe'r 
cent .  of  hydrate  of  lime  and,  after  briquetting  the'  mate  rial,  is 
exposed  to  th©  air  for  a  certain  length  of  time,  so  that  a 
carbonate  is  formed  which  is  the  binding  medium.  This 
binder  will  eventually  act  as  flux  and  will  replace'  a  certain 
amount  of  stone.  The  process,  while  having  decided  advan- 
tages, is  quite  cumbersome  and  costly,  as  the  briquettes  must 
dry  from  two  to  four  weeks  under  cover. 

The  pioneer  process  us&s  sulphide  pitch,  obtained  from  the 
sulphide  pulp  mills,  as  a  binder.  It  is  an  organic  substance, 
rich  in  carbon  and  hydrocarbons,  which  will  burn  readily  and 
thus  increase  the  caloric  value  of  the'  material.  The  flue'  dust 
is  pressed  into  briquettes  witii  from  4  to  8  per  cent,  of  sulphide 
pitch  ；  they  are  quite  hard  and  give  fair  results,  but  the  pro- 
cess is  expensive  - 

The  Ron  ay  process  does  not  use  a  binder.  The  flue  dust  is 
submitted  to  a  very  high  pressure  in  a  specially-constructed 
type  of  hydraulic  press  ；  the  resulting  briquettes  can  be 
handled  immediately  and  have  proved  very  satisfactory.  The 
process  requires  an  expensive  plant,  however,  increasing  the 
operating  cost. 

The  Schumacher  process  does  not  us&  what  may  properly 
be  called  a  binder,  but  is  based  on  the'  latent  cementing  actions 
existing  in  fresh  flu&  dust  and  which  are  made  active-  by  the 
presence  of  a  small  amount  of  a  catalytic  substance.  Thus 
0*25  per  cent,  of  magnesium  chloride  mixed  with  fresh  flue 
dust  and  from  6  to  10  per  cent .  of  water,  pressed  into 
briquettes,  will  create  a  strong  reaction,  noticeable  by  the  con- 
siderable heat  developed  ；  the  briquettes  will  be'  perfectly  set 
and  hard  within  a  few  hours.  The  process  is  very  simple,  an 
ordinary  pug  mill  being  used  in  which  to  mix  the  material, 
which  is  subsequently  pressed  into  briquettes  in  a  toggle  press 
and  then  loaded  on  cars  to  allow  them  to  set.  Some  flue  dust 
will  react  so  strongly  that  a  large  amount  of  ore  or  coke  breeze 
may  be  added  to  the  briquettes  ；  in  these  cases  the  flue  dust 
acts  as  a  binder. 

The  Schumacher  process  requires  an  inexpensive  plant  and 
the  cost  of  manufacturing  is  low.  It  is  extensively  used 
abroad  and  has  replaced  some  of  the  other  methods.  The 
briquettes  of  all-agglomerated  materials  have  given  most  satis- 
factory results  abroad  and  highest  returns  and  values  to  the 
blastfurnace  operaiorg. 


VALVE  GEAR  FOR  STEAM  TURBINES. 

A>:  arranireinent  of  valve  gear  for  condensing  steam  turbines 
for  use  in  paper  mills  and  elaewhere,  where  in  addition  to 
power  production  steam  is  required  for  drying  or  heating 
purposes,  is  shown  in  the  accompanying  sectional  view.  In 
this  arrangement,  the  joint  invention  of  Mr.  W.  J.  Parky n, 
of  Messrs.  D.  Adamson  &  Co.，  Dukinfield,  and  Mr.  T.  D. 
Nuttal],  of  Messrs.  Bentley  k  Jackson,  Ltd.,  Bury,  the  main 
throttle  valve  f;an  be  opened  by  the  governor  without  neces- 
sarily affecting  the  bye-pass  valve  which  controls  the  supply 


of  st&ain  from  the  heaters  or  drying  cylinders  to  the  low  pres- 
sure turbine,  but  the  act  of  dosing  the  main  valve  will  close 
the  by-pass  valve  also.  The  object  of  tlie  ^ear  is  to  keep  the 
pressure  constant  in  the  heaters  'mlciit,  of  t  Ik;  load  of  tlie 

turbine  ；  bo  by-pass  and  utilise  t  hroujjh  t  he  low-pressure  part 
of  the  turbine  any  extra  steam  which  may  not  be  required  in 
the  heaters  ；  and  further,  to  obviate  ra<-ing  by  keeping  tlif 
by-pass  valve  under  the  control  of  the  speed  governor,  so  that 
no  steam  can  pass  from  the  heaters  through  the  low-pressure 
part  of  the  turbine  when  the  machine  is  running  with  no  load. 

The  illustration  shows  an  impulse  turbine  of  the  usual  type 
fitted  with  the  valve  gear  and  regulating  ineclianisin.  The 
turbine  is  divided  into  two  parts  A  and  H  by  a  blank 
diaphragm  C，  which  is  provided  with  ports  and  channels  which 
convey  the  steam  from  the  high-pressure  part  A  of  the  turbine 
to  the  chamber  K，  which  supplies  the  heaters  or  drying 
cylinders.  From  the  heaters  the  steam  passes  to  the  low-pres- 
sure part  B,  through  the  by-pass  valve  G  (actuated  by  an  oil 
relay),  and  then  to  the  condenser  D.  The  valve  G  is  controlled 
by  a  lever  O,  which  is  loose  at  one  end,  and  can  be  lifted 
separately  either  by  the  piston  H  of  a  pressure  regulator  or  tlie 
high-pressure  throttle  valve  F  through  the  lever  L.  The 


Valve  Gear  fob  Steam  Turbines. 


piston  H  is  controlled  by  the  steam,  flowing  from  the  chamber 
K  to  the  heat&rs,  passing  through  the  pip©  J  on  to  one  side  of 
the  piston,  and  acting  against  the  resistance  of  the  spring  M 
adjusted  to  the  tension  required  to  balance  the  initial  pressure 
in  th©  heaters.  The  high- pressure'  throttle  valve  F  is  con- 
trolled by  the  speed  governor  N  either  directly  or  through  an 
oil  relay. 

In  operation,  high-pressure  steam  is  admitted  through  the 
throttle  valve  F  controlled  by  tlie  governor  N  to  the  chamber 
E，  and  then  passes  through  the  high-pressure  part  A  of  the 
turbine  to  the  chamber  K,  which  supplies  the  heaters.  When 
the  required  pressure  in  the  heaters  is  obtained  the  steam 
pressure  forces  down  the  piston  H  against  the  resistance  of 
the  spring  M  and  frees  the  lever  0，  which  in  turn  allows  the 
by -pass  valve  G  to  open  and  steam  to  pass  from  the  heaters 
to  the  low-pressure  part  B  to  th'e  condenser  D，  thus  utilising 
any  steam  not  required  in  the  heaters.  This,  however,  can 
only  take  place  when  the  governor  N  is  running  slow,  because 
the  lever  L,  which  holds  up  the  lever  O  when  tlie  governor  is 
m  its  top  position,  would  then  be  lowered,  and  so  allow  the 
lever  O  to  fall.  It  will  thus  be  seen  that  the  gear  is  so 
arranged  that  when  the  governor  N  is  in  its  top  position  and 
running  at  its  quickest  speed  the  valve  G  cannot  be  opened. 
It  will  further  be  observed  that  the  low-pressure  or  by-pass 
valve  G  is  not  always  under  the  influence  of  the  governor,  but 
that  the  governor  only  acts  upon  this  valve  in  case  of  a  run- 
away of  the  turbine,  in  which  case  the  governor  closes  both  the 
main  throttle  valve  L  and  the  by -pass  valve  G  in  order  to 
prevent  steam  being  by-passed  from  the  chamber  K  (supplying 
the  heaters  or  drying  cylinders)  into  the  low-pressure  portion 
D  of  the  turbine. 
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These  carbide  residues  were  boiled  for  one  hour  with  dilute  sulphuric  acid  (1  of  acid  to  10  of  water),  then  washed,  treated,  and  dried  in  the  usual  way 


cent,  ferro-vanadium  ;  0*05  per  cent,  of  metallic  aluminium 
was  added  to  each  a  few  minutes  before  teeming.  The  ingots, 
2fin.  square,  and  each  weighing  401bs"  were  cogged  and 

*  Abstract  of  paper  read  before  the  Iron  and  Steal  Institute, 
f  "  Transactions  of  the  Chemical  Society/'  1894,  p.  788. 
I  "Journal  of  the  Iron  and  Steel  Institute,"  1910,  No.  1,  p.  169. 
§  '■  Ibid.,"  1911,  No.  1,  p.  249. 


The  analyses  of  the  carbides  were  carried  out  as  f  ollows : 
The  porcelain  boat  containing  the  dried  carbide  was  weighed. 
About  one-half  of  the  carbide  was  carefully  removed  and  put 
on  one  side  for  the  determination  of  iron  and  vanadium.  The 
boat  was  again  weighed,  the  carbide  well  mixed  with  pure 
】nanganese  dioxide,  and  the  carbon  estimated  by  direct  coiti- 


" Journal  of  the  Iron  and  Steel  Institute,"  1911,  No. 


p.  219. 


THE  CHEMICAL  AND  MECHANICAL  RELATIONS  OF  IRON, 
VANADIUM,  AND  CARBON.1 

BY  PROP.  J.  O.  ARNOLD  AND  PKOF.  A.  A.  READ. 

The  influence  of  vanadium  on  iron  and  steel  was  discovered  by 
one  of  the  authors  in  the  steelworks  of  Sheffield  University 
during  a  series  of  researches  carried  out  from  1899  to  1902. 
The  experiments  were'  made  on  ingots  melted  by  the  Huntsman 
crucible  process,  and  in  the  acid  open-hearth  furnace.  The 
results  were  not  published  in  any  journal,  but  were  copy- 
righted at  Stationers'  Hall.  The'  influence  of  vanadium,  pt  r 
se,  was  not  very  marked  on  structural  steel,  but  in  the  prt'st'm  c 
of  chroniiuni,  nickel,  and  tungsten,  the'  results  were  almost 
magical.  On  tool  steel,  per  se,  and  with  other  elements,  the 
results  we're  startling.  It  was  pointed  out  that  as  tlie  carbide 
residue  on  dissolving  the  steel  in  dilute  sulphuric  acid  con- 
tuined  nearly  all  the  vanadium,  this  element  probably  existed 
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hammered  into  bars  l^in.  round .  The  bars  were  heated  to 
about  950°  C.  for  six  hours,  and  were-  allowed  to  cool  during  an 
additional  12  liours. 

Table  I, 


Number  of 
Steel. 

Carbon 
per  Cent. 
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per  Cent. 
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0-01 
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1-10 

13-45 

0-47 

0  03 

012 

Chemical  Compositions  of  Authors'  Series. ― Tlie  analyses  of  the 
st&e】s  were'  made  on  the  last  turnings  from,  tlie  carbide  bars. 
Tlie  results  are  given  in  Table  I. 


Determination  of  the  Carbides. —- The  method  and  treatment 

used  for  separating  the  carbides  was  the  same  as  described  in 
the  author's  last  paper,  already  referred  to*,  but  with  this 
modification,  that  the  residues  were  dried  at  100°  C.  in  a 
current  of  hydrogen,  the  tube  being  pumped  out  from  time 
to  time.  The  steels  dissolved  quite  readily,  and  with  each, 
member  of  the  series  vanadium  was  found  in  the  hydrochloric 
acid  solutions  ；  but  in  most  cases  it  was  quite  unnecessary  to 
test  for  vanadium,  as  the  electrolyte  was  distinctly  blue  to 
dark  blue  in  colour. 

The  carbides  obtained  from  Nos.  1315  and  1316，  contain- 


in  the  form  of  a  carbide,  or  double  carbide ；  but  so  far  no 
systematic  research  has  been  carried  out  to  deterirtine  the 
exact  condition  in  which  vanadium'  may  be  present  in  steel . 
The  present  coinniiniication  is  a  continuation  of  the  work 
published  by  the  authors  in  their  papers  on  "  Tlie  Chemical 
Relations  of  Carbon  and  Iron ，"十 " The  Chemical  and  Mecha- 
nical Relations  of  Iron,  Manganese,  and  Carbon, "I  and  "  The 
Chemical  and  Mechanical  Relations  of  Iron,  Chromium,  and 
Carbon, '，§  and  contains  an  account  of  a  number  of  experi- 
ments made  to  determine  :  (1)  The  composition  of  the  carbides 
separated  from  a  series  of  well-annealed  steels  containing 
various  percentages  of  vanadium,  the  percentage  of  carbon 
increasing  with  tho  percentage  of  vanadium.  (2)  The  mecha- 
nical properties  of  the  alloys  under  static  and  alternating 
stress  tests.    (3)  The  microscopical  features  of  the  alloys. 

Method  of  Manufacture  of  the  Authors'  Steels. ― The  alloys  were 
made  by  the  coke  crucible  process  in  Sheffield  white  clay  pots 
from  Swedish  bar  iron,  American  washed  iron,  and  38  per 


PERCENTAGt  OF  VANADIUM  h 
Fig.  2. 


Steel 


ing  0*71  and  2*32  r)&r  c&nt.  of  vanadium,  were  dark  grey  ； 
and  from  Nos.  1309,  1310，  and  1312,  containing  5'84，  10*30, 
and  13*45  per  cent,  of  vanadium,  slate  grey  in  colour. 
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bust  ion.  The  remaining  portion  of  the  carbide  was  intimately 
mixed  with  sodium  carbonate  and  a  small  quantity  of  sodium 
peroxide  in  a  platinum  basin,  and  heated  in  a  muffle  furnace. 
When  cold  the  mass  was  repeatedly  boiled  with  water  and 
filtered.  The  vanadium  in  the  filtrate  was  estimated  by  re- 
ducing with  sulphurous  acid  and  titrating  with  a  standard 
solution  of  potassium  permanganate.  The  residue  on  the 
filter  paper  was  dissolved  in  hydrochloric  acid  and  made  up 
to  a  known  volume.      The  iron  was  then  estimated  by  the 


Fig.  3,— Carbon  0  60  per  Cent. :  Vanadium,  o  li  per  Cent. 
Magnified  450  diameters. 

usual  volumetric  process,  using  a  standard  solution  of  potas- 
sium dichromate  for.  the  titration.  The  very  small  quantity 
of  vanadium  found  in  the  iron  solution  was  determined  by 
the  hydrogen  peroxide  colour  test.  The  results  are  given  in 
Table  II. 

A  consideration  of  the  results  in  the  foregoing  table  indi- 
cates that  in  most  cases  practically  the  total  amount  of 
carbon  in  the  steel  is  obtained  as  carbide.  The  slightly  lower 
results  are  not  due  to  any  appreciable  decomposition  of  the 
carbide  during  the  electrolytic  run,  but  are  accounted  for  by 
a  slight  roughness  of  the  bars  which  prevented  the  last  traces 
of  carbide  being  obtained. 

The  results  given  in  Table  II.  also  show  tliafc  vanadium 
replaces  iron  in  the  carbide,  even  when  the  steel  contains  only 
such  a  small  quantity  as  0*71  per  cent,  of  vanadium,  with  the 
formation  of  a  mechanical  mixture  of  the  carbides  of  iron  and 
vanadium  corresponding  to  the  formula  1  lFe3C  +  V4C3. 

As  the  vanadium  in  the  steel  increases,  more  vanadium  is 
found  in  the  carbide,  and  with  the  next  member  of  the 
series,  containing  2'32  per  cent,  of  vanadium,  the  carbide  is 
represented  by  the  formula  2Fe3C  +  V4C3. 

Coming  to  the  remaining  tliree  steels  of  the  series,  wit'h 
5*84,  10*30,  and  13*45  per  cent,  of  vanadium,  in  each  case 
practically  the  whole  of  the  iron  has  been  replaced  by  vana- 
dium, and  most  probably  a  definite  carbide  of  vanadium  is 
obtained,  corresponding  to  the  formula  V4C3.* 

These  results  are  shown  more  clearly  in  Figs.  1  and  2. 
It  will  also  be  noticed  (Table  II.)  that  it  is  possible  to  reduce 
still  further  this  small  quantity  of  iron  found  with  the 
vanadium  by  digesting  the  carbide  residues  with  hot  dilute 
sulphuric  acid. 

Turning  Characteristics  of  the  Alloys.— The  report  of  Mr.  J. 
Harrison,  Laboratory  Engineer  in  the  Metallurgical  Depart- 
ment of  Sheffield  University,  on  the  behaviour  of  the  bars  in 
the  lathe  is  embodied  in  the  following  table,  the  word  tough 

*  It  is  theoretically  possible  that  this  may  bo  a  mixture  of  vanadium  carbides. 


having  reference  to  the  capability  of  the  material  to  curl  off 
in  spirals  during  the  turning  operations  ：  一 


Steel  No. 
A 

Carbon 
per  Cent. 

Vanaflium 
per  Cent. 

Turning  report. 

1,315 

0-60 

0-71 

Tough. 

1,316 

0-03 

2-32 

Tough. 

1,309 

0-93 

5-84 

Tough  and  slightly  liard 

1,310 

1-07 

10-：5() 

Tough  and  slightly  hanl 

1,312 

1-10 

13-45 

Tough  and  hard 

Mechanical  Properties.  一  The  static  results  are  embodied  in 
the  following  table,  the  test  pieces  being  2in.  parallel  and 
0'564in.  diam. : — 

Table  of  Tensile  Tests. 


Yield  point. 

Max.  stress. 

Reduction  of 

Steel  No. 

Tons 

Tons 

Elongation 

Area 

A. 

per  square 

per  square 

per  Cent. 

per  cent. 

inch. 

inch. 

1,315 

12-0 

35-9 

220 

41-4 

1,31(5 

14-0 

35-0 

24-5 

52-0 

1,309 

17-0 

33-4 

25-0 

53-2 

1,310 

15-0 

33-7 

230 

31-5 

1,312 

180 

370 

100 

9-7 

Since  1309  contains  0  93  per  cent,  of  carbon,  its  test  result  is  remarkable. 

Alternating  Stress  Tests. ― The  dynamic  tests  obtained  under 
standard  conditions  on  the  Arnold  machine  are  tabulated  as 
follows  ： — 

Table  of  Alternating  Tests. 


Steel  No. 


Alternations  endured. 


A 

1st  Test 

2nd  Test 

Moan 

1,315 

126 

112 

119 

1.31G 

162 

220 

191 

1,309 

144 

126 

135 

1,310 

94 

144 

119 

1,312 

8 

22 

15 

-，: .^^i; 


Fig. 


-Carbon,  0  63  per  Cent. :  Vanadium.  2 "32  per  Cent. 
Magnified  450  diameters. 


The  poor  dvnamic  properties  of  the  series  exemplify  the 
evil  influence  of  drastic  annealing  on  vanadium  steels. 

Microjraphic  Analysis.  ―  The  microscopical  examination  of 
the  steels  leads  the  authors  to  announce  provisionally  the  dis- 
covery of  two  new  constituents ~ (1)  Vanadium  pearlite  ;  (2) 
vanadium  cementite,  VnC3. 
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(1)  1',〃〃〃//'〃/〃  〃'〃/'〃/,'.— This  constituent  seems  incap- 
able of  segregating  into  Ui('  laininated  variety,  and  presents 
itself  only  in  the  troostitic  and  sorbitic  forms.  Its  saturation 
point  s  s  en  is  considerably  higher  than  that  of  iron  ])Garlite, 
but  this  point  requires  further  research. 

(2)  YdUddidni  ( 'rmoititc . ―  This  constituent  (a  decompo- 
sition product  of  vanadium  pearlite)  is  not  nearly  so  mobile 


Fi(i.  5  —Carbon,  0.93  per  Cent.  ；  Van idiuni,  5-S-J  y.i-v  Cert. 
IMagnitied  4i50  diameters. 

as  Fe3C,  and  consequently  S3gregates  into  relatively  minute 
irregular  masses  very  much  smaller  than  massive  iron  cemen- 
tite. 

The  micro^raphic  analysis  has  proved ― almost  beyond 
doubt ~ that  th?re  is  no  double  carbide  of  iron  and  vanadiuni , 
since  when  Fe3C  and  V^C3  are  together  in  a  well-annealed 
steel  the  former  has  segregated  as  usual,  whilst  the  latter  has 
remained  distributed  in  its  pearlite  in  the  troostitic  or  sor- 
bitic  form . 

Mirrnfjra jih  /，々/.  3. —— In  this  structure  was  found  (a)  a 
pale  ground-mass  of  slightly  vanadiferous  ferrite  :  (b)  a  few 
areas  of  laminated  iron  pearlite  ；  (r)  the  Fe3C  of  decompossd 
laminated  iron  pearlite  iirthe  form  of  cell  walls  and  irregular 
masses  ；  (〃')  dark  etching  troostitic  vanadiuni  pearlite  ；  (r)  less- 
dark  etching  areas  of  sorbitic  vanadium  pearlite.  This  section 
contains  0.6  per  cent,  of  carbon  and  0*71  per  cent,  of  vana- 
dium. 

M irnxjra pli  Fin.  4. —— This  steel  presents  a  very  confused 
structure  in  which  vanadiferous  ferrit p  and  vanadium  pearlite 
in  both  the  troostitic  and  sorbit  ic  forms  have  segregated  very 
imperfectly  in  spite  of  the  12  hours'  cooling.  The  only  well- 
defined  constituent  is  the  iron  cenientiie  which  has  readily 
segregated  in  mesh?s  and  masses,  but  is  distinctly  less  in  quan- 
tity than  that  in  micrograph  Fig.  3.  The  steel  represented  in 
micrograph  Fig.  4  contains  0"63  per  cent,  carbon  and  2'3L;  per 
cent,  vanadium. 

.1/ h'nufrd ph  Fit/ .  5. — This  section  ''onsist's  largely  of  sor- 
bitic vanadium  pearlite,  overlaid,  however,  by  irregular 
meshes,  apparently  of  vanadiferous  ferrite.  In  other  words, 
the  sU、H  is  not  saturated.  It  toniains  ()  9:i  \)vr  cent,  carbon, 
and  5*84  per  cent,  vanadiuni. 

M icrnffru ph  F'hj.  6. —— This  contains  1*10  per  cent,  carbon, 
?! nd  】3'45  p?r  rent.,  vanadiuni.  It  is  almost  identical  in 
structure  with  steel  No.  1,310，  wliidi  contains  1  '07  per  cent . 
carbon  ；， 1 0'30  . vanarliuin.    Tlie  grouiul-inass  is 

vanadiferous  forritc,  over  \vliirl】  ar(、  scaltiM'cd  sinall  ssgrogated 
irregular  jii  asses  of  vanadium  ('('meutit'e',  V.^Cn.  Each 
\yr\ rt  is  m  vironed  by  a  somewhat  dark  border  of  ])rol>al)ly 
sorbitic  vanadiuni  |)'''irliti'，  anrl  sum II  pai rlu's  ；] nd  streaks  of 
this  constituent   are  also  scattered    ovei*    tlie    field.  The 


mobility  or  segregative  capacity  of  V4Cjj  obviously  increases 
with  the  percentage  of  vanadium  presMii  in  the  ferrite. 

I  ii  conclusion,  t  he  authors  have  to  tender  t  heir  t  lumks  to 
Mr.  F.  K.  Knowles,  B.Met.,  Senior  Lecturer  in  Metallurgy  at 
the  University  of  Sliefiield,  for  niucli  valual)lo  hel|>  in  making 
the  steels  and  nieclianical  tests  ；  also  to  JVIr.  Duncan  Maxfield, 
Associate  in  Metallurgy  of  Sliefiield  University,  for  the 
]»;it  ience  and  accuracy  of  his  work  (,(川11('('"'(1  wit  li  I  lie  Hn'mir;d 
branch  of  tlie  research .  Finally,  the  authors  have  to  thank 
Mr.  E.  Culvci-  (Jlauert,  Research  Assistant  in  the  University 
of  Sh(4f!ield,  for  his  fx(|iiisite-  microinel  ric  reproductions  of 
t  lie  four  typical  micrographs  illustrating  this  paper. 《. 

The  authors  hope  at  no  distant  date  to  report  to  tlie  Tusl  i- 
i  iiic  on  tlie  clteniical  and  mechanical  relations  of  iron，  carbon, 
and  nickel.  In  view  of  a  suo<r;«sti0n  made  at  the  last  May 
im'Hing  uf  1  lie  Institute  by  their  friend,  Dr.  Stead,  the 
a  ut  liors  wish  1o  stat  e  i  hat.  the  absorption  and  recalesceiice 
rurvrs  of  t  he  st  eels  <\p'\\i  w i 1 1 1  in  all  their  carbide  researches 
will  b?  iiK'luded  in  a  s]>ecial  ]);i|"'r  as  soon  as  possible  after  the 
imi'jue  recalesceiK-e  laboratory  now  being  fitted  up  for  the 
SlirfField  University  by  t  lie  ('ambridge  Scientific  Instrument 
Company  is  available  for  work. 

APPENDIX. 

Since  writing  this  paper,  the  authors,  during  recalesoenre 
observations,  liave  provisionally  to  announce  a  discovery  of 
far-reaching  theoretical  importance. 

Steel  No.  1,316. —— ( farbon,  0*63  per  cent.  ；  V anndnnt)  ，  2*32 

per  cfitt . 

Cooled  from  1  ，020°  (J.，  this  steel  did  not  present  the  point 
Ar3.  Ar'2  a])peare<l  at  791°  C.  and  Arl  at  720°  C.  This 
latter  point  was  very  small  for  a  0  G3  per  cent,  carbon  sieel. 

Steel  iVo.  1，310. 107  per  vent.  ；  V aiuul'nnn ,  10*3  per 

cent. 

Cooled  from  1,210°  C,  this  steel  failed  to  present  the  point 
Ar3.    Ar2  presented  the  top  peak  at  830°  C.  and  the  lower 


Fig.  6.— Carbon,  1  10  vev  Cent.:  Vanadium,  13*45  per  Cent. 
Magnified  4.【)U  diameters. 


peak  at  816°  C.  Arl  was  quite  absent.  On  heating,  the 
maximum  absorption  at  Ac2  was  at  826°  C.  Acl  was 
absent. 

Quenching  Experiments. 
Samples  of  steel  No.  1,310,  carbon  1*07  per  cent.,  vana- 
dium 1()"3  j)er  cent. ,  were  rapidly  (jaeiiclie'd  from  tlu、  following 
leinperatures:    850°  C.， 】 ，000°  C.，  and  1,050。  C.      All  after 

- Tin-  trnii  "sorbitic,"  as  used  in  this  paper,  has  reference  to  pearlite  in  wliich 
the  carl)i(lc  altlioutih  in  a  fine  state  of  division,  is  nevertheless  within  the  ranue  of 
microsfopic  vision. 

The  term  "troostitic"  has  reference  to  pearlite  in  which  the  carbide  is  in  a 
btate  of  division  su  fine  as  to  bo  beyond  the  ran^3  of  miLry^uopic  vision. 
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quenching  were  quite  soft  to  the  file.  The  authors  provi- 
sionally draw  the  following  conclusions  ： ― 

(ft)  That  the  point  Arl，  marking  the  formation  of  vana- 
dium pear  lite  from  vanadium  liardeiiite,  must  be 
between  1,200°  C.  and  1,400°  C.  (the  latter  being 
about  the  solidification  point  of  the  steel) .  When 
quenched  in  water  from  about  1,300°  C.，  steel  No. 
1,310  was  quite  hard,  stripping  a  new  file. 

(h)  That  although  the  steel  be  quenched  in  the  beta  range 
of  temperature,  it  is  still  quite  soft. 

(c)  That  the  above  conclusions,  when  fully  confirmed,  will 
form  direct  proof  of  the  correctness  of  the  views  so 
long  held  by  Prof.  Le  Chatelier,  Sir  Robert  Had- 
field,  Dr.  McWilliam,  and  the  authors,  that  the 
hardening  of  steel  is  brought  about  by  carbon  in 
some  form  irrespective  of  the  range  of  temperature. 

Further  experiments  have  resulted  in  the  discovery  of 
vanadium  hardenit-e,  which  is  formed  near  1,400°  C.  It 
resembles  iron  bardenite  but  se^ms  as  hard  as  topaz. 

The  authors  have  to  thank  Mr.  F.  C.  Thompson,  B.Met" 
Demonstrator  of  Metallurgy  in  Sheffield  University,  for  his 
services  in  carrying  out  the  foregoing  experiments. 


THE  PREVENTION  OF  ELECTRICAL  ACCIDENTS.* 

BY  H.  iX.  GASSMAN. 
It  is  only  too  true  that  "  accidents  happen  in  the  best 
regulated  families/'  It  is  hardly  possible  to  limit  them  en- 
tirely, but  they  may  be  greatly  reduced  by  a  careful  study  of 
the  conditions.  It  is  well  to  know  "  how  to  act"  after  an 
accident  has  happened,  but  it  is  a  greater  art  to  prevent  its 
happening.  It  is  only  natural  to  ask,  "  Why  should  we  be 
interested  in  preventing  accidents  ？  "  Briefly  the  answers  are : 
First,  every  employer  realises  sooner  or  later  that  accidents 
represent  considerable  loss  in  money  due  to  the  liability 
incurred,  incapacitating  skilled  employes  and  disorganising 
his  business,  or  arousing  antagonistic  feeling  in  the  public. 
Accidents  directly  affect  him  commercially,-  to  say  nothing  of 
the  humane  side.  It  is  obvious  that  if  an  employe  co-operates 
with  him  towards  reducing  accidents  he  becomes  more  desirable 
and  more  highly  valued.  Second,  from  a  human  point  of 
view  an  employe  owes  it  to  his  fellow  employes  and  the 
public,  as  well  as  to  himself  and  those  dependent,  to  prevent 
accidental  death  and  physical  and  mental  suffering. 

To  the  person  of  average  intelligence,  electricity  is  a  rather 
mysterious  thing,  and  there  is  a  general  feeling  that  every- 
thing electrical  is  dangerous.  On  the  other  hand,  electrical 
affidents  are  often  the  result  of  disregarding  natural  laws 
applying  to  electricity  and  a  failure  to  appreciate  the  risk 
involved.  It  is  a  well-known  fact  the  world  over  that  when 
the  origin  of  a  tire  cannot  be  positively  ascertained  it  is  attri- 
buted to  the  electrical  wiring,  where  such  is  present.  Never- 
theless, the  fact  remains  that  electrical  work  must  be 
considered  as  hazardous.  It  is,  therefore,  especially  important 
to  safeguard  every  one  concerned  against  injury.  This  may 
be  in  the  mine,  overhead,  on  the  highway,  in  the  mill,  at  the 
factory,  or  the  shop,  in  the  power  house  or  the  home.  The 
importance  of  this  can  only  be  fully  appreciated  when  we  recall 
how  little  is  generally  known  regarding  electricity,  that  a  volt- 
age as  low  as  50  may  prove  fatal,  and  that  moving  machinery 
is  f-ssential  to  generate  and  usually  to  transform  electrical 
energy.  We  can  see  dangerous  moving  machinery,  hear  the 
noise  that  indicates  trouble,  feel  the  heat  from  hot  bodies 
before  we  come  in  contact  with  them,  but  we  lack  an  electrical 
sense  to  detect  the  presence  of  electricity  by  our  physical 
organism.  Within  the  last  decade  more  or  less  systematic 
work  has  bee n  done  in  the  way  of  minimising  accidents  along 
industrial  lines,  and  some  legislation  has  been  enacted  in  this 
direction. 

The  general  conditions  giving  rise  to  electrical  accidents 
are  the  same  as  for  all  other  industrial  accidents.  Among 
these  might  be  mentioned  the  following  ：  Inevitable  ；  lack  ojf 
skill;  carelessness  ；  ignorance  ；  absentmindedness  ；  lack  of 
guards  ；  insufficient;  illumination  ；  overwork;  intoxicants  ；  dis- 

*  AljKtraot  of  in-csidenLiiLl  iKldress  dolivcicd  before  the  BinniDybam  (Ala.) 
A:, -ocialion  of  lilcctrical  】0n«inws. 


regard  of  rules  ；     lack  of  inspection;     confusion  of  orders  ； 
misunderstanding  ；  clothing  ；  lack  of  supervision  ；' ml  ""mw 
ment  ；  absence  of  signals  ；  lack  of  visual  danger  signs;  lack  of 
preparation  before  starting  machinery  ；  cleanliness,  orderli- 
ness. 

Inevitable. —- This  covers  accidents  that  could  not  be  pre- 
vented and  for  which  no  one  in  particular  can  be  held 
responsible.  In  general,  such  accidents  never  happen  twice 
in  the  same  way,  and  there  is  usually  a  combinat  ion  of  cirrurn  - 
stances  leading  up  to  the  accident  which  could  not  possibly 
have  been  foreseen.  Statistics  from  Germany  show  that  this 
class  covers  42  per  cent,  of  the  accidents,  the  remaining  58  per 
cent,  being  due  to  negligence  of  employe  or  employer. 

Lack  of  Skill. —— The  same  report  from  Germany  shows  that 
20  per  cent,  of  the  industrial  accidents  which  occur  are  due 
to  lack  of  skill.  It  is  therefore  important  that  no  man  be  put 
on  a  job  unless  he  has  had  sufficient  drilling  or  experience 
to  make  him  skilled  at  the  work.  This  is  particularly  appli- 
cable in  electrical  work,  where  men  have  to  be  drilled  and 
trained  in  any  particular  branch  of  electrical  work  on  account 
of  the  lack  of  suitable  skilled  labour. 

Carelessness, ― It  is  a  well  known  fact  that  familiarity 
breeds  carelessness  or  overconfidence.  This  is  a  case  of 
" knowing  ，，  and  not  "  acting  ，，  accordingly.  When  careless- 
ness becomes  habitual  the  employe  should  be  transferred  to 
work  where  there  is  less  or  no  risk. 

Lack  of  Guards. ― Fully  eight  per  cent,  of  German  indus- 
trial accidents  are  due  to  the  absence  of  guards.  The  guard 
may  have  been  provided  originally  and  not  replaced  by  the 
employe  when  once  removed.  Such  guards  should  be  used 
to  protect  one  from  coming  in  contact  with  moving  machinery, 
getting  in  the  path  of  moving  machinery,  and  falling  into 
openings  such  as  in  the  floors  of  buildings,  or  from  walk-ways, 
platforms  and  stairs. 

Insufficient  Illumination. ― It  is  estimated  that  25  per  cent, 
of  the  industrial  accidents  are  due  to  insufficient  illumination. 
This  is  particularly  true  where  workmen  pass  from  daylight 
to  places  lighted  artificially.  The  artificial  light  may  be  suffi- 
cient for  those  accustomed  to  it,  but  the  eye  does  not  respond 
immediately  to  the  change  in  light  when  passing  from  a  very 
bright  illumination  to  a  place  lighted  at  low  intensity.  It  is 
therefore  important  that  lamps  be  placed  along  walk-ways  and 
thoroughfares  rather  than  distributed  uniformly  over  the 
whole  floor. 

Overwork. —— Fatigue  leads  to  carelessness,  and  long  hours 
without  rest  are  responsible  for  many  accidents.  The  physical 
is  so  closely  related  to  the  mental  that  fatigue  of  one  affects 
the  other. 

Disregard  of  Rules, ― This  closely  borders  on  carelessness, 
but  differs  from  it  by  being  a  wilful  violation  of  rules,  and 
covers  such  things  as  deeds  of  daring  or  boasting,  unnecessary 
exposure  to  danger,  of  taking  short  cuts  for  completing  a  job, 
instead  of  doing  it  tlie  safest  way,  or  trespassing  in  for- 
bidden dangerous  locations.  Rules  should  not  be  made  unless 
they  will  be  enforced.  They  should  be  put  up  in  such  shape 
and  so  distributed  that  there  can  be  no  excuse  for  the  employe 
not  being  familiar  with  them. 

Lack  of  Inspection . — Machinery  and  apparatus  deterior- 
ates and  gets  out  of  adjustment  naturally,  and  many  accidents 
can  be  prevented  by  a  rigid,  methodical  and  regular  inspection 
sufficiently  frequent  to  suit  the  conditions  and  the  apparatus. 
Whenever  unsafe  conditions  or  defects  in  the  machinery  or 
apparatus  are  discovered  the  apparatus  should  not  be  con- 
tinued in  service,  without  orders  from  a  superior,  until  repairs 
or  adjustments  can  be  made. 

The  following  are  a  few  important  rules  applying  to 
electrical  workers  ；  which  rules,  if  observed,  will  reduce  very 
much  the  risk  of  handling  circuits  of  dangerous  voltage,  or  of 
operating  electrical  machinery  of  any  kind  in  any  place. 

No  inspection,  repairs  or  changes  of  cables,  wire  or 
apparatus  should  be  conducted  by  any  one  except  those 
authorised. 

No  temporary  work  should  be  permitted  unless  it  is  good 
and  safe  enough  mechanically  and  electrically  to  be  per- 
inanent. 

Only  skilled  and  experienced  workmen  should  be  employed 
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on  hazardous  jobs.  Such  work  must  be  performed  under  the 
direction  of  a  competent  man  at  all  times. 

When  instructions  are  not  complete,  or  not  thoroughly 
understood,  consult  your  superior  and  follow  his  directions. 

Do  not  handle  circuits  promiscuously  and  do  not  get  the 
idea  that  you  are  expe'rt  at  it.  Overconfidence  breeds  careless - 
ness  and  accidents  are  the  result.  Competent  men  are 
cautious,  only  unskilled  and  inexperienced  men  take  chances. 

Avoid  working  on  live  circuits  except  where  absolutely 
necessary,  then  take  all  necessary  precaution  to  insulate  your- 
self thoroughly  from  the  ground  and  the  neighbouring  wires 
of  opposite  polarity,  using  such  means  as  are  provided  or  as  are 
proper  for  the  risk  involved. 

Before  mounting,  examine  carefully  all  poles,  brackets, 
cross  arms,  &c -，  to  see  that  they  are  safe.  Do  not  work  on 
defective  poles  unless  they  are  properly  guyed. 

Inspect  carefully  all  guy  wires,  anchorages,  poles,  towers 
and  brackets  before  putting  up  wire  and  straining. 

Inspect  all  apparatus  and  tools  used  ；  if  same  are  found 
defective  discard  them  or  have  them  repaired. 

When  handling  wires  of  low  voltage,  such  as  for  telephones 
and  for  signals,  use  the  same  precautions  as  in  handling  other 
wires  with  which  they  may  become  crossed .  It  is  not  safe  to 
depend  upon  the  insulation  on  the  electric  wires  to  protect 
you  against  shock .  Insulation  deteriorates  with  age  and 
especially  when  exposed  to  weather  or  t  he  art  ion  of  water  in 
mines. 

When  working  on  live  circuits  use  one  hand  at  a  time  and 
keep  the  other  behind  the  back.  Shocks  from  hand  to  hand 
are  the  most  dangerous. 

Insulation  on  tools  and  rubber  gloves  are  good  things  if 
they  are  ample  for  the  voltages  to  be  handled,  but  they  are 
apt  to  prove  a  delusion,  as  they  cannot  be  depended  upon  being 
in  good  condition  and  satisfactory  for  the  purpose. 

Linemen  must  always  use  safety  belts  when  working  over- 
head. 

Avoid  working  on  circuits  running  overhead  or  on  light- 
ning arresters  while  there  is  any  sign  of  lightning. 

Never  depend  entirely  upon  tracing  out  circuits,  rather  test 
them  out  with  lamp,  magneto,  voltmeter  or  other  means. 

When  working  on  a  dead  circuit  that  might  be  made  alive, 
treat  it  as  alive. 

Where  circuits  are  controlled  only  from  the  power  house , 
written  instructions  should  given  to  the  man  in  charge  of 
the  power  to  open  and  close  such  switches  as  control  the  cir- 
cuits on  which  work  is  to  be  done.  The  operator  must  place 
a  tag  on  the  switch,  calling  attention  to  danger  of  closing  same 
before  the  work  is  finished.  Before  this  switch  is  closed  see 
that  everything  is  in  the  clear  and  everybody  has  been  notified 
to  keep  away  from  the  circuit. 

It  is  the  safest  plan  to  short-circuit  the  circuit  that  has 
b&en  made  dead  before  working  on  it. 

Switches  and  wires  of  high  voltage  should  be  placed  out  of 
ordinary  reach.  Where  this  cannot  be  done  they  must  be 
properly  guarded  to  prevent  persons'  coming  in  contact  with 
them. 

Apparatus  carrying  over  250  volts  must  have  its  frame  or 
case  thoroughly  grounded. 

All  wires  must  be  supported  securely  on  suitable  insulators. 

Insulated  platforms  should  be  installed  around  apparatus 
of  high  voltage's  that  is  apt  to  be  touched  by  the  operator 
or  other  employes. 

Lamps  on  circuits  of  220  volts  and  higher  should  not  be 
trimmed  without  using  a  suitable  insulating  platform  to 
stand  on. 

When  working  on  wires  underground,  special  precautions 
must  be  taken  on  account  of  the  dampness  and  the  fact  that 
grounded  circuits  are  used  in  such  places. 

Sir  Francis  Fox,  M.lnst.CE. ― The  King  has  been  pleased 
to  confer  ilio  lionour  of  kiiiglithood  upon  Mr.  Francis  Fox, 
M.lnst.CE.,  in  coinuM-t  ion  with  liis  services  in  the  restoration 
of  ilie  foiuidalions  of  Winchester  Catlm 山 "1.  Among  other 
engineering  works  wiili  wliich  Sir  Francis  lias  been  concerned 
are  the  Siniplon  Tunnel,  the  Cape  to  Cairo  Railway,  the 
supply  of  electric  power  to  the  Rand  mines,  the  extension  of 
1  he  (heat  Central  Railway  to  London,  and  the  Charing  Cross 
and  Hanipstead  Tube  Railway. 


ARC  WELDING.* 

BY  C.  B.  AUELL, 

Welding  through  the  medium  of  the  electric  arc  may  be 
accomplished  by  any  of  three  different  processes,  named  respec- 
tively after  the  inventors,  Beiiardos,  Slavianoff,  and  Zerener. 
Like  oxy-acetylene  and  oxy-hydrogen  welding,  all  of  these  a  i  o 
very  properly  classed  as,  autogenous  welding  processes,  since 
fusion  is  accomplished  without  pressure,  simply  by  allowing 
the  metals  to  melt,  then  to  mix  and  unile  as  they  cool.  The 
essential  difference  between  the  processes  under  discussion  may 
be  briefly  indicated  as  follows  ：  一 

In  the  Benardos  process  the  arc  is  drawn  between  the  metal 
to  be  welded  wliich  forms  one  terminal  of  an  electric  circuit 
and  a  carbon  electrode  which  forms  the  other  terminal.  In 
the  Slavianoff  process  the  arc  is  drawn  betwe&n  the  metal  to  be 
welded  which  forms  one  terminal  of  an  electric  circuit  and  a 
metal  electrode  whicli  forms  the  other  terminal  ；  and  in  the 
Zerener  process  the  arc  is  drawn  between  two  carbon  elec- 
trodes, the  metal  to  b©  welded  being  placed  in  contact  with 
the'  arc.  , 

Benardos^  Process.— The  Benardos  process  is  due  to  Benardos 
and  Olz&wski,  to  whom  a  United  States  patent  was  granted  in 
1887.  From  this  date  it  will  be  noted  that  the  term  of  the 
patent  has  now  expired  and  anyone  is  th&refore'  at  liberty  to 
make  use  of  it. 

Apparatus  Required. ~ A  complete  outfit  for  this  process  of 
welding  includes  a  suitable  source  of  direct  current  supply,  con- 
trolling apparatus  for  the  regulation  of  current  and  voltage, 
carbon  electrodes,  a  suitable  enclosure  for  the  work,  a  protec- 
tive covering  for  the  operator,  fireclay  or  other  material  for 
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moulding  purposes,  filler  and  flux.  Fig.  1  is  a  diagrammatic 
sketch  of  the  electric  apparatus  as  it  is  perhaps  most  commonly 
used.  Starting  from  the  generator,  one  branch  of  the  circuit 
leads  through  an  ammeter  and  a  circuit  breaker  direct  to  the 
carbon  electrode,  which  usually  forms  the  negative  terminal  ； 
the  other  branch  of  the  circuit  leads  from  the  generator, 
through  a  single-pole  switch,  to  the  main  rheostat,  then  to  the 
metal  to  be  welded  which,  either  directly  or  indirectly  through 
a  metal  table,  forms  the  other  terminal.  There  are,  of  course, 
modifications  of  this  general  scheme,  each  of  which  possesses 
one  or  more  features  of  merit,  but  the  limits  of  this  paper  pre- 
clude their  being  discussed  in  detail. 

Current  Supply. ― The  current^  which  must  always  be  direct, 
may  bo  obtained  in  any  of  several  ways :  (a)  from  an  inde- 
pendent generator,  shunt  or  compound,  of  at  least  15  kw. 
capacity,  preferably  larger,  at  75  to  100  volts,  and  either  belt 
or  direct  driven  ；  (b)  from  public  supply  mains  of  like  voltage 
and  capacity  ；  (c)  from  a  battery  operating  in  coiijiuu'tion 
with  either  (a)  or  (b).  As  intimated,  current  may  also  be 
obtained  from  a  higher  voltage  than  that  specified,  if  it  is  the 
only  kind  at  hand,  resistance  being  then  introduced  into  the 
circuit  to  cut  down  the  voltage  to  the  required  amount.  This, 
of  course,  is  wasteful  and  is  recommended  only  where  the  weld- 
ing to  l) &  done  is  so  small  in  amount  or  of  such  infrequent 
occurrence  as  not  to  warrant  a  proper  installation. 

Controller  Apparatus.  ―  Different  current  strengths  are 
required  for  different  sizes  of  welds,  and  means  must  accord- 
ingly bo  available  for  regulating  the  cui'rent  supply.  This  is 
usually  effected  by  inserting  a  variable  resistance  in  the  main 
current,  though  in  the  case  of  a  suitable  generator  its  field  may 
be  weakened  instead  and  the  same  result  accomplished.  In 
the  diagrammatic  sketch,  Fig.  1，  the  resistance  consists  of  two 
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water  barrels  arranged  in  parallel  -  Pulleys  and  counter- 
weights are  provided  by  means  of  which  the  distance  between 
the  terminal  plate  at  the  top  of  each  barrel  and  the  steel  cast- 
ing at  the  bottom  may  be  altered  at  will  and  the  resistance 
increased  or  diminished  proportionately.  The  objection  to 
water  barrels  is  that  when  the  plant  is  worked  hard  the  water 
will  boil  over,  thus  requiring  a  stoppage  of  the  work  in  order  to 
allow  the  water  to  cool.  The  overflowing  of  the  water  further 
causes  the  hoops  on  the  barrels  to  rust,  whicli  in  turn  makes 
necessary  the  replacing  of  the  barrels  from  time  to  time. 
Again,  a  spark  may  occasionally  drop  into  one  of  the  barrels, 
producing  a  loud  explosion,  without  damage,  however,  other 
than  startling  the  operator.  This  explosion  is  due  apparently 
to  an  accumulation  of  a  small  amount  of  oxygen  and  hydrogen 
from  the  electrical  decomposition  of  the  water.  For  these 
several  reasons  it  is  preferable'  to  use  grids  instead. 

Electrodes. — The  type  of  electrode  used  is  illustrated  in 
Fig.  2.  It  consists  of  a  piece  of  pipe  threaded  as  shown,  and 
provided  with  a  wooden  handle  having  an  asbestos  or  fibre 
guard.  Into  one  end  of  this  handle  is  inserted  and  clamped 
the  carbon,  which  in  turn  is  held  by  pressure  in  a  suitable 
metal  eyepiece.  The  carbons  as  a  rule  are'  from  fin.  to  lin. 
diam.  and  6in.  in  length.  They  should  be  hard  and  solid 
(uncored),  of  graphite,  not  of  coke,  and  in  burning  away  should 
leave  a  rounded  end  instead  of  a  pencil  point. 

Enclosure  for  Work  and  Protective  Covering  for  Operator. ― Owing 
to  the  intense  brightness  of  the  arc  the  welding  must  be  done 
in  an  enclosure,  otherwise  it  would  seriously  interfere  with 
any  other  work  in  the  vicinity.  It  is  further  necessary  to 
protect  the  operator  thoroughly,  as  the  rays  of  the  arc  cause 
au  irritation  of  the  skin  much  like  sunburn,  even  where  the 
exposure  has  been  of  but  a  few  minutes'  duration.  No  more 
serious  consequences  ensue,  however,  and  at  the'  expiration  of 
a  couple  of  days  all  traces  of  the  burn  disappear.  The  cloth- 
ing is  sufficient  protection  for  the  body  ；  for  the  hands  and 
wrists,  gauntlet  gloves  of  pigskin,  or  even  of  heavy  cotton  duck 
will  suffice,  while  for  the  head  a  hood  made  of  canvas,  wood,  or 
stovepipe,  and  fitted  with  a  small  projecting  window  of 
coloured  glass,  is  usually  worn.  Sometimes  the  operator  pre- 
fers to  use  a  wooden  shield  fitted  with  coloured  glass,  which  is 
held  in  one  hand.  There  is  some  slight  objection  to  the  canvas 
hood,  owing  to  the  lack  of  ventilation  ；  the  stovepipe'  over- 
comes this  objection,  but  there  is  the  possibility  of  receiving  an 
occasional  shock  in  wearing  it,  due  to  the  carbon  electrode 
being  brought  accidentally  into  contact  with  it.  Tlie  wooden 
li^lmet  has  neither  of  these  objections,  though  it  is  rather  an 
awkward  piece  of  wearing  apparel.  Any  type  of  headgear  has 
an  appreciable  advantage  over  the  hand  shield,  in  that  both 
hands  are  left  free.  The  window  should  consist  of  several 
thicknesses  of  glass,  red  and  blue,  or  red  and  green,  the  com- 
bination being  rather  more  satisfactory  than  a  single  colour. 
The  window  of  the  headgear  must  be  made  to  project  an  inch 
or  so,  for  the  glass  eventually  becomes  rather  hot,  and  if  too 


Pie*.  2. ― Typf.  op  Elkctrodk  in  Benahdos  Process, 

close  to  the  eyes  will  tend  to  inflame  them.  In  the  operation 
of  welding  some  fumes  are  given  off,  but  as  these  are  not 
sufficient  to  cause  any  difficulty  no  special  provision  need  be 
made  to  take  care  of  them. 

Filler  and  Flux. 一 When  welding  steel  and  wrought  iron  the 
filler  may  be  soft  Norway  or  Swedish  iron,  trimmings  from 
boiler  plate,  bits  of  broken  steel  castings,  or  the  like  ;  for  cast 
and  malleable  iron,  besides  any  of  the  preceding,  it  is  permis- 
sible to  use  copper  wire  or  rods  of  special  cast  iron  which  is  high 
in  silicon.  While  flux  is  not  necessary,  as  a  rule,  in  the  weld- 
ing of  steel  or  wrought  iron,  it  is,  however,  frequently  used  in 
connection  with  cast  and  malleable  iron,  and  numerous  patents 
have  been  taken  out  along  this  line.  A  flux  considered  very 
good  by  many  practical  welders  consists  of  red  oxide  of  iron 
(Fe203),  15  to  25  per  cent.  ；  borax  pulverised  (Na2，Bo407 
-f  5H20),  85  to  75  per  cent.  Another  flux  consists  of  oxide  of 
copper  (CuO),  5  per  cent.  ；  oxide  of  manganese  (Mn02),  15 


per  cent.  ；  red  oxide  of  iron  (Fe203)，  30  per  cent.  ；  borax 
pulverised  (Na2Bo4()7  +5H20),  50  per  cent.  These  fluxes  may 
be  used  either  dry  or  wet.  If  wet  they  are  shaken  directly 
into  the  weld  a  little  at  a  time  as  it-  is  undergoing  formation  ； 
if  dry,  a  paste  is  made  and  th©  filler  rod  coated  with  it  and 
allowed  to  dry  before  using. 

Making  the  Weld. 一 In  making  \\\(\  w (山 i  the  piece  to  be 
welded  may  be  laid  upon  the  metal  table,  shown  diagraiiimat  i- 
cally  in  Fig.  1，  being  thus  indirectly  connected  to  one  terjnitia] 
of  the  conduit,  or  the'  terminal  may,  if  preferred,  be  connected 
directly  to  it.  The  resistance  in  the  circuit  must  next  be 
adjusted  for  tlie  proper  flow  of  current.  The  (  irruit  breaker 
and  finally  the  single-pole 
switch  are  then  closed,  after 
wliicli  the  operator  takes  tho 
carbon  electrode  in  one  hand, 
and  has  the  filler  and  flux 
within  convenient  reach  of 
the  other.  The  hood  or  hel- 
met, if  a  hand  shield  is  not 
used,  is  then  pulled  down 
over  the  face,  and  the  arc 
struck  by  bringing  the  elec- 
trode into  contact  with  the 
metal  and  instantly  with- 
drawing it  at  least  three- 
quarters  of  an  inch .  Many 
operators  prefer  a  still 
longer  arc,  as  the  heating 
effect  is  more  regular  and 
better  distributed  ；  there  is, 
moreover,  less  chance  of 
particles  of  carbon  entering 
the  weld  and  making  it 
hard. 

If  the  arc  is  too  fierce  or 
if  it  goes  out  too  frequently 
the  resistance  should  be 
increased  or  decreased  accor- 
dingly. Assuming,  however , 
a  satisfactory  condition  > 
the  electrode  is  given  a 
slow  rotating  motion,  thus  causing  the  arc  to  heat  a  larger 
area  than  otherwise  and  to  assist  in  a  better  distribution 
of  the  molten  metal.  A  little  of  the  filling  material  is  added 
from  time  to  time,  the  arc  meanwhile  being  continued,  if 
possible,  without  interruption.  When  the  weld  is  made,  and 
while  still  hot,  it  should  be  thoroughly  hammered  to  eliminate 
sponginess  from  the  metal,  as  well  as  to  give  it  a  finer  grain. 
All  impurities  must  b&  kept  from  the  weld,  and  the'  metal 
should  further  be  perfectly  clean  before  proceeding  with  the 
work.  This  last  is  accomplished  either  by  chiseling  or  by 
tilting  the  piece  to  such  an  angle  that  when  the  arc  is  applied 
the  molten  slag  will  run  off  by  gravity.  The  piece  may  then 
be  righted  and  the  welding  commenced. 

Occasionally  it  may  be  necessary,  as  in  the  case  of  certain 
iron  castings,  to  preheat  the  piece  if  cracks  are  to  be  avoided  - 
This  may  be  done'  by  means  of  a  gas  torch  turned  directly  upon 
the  casting  ；  or  a  small  furnace  may  be  built  around  the  piece 
by  means  of  firebricks  and  a  gas  jet  introduced.  In  the  latter 
case,  when  the  piece  reaches  a  dull  red  colour,  the  gas  is  shut 
off,  several  bricks  in  the  vicinity  of  the  proposed  weld  are 
removed  and  the  weld  made.  The  bricks  are  then  replaced 
and  the  casting  allowed  to  cool  off  gradually  and  uniformly. 

Other  Uses  of  the  Benardos  Process. ― Besides  welding,  the 
Benardos  process  may  be  used  quite  advantageously  in  other 
ways,  as  in  the'  removal  of  sink-heads  from  steel  castings,  the 
opening  of  tap  holes  and  tuyeres  in  furnaces,  the  boring  of 
holes  in  iron  plates,  the  cutting  up  of  steel  and  wrought-iron 
scrap,  &c.  From  the  nature  of  the  work  it  will  be  evident  that 
the  compilation  of  reliable  data  as  to  current  consumption, 
strengths  of  welds,  costs,  &c.，  is  an  exceedingly  difficult  matter. 
Nevertheless,  certain  items  may  be  given  for  those  who  are 
interested  in  the  subject,  more  however  as  a  guide  rather  than 
as  representing  any  especially  remarkable  performances. 

Tables  I.  and  II.  give  the  current  consumption,  &c.，  for 
various  kinds  of  work.  Tlie  greatest  criticism  whicli  may  be 
made  of  the  use  of  tlie  Benardos  process  is  that  apparently,  in 
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spite  of  the  best  care,  the  result's  obtained  are  not  always 
uniform,  the  welds  being  occasionally  hard.  Where,  however, 
no  machining  enters  in,  this  is  not  a  serious  matter  ；  in  fact, 

Table  I. ― Benardos  Process.    Filling  Cavity. 


TAne  Volts. 

Arc  Volts. 

Amperes. 

Diameter  of 
Carbon , In. 

Length  of 
Arc. 

77 

43 

160 

1 

2  to  l 

77 

42 

1 

t  o  1 

77 

45 

156 

1 

i  to  l 

Table  2.— Benardos  Process.    Ctitting  Off  Cast-steel  Sink 
Head  {2%in,  x  5^in.) 


Line  Volts. 

Arc  Volts. 

Amperes. 

Diameter  of 
Carbon,  In. 

Length  of 
Arc,  In. 

Time  He- 
iiuircd,  Min. 

75 

47 

040 

H 

1  .'>  t  o  2 

75 

53 

5(>0 

1J 

\\  to  2 

75 

40 

700 

i! 

\  \  to  2 

H 

75 

52 

(580 

1J 

】|  to2 

75 

r>o 

050 

M 

l|  to  2 

75 

51 

720 

U 

1 .1  to  2 

4* 

Tahle  III. 一 SlavianojJ  Process.     Lap  Welding  is  in.  Steel 
Plates  on  Edges. 


Line  Volts. 


50 
50 
50 
50 
51 
51 
58 
58 


Arc  Volts. 


20 
24 
24 
23 
20 
24 
32 
22 


Amperes. 


160 
140 
140 
150 
160 
140 
180 
1(12 


Diameter  of 
Electrode, 
In. Iron. 


Length  of  Arc. 


J  to  J 
i  to  i 

i  t''  -! 

i  to  J 

i  t"  1 

i  to  i 
itoi 


Table  IV. ― Data  on  Strength  of  Welds. 


Breadth, 

Width, 

Area, 

Ultimate  Tensile 
Strength  in  Tons 
of  '2,2401bs. 

Exten- 
sion in 

Cold 
Bend, 
Deg. 

In. 

In. 

In. 

Total. 

Per  Sq.In. 

4in.  Pei- 
Cent. 

Unannealed.. 

l'O 

0*56 

0  56 

27*4 

12 

58 

Annealed  ... 

10 

0*55 

0  55 

145 

263 

14 

1C0 

hardness  may  prove  at  times  an  especially  valuable  feature,  as 
in  the  repair  of  bending  rolls.  If  directions  have  been  care- 
fully followed  and  hard  welds  are  still  obtained,  the  only  solu- 
tion is  either  to  anneal  or  to  remake  them. 

Slavianoff  Process. ― In  an  endeavour  to  surmount  the  diffi- 
culty of  hard  welds,  Slavianoff  modified  the'  Benardos  process 
by  substituting  a  metal  electrode  for  the  carbon ,  the  electrode 
being  usually  of  the  same  material  as  the  piece  undergoing 
welding.  While  in  general  the  process  is  the  same  as  the 
Benardos,  there  are  certain  details  which  require  close  atten- 
tion. In  the  welding  of  iron  or  steel  the  electrode  should  be 
of  the  best  soft  iron  wire,  ^in.  to  |in.  diam.  by  about  12in. 
in  length,  and  the  current  approximately  125  to  175  amperes 
at  25  to  30  volts  across  the  arc  ；  the  arc  itself  will  not  as  a 
rule  be  over  ^in.  or  ^in.  in  length,  instead  of  lin.  or  so,  as  in 
the  Benardos  process.  Of  course,  these  items  will  vary  within 
certain  limits  from  the  figures  given,  depending  upon  the  size 
of  the  work,  which  must  be  carefully  studied.  A  considerable 
amount  of  skill  is  required  in  the  manipulation  of  the  electrode, 
because  of  a  tendency  to  stick  to  the  metal  when  contact  is 
made  as  the  arc  is  struck.  The'  temperature  of  the  electrode 
and  of  tlie  piece  in  the  vicinity  of  the  weld  should,  if  possible, 
be  the  same  ；  in  other  words,  both  should  be  melted  in  order 
to  make  a  true  weld.  It  is  perhaps  more  frequently  the 
custom  to  make  the  metal  electrode  the  positive  terminal,  while 
in  the  Benardos  process  the  reverse  is  usually  true'.  Certain 
dat  a  as  to  current,         are  given  in  Table  III. 

Tlie  Slavianoff  process  is  used  for  all  welding  where 
st  ren^ih  is  of  prime  importance,  and  is  in  sucli  cases  much  to 
1"'  i) referred  to  the  Benardos  process.  It  will,  of  course,  be 
evident  from  tlie  details  given  that  the  volume  of  work  will  be 


considerably  less  in  th©  same  period  of  time.  Regai'ding  tho 
strengths  of  welds  mad&  by  this  process,  Mr.  II.  Ruck-K ecue, 
in  a  paper  read  before  the  Institute  of  Marine  Engineers,  i^ives 
the-  data  shown  in  Table  IV. 

Zerener  Process.— This  process  is  only  used  to  a  limited 
extent.  Fig.  3，  taken  froiiL  Glaser's  Annalen,  1907，  illustrates 
one  form  of  tlie  apparatus,  wliich  resembles  in  some  respects 
certain  types  of  arc  lamps.  The  arc  is  drawn  between  two 
inclined  carbons  and  is  directed  downwards  into  a  pencil  point 
by  means  of  an  electromagnet,  the  piece  to  be  welded  being 
brought  under  the  influence  of  the  flame'  and  tlius  raised  to  tlie 
required  temperature.  The  construction  of  the'  apparatus  and 
the  difficulty  of  obtaining  close'  regulation  of  the  arc  would 
seem  to  preclude  the  use  of  this  process  to  any  large  extent. 

Conclusion.  ―  Arc  welding  by  the  Benardos  process  covers  a 
field  entirely  its  own  which  cannot  be'  infringed  upon  with 
advantage  by  any  other  process.  It  is  unequalled  both  in  cost 
and  speed  for  large  work  of  the  rougher  kind  and  where 
appearance  or  finish  and  strength  are  not  of  paramount  import- 
ance. Where  the  last  item  is  an  essential,  the  Slavianoff 
process  is  to  be  preferred.  Compared  witli  welding  either  by 
oxy-acetylene  or  by  oxy-hydrogen,  it  is  the  opinion  of  the 
writer  that  both  of  these  gas  processes  have  the  advantage'  over 
the  electric  arc  process&s  in  the  matter  of  average  strength  of 
welds,  as  well  as  in  smoothness  of  finish  ；  but  as  regards  cost 
and  speed  the  advantage,  as  stated  above,  would  seem  to  be 
the  other  way. 


GAS  PRODUCER  FOR  LOW-GRADE  FUELS. 

We  illustrate  herewith  a  construction  of  gas  producer,  the 
invention  of  E.  Ragot,  of  rue  de  la  Gare,  Bettain  Court 
(Haute  Marne),  France,  and  P.  Pierre-Hervotte,  wliich  has 
b&en  designed  for  use  with  low-grade  fuel,  such  as  sawdust, 
wood  waste,  charcoal  dust,  and  coke  dust.  The  walls  of  the 
producer  are  of  fireproof  material  and  are  surrounded  by  a 
metal  envelope.  The  producer  is  mounted  on  a  water  cistern 
A  and  supports  at  the  top  another  water  cistern  B  for  supply- 
ing the  water  injected  along 
with  the  blast  into  the  producer 
when  utilising  certain  fuels. 
The  producer  also  supports  a 
charging  platform  of  the  usual 
construction.  The  inside  of  the 
gas  producer  has  the  form 
shown,  that  is,  of  four  super- 
posed conical  sections  united  at 
their  bases,  the  small  upper 
base  forming  the  charging 
opening  being  normally  closed 
by  a  Cover.  At  the  small  lower 
base  is  fitted  a  perforated  cylin- 
drical member  C  supporting 
the  grate  bars.  This  grate  is  in 
three  pieces  (Fig.  2),  the  centre 
part  being  capable  of  sliding  to 
permit  of  cleaning.  This  for- 
mation of  the  inside  of  the 
producer  gives  rise  to  two  com- 
bustion zones  at  D  and  E，  and 
provides  a  double  inverted 
combustion  when  the  lower 
combustion  zone  E  is  the  seat 
of  the  more  intense  heating. 
The  upper  zone  is  fed  with  air 
by  four  supply  openings  F 
arranged  90°  apart,  one  of 
which  G  is  of  larger  diameter 
than  the  others  and  gives  access 
to  the  interior  of  the  producer. 
The  lower  zone'  is  fed  with  air  by  four  other  similar  openings  H 
displayed  by  45°  with  respect  to  the  upper  openings.  The 
opening  J  is  larger  in  size  than  the  others  and  is'  dos&d  by  a 
door,  which  facilitates  the  breaking  up  of  the  fuel  when  neces- 
sary in  the'  lower  zone  of  the  producer.  A  removable'  fire- 
proof block  P  is  provided  which  is  taken  out  to  facilitate  access 
to  the  lower  zone.  All  tlie  openings  F  and  H  are  connected  by 
vertical  pipes  K  with  a  common  annular  receiver  L  arranged 
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near  the  top  of  the  producer  and  obtaining  its  supply  at  N  in 
any  suitable  manner.  Valves  O  enable  the  air  injected  into 
the  different  parts  of  the  producer  to  be  regulated  at  will. 
The  lower  zone  E  of  the  producer  is  located  immediately  above 
the  water  filling  the  cistern  A，  which  would  rise  above  the 
grate  bars  were  it  not  prevented  from  doing  so  by  the  pressure 
of  the  air.  This  system  at  one  part  of  its  periphery  is  pro- 
vided with  an  outlet  tank  T  (Figs.  1  and  2)  comprising  a  pipe 
connection  R  for  the  outlet  of  the  gas  which  proceeds  first  to  a 
washing  device  and  then  to  a  purifier.  A  vertical  partition 
projecting  into  the  water  normally  prevents  the  gas  from 
flowing  out  through  the  open  duct  S  at  tlie  top  of  the  tank. 
The  object  of  this  duct  is  to  enable  the  gas  to  escape  in  case  of 
an  acciuii ulation  of  gas  causae!  by  a  stoppage  or  other  reason, 
this  arrangement  thus  avoiding  explosions. 

The  producer  having  been  charged  with  fue】  and  the 
bellows  started,  the  gasas  generated  move  downwards  through 
the  fuel  and  first  arrive  at  the  upper  zone  where  a  first  com- 
bustion  takes  nlace  ；     continuing   their  descent   they  pass 


Fig.  2.— Gas  Producer  for  Luw-giiade  Fuels. 


through  the  incandescent  mass  at  the  lower  zone  E,  where  the 
temperature  is  higher,  and  the  heavier  】nat'erials，  oils,  tars, 
and  the  like  entrained  by  the  gases  are  finally  volatilised  and 
completely  burned.  Owing  to  this  double  inverted  combus- 
tion the  gases  arriving  at  the  water  cistern  A  are  thus  com- 
paratively pure  and  all  materials  capable  of  caking  and 
obstructing  the  grate  bars  and  other  parts  of  the  grate  are 
burnt.  Should,  however,  caking  occur  and  a  breaking  up  of 
the  fuel  be  necessary,  this  can  be  very  easily  effected  without 
a  prolonged  stoppage  of  the  operation  of  the  producer.  It  is 
only  necessary  after  having  stopped  the  air  injection,  to 
remove  the  block  P  and  introduce  through  the  door  of  the 
passage  J  iron  rods  adapted  to  support  the  charge  of  fuel 
inside  the  producer.  Tlie  moving  part  of  the  grate  bars  is 
then  drawn  out  so  as  to  allow  the  fuel  in  the  lower  zone  to  fall 
into  the  cistern  A  whereupon  the  wall  of  this  zone  is  easily 
cleaned.  The  producer  is  started  again  without  difficulty. 
The  gas  on  issuing  from  the  lower  zone  E  passes  through  the 
perforations  of  the  plate  C  and  the  grate  bars  and  comes  in 
contact  with  the  water  in  the  cistern  A  and  bubbles  t.hrougli 
tliis  water  becoming  washed  and  cooled  in  the  process.  It 
escapes  into  the  lateral  tank  T  and  the  pipe  R.  The  ashes 
and  fine  solid  particles  carried  away  with  the  gases  are  thus 
retained  in  the  water  and  prevented  from  clogging  the  exhaust 
pipes.  Pines  not  shown  enable  tlie  air  injected  to  be  mixed 
with  a  suitable  quantity  of  water  from  the  upper  tank  B. 


Additional  Inspectors  of  Mines. —The  Home  Secretary  wishes 
it  to  be  known  that  he  is  now  prepared  to  consider  applications 
in.  connection  with  the  appointment  of  15  sub-inspectors  of 
mines  and  quarries.  Each  sub-inspactor  will  be  appointed 
for  and  attached  to  one  of  the  six  divisions  into  which  the 
United  Kingdom  will  he  ultimately  divided  for  the  purpose  of 
inspection.  The  salary  of  sub-inspectors  is  £150，  rising  by 
£5  a  year  to  £200  a  year.  The  appointment  will  b&  by  limited 
competition.  Noininations  are  given  only  by  the  Home 
Secretary  on  tlie  advice  of  the  Board  for  Mining  Examina- 
tions, wlio  will  consider  all  applications  impartially  on  their 
merits.  No  recoirniiendatioiis  or  testimonials  are  considered 
unless  based  on  personal  knowledge  of  tlie  candidate's  cliar- 
a*  tfM-  and  attaiiiinents.  Candidates  are,  therefore,  particu- 
larly adviserl  in  their  own  interest  not  to  seek  political  or 
social  influence,  which  will  prejudice  ratlier  than  assist  the 
candidature.  The  prescribed  ag&  for  candidatss  at  tlie  time 
of  examination  is  between  30  and  40  years,  and  no  exception 
fan  be  made  to  this  rule.  Applications  for  nomination  must 
be  made  hpfore  August  15th  next. 


RECENT  ADVANCES  IN  BATTLE  SHIP  DESIGN/ 

BY  NAVAL  CONSTHUCTOU  I>.  W.  TAYLOK,  a. S.N. 

(Concluded  from  page  71 .) 
The  question  of  the  proper  speed  for  a  battle-ship  is  one  con- 
cerning whicli  designers  differ  more,  perhaps,  in  theory  than  in 
practice.  Italy  is  the  only  nation  which  lias  consistently  for 
many  years  attached  gre;it  value  to  liigli-speod  battle-.sliips. 
With  the  exception  of  Italy,  w©  may  almost  say  that  tlie 
standard  battle-ship  spee<l  at  t he  time  of  the  I) readiiought 
design  was  about  19  knots  ；  the  great  ma  joi-it y  of  battle-ships 
were  designed  for  that  speed  wit  hin  half  a  knot  above  or  be  I  o  w . 
The  designed  si)?ed  of  the  Dreadnought  class  was  2 1  knots,  and 
most  of  the  nations  in  their  latest  ships  aim  at  hattle-sliij) 
speeds  above  20  knots. 

The  maxiniuni  sp&ed  of  a  battle-sliip  is,  in  tlie  public  eye  and 
in  tables  of  data,  a  constant  quantity.  We  find  it,  always  stated 
as  the  niaximiun  speed  attained  or  alleges  I  to  b&  attained  on 
trial.  As  a  matter  of  fact,  tlie  re  is  no  <*haract8'ristic  of  the 
battle-ship  so  variable  and  indefinite  as  the  actual  maximum 
speed  which  it  can  show  at  any  given  time.  Th&  wind  and  the 
sea  will  materially  affect  spead,  their  influence,  of  courss,  being 
transitory.  Foulness  of  bottom  due  to  the  length  of  time  out 
of  dock  may  readily  reduce  the  maximum  speed  two  knots  or  so 
below  wliat  might  ba  otherwis:'  attained.  Tlie  condition  of 
the  machinery,  the  efficiency  of  personnel,  the  chapter  of 
acridents  all  affect  sneed  and  render  it  variable  and  uncertain. 


10         VI         14        16         18         20         *22         21         l26  '28 
Speed  in  knots. 
Fig.  '2. 


The  possible  speed  of  a  fleet  is,  of  course,  the  maximum 
speed  of  the'  slowest  vessel  in  it,  and  hencei  the  speed  of  a  fleet 
is  apt  to  be  very  much  less  than  the  maximum  on  trial  of  any 
individual  member  of  the  fleet,  sine©  a  large  fleet  is  almost 
certain  to  have  one  or  more  lame  ducks.  To  the  popular  mind 
speed  seems  to  appeal  in  a  pei'iiliar  fashion  -  Superiority  of 
speed  seems  bo  imply  somehow  superior  fighting  qualities,  just 
as  quickness  in  a  pugilist  is  associated  with  fighting  ability. 
As  a  matter  of  fact,  speed  appears  to  be'  of  more  value  strate- 
gically— that  is  to  say,  during  the  moves  previous  to  actual 
contact ~ than  tactically ― that  is  to  say,  during  actual  battle. 
A  liiunber  of  years  ago  investigations  at  the  United  States 
Naval  War  College  led  our  experts  to  the  t'onchision  that,  as 
regards  battle-ships,  superior  speed  was  not  of  great  advantage 
for  the  probable  conditions  of  actual  battle  unless  superiority 
was  very  marked,  say  three  or  four  knots. 

In  those  days,  moreover,  the  probable  fighting  ranges  in 
battle  were  taten  to  be  2,000  yards  or  so.  The  fighting  ran^e 
has  now  grown  to  10,000  yards  or  more.  Bearing  this  in 
mind,  it  is  obvious  that  the  relative  superiority  given  by  three 
or  four  knots  advantage  of  soeed  wlien  fighting  at  2,000  yards 
would  require  an  advantage  of  probably  8  to  12  knots  when 
fighting  at  10,000  yards.  Without  nursuincr  this  line  further, 
I  tli ink  it  may  be  safely  stated  that,  for  battle-ships  the  main 
advantage  of  sneed  is  the  ability  it  confers  to  refuse  action, 
which  is  a  polite  exnression  for  running-  away.      The  next 

•  Abstract  of  paper  presented  at  a  met'ting  of  the  Franklin  Institute,  February 
21st,  1912. 
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advantage  of  speed  is  the  ability  it  confers  to  force  action,  or 
to  catch  an  enemy  who  is  running  away.  Once  battle  is  joined 
battle-ship  speed  is  of  comparatively  minor  value. 

The'  penalties  of  speed,  or  the  sacrifices1  which  must  be  made 
to  attain  speed,  are  very  large  indeed.  One  might  think,  at 
first  sight,  that  it  would  simply  be'  a  question  of  giving  up  so 
much  weight  of  armour  or  armament  and  putting  it  into 
machinery.  This,  however,  is  very  far  from  being  the  case. 
The  indirect  sacrifice,  particularly  as  regards  protection,  neces- 
sary to  obtain  speed  is  much  greater  than  the  direct  sacrifice. 
This  is  mainly  because  liigh  speed  is  necessarily  associated  with 
great  length.  This  fact  is  illustrated  by  Fig.  2,  which  shows 
the  estimated  curves  of  horse-power  for  a  series  of  30,000-ton 
battle-ships,  all  of  the  same  beam ― 100ft. —— with  the  same 
draught ― 28^ft.  The  influence  of  length  upon  speed,  some- 
times enormous  and  always  important,  is  obvious  from  tlie 
diagram. 

If  we  assume  that  in  eacli  case  we  could  put  a  maximum:  of 
703000  li.p.  into  the  vessel,  which  is  somewhere  near  the'  truth, 
we  see  that  if  she  were  made  500ft.  long  the  speed  would  be 
21  knots,  whereas  if  she  were'  made'  800ft.  long  the  speed,  would 
be  28  knots.  It  is  doubtful  if  sufficient  lengtTi  and  space'  could 
b&  given  to  machinery  in  a  500ft.  vessel  to  enable  70,000  h.p. 
to  be  developed  ；  probably  it  would  not  be'  possible  to  drive 
such  a  vessel  over  20  knots,  owing  to  limitation  of  space-  for 
machinery. 

However,  assuming,  for  tlie  present,  that  we  could  get 
70,000  h.p.  into  each  vessel,  the  weight  of  machinery  would  be 
approximately  the  same,  regardless  of  the  length  of  the  vessel  ； 
but  to  build  a  30,000-ton  vessel  800ft.  long  would  take  a  very 
much  great&r  weight  of  hull  tlian  to  build  a  30,000-ton  vessel 
500ft.  long.  This  additional  weight  of  hull  would  have  to 
come  from  the'  armour  or  armament,  the  30,000  tons  of  dis- 
placement being  fixed .  Moreover,  t】ie  thickness  of  armour 
protection  for  a  given  weight  which  could  be  placed  on  an 
800ft.  vessel  would  be'  very  much  less  than  for  the  same  weight 
applied  to  a  500ft.  vessel. 

It  is  evident,  then,  that  tlie  penalty  paid  for  speed  besides 
the  direct  weight  necessary  to  provide  for  machinery  is  the 
additional  weight  of  hull  necessary  to  provide  a  vessel  of  the 
length  and  form  to  enable  it  to  be  driven  at  the  higher  spo&d, 
and,  superposed  upon  this,  the  diminution  of  the'  armour 
thickness,  or  the  restriction  of  the'  proportion  of  the  area  of  the 
ship  protected  by  armour  resulting  from  the  greater  length  to 
b&  protect&d.  The  solution  of  the  problem  of  speed  is  then 
obviously  a  compromise  between  conflicting  considerations,  as 
is  the  case  of  so  many  other  problem  si  of  warship  design .  For 
the  latest  United  States  battle-ships  the  designed  speeds  have 
varied  from  20^  knots  to  21  knots,  trial  speeds  usually  being 
a  little  better  by  half  a  knot  or  so.  It  will  be'  seen  from  Table 
II.  that  these  speeds  are  close  to  the  average  of  those  chosen 
by  foreign  nations. 

The  question  of  endurance  of  vessels  of  war,  or  the  distance 
which  they  can  steam  with  designed  fuel  capacity,  is  one  which 
is  very  difficult  to  reduce  to  absoluie  rule  .  In  the'  first  place,  a 
battle-ship  will  seldom  make  the  same  run  twice'  with  the  same 
coal  consumption.  Tliere  are  too  many  variable  factors ；  the 
skill  of  personnel,  condition  of  machinery,  condition  of  bottom, 
and  weather  conditions  are  all  variables  which  enter  into  the 
question  of  endurance.  There  is  hardly  any  quantity,  more- 
over, which  is  so  apt  to  be  misrepresented  as  that  of  endurance 
and  so  constantly  exaggerated.  A  trial  is  made  under  most 
favourable'  conditions,  th&  coal  consumption  being  reduced  to 
the  minimum,  and  the  endurance'  is  stated  to  be'  that  obtained 
by  dividing  the'  coal  capacity  by  the  consumption  of  the  main 
engines,  the  trial  being  perhaps  of  a  few  hours'  duration  only. 
With  such  methods  it  is  easy  to  obtain  an  endurance  50  or  100 
per  cent,  greater  than  will  be*  shown  by  the  vessels  in  actual 
service  under  average  conditions. 

Thei  matter  of  endurance  has  been  brought  more  pro- 
minently to  the  front  during  the  last  few  years  by  reason  of 
the  almost  universal  adoption  of  turbines  for  the  propelling 
machinery  of  batile-ships.  These  have'  thei  unfortunate 
feature  that  if  designed  to  give  the  best  speed  or  the  best 
results  at  or  near  the  top  speed,  while  giving  better  results  for 
the&e  conditions  than  reciprocating  engines,  they  are  very 
much  less  efficient  than  the  reciprocating  engines  at  ordinary 
cruising  speeds.  Now  if  the  greatest  endurance  is  aimed  at,  it 
is  necessary  to  steam  at  quite  a  low  speed ,  below  10  knots,  in 
i'a(，t，  but  ordinarily  endurances  are  figured  on  the  basis  of  a 
JO-knot  speed . 


Tlie  net  work  done'  in  driving  a  ship  6ver  a  distance  is  pro- 
portional to  the'  resistance,  and  to  the  distance'  over  which  the 
resistance  is  overcome.  For  a  constant  distance  the  net 
work  is  proportional  to  the  resistance,  and  if  the  resistance 
decreases  indefinitely  with  speed  the  net  work  will  also  so 
decrease-.  But  with  any  type'  of  machinery  the  ratio  between 
the  net  and  gross  work  will  decrea&&  at  low  speeds  as  the  speed 
decreases,  so  there  will  be  some  low  speed  at  which  the  gross 
work  done  in  steaming  a  given  distance  will  be  a  minimum. 
In  practice  tlie  speed  for  niiiiinnim  gross  work  or  maxiinuni 
endurance  is  inconveniently  small,  but  in  most  cases  the 
endurance  at  the  convenient  speed  of  10  knots  is  al most  aa 
£reat,  as  the  maximum  possible  endurance. 

The  reduced  errmomy  of  the  turbines  is  associated  jiot  only 
with  t  he  economy  of  the  turbine  proper,  but  with  tliei  reduced 
efficiency  of  the  type  of  propeller,  whicli  must  be  adopted  to 
give  the  best  all-round  results  for  the  turbine,  lieiice  t  he  only 
fair  basis  of  comjjarisoii  is  one  involving  all  of  the  factors.  I 
have  attempted  to  】nake  such  a  comparison  between  tlie  scouts 
" Birmingham/'  "  Chester,"  and  "  Salem/'  tried  two  or  three- 
years  ago.  The  "  Birmingliani  ''  was  fitted  witli  reciprocating 
engines,  and  tlie  il  Chester  ，，  and  "  Salem  "  with  turbine 
engines  of  different  types.  The  curves  of  Fig.  3  show  the 
pounds  of  water  used  by  the  main  turbines  per  knot  for  various 
speeds.  The  "  Chester,"  being  fitted  with  various  combina- 
tions, required  three-  curves.  The  basis  of  pounds  of  water 
used  per  knot  was  adopted  in  order  to  eliminate  as  nearly  as 
]>ossible  tlie  effert'  of  type-  of  boiler,  efficiency  of  firing,  &c. 
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I  will  invite  attention  to  two  facts  brought  out  by  Fig.  3. 
In  the  first  place,  the  curves  are  still  falling  off  at  the  speed 
of  10  knots,  so  that  if  these'  vessels  wer&  to  steam  the  maximum 
possible  distance,  time  being  not  important,  it  would  be'  policy, 
as  already  indicated,  to  adopt  n.  speed  even  below  10  knots. 
In  the  second  place,  the  "  Birmingham,"  with  reciprocating 
engines,  shows  markedly  better  economy  at  the  low  speeds  and 
worse  at  the  high  speeds.  Incidentally  ifc  may  be  remarked 
that  the  maximum  trial  speed  of  the  "  Birmingham  "  was 
materially  be】ow  that  of  the  two  turbine  vessels. 

Although  turbin&9  have  been  adopted  by  practically  all 
nations,  including  ourselves,  for  battle-ships,  the  superior 
economy  of  the  reciprocating  engines  at  cruising  speeds  caused 
us  ta  return  to  them  for  the  "  Texas  ，，  and  "  New  York,"  now 
under  construction,  and  contracted  for  a  little  over  a  year  ago. 
Of  our  two  battle-ships  just  contracted  for,  the  "  Nevada  ''  and 
" Oklahoma,"  one  will  have  reciprocating  engines  and  the 
other  turbines  arranged  so  as  to  promise  better  economy  than 
hitherto. 

Many  devices  have  been  proposed  for  obtaining  tlie  advan- 
tages of  the  turbines  at  high  speeds  and  good  economy  at  low 
speeds.  To  gain  the  maximum  steam  economy  for  the  turbine 
it  should  revolve  much  faster  at  high  speeds  than  has  been  the 
practice,  while  the  propeller  of  maximum  economy  should 
r&volve  much  more  slowly.  When  directly  connected  each 
hampers  the  other. 

Among  the  methods  to  increase'  the  economy  of  turbine- 
driven  ships,  I  may  note  the'  following  ： ― 

(1)  Gearing  the  turbine  shaft  to  the  propeller  shaft.  Then 
the  turbine  can  run  as  fast  as  desired  and  the  propeller  shaft  as 
slowly  as  desired  within  the  limitations  of  the  gearing.  This 
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method  lias  boen  use<l  abroad  on  merchant  vessels  with  claims 
of  success,  and  is  being  tried  on  a  United  States  collier. 

(2)  Indirect  electrical  drive ~ turbine  of  niaxiinum  economy 
driving  electric  generators,  which  in  turn  drive  electric  motors 
ou  the  shafts.  This  method  is  being  tried  on  a  United  States 
collier  under  construction.  It  is  heavier  and  more  complicated 
than  the  simple  gearing,  but  is  more  flexible  than  the  gearing 
method  and  can  be  used  for  powers  larger  than  would  be 
undertaken  with  gearing  at  present. 

(3)  Small  reciprocating  engines,  to  be  clutched  in  at 
cruising  speed  and  thrown  out  at  high  speeds,  which  exhaust 
to  the  turbines.  This  method  is  being  tried  on  a  United  States 
torpedo-boat  destroyer  under  construction,  and  shore  tests  of 
the  apparatus  indicate  marked  gain  in  economy. 

As  might  be  expected,  each  method  tried  has  difficulties 
and  objections  peculiar  to  it,  but  steady  progress  is  being 
made,  and  probably  it  will  not  be  long  before  a  satisfactory 
solution  will  be  evolved .  It  appears  to  me  that  at  present  for 
vessels  carrying  the  whole  or  a  large  proportion  of  their  fuel 
supply  in  the  form  of  oil,  as  do  our  most  recent  battle-ships, 
the  ideal  solution  would  be  to  fit  Diesel  engines,  or  the'  equiva- 
lent, driving  generators,  which  in  turn  drive'  motors  upon  tlie 
shafts;  this  installation,  however,  to  be  of  low  power,  adapted 
to  drive  the  ship  about  10  knots  only.  For  higher  speeds 
turbines  and  boilers  would  be  relied  upon.  Such  an  arrange- 
ment would  be  slightly  heavy  as  regards  weight,  but  would 
have  the  advantage  that  the  endurance'  would  be  doubled  at 
cruising  speed  and  an  entirely  independent  means  of  propul- 
sion would  be  provided,  giving  reasonable-  insurance  against 
breakdowns.  It  would  also  be'  a  step  towards  the  generally 
anticipated  use  of  the  oil  engine  only  for  propulsion.  Such  an 
installation  would  involve  some  difficult  engineering  problems, 
but  I  know  of  no  reason  why  they  could  not  be  satisfactorily 
solved. 

Let  us  now  consider  briefly  tlie'  question  of  the  protection  of 
battle-ships.  In  this  connection  we  need  to  consider  attack 
by  gun  fire,  by  torpedoes,  by  mines,  and  by  explosives  dropped 
from  aeroplanes.  The  principal  things  to  be  protected  are  the 
buoyancy  of  the  battle-ship,  her  stability,  her  vitals  below 
water,  suck  as  engines,  boilers,  st&ampipes,  magazines,  and 
steering  gear;  her  armament  ；  and  the  personnel  directing 
the  operation  of  the  vessel . 

Table  II. ― Designed  Speeds  and  Armour  Thickness  of  Recent 
Battle-ships  of  Various  Nations.    (From  Jane's  Warships.) 


Nations. 

Vessels. 

No.  in 
class. 

Year  of 
layinH 
down  tirst 
of  class. 

Designed 
speed, 
knots. 

Thickness 
of  armour 
ljelt,  max- 
imum. 

Groat  Britain  - 

" Monarch  "  Class  ... 

" Colossus  "  Class  ... 
"St.  Vincent "  Class 

5 
3 
2 
3 

1910 

1909 
】議 
1907 

21 
21 
21 
21 

Inches. 
12 
12 
12 

n 

German v    ...  ^ 

" Kaiser"  Class   

--' 'Ihiiringon  Cl-vss 
" Nassau"  Class   

8 
4 
4 

190!) 
1908 
1900 

20 
20 
19-5 

10J 

9| 

United  States/ 

" New  York"  Class... 
" Arkansas  "  Class  ... 
" Utah  "  Class  

2 

2 

' 2 

1911 
1910 
1900 

21 

20-5 
20-75 

12 
11 
11 

Japan  / 

I 

" Kawaohi"  Class  ... 

" Aki  "  Class  

" Satsuma  "  Class  ... 

2 
1 
1 

1909 
1905 
190.r> 

20 

20-5 

20 

12 

9 
9 

France  - 

" Jean  Burt"  Cass... 

0 

6 

1010 
1907 

21 

19-4 

10? 
10 

Italy   -( 

" Conte  di  Cavour"  (.'1 
" Dante  Alighieri CI 

1 

1910 
】簡 

22-5 
2.3 

Austria   1 

( 

" Tegetthof  "  Class... 
'" Radctzky  '  Class... 

4 

3 

1010 
1907 

21 
20 

11 

9 

I 

" Gangoot  "  Class  ... 
" Impwator  "  Class 

4 
2 

1009 
1903 

23 
18 

11 

As  regards  gun  fire,  we  rely  for  protection  almost  entirely 
upon  armour,  whether  vertical  armour  on  the  sides  or  horizon- 
tal or  sloping  armour  in  the  shape  of  a  protective  deck.  It  is 
evident  that  if  t  he  ship  were  coinposed  of  a  very  large  numbar 
of  small  water-tiglit  coinpartrnents  it  would  take  a  number  of 


shots  to  destroy  lier  buoyancy  and  stability,  siucf*  o;u-h  shot 
would  reach  but  a  limited  number  of  the  (-oinparl  iikmiTs.  This 
principle  of  subdivision  is  relied  upon  to  some  small  extent  Cor 
protection  against  gun  fire,  but,  as  already  stated,  our  nifiiii 
protection  must  bd  armour. 

An  ideal  system  of  protection  against  gun  fire  would  be  one 
wliere  the  sides  are  covered  with  impenetrable  armour  from  a 
point  be】ow  the  water  line,  as  low  as  will  ever  be  attacked  by 
shell,  to  a  y>oint  sufficiently  high  above  the  water  lino  to  ensure 
that  the  ship  would  always  retain  lier  buoyancy  and  stability. 
If,  at  this  upper  level,  there  were  worked  a  level  impenetrable 
deck  we  would  have'  protection  of  buoyancy,  stability,  and 
vitals.  To  complete  this  conception  we  should  have,  rising 
from  this  upper  level,  impenetrabl&  armour  superstructures 
carrying  impenetrable  turrets,  impenetrable  conning  towers, 
&c.  Needless  to  say,  this  ideal  is  not  attained,  in  pract ice. 
The  demand  for  offensive  power  and  speed  in  bat tlc-sliips  is  so 
great  that  defensive  power  in  many  casss  falls  far  short  of  the 
ideal  and  in  no  cas&  actually  reaches  it. 

Full  information  as  to  actual  armour  protection  of  the 
battle-ships  of  the  various  nations  is  very  difficult  to  obtain . 
Half  a  dozen  battle-ships  of  the  same,  size,  carrying  the  same 
total  weight  or  armour,  would  distribute  it  somewhat  diffe- 
rently. However,  as  a  rouglL  gauge1  of  armour  protection  we 
may  us©  the  maximum  thickness  of  the'  main  belt.  Tliis  is 
given  in  Table  II.  for  a  number  of  the  most  recent  ships  of 
various  nations,  the  latest  ship  in  each  case'  coming  first. 

It  will  be  observed  that  there'  is  a  tendency  in  nearly  every 
nation  to  increase  armour  protection,  judging  by  the  maximum 
side  armour  thickness  given.  Another  fact  noticeable  from 
the  table  is  the  comparatively  close,  agreement  of  a  number  of 
nations  in  tho  maximum  side-armour  thickness  of  their  most 
recent  ships.  This  is  12in.  in  Great  Britain,  Japan,  and  tlie 
United  States,  11  fin.  in  Germany,  llin.  in  Austria  and 
Russia,  and  10^ in.  in  France.  There  is  no  information  as  to 
the  Italian  ships,  but,  considering  their  speed,  ife  is  not  likely 
that  their  armour  is  very  heavy. 

For  many  years  there  have,  be&n  two  opposing  classes  of 
thought  as  regards  armour  protection.  On  the'  one  side  we 
find  the  greatest  importance'  given  to  the  side  armour  with 
the  idea  of  keeping  the'  shell  out  of  the  ship  as  long  as  possible  ； 
on  the  other  side  we  find  great  importance  given,  to  the  hori- 
zontal armour,  or  sloping  armour,  the'  idea  being  that  the  shell 
would  not  do  much  damage  provided  it  does  not  reach  the 
vitals.  Hence,  we  find  material  variations  in  the  relative 
weights  devoted  to  protective  decks  and  side  armour. 

As  illustrating  current  ideas  of  armour  protection  I  invite 
attention  to  Fig.  4,  giving  the  approximate  distribution  of 
armour  upon  some  of  the  best  protected  of  the  most  recent 
battle-ships,  namely,  the  Argentine  Republic  battle 卜 ships 
" Rivadavia  "  and  "  Moreno,"  building  in  American  shipyards 
upon  American  designs.  It  is  seen  that  wo  have  first  a  12in. 
belt  extending-  over  the'  midship  portion  of  the  vessel  and  taper- 
ing slightly  forward  and  aft  until  we  pass  the  last  heavy  gun 
position,  where  it  drops  abruptly  to  a  thickness  of  5in.  or  6in. 
Above  this  belt  is  a  uniform,  thickness  of  9in.  of  armour  extend- 
ing to  tli©  upper  deck  and  protecting  the  bases  of  turrets, 
smokestacks,  engine  hatches,  &c.  The  barbettes  and  turrets 
rise  above  this  1  evel ,  their  protection  being  about  equivalent 
to  that  of  the  main  belt.  We  also  have  conning  towers  pro- 
jecting above  tliis  level . 

T'ho  main  protective  deck,  with  a  flat  portion  above  the 
water  line1  and  sloping  to  the  bottom  of  the  side  belt,  is  2in. 
nickel  stee],  and  at  a  high  level  we  have  also  Gin.  armour 
protecting  the  12in.  to  6in.  guns.  There  are,  in  addition,  a 
number  of  4in.  guns  mounted  without  protection  on  tot)  of 
turrets  and  elsewhere.  Below  water  we  h av©  a  heavy  bulk- 
head worked  about  10ft.  witliin  the  side,  intended  primarily 
for  protection  against  torpedoes. 

Tlie  question  of  protection  against  torpedoes  is  one  which 
is  by  no  means  solved.  The  usual  practice  has  been  to  make 
com partirtents  as  small  and  as  numerous  as  possible  where 
torpedo  explosions  were  liable  to  occur,  and  the  larger  the  size 
of  ship  the  less  the  danger  that  a  single  torpedo  would  put  her 
out  of  action . 

In  the  war  betw&en  Japan  and  Russia  tliere  were  some  vei'v 
striking  &xainp】es  of  the  deadly  effect  of  submarine  mines 
carrying  large  charges  of  higli  explosives.  During  tliat  war 
til©  torpedoes  did  not  score  many  hits,  and,  when  they  did  score 
a  hit,  did  not  accomplish  tlie  damage  which  had  been  antici- 
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pated  by  torpedo  enthusiasts.  But  since  then  the  speed, 
accuracy,  and  weight  of  explosives  carried  by  torpedoes  have 
all  been  increased,  and  there  has  b&en  developed  the  torpedo 
gun,  or  a  torpedo  carrying  in  a  "  gun  "  a  shell  charged,  with 
high  explosives,  which  is  fired,  when  the  torpedo  strikes,  with 
a  velocity  sufficient  to  penetrate  the  ordinary  sliip  through  and 
through.  This  device1  will  probably  be  almost  as  effective 
against  a  ship  protected  with  torpedo  nets  as  against  one  not 
so  protected.  The  question  of  further  protection  against  tor- 
pedoes has  been  talked  of  for  years,  and  there  is  more'  and  more 
tendency  to  fit  such  protection.  It  has  usually  been  fitted  as 
upon  the  "  Rivadavia,"  but  there  are  advocates  of  fitting  it 
externally  in  the  si i ape  of  external  armour  far  down  on  tlie 
sliij).  There  is  little  reasonable  doubt  that  battle-sliips  of  tlie 
n ear  future  will  carry  materially  great e r  protection  against 
torpedoes  than  those  of  tlie  recent  past. 

As  regards  attack  from  aeroplanes,  wliich,  so  far  as  can  be 
anticipated  at  present,  will  come  e】itire】y  in  the  form  of  explo- 
sives dropped  from  the  aeroplanes,  protection  is  not  yet  a 
difficult  matter.  Any  bomb  so  dropped  cannot  be  expected  to 
have  much  penetrative  power,  and  from  present  aeroplanes 
must  have  comparatively  small  weight.  It  would  be  possible 
to  fit  nets  or  light  shelters  above  vital  spots  which  would 
explode  the  bomb  before  it  reached  a  dangerous  position. 
With  the  rapid  development  of  aeroplanes,  however,  their 
attack  may  become  very  serious  within  comparatively  few  years 
through  increase  of  carrying  capacity. 

It  will  have  been  observed  that  in  speaking  of  protection 
against  torpedoes  I  intimated  that  present  protection  was  not 
satisfactory  as  regards  the  most  recent  forms  of  attacks  by  tins 
weapon.  The  situation  as  regards  attack  by  gun  fire  is  a】so 
not  satisfactory.  It  may  be  readily  inferred  from  the  varying 
thicknesses,  &c.，  of  the  armour  on  the  11  Rivadavia  "  that'  the 
designer  had  at  his  disposal  an  inadequate  weight  of  armour 
and  has  to  ponder  almost-  ceaselessly  as  to  its  distribution, 
giving,  of  course,  the  greater  weiglit  where  there  is  the  greater 
danger.  He  is  in  the'  position  of  the  tailor  who  must  cut  his 
coat  to  suit  his  cloth,  but  finds  his  cloth  quite  inadequate  to 
make  a  proper  coat  of  any  fashion. 

The  recent  increase  in,  calibre1  of  heavy  guns  in  this  country 
and  England  has  emphasized  the  fact  that  the  attack  by  gun 
fire  is  markedly  ahead  of  the  defence  by  armour.  In  ' 'Fighting 
Ships  for  1911，，，  by  Jane,  the'  penetration  of  the  new  British 
13  Jin.  gun.  in  Krupp  armour  is  given  as  26in.  at  3,000  yards 
and  22in.  at  5,000  yards.  Whilei  ranges  of  3,000  yards  and 
5,000  yards  have  become  very  short  for  fighting  within  the  last 
few  years,  the  penetration  of  this  gun  at  10,000  yards  would 
probably  be  15in、  or  16in.  of  armour,  and,  except-  in  favour- 
able weather,  it  would  hardly  be  possible  to  carry  on  the  fight 
at  greater  ranges  than  10,000  yards,  owing  to  difficulty  of 
vision. 

Bearing  in  mind  that  the  heaviest  armour  carried  by  any 
British  ship  mounting  13|in.  guns  is  but  12in.，  we  may  say- 
that  these:  ships  can  penetrate'  their  own,  sides  as  far  as  it  is 
possible  to  see.  The  same  conclusions  will  apply  to  the  14in. 
gun  mounied  on  the  American  ships,  and,  indeed,  we>  may  say- 
almost  the  same  thing  of  the  more  powerful  of  the  12in.  guns 
whose'  use  is  practically  universal . 

As  may  be  inferred  from  Table  II. ,  there  is  a  tendency  to 
increase  armour  thickness  as  the  size  of  ships  increases,  and  in 
the  most  recent  United  States  ships  this  has  been  carried 
materially  further  than  indicated  in  the  table  ；  but  increases 
hitherto  mad©  can  hardly  be  regarded  as  adequate,  and  it  must 
be  admitted  that  at  the  moment  the'  gun  is  superior  to  the 
armour.  Whether  the  armour  will  again  forge  ahead  by 
superior  combination  of  old  elements,  the  deveilopment  of  still 
further  improved  armour,  or  tbe'  devotion  to  armour  of  a 
larger  proportion  of  the  displacement,  it  is  impossible  to  say, 
but  there  is  great  need  for  improvement  in  protection,  and  it 
would  seem  fairly  safe  to  prophesy  that  for  some  years  to  come 
we  may  expect  to  see  the  protection  developed  relatively  more 
rapidly  than  the  attack.  I  think  that  is  certainly  the'  proper 
and  much-neefled  line  of  development. 


Fatal  Steam  Pipe  Explosion  on  an  Italian  Steamer. ― A  wireless  tele- 
gram received  at  New  York  says  the  first  engineer,  chief  fire- 
man, and  three  stokers  were  killed  by  an  explosion  of  a  steam 
pipe  on  tlie  Italian  steamer  "  Principe  di  Piemonte,"  on  17tli 
insfc.,  while  several  otliers  were  injured. 


TRAMWAY  TRACK  MAINTENANCE.* 

BY  WM,  THOM. 

In  taking  track  maintenance  for  the  subject  of  my  paper,  I  feel 
that  I  am  entering  upon  one  of  the  most  acute  and  difficult 
subjects  which  a  tramways  manager  has  to  face.  It  has  often 
occurred  to  me  how  useful  would  be  the  publication  of  the 
actual  methods  adopted  by  those  responsible  for  the  various 
undertakings,  in  order  to  arrive  at  a  suitable  basis  for  regulat- 
ing the  building  up  of  a  renewals  fund,  and  it  is  mainly  with 
tlie  object  of  ascertaining  other  engineers'  experiences  and 
theories  that  I  am  now  putting  forward  this  paper.  Of 
(,ourse>，  some  undertakings  are  in  the  happy  position  of  having 
ample  funds  to  deal  with  renewals  as  required.      In  other 


Wear  per  year  (inches). 
Curve  showing  Life  and  Wear  of  Ratls. 
"Life"  Curve  based  on  871b.  rail  giving 存 in.  maximum  wear. 
"Wear"  Curve  is  for  rail  with  Tables  l^in.  to  2in.  (871b.  to  1001b.) 

cases,  however,  it  is  very  difficult  to  make  provision  out  of  the 
year's  profits  for  the  liabilities  accruing  each  year,  and 
although  it  may  be  that-  the  actual  renewal  will  not  fall  due 
for  a  number  of  years,  it  is,  I  consider,  necessary  to  make 
adequate  provision  annually,  owing  first  to  tho  fact  that  it  has 
become  due,  and  secondly  to  the  often  small  balance  available 
for  this  purpose.  Repairs,  which  form  no  small  part  of  the 
annual  charges,  have  also  to  be  cared  for  accordingly.  I  have 
found  that  they  vary  widely  over  long  periods  and  are  affected 
by  renewals  to  no  inconsiderable  extent. 

Table  of  Bail  Wear  and  Life  Records. 


Route 

Car-miles 
per  mile 
of  track 
per  an. 

Av. 
Weight  of 
loaded 
car 

Car-tons 
per  an. 

Car- tons 
to  date. 

Life  in 

From 
curve 

years. 

From 
ganging 

Weight 
of  rail. 

Lbs. 
per  yd. 

Depth 

of 
groove. 
Inches. 

1 

44,310 

11-375 

504,026 

3,028,182 

141 

16-6 

87 

i 

2 

39,940 

9-312 

371,921 

2.603,447 

164 

17-5 

87 

i 

3 

87,982 

11-5 

1,011,793 

8,094,344 

96 

11-4 

87 

I 

4 

58,176 

8-5 

494,496 

3,708,720 

14-2 

154 

87 

i 

5 

120.102 

7-5 

900,765 

8,257,012 

103 

12-0 

87 

6 

89,838 

7-5 

673,785 

5,502,577 

124 

14-7 

87 

8 

56,266 

775 

436,061 

3,750,124 

15,8 

22-2 

87 

8 

44,538 

11-437 

509,381 

4,329,738 

14-1 

16-4 

87 

i 

9 

68,258 

11-5 

784,967 

5,965,749 

11-3 

14-5 

87 

J 

10 

79,149 

11-562 

915,120 

3,813,000 

103 

10,5 

88J 

1 

11 

36,274 

7-502 

274,303 

2,240,141 

190 

200 

87 

i 

12 

40,880 

t 匸 

298,914 

2,092,398 

181 

18-0 

87 

Analysis  of  rails  showing  the  extremes  of  wear  found  on  Route  12. 
Sample  'l :  C，  0*50;  P,  0  0595 ；  Mn,  0'50;  S.  0  22;  Si,  0186；  wear  in 
seven  years=0*1875in.  Sample  2  :  C,0*53;  P,  0*  1 11 ;  Mn,  0,580;  S,  0*041 ; 
Si,  0  093  ；  wear  in  seven  years =0*047in. 

Analysis  of  a  rail  showing  the  average  wear  for  the  whole  route. 
Route  7  :  C,  0  615；  P,  0  030；  Mn,  0'570  ；  S,  0*049；  Si,  0  093.  Route  12: 
C,  0.42;  P,  0*064;  Mn,  0*450  ；  S,  0  029;  Si,  0190;  wear  in  seven  years = 
0-'l25in. 

I  have  followed  with,  much  interest  the'  published  averages 
of  expenditure  of  the  working  results  of  various  systems  over  a 
number  of  years.  From  these  results  I  have  found  that  at 
best  they  can  be  applicable  only  as  a  guide  for  future  years 
for  the  sysifcems  from  which  they  were  immediately  derived  or 
of  very  similar  ones.      In  fact,  I  have'  only  to  turn  to  the 

*  Abstract  of  j>apor  read  at  the  annual  congress  of  the  Tramways  and  Light 
Railways  Association  at  Swansea.  The  author  is  the  general  manager  of  the 
Potteries  Electric  Traction  Company,  Ltd. 
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results  on  the  system  with  which  I  am  connected  to  find  that 
the  average  expenditure  on  renewals  and  repairs  during  the 
last  few  years  is  a  very  inadequate  guide  for  the  next  seven 
years,  although  most  of  the  track  was  first  laid  down  sonie- 
thing  like  11  years  ago.  Perhaps  when  half  a  century  has 
passed  over  the  industry,  some  average  on  this  basis  could 
possibly  be  estimated,  but  even  then  only  if  there  has  been  no 
advancement  in  constructional  details  and  materials.  In 
every  case  the  diversity  in  the  frequency  of  services  must  play 
a  great  part,  as  it  may  vary  as  much  as  from  50  to  100  per  cent, 
on  the  same  system,  and  the  same  variation  may  be  found 
between  one  system  and  another,  while  in  the  course  of,  say, 
50  years  the  business  over  lines  where  the  service  is  now  infre- 
quent may  be  very  much  improved.  The  factor  of  car-mile 
run  per  mile  of  track  should  therefore  govern  the  basis  for 
annual  charge  rather  than  that  of  track  mile  so  often  applied. 

I  desire  now  to  emphasize  the  fact  that  the  greate'r  amount 
of  useful  rail  life  is  obtainable  when  the'  service  is  most  fre- 
quent, and  consequently  the  length  of  time  as  well  as  the 
mileage  affects  the  ultimate  useful  life.  This  brings  me  to'  the 
theory,  which  I  have  applied  for  some  years  and  found  satis- 
factory in  working,  namely,  that  of  calculating  the  life  of  the 
rails  from  the  car  tons  or  car  miles  rim  per  track  mile  (the 
former  preferably),  including  time  as  the  other  factor  far  loss 
of  life  brought  about  by  other  agencies  than  running. 

The  application  of  this  method  of  obtaining  the  life  of  a 
particular  rail  was  published  in  the  Association  "  Journal/'  of 
January,  1911.  When  once  adjusted  for  the  particular  rail 
and  conditions  to  which  it  is  to  be  applied,  the  system  obviates 
the  necessity  for  gauging  year  by  year  every  part  of  a  system 
where  different  services  exist,  except  only  as  a  check.  In  order 
to  show  more  clearly  its  application,  I  am  submitting,  in 
addition  to  the  curve  previously  published,  a  table  of  figures 
which  should  be  found  sufficiently  convincing  to  prove  the 
utility  of  the  system,  notwithstanding  that  the  original  records; 
were  obtained  with  rather  crade  apparatus  which  can  be  and 
has  now  been  improved  upon .  I  am  assuming,  of  course,  that 
gauging  is  accepted  as  a  reliable  means  for  finding  the  ultimate 
rail  life.  It  is,  I  know,  to  some  extent  resorted  to,  but 
whether  to  ascertain  the  rail  life  with  the  object  of  deter- 
mining the  dates  for  renewal,  I  should  be  interested  to  hear. 
Although  wear  is  determinable  by  actual  measurement,  the 
useful  life  may  differ  and  economy  be  served  by  replacement 
at  an  earlier  stage,  owing  to  crippling  through  hammered 
joints  or  corrugation,  or  both. 

In  cases  where  a  perfect  track  is  the  first  consideration 
rather  than  cost,  the  problem  is  not  a  difficult  one,  but  when 
the  rails  have  still  a  few  years  of  life  remaining,  which  must  be 
taken  advantage  of,  notwithstanding  defective  joints  (the 
greatest  source  of  trouble),  my  experience  has  been  that  the 
full  life  of  the  rails  can  be  satisfactorily  and  economically 
obtained.  • 

I  think  that  a  basis  such  as  I  have  outlined,  with  few 
exceptions,  gives  the  means  of  estimating  comparatively 
accurately  the  liabilities  of  almost  any  undertaking  for  many 
years  ahead.  Let  us  consider,  therefore,  the  great  advantage 
it  must  be  to  those  responsible  for  the  administration  of  an 
extensive  business,  the  best  results  of  which  are  greatly 
dependent  upon  a  knowledge  of  future  liabilities  in  respect  to 
track.  To  the  directors  of  a  company  perhaps,  more'  than  to 
a  local  authority,  this  information  is  of  the  utmost  importance, 
as  everyone  must  know,  for  it  enables  them  to  provide  in  an 
adequate  manner  for  renewals,  whereas,  if  provision  is  made 
only  for  the  immediate  future,  there  may  be  a  tendency  to 
underestimate  the  position  ；  in  fact,  great  discrepancies  may 
arise  during  the  life  of  an  undertaking  in  this  connection 
which  might  hamper  its  position  for  many  years. 

As  regards  the  means  taken  to  eliminate  defective  joints, 
their  entire  removal  was  resorted  to,  the  bad  ends  being  cut  off 
and  the  rails  closed  up,  and  the  results  have  proved  satis- 
factory, both  in  respect  to  running  and  cost. 

As  a  proof  of  the  advantage  which  such  a  repaii"  has  on 
equipments,  one  has  only  to  observe  the  action  of  the  motors 
while  passing  over  the  joints  in  each  case;  in  fact,  the  atten- 
tion of  anyone  conversant  with  tramway  working  hardly  needs 
to  be  called  to  so  self-evident  an  improvement.  The  recon- 
structed joints  are  very  little  inferior  to  new  ones,  and  the 
permanency  of  the  work  is  assured  so  long  as  the  rails  are 


comparatively  sound  and  not  too  short.  When  the  joints  liav<; 
readied  that  condition  which  may  be  termed  bad ― I  need  not, 
I  am  sure,  give  a  closer  definition ― the  amount  which  can  be 
spent  in  repairing  by  ordinary  means,  packing  and  paving,  is 
considerable.  It  has  to  be>  repeated  so  constantly,  if  the  track 
is  conscientiously  maintained,  that  in  a  t&rrn  of  three  years,  or 
even  less,  the  cost  exceeds  the  more  expensive  form  of  repair 
just  referred  to.  I  would  say  that  the  results  herein  referred 
to  have  been  obtained  over  a  large  extent  of  track.  I  am 
speaking  more  particularly  now  in  reference  to  paved  track 
abutting  macadam,  which  is  quite  another  matter  from  the 
conditions  where  the  roads  are  entirely  paved. 

In  regard  to  the-  question,  of  rail  corrugation,  many  theories 
have  been  advanced  as  to  th^i  cause-  and  means  of  avoiding  this 
condition.  Each  theory,  no  doubt,  touches  on  the  salient 
points,  and  although  there  may  not  b©  convincing  proof  as  to 
these-  theories,  a  great  deal  of  good  has  been  served  by  educat- 
ing our  minds  to  a  better  understanding  of  the  subject  gene- 
rally. Less,  however,  has  be'e'n  said  of  the  success  attaincil  iti 
the  removal  of  corrugation  at  a  comparatively  reasonable  cost. 
I  have  it  on  good  authority  that  corrugation  is  being  kept 
down  satisfactorily  on  some  of  the'  larger  undertakings  of  the 
country  ；  but  how  many,  I  would  ask,  liave  not  so  far  accepted 
the  position  that  it  is  something  to  be  dealt  with  thoroughly  in 
the  ordinary  course'  of  maintenance?  Until  a  year  or  two  ago 
I  had  not  whole-heartedly  for  one,  I  will  admit,  and  while  I 
have  been  dallying  with  low-priced  appliances,  which  are  quite 
inadequate,  I  have  become  more  and"  more'  imbued  witli  the 
fact  that  oorrugation  must  be  dealt  with  adequately  in  the 
form  of  a  repair  and  receive  accordingly  all  due'  attention  in 
our  annual  programme,  not  alone  on  account  of  its  being  the 
primary  cause  of  much  of  our  track  repair  bill,  but  also  having 
in  view  its  effect  on  rolling  stock. 

It  is  a  natural  conclusion  that  oorrugation  can  he>  dealt 
with  most  effectively  when  it  first  appears,  for  the  deeper  it  is 
seated  the  more  difficult  and  costly  becomes  its  removal. 
Grinding  is  so  far  the  only  feasible  remedy,  but  to  deal 
adequately  with  any  eixtent  of  track,  in  fact,  to  make  a  satis- 
factory job  at  all,  it  requires  a  machine  of  the  first  grade  in 
grinding  appliances.  A  good  machine  is  costly,  but  the  saving 
in  repairs  should  justify  the  investment)  in  the  case  of  fairly 
large  systems,  while  with  the  smaller  undertakings  I  have  no 
doubt  the  demand  would  soon  create  a  business  of  hiring  of 
suitable  machines.  In  this  connection  only  lately  a  company 
has  been  formed  to  exploit  on©  of  the  most  comprehensive  tools 
for  work  of  this  nature'  which  lias  yet  been  invented.  The  inven- 
tion, which  is  both  a  milling  and  grinding  machine,  is  capable 
of  removing  anything  up  to  ^in.  of  metal  from  the  bottom  of 
the  groove  and  lip  of  both  rails  at  the  same  time,  at  a  rate  of 
from  12in.  to  18in.  per  minute,  the  rat©  depending  upon  the 
depth  of  cut  and  hardness  of  rail.  It  is  also  capable  of 
removing  from  the  head  of  the  rails  at-  the  same  time  sufficient 
metal  to  give  a  perfect  surface,  to  eliminate  dished  joints,  if 
required.  Grinding  can  be  done  at  the  rate  of  about  12ft.  of 
rail  per  minute,  removing  the  worst  corrugations  at  a  cost  of 
about  3d.  por  foot.  A  most  noteworthy  point  with  regard  to 
the  working  of  the  machine  is  th©  accuracy  which  is  said  to  be 
obtainable,  no  matter  what  condition  the  rails  may  be  in. 

Many  miles  of  both  railway  and  tramway  track  have  been 
treated  by  this  machinei  abroad  in  respect  to  rail-head  machin- 
ing and  grinding  and  groove  deepening,  and  I  have  no  doubt 
that  much  good  work  lies  before  such  appliances  in  this 
country,  so  long  as  our  rail  steel  can  bo  machined.  Our  safe- 
guard, liowever,  appears  to  lie  in  a  direction  where  the  use  of 
even  tlio  best  tool  ste;el  will  prove  futile.  Depth  of  groove 
should,  I  maintain,  be  entirely  a  question  of  rail  section  in  the 
first  instance,  but  if  corrugation  cannot  be  overcome1,  grinding 
appliances  should  still  find  a  field  in  even  the  distant  future. 


At  a  meeting  of  the  executive  of  the  Scottish  Miners' 
Federation  at  Glasgow  last  week  reference  was  made 
to  a  new  Explosives  Order  which  had  been  issued 
by  the  Home  Office,  making  it  compulsory  that  in  blast- 
ing in  naked-light  mines  a  certain  class  of  fuse  with 
an  igniter  attached  must  be  used  in  future.  This,  it 
was  stated,  had  created  considerable  dissatisf acton  among 
Scottish  miners,  and  it  was  resolved  to  put  the  matter  before 
the  Home  Office  with  a  view  to  securing  exemption  from  cer- 
tain clauses  of  the  new  Order. 
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MANUFACTURE  AND  TREATMENT  OF  STEEL  FOR  GUNS.- 

BY  GENERAL  L.  CUBILLO. 

It  is  about  30  years  since  steel  was  deiinitely  adopted  by  the 
chief  countries  of  the  world  for  gun  construction.  The  niany 
difficulties  presented  in  the  manufacture  of  largo  homogeneous 
mas&es  of  steel,  and  the  resistance  offered  by  tradition  and 
routine  to  every  change  in  industrial  processes,  were  the  chief 
causes  of  Uie'  continuation  of  the  use  of  cast  and  wrought  iron, 
in  the  third  quarter  of  the  last  century,  if  not  for  the  whole 
construction,  at  least  for  the  principal  elements  of  guns.  The 
celebrated  American  artillerist,  Rodman,  cast  large  calibre 
guns,  of  cast  iron  exclusively,  and  applied,  during  and  after 
the  casting  process,  his  invention  of  cooling  the  inside  of  the 
(run  with  water,  and  of  heating  the  outside  in  such  a  manner 
that  the  inside  was  compressed  by  the  outside.  By  this  the 
maximum'  tangential  resistance  of  a  single  tube  is  attained, 
and  it  is  then  best  fitted  to  oppose  the  pressure  of  the  powder. 
The  metal  used  by  Rodman  in  the  niaiiufacture  of  guns  was  of 
a  quality  whkh  has  not  since  been  surpassed.  The  pig  iron 
employed  was  charcoal  and  cold-blast  iron,  from  ores  of  the 
greatest  purity,  so  that  the  resulting  cast  iron  possessed  the 
best  mechanical  qualities.  The  resistance  of  cast-iron  guns 
was  certainly  increased  by  tlie'  Rodman  process,  though  it  was 
not  known  exactly  by  how  much,  since  it  is  impossible  to  apply 
the  rules  of  shrinkage  to  guns'  treated  as  described.  But  the 
improvement  so  obtained  was  not  sufficient  for  the  require- 
】nents  of  the  artillery,  and  cast  iron,  whether  alone  or  com- 
bined with  wrought  iron  or  puddled  steel,  was  incapable  of 
withstanding  very  great  pressure.  It  was  certainly  possible 
to  fire'  the  guns  so  constructed  with  charges  larger  than  those 
employed  in  ordinary  cast-iron  guns,  but  the  difference  was  not 
great,  since  a  very  considerable  part  of  the  gun  was  made  of 
cast  iron,  the  mechanical  properties  of  which  are  deficient  as 
compared  with  those  of  wrought  iron  and  steel.  In  France 
and  Spain  a  combination  of  steel,  wrought  iron,  and  cast  iron 
was  tried,  the  former  metal  being  employed  for  that  part  of 
the'  bore  where  the  pressure'  is  greatest,  but  this  combination, 
which  actually  produced  guns  more'  powerful  than  those  made 
of  cast  and  wrought  iron,  was  abandoned  since,  owing  to  the 
progress  of  metallurgical  science,  the'  manufacture  of  steel  in 
large  masses  had  now  become  possible.  The  guns  made  of  this 
triple  combination  were  capable  of  withstanding  a  pressure  of 
2,200  kg.  per  square  centimetre.  It  was  necessary  to  use  quick- 
burning  powders  in  them,  because,  the  steel  tube'  not  being 
of  the  total  length  of  the  bore,  the  gun  at  the  cast-iron  end  was 
much  weaker  and  incapable  of  withstanding  great  pressure. 
It  is  therefore  easy  to  understand  why,  as  soon  as  it  became 
possible'  to  cast  great  masses  of  steel,  this  metal,  with  its 
greatly  superior  physical  and  mechanical  properties,  was 
exclusively  adopted  for  the  construction  of  large  guns.  It 
will  always  be  a  distinction,  however,  for  the  Krupp  works  to 
have  been  the  first  to  cast  great  masses  of  steel,  while  the 
Bessemer  and  open-hearth  processes  were  still  unknown  to  the 
metallurgists,  but  the  method  by  which  Alfred  Krupp 
achieved  his  wonderful  results  is  so  well  known  that  it  ne-ed 
hardly  be  described  here. 

Conditions  of  the  Steel  Required  for  Gun  Construction. —— If  it  were 
possible  to  produce  a  metal  at  low  cost  such  that  it  possessed  a 
hi^h  elastic"  limit,  and  also  high  tenacity,  great  ductility,  and 
resistance  to  the  wear  produced  by  the  powder  gases  at  great 
pressure  and  high  temperature,  witli,  moreover,  a  very  high 
melting  point,  such  a  material  would  undoubtedly  be  the  most 
suitable  for  the  manufacture  of  guns.  Tlie  very  great  pressure 
which  the  material  must  withstand  is  not,  it  is  true,  of  great 
duration  or  of  great  frequency  in  large  and  medium- sized 
guns  ；  but  it  is  necessary  to  take  into  consideration  the'  fact 
iliat  what  causes  this  enormous  pressure  is  the  highly  heated 
gases,  which  exercise  both  a  physical  and,  in  a  certain  portion 
of  the  bore  of  tlie  gun,  a  choinical  action  on  the  metal.  As  has 
already  been  said,  steel  has  been  adopted  as  the  only  material 
suitable  for  guns.  But  steel  offers  so  great  a  variety  of  types, 
11k"  it,  becomes  necessary  to  select  from  among  these  one  which 
possesses  in  Hie  highest  degree-  tlie  conditions  already  laid 
down.  If  tlie  Kieel  is  ordinary  carbon  steel,  its  high  elastic 
limit  is  accompanied  by  a  high  tenacity  and  less  ductility  than 
that  which  ； u-coiujianies  a  metal  of  smaller  clastic  limit  ； uid 
tenacity.       T\\v,  rcsis<nnc(i  of  1  lie  i'm'im'r  ltictal  to  (lynamir 

*  I^pcr  read  before  the  Iron  and  Stucl  IiisliUiU'. 


stresses  will  be  less  than  that  of  the  second,  and  its  melting 
point  will  also  be  lower.  The  gun-makers  have'  universally 
adopted  a  metal  between  tlie  dead-soft  and  the  hard  steels, 
namely,  an  iron-carbon  alloy,  tending  rather  towards  mildness, 
due  specially  to  its  high  m&lting  point.  This  last  property  is 
now  very  important,  on  account  of  the  use  of  the  modern 
smokeless  powders,  and  especially  the  nitro-glycerine  powders. 
The  high  combustion  temperature  of  these-  powders,  and  the 
incomplete  obturation  of  the  driving  band  of  the  projectile  at 
tlie  commencement  of  its  travel  in  the  bore  of  the  gun,  is  the 
origin  of  what  is  called  erosion  in  the  bore.  The  modern 
experiments  of  Vieille  aiul  some'  others  made  at  South  B('th- 
l&lieiu,  not  to  metit  ion  the  earlier  ones  made'  by  Sir  Aiuh'cw 
Noble,  have  demonstrated  without  doubt  that  the  mild  steels 
are  better  able  to  withstand  the  effects  of  erosion,  because, 
ainongst  other  properties,  they  possess  melting  points  higher 
1     n  those  of  the  1 1 a rd  steels. 

An  ordinary  carbon  st&eJ  for  guns  has  about  0'5  per  cetti . 
of  carbon,  and  its  place  in  the  iron-carbon  solution  is  in  the 
series  of  the  metals  called  steels,  having  a  carbon  percentage  of 
less  than  2  per  cent.    The  characteristic  of  this  series  is  that  it 

is  not  evitectic  at  its  freezing 
point,  and  that  it  presents  a 
similar  phenomenon  in  the  sub- 
sequent cooling,  when  it  arrives 
at  tlie  point  Ar  in  the  cooling 
curve.  All  this  refers  only  to 
the  ordinary  carbon  steel.  Tlie 
ternary  alloy  of  iron,  carbon 
and  nickel  or  the  quaternary 
alloy  of  iron  with  carbon, 
clironiiuin,  and  nickel  as  em- 
ployed in  tli©  manufacture  of 
medium  and  small  guns  only, 
because  the  cost  of  such  an  alloy 
would  be  prohibitive  in  the  con- 
struction of  the  larger  ones, 
especially  now  that  the  prin- 
ciple of  uniformity  of  calibre 
has  been  adopted  by  all  the 
navies  of  the  world .  It  must 
b&  said,  however,  that  the  A 
and  B  tubes  for  the  great  16in. 
experimental  gun  manufac- 
tured in  tlie  United  States  are 
of  nickel  steel.  In  adopting 
this  alloy  for  the  construction 
of  guns  it  has  been  necessary  to 
diminish  the  percentage  of  car- 
bon, because  if  it  reached  that 
of  ordinary  carbon  steel  with 
percentages  of  2*5  to  3'5  per 
cent,  of  nickel  the  steel  would 
be  very  hard,  that  is,  it  would 
be  what  Mr.  Guillet  calls  "  mar- 
, 一一 z  一  tensitic  steel." 

Mechanical   Tests. ― It  is  not 
FlG'  L  necessary  to  give  here  a  cam- 

plet'&  table  of  the  specifications  for  gun  sieel  as  required  by  the 
armies  and  navies  of  the  European  and  American  powers.  In 
all  th&  specifications  two  different  kinds  of  mechanical  tests 
are  required  :  in  the  one  case,  that  of  continuous  and  progres- 
sive tension  up  to  the  yield  point,  together  with  the  measure- 
ment of  the  elongation  after  breaking  ；  while  the  other  test 
consists  in  subjecting  the  test-piece  to  a  certain  n  umber  of 
impacts  according  to  details  and  conditions  fully  specified,  or 
perhaps  to  some  bending  test,  equally  fully  specified.  If 
the  steel  has  been  manufactured  from  pure  materials,  such  as 
the  best  Swedish  pig  iron  and  from  scrap  from  the  puddling  of 
the  best  hjcmatite  pig  iron,  and  if  it  has  be&n  carefully  cast, 
forged,  annealed,  hardened,  and  tempered,  the  tensile  tests  are 
quite  sufficient  in  tlie  author's  opinion  ；  while  the  close 
examination  of  the  forgings  during  lnachining  will,  conjointly 
with  the  tensile  tests,  also  convey  a  good  idea  of  the  quality 
of  the  metal,  so  that  the  impact  or  bending  tests  can  be  dis- 
pensed with.  But,  perhaps  it  may  liappen  that  the  heat- 
1  l-eat  inetit  lias  not  l>een  properly  coiiducted,  and  tliat  tlie  ine'tal 
which  witlislaiuls  tlie  tensile  tests  may  fail  in  the  impact  teste. 

latter  ai'e  tliose  wliich  give  a  really  good  idea  of  the 
briUleness  of  the  metal.    Many  years  ago  these  mechanical 
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and  bending  tests  were  iutrodiued  into  the  specifications  for 
ascertaiuing  the  presence  of  phosphorus  in  the  steel .  It  is 
possible  that  a  metal  with  a  high  percentage  of  this  metalloid 
may  give  satisfactory  results  in  t lie  static  tensile  tests,  aixl 
that  the  yield  point  and  the  ductility  may  b&  very  good  ；  but 
this  steel  would  certainly  withstand  far  fewer  impacts  than  a 
very  pure  steel.  Indeed  the  tests  which  a  metal  suitable  for 
gun  construction  must  undergo  must  produce  stresses  similar 
to  those  caused  in  the  gun  by  the  powder  gases.  This  metal, 
when  the  gun  is  composed  of  a  single  tube,  as  is  generally  the 
case  in  mountain  guns,  passes,  in  an  infinitesimal  space  of 
time,  from  the  state  of  repose'  to  a  strain  of  two-thirds  at  least 
of  its  elastic  limit  of  static  tension  ；  and  when  the  gun  is  a 
composite  tube  the  concentric  layers  of  some  of  its  elements 
pass  in  an  equally  short  space'  of  time  from  a  state-  of  compres- 
sive stress  to  another  ot  tensile  stress,  both  of  which  are 
opposite  states  of  stress  of  considerable  importance.  Taking 
into  consideration  both  the  opposite  stresses  to  which  the 
elements  of  the  guns  are  subjected,  before  and  under  fire, 
perhaps  the  best  mechanical  test  for  gun  steel  would  be  that  of 
alternating  stresses  with  considerable  variation,  these  stresses 
being  repeated  a  certain  number  of  times  in  harmony  with  the' 
rounds  fired  by  the  guns.  The  shock  tests  are  now  universally 
accepted,  as  has  been  said,  in  order  to  ascertain  the  fragility 
of  the  metal.  The  resolutions  of  tlie  last  Congress  of  Les 
Met'hodes  d'Essai  des  Materials  "  assembled  at  Copenhagen 
recommeud  a  shock  test  with  test-pieces,  together  with  a  sligiit 
nick  in  one  of  the  long  sides  of  the  piece.  Certainly  this  test 
must  be  adopted  as  one  of  the  means  of  ascertaining  the  good 
quality  of  gun  steel. 

Melting  of  the  Steel. ― Of  all  the.  processes  employed  in  the 
melting  of  steel  the  only  ones  used  in  the'  manufacture  of  gun 
steel  have  been  the  crucible  and  the  open-hearth  processes. 
The  first  process  was  naturally  employed  before  the  introduc- 
tion of  the  open-hearth  method,  and  for  some  tim&  afterwards  ； 
but  the  latter  has  now  superseded  the  crucible  process,  except 
at  the  Krupp  works. 

Mention  has  already  been  mad©  of  the  great  claims 
possessed  by  this  firm  as  tJie  pioneers  in  casting,  by  the  crucible 
process,  great  masses  of  steel  intended  for  gun  construction. 
Credit  must  also  be  extended  to  the  English  firms  of  Firth, 
Vickers,  and  Whitworth,  which  also  employed  their  energies  in 
the  improvement  of  this  manufacture.  The  firm  of  Krupp 
has  always  claimed  that  the  crucible  process  offers  the  best 
guarantee  for  a  sound  metal  for  gun  construction.  Un- 
doubtedly it  is  possible  to  obtain  by  it  a  metal  of  great  purity 
with  regard  to  phosphorus  and  sulphur  than  by  any  ot-lie^ 
process,  if  the  material  charged  in  the  crucibles  is'  wrought  iron 
from  haematite  pig-  iron.  The  metal  obtained  in  this  case  will 
be  the  best  possible  steel,  and  it  will  not  contain  occluded 
gases  ；  or  at  all  events  in  very  small  proportion.  If  the  metal 
charged  in  the  crucibles  is  free  from  oxides,  the  only  ga&ss  dis- 
solve in  the  steel  will  be  thoss  which  have  passed  through  the 
walls  of  the  crucibles. 

In  the  author's  opinion  steel  made  by  the  crucible  process 
must  lack  homogeneity,  because  it  is  almost  impossible  that  the 
composition  of  the  charg&  of  all  the  crucibles  will  be  the  same. 
It  is  also  impossible  to  secure  uniformity  of  composition  in  tlie 
ingot  mould,  b&aring  in  mind  segregation.  The  only  way  of 
securing  homogeneity  by  this  process  would  be  to  teem  the 
crucibles  first  into  a  hot  ladle,  and  then  into  the  ingot  】m)ul(l. 
The  principal  reason  for  this  lack  of  homogen&ity  lies  hi  llu' 
impossibility  of  analysing  all  the  puddled  bars  wliich  form  i  Ik1 
charge  of  the  crucibles,  classification  by  th©  eye  being  very 
unccriain.  Therefore,  in  the  author's  opinion,  a  massive 
ingoi  of  stwl  cast  by  the  crucible  process  is  more  het,erog。m'(ms 
than  a  similar  ingot  cast  by  the  open-hearth  process.  The 
open-hearili  acid  process  is  generally  employed  for  the  casting 
of  great  masses  of  steel.  Tlie  basic  prwess  can  of  course  b;» 
*mii ployed,  provided  the  materials  charged  are  acirl  ；  and  1  hero 
is  no  difficulty  in  obtaining  by  the open-lieartli  process,  i\\n\  is, 
by  the  dissolution  in  a  cast-iron  bath  of  a  certain  quaiiiily  of 
wrought  iron  or  steel,  a  very  pure  metal,  such  as  is  requiml 
in  the  construction  of  guns.  All  depends  on  the  purity  of  the 
pig  iron  and  sx:rap  cliarged. 

It  is  ilie  constant  pracl  icr;  of  all  tlie  st.ee  1  works  wlicrc  si  vr\ 
for  gun  con  struct  ion  is  ro^ularly  made  to  employ  Swedish 
iron  of  Uh>  l>csl  qualify,  1  lie  |)hosphorus  being  as  low  as  O'O'J.j 
per  cent.,  and  the  sulphur  lower  than  this  amount  ；  and  for 


the  scrap,  puddled  balls  or  bars  from  the  Iwsi  liucmatitc  pig 
irons. 

By  puddling  this  pig  it  is  possible*  to  oht;iin  ； i  prmlu'  t  wit  h 
phosphorus  and  sulphur  as  low  as  0001  per  cent.,  and  as 
turn  aces  of  50  or  60  tons  capacity  are  now  very  cornmon,  ami 
as  for  the  casting  of  the  largest  element  of  1  lie  new  "。'（'；it  "mis 
it  is  not  necessary  to  have  ingots  of  more'  tlian  100  or 】20  tons, 
the  result  is  that  it  is  not  very  difficult  to  obtain  a  great 
uniformity  of  the  metal  by  this  process.  The  conrlii  ions  o\' 
open-heai*th  working  permit  of  working  two  or  1 1 i i*e e  furnaces 
so  uniformly  that,  at  the  time  of  casting,  the.  metal  of  the  two 
or  three  furnaces  will  be  perfectly  similar.  The  steel  is  much 
exposed  to  the  oxidation  of  tlie  furnace  gases,  always  in  contact 
with  the  bath  ；  and  to  this  action  is  added  that  of  the  iron 
ore  incorporated  for  oxidising  in  a  rapid  and  energetic  manner 
the  silicon  and  carbon  in  excess  of  tliat  required  in  the  steel. 
There  are  many  means  of  diminishing  the  oxidation  of  the 
bath  ；  one  of  them  is  t'o  prepare  the  charge  by  putting  in  the 
furnaoo  the  greatest  possible  amount  of  scrap,  with  the 
smallest  quantity  of  carbon,  and  conducting  tlie  refining  pro- 
cess by  the  furnace  gases  only  without  the  addition  of  any  iron 
ore.  This  particular  method  of  working  is  extraordinarily 
slow  ；  first,  because,  as  the  materials,  both  pig  iron  and  slag, 
are  charged  at  onoe'  and  cold,  the  mixed  bath  is  very  low  in 
carbon  and  its  me'lt'iiig  point  very  high.  It  therefore  requires 
more  time  for  melting  it  than  if  the  charge  had  b&en  composed 
of  equal  parts  of  pig  iron  and  scrap .  Secondly,  because  the 
oxidation  of  the  carbon  by  the  gases  is  not  so  efficacious  as  that 
by  the  iron  ore-,  this  being  more  in  contact  with  the*  bath  and 
th&  former  acting  only  on  the  surface.  Operating  in  this  way 
the  final  steel  is  almost  fr©&  of  oxides,  and  in  order  entirely  to 
eliminate  them  additions  are  made,  at  the  end,  of  certain  iron 
alloys,  such  as  f &r r o- m a n g a n e s e  and  ferro-silicon,  which  by 
their  action  upon  the  bath  reduce  the  iron  oxides  dissolved  in 
it.  This  addition  is  the  more  required  when  the  charge  has 
been  of  equal  parts  of  pig  iron  and  scrap.  The  percentage  of 
carbon  of  such  a  charge  at  tho  fusion  or  melting  time  will  be 
very  high,  and  it  is  not  possible  to  oxidise  the  excess  carbon  to 
the  point  required  in  the'  artillery  steel  by  the  action  of  the 
gases  only,  and  it  i&  almost  imperative  to  employ  the  iron  ore 
for  accelerating  the  oxidation  of  the  carbon. 

Fusion  at  Trubia  of  the  Ordinary  Carbon  Steel  for  Guns. ― The  steel 
works  at  Trubia  comprise  two  furnaces ― one  of  large  capacity, 
capable  of  taking  charges  up  to  54  tons,  and  tho  other  of  16 
tons.  Therefore  it  is  possible,  working  with  the  two  furnaces, 
to  obtain  an  ingot  of  64  tons.  The  furnaces  were'  supplied  by 
Messrs.  Frederick  Siemens,  of  London,  and  are  of  the  usual 
design.  Tliey  are  situated  in  a  straight  line,  with  a  very  com- 
modious working  platform,  and  are  served  by  an  electric- 
cliarging  crane,  of  the  we41 -known  We  11  man  type.  For  the 
ssrvice  of  the'  casting  shop  there  are  two  overhead  electric 
travelling  cranes,  one  of  75  tons  capacity,  with  one  motor  only 
of  30  h.p.,  and  the  other  is  a  Nil&s  50-ton  capacity  crane, 
worked  by  four  motors  of  130  total  horse-power.  The  second 
crane,  of  cour&a,  has  bean  more  recently  installed  than  the 
first . 

In  the  fusion  of  the  ordinary  carbon  st-eel  for  guns,  the 
materials  employed  are  Swedish  pig  iron  and  puddled  ball 
from  Bilbao  hjematite  pig  iron.  In  order  to  convey  an  idea 
of  the  operation,  a  h&at  in  the  16-ton  furnace  will  be  described. 
The  furnace  was  charged  with  7'5  tons  of  Swedish  pig  iron  and 

9  tons  of  puddled  ball  from  Bilbao  luTinatite.  These  materials 
are  charged  straight  into  the  furnace,  tlie-  first  charged  being 
the  pig  iron.  At  9-2  a.m.  the  charge  was  commenced,  and 
meltetl  at  2-40  p.m.  The  first  iron  ore  addition  of  60  kg. 
weight  was  made  at  2-50  p.ru.，  and  another  of  the  same  weight 
at-  3-15  p.m.,  followed  by  another  of  50  kg.  at  3-35  p.m. 
During  the  melting  period  and  the'  following  45  minutes  nearly 
all  the'  silicon  was  oxidised.  Some  minutes  after  the  third 
iron-ore  addition,  tlie  ebullition  of  the  bath  commenced,  whicli 
cvifleiitly  proved  that  the  oxidation  of  the  carbon  was  energeti- 
cally proceeding.    The  iron  ore  additions  followed  from  time 

10  1  ime  as  the  slate  of  the  bath  indicated  th»  necessity.  The 
operation  is  conduclefl  with  the  air  valve  closed  as  much  as 
possible,  so  that  the  】iiet'a】  should  not  become  cold,  nor  become 
oxidised.  Tlie  total  additions  of  iron  ore  amounted  to  350  kg. 
At  G-25  p.m.  the  calorinietric  analysis  of  tlie  small  sample 
taken  from  t  lu»  bal  h  and  very  slowly  coolrd  gave  a  percentage 
of  carbon  of  0*52  por  cent  -,  ； nul  ； is  the  quantity  i*p<|uircd  iu  tlie 
steel  must  be  between  0*45  and  0'55  it  was  decided  to  tap  the 
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furnace,  making  previously  the  suitable  additions  of  alloys. 
These  were  fe'rro-mangauese  and  ferrosilicon,  putting  124  kg. 
of  the  first  and  99  kg.  of  the  second  ；  the  percentages  required 
in  the  metal  were  0  55  to  0*65  per  cent,  of  manganese  and  015 
percent,  of  silicon.  This  percentage  is  quite  sufficient  for 
obtaining  a  metal  totally  free  from  side  and  central  cavities, 
except  those  at'  the  top  of  the  ingot  and  the  pipe.  The'  metal 
is  poured  into  a  Wellman,  ladle,  previously  well  heated  by 
producer  gas'.  The  ladle  is  then  transported  by  the  50-ton 
electric  crane  to  the  casting  pit,  where1  the  metal  is  poured  into 
the-  mould. 

Ingot  Mould. ― This  is  of  cast  iron,  with  a  wash  of  refractory 
material,  intended  to  retard  the  cooling  of  the  metal  at  the 
top,  keeping  it  fluid  as  long  as  possible,  so  thai  it  may  fill  the 
space  left  vacant  by  the  contraction  of  the  metal  in  the  rest 
of  t  he'  mould.  The'  mould  both  outside  and  inside  has  the  form 
of  a  truncated  pyramid  (see  Fig.  1).  The  sides  of  the  insi(k> 
pyramid,  instead  of  being  plane  are  curved  surfaces  joined  to 
one  another  by  rounding  the'  edges.  It  seems  natural  that, 
since  the  elements  of  guns  are  cylindrical,  the  ingot  moulds 
should  also  be'  of  cylindrical  formi  inside,  and  since  also  the 
steel,  as  it  solidifies,  crystallise®  in  crystals  whose  axes  are 
normal  to  the  surface  of  the  mould,  the  cylindrical  form  should 
be  the  best  for  obtaining  good  sound  ingots  without  cracks. 
The  reverse  is  what  happens.  The  ingots  cast  in  circular 
metal  moulds  have  always  a  deep  longitudinal  crack,  and  thus 
are  incapable  of  subsequent  forging.  In  order  to  avoid  the 
occurrence  of  cracks  during  solidification  and  subsequent  cool- 
ing on  the  outside  surface  of  the  ingots,  tliey  are  sometimes 
cast  in  refractory  moulds.  But  though  no  cracks  occur  in 
ingots  cast  in  such  moulds,  the  long  time  spent  in  the  cooling 
of  a  large  ingot,  cast  in  such  manner,  produces  a  very  coarse 
crystalline  texture,  almost  impossible  of  being  changed  to  the 
proper  texture  during  the  forging.  The>  experience  at  Trubia 
with  40-ton  ingots  cast  in  refractory  moulds  has  been  totally 
adver&©  to  their  u&e  as  substitutes  for  metal  moulds  for  t-he  part 
of  the  ingot  really  utilised.  When  this  is  completely  solidified 
and  almost  cold  on  its  outside,  it  is  taken  out  of  the  mould  and 
is  covered  with  ashes  until  it  is  completely  cool.  After  this  it 
is  carefully  examined  for  cracks,  which  are  dealt  with  by  the 
pneumatic  hammer.  As  it  is  not  an  easy  matter  to  get  rid 
of  them  entirely  by  these  means,  the  ingot  is  sent  to  the  forging 
shop,  where  it  is  subjected  to  a  slight  preliminary  forging, 
just  sufficient  to  give  it  a  cylindrical  form.  Any  cracks  whicli 
were  not  visible'  in  the  preliminary  examination  then  appear, 
and  are  taken  out  in  the'  lathe.  Some'  very  good  metal  is 
thereby  lost,  but  in  the  finishing  up  of  the  forging  no  cracks 
appear,  and  it  is  possible  to  finish  the  pieces  with  the  least 
possible  excess  in  the  dimeusions  required  for  th©  hardening. 

Before  describing  the  forging,  it  may  be  mentioned  that, 
about  half-way  through  casting,  operations  ar&  suspended  for 
an  instant,  while  a  very  small  ingot  is  cast  from  the  ladle. 
This  is  intended  for  the  full  analysis  of  the  metal,  and  for  forg- 
ing a  test- piece  for  a  preliminary  tensile  test. 

In  order  to  study  the  segregation  phenomena  in  the 
unfinished  steel,  the'  head  from  a  16-ton  ingot  was  divided 
through  its  vertical  axis.  One  of  the  halves  of  this  head  is 
represented  in  Fig.  2.  From  it  were  taken  the  samples  for 
analysing  the  carbon,  manganese,  phosphorus,  and  silicon. 
The  samples  were  taken  only  in  one-half  of  the  head,  because 
it  was  presumed  that  the  symmetrical  parts  of  the  other  half 
must  have  the'  same  composition,  as  the  conditions  of  cooling 
were  equal  for  both  halves.  The  small  ingot  taken  during  the 
casting  operation,  which,  owing  to  its  very  small  dimensions1,  is 
free  from  the  plien  omen  a  of  segregation,  and  fairly  represents 
the  composition  of  the  steel  in  the  ladle  (where  it  is  supposed  to 
In-  <'omp]etely  homogeneous),  gave  an  analysis  0"56  per  cent,  of 
carbon  and  0'57  per  cent,  of  manganese.  On  comparing  these 
percentages  with  those  of  the  samples  it  is  observed  at  once 
that  there  is  not  a  very  great  difference  between  the  samples 
taken  at  the  circumference  of  the  head  and  those  of  the  small 
ingot.  But  the  difference  is  very  great  in  the'  samples  taken  in 
th©  centre  of  the  head.  Here,  segregation  phenomena  are  in 
evidence,  especially  wiih  regard  to  carbon.  It  is  observed  that 
sample  No.  1，  from  the'  bottom  of  the  head,  has  the  same 
quantitative  composition  as  the'  metal  of  the  small  ingot,  but  in 
samples  Nos.  2,  3，  4，  and  5  the  percentage  of  carbon  increases 
gradually,  being  in  sample  No.  5  four  times  greater  than  in 
sample  No.  1.  Th©  manganese  increases  also,  but  less  so;  the 
silicon  more  than  the  manganese,  while  the  phosphorus  in 


sample  No.  5  is  double  that  of  No.  1.  The  layer  of  steol,  in 
contact  witli  the  ingofc  mould,  represents  very  nearly  the  com- 
position of  the  m^tal,  in  fact  the  percentage  of  the  metalloids  is 
less.  The  layer  successively  cooling  from;  the  outside  yields  to 
th©  inside  layers  a  certain  part  of  its  metalloids,  until  the 
central  part  of  the  ingot  is  reached,  which,  being  th&  last  to 
solidify  and  cool,  is  therefore  richer  in  foreign  elements.  As 
the  ingot  mould  i&  not  closed,  and  is  not  in  the  form  of  a 
symmetrical  cube,  the  segregation  phenomena  do  not  occur  in 
the  ordinary  ingot  mould  in  thet  manner  described  by  Howe  in 
his  classical  book,  "  Iron,  Steel,  and  Other  Alloys,"  as  the 
u  Onion  type  ，，  of  freezing.  If  the  mould  is  a  perfect  cube,  and 
th©  action  of  gravity  be  assumed  to  be  counterbalanced,  the 
segregation  phenomena  should  occur  in  a  completely  regular 
manner,  in  layers  parallel  to  the  sides,  and  the  metal  richer  in 
foreign  elements  will  be  exactly  in  the  centre  of  the  figure.  In 
the  casting  of  large  ingots  the  segregation  phenomena  must 
occur  as  described,  because  the  top  of  the  ingot  is  the  last  to 
cool,  especially  if,  as  is  the  case  at  Trubia  and  elsewhere,  th© 
of  the  mould  is  of  refractory  material,  which  contributes, 
to  a  great  extent,  in  keeping  the  metal  fluid  longer  than  if  this 
part  of  the  mould  were  of  metal. 


— » 


Fig.  2.—  .nalyses  of  thk  Samples  taken  from 
Head  of  Ingot.    Heat  No.  1523. 

Centre. 


No. 

Carbon. 

Manganese. 

Silicon. 

Phosphorus. 

Per  Cent. 

PerCent. 

Per  Cent. 

Per  Cent. 

1  , 

0-565 

0*525 

0-187 

0*024 

2 

0-672 

0-610 

0*210 

0*029 

3 

1-170 

0-020 

0  230 

0029 

4 

1-607 

0-620 

0-2()l 

0036 

2-484 

0-610 

0-284 

0049 

Outside  Surface, 


No. 

Carbon. 

Manganese. 

Silicon. 

Phosphorus. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

1 

0564 

0595 

0187 

0021 

2 

0  463 

0580 

0-187 

0-018 

3  . 

0-50.r) 

0570 

0-187 

0-017 

0  427 

0-575 

0-187 

" 0017 

0  443 

0  565 

0187 

0  018 

6 

0497 

0-585 

0-1  «3 

0-019 

Analyses  of  Small  Ingot  taken  during  Pouring* 

Per  Cent. 

Carbon  0  562 

Manganese  0*766 

About  20  years  ago  Erustlein  explained,  in  a  report  to  the 
" Commission  des  Methodes  d'Essai  des  Materiaux  •，  in  1892, 
the  lack  of  homogeneity  of  steel  ingots  and  segregation  pheno- 
】n&na  in  a  manner  very  similar  to  that  already  explained  in 
this  paper,  but  without  the  aid  of  chemical  analysis.  His 
views  as  to  segregation  ph&nomena  are  in  perfect  accord  with 
the  manner  of  solidifying  the  iron-carbon  solutions,  as  Rooze- 
boom  has  explained  in  his  diagram. 

Applying  their  theories  to  the  solidifying  of  steel  ingots  for 
gun  tubes,  it  is  easy  to'  explain  why  the  percentage  of  carbon 
increases  from  the  outside  layer  iu  contact  with  the'  walls  of  the 
mould  to  the  centre  of  the  ingot,  culminating  in  th©  greater 
amount  of  carbon  and  of  the  other  foreign  elements  in  the 
upper  and  central  part  of  the  ingot  which  is  the  last  to  set. 
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Fluid  Compression. 一 Fluid  compression  consists,  as  everyone 
knows,  iu  applying  pressure  to  the  steel  while  still  fluid  or 
semi-fluid.  The  process  has  acquired  considerable  develop- 
ment, and  is  extended  to  ingots  of  common  steels,  whereas  it 
was  at-  first  only  applied  to  ingots  intended  for  the  manufacture 
of  guns  or  for  the  large  shafts  of  ships.  The  older  fluid  com- 
pression method  is  that  of  Whitworth,  whose  patent  was  taken 
in  1866，  the  chief  object  of  which  was  to  obtain  cast-steel  ingots 
free  from  cavities. 

The  Whitworth  process  is  undoubtedly  a  very  good  one, 
and,  considered  economically,  it  offers  great  advantages,  but 
in  practice  not  all  tlie  advantages  of  fluid  compression  are 
obtained.  In  one  of  the  most  important  Freuch  steel  works, 
where  this  process  is  applied  to  the  ingots  intended  for  the 
construction  of  guns,  the  author  has  had  occasion  to  examine 
some  of  tliem ,  and  has  found  that  the  pipe  at  the  top  does  not 
entirely  disappear.  . 

Iu  order  to  demonstrate  that  the  Whitworth  fluid  compres- 
sion process  gives  homogeneous  ingots,  that  is,  ingots  free  from 
segregation,  it  would  be  necessary  to  demonstrate  it  practically 
by  dividing  a  large  ingot  longitudinally,  and  taking  many 
samples  for  analysis,  from  all  parts,  or  at  least  in  the  upper 
third.  It  is  certain  that  in  present-day  practice,  with  the 
judicious  use  of  deoxidising  alloys  in  the  furnace  such  as  ferro- 
manganese  and  ferro-silicon,  and  perhaps  with  a  very  slight 
addition  of  aluminium  during  the  casting  operation,  it  is 
possible  to  obtain  ingots  free  from'  cavities,  except  at  the  very 
top,  in  the  central  part,  as  is  seen  in  the  head  of  a  16-ton  ingot, 
represented  in  Fig.  2.  In  this,  as  in  all  similar  ingots,  a  very 
sound  and  homogeneous  (78  per  cent.)  total  mass  was  obtained. 
In  favour  of  fluid  compression  it  may  be  said  that  it  causes  the 
disappearance  of  the  deep  cracks,  especially  in  the  bottom  of 
the  ingot.  Perhaps  this  is  to  be  attributed  rather  to  the 
lining  of  the  inside  of  the  ingot  mould  with  refractory 
material.  The  cracks  are  always  a  serious  defect,  and  some- 
times, if  ingot  moulds  of  polygonal  section  without  rounded 
corners  are  employed,  and  the  block,  after  forging,  is  put  on 
the  lathe,  they  appear  as  dark  lines  along  the  total  length  of 
the  piece,  which  correspond  to  the  angles  of  the  ingot.  Cer- 
tainly, in  many  cases  the  turnings  do  not  break  off  when  the 
tool  cuts  across  the  dark  lines,  but  all  the  same  the  appearance 
of  such  lines  does  not  suggest  a  very  good  quality  of  metal. 

With  regard  to  the  improvement  of  the  mechanical  pro- 
perties by  fluid  compression,  the  author  must  say  that  it  is  not 
very  evident  to  him.  Perhaps  it  is  assumed  that  fluid  com- 
pression during  the  last  period  of  the  "process,  when  the  metal 
is  in  a  semi-fluid  state  and  almost  set,  confers  an  effect  similar 
to  forging.  In  Whitworth  fluid  compression,  after  the  expul- 
sion of  the  gases,  the  press  does  not  cause  any  deformation  in 
the  ingot,  and  there  cannot  be  forging  without  deformation. 
Some  years  ago  a  new  fluid  compression  process  was  patented 
by  Messrs.  Robinson  &  Rodgers,  of  Sheffield,  in  conjunction 
with  Mr.  Illingworth,  of  New  York.  This  process  has  been 
described  by  Mr.  A.  J.  Capron.*  The  advantages  derived  are 
that  absolutely  sound  ingots  are  obtained  free  from  cavities 
and  pipe,  so  that  the  whole  of  the  ingot  can  be  utilised,  with- 
out any  waste.  As  it  is  possible  to  watch,  during  the  compres- 
sion, the  top  of  tlie  ingot  and  the  setting  of  the  liquated  part 
of  the  steel ,  a  great  improvement/  in  the  quality  of  the'  metal 
can  be  obtained.  The  ingots  are  poured  in  the'  same  place  as 
they  are  compressed.  The  plant  is  very  simple  and  economical, 
and  can  be  operated  by  men  without  special  training,  and, 
the  ingot  moulds  being  in  halves,  the  top  and  bottom  sections 
are  equal,  wliich  facilitates  the  rolling. 

Another  compression  fluid  process,  which  has  become  very 
well  known  and  accepted  during  the'  last'  years,  and  is  widely 
adopted  in  France,  England,  and  Grermany,  is  that  patented  by 
Mr.  Harmet,  of  St.  Etienne,  which  has  also  been  fully 
described  by  him  to  the  Iron  and  Steel  Institute,  f 

In  concluding  this  part  of  the  paper,  the  author  would 
repeat  that  in  his  opinion  the  principal  advantage  to  be  derived 
from  fluid  compression  lies  in  its  economical  aspect.  When 
casting  under  ordinary  conditions,  it  is  possible  to  utilise  from 
75  per  cent,  to  80  per  cent,  of  the  ingot,  while  with  compres- 
sion it  is  possible  to  reach  90  per  cent. 

(To  be  continued.) 

*  "  Jonrnal  of  the.  Iron  and  Steel  Institute,"  190C,  No.  1,  page  28. 
t."  Journal  of  the  Iron  and  Steel  Institute,"  1902,  No.  2，  page  146. 


AN  ANALYSIS  OF  ACCIDENTS  IN  A  MACHINE  TOOL  WORKS.* 

BY  L.  D.  15URLINGAME. 

In  making  a  study  of  safety  methods  and  safety  devices,  an 
analysis  of  the  accidents  that  have  occurred  in  a  large 
machine  shop  may  be  of  service  for  still  further  protecting  the 
workmen  when  engaged  in  their  various  lines  of  employment. 
A  careful  record  of  all  accidents  in  the  works  of  the  Brown 
and  Sharpe  Manufacturing  Company  has  been  kept  during 
the  last  seven  years,  and  a  study  made  of  them  for  the  pur- 
pose of  ascertaining  where  danger  is  greatest,  what  accidents 
are  preventable,  and  how  best  to  avoid  them.  It  may  be  said 
that  in  this  factory  extra  care  has  been  taken  for  many  years 
to  guard  against  accident,  and  the  management  has  never 
hesitated  to  spend  money  for  that  purpose  when  convinced 
that  it  would  bring  about  safer  conditions.  During  the  last 
year  au  additional  effort  has  been  made  to  profit  by  past  expe- 
rience both  at  our  own  works  and  by  the  experience  of  others, 
and  still  further  to  tun©  up  the  safety  equipment  and  spirit 
of  the  organisation  in  order  that  accidents  might  be  reduced 
to  a  minimum. 

When  this  additional  work  was  undertaken,  about  a  year 
ago,  an  analysis  of  all  accidents  which  occurred  during  the 
previous  six  years  was  made  along  three  lines :  (a)  the  per- 
centage of  accidents  under  each  of  18  headings  from  different 
causes  ；  (b)  the  percentage  by  departments  of  the  shop,  divided 
into  more  than  30  groups  ；  (c)  the  seriousness  of  the  injury 
and  the  resulting  length  of  disability  from  work.  Following 
this,  a  similar  record  is  being  kept  each  year  showing  (d) 
what  kinds  of  accidenis  are  increasing,  and  what  kinds  are 
being  decreased  by  the  further  safety  methods  being  adopted, 
also  which  departments  are  reducing  their  accidents  and  which 
are  growing  worse.  The  different  kinds  of  accidents  were 
classified  as  follows,  and  the'  percentages  given  are  for  the  six 
years  preceding  the  date  of  the  investigation,  i.e.,  1905  to 
1910  inclusive  ： —— 

Total  Accidents.  Percentage. 

Caught  in  machinery    78    7 

Caught  or  struck  by  belt    23    2 

Set  screw  or  other  projection   29    2'6 

Falling  on  or  striking  workman    226    20'1 

Workman  falling  or  strain  lifting    75    6*7 

Machinery  starting  unexpectedly    8    0*7 

Chain  or  rope  slipping  or  breaking    10    l'O 

Punch  press,  rolls,  or  shears    20    2 

Cutters  and  metal  saws    94    8*5 

Handling  work  or  chips ― eyes    126    112 

Woodworking  machinery    47    4*2 

Burns,  including  electricity    79    7'0 

Cuts  with  sharp  instruments    20    2 

Jams  and  hammer  blows    71    6'3 

Caught  in  tool  and  work  (not  cutters)          176    15*7 

Elevator    4    0'5 

Fooling   ，   13    1-2 

Litter  or  dark  places    15    1'3 

These  accidents  naturally  divide  into  two  groups  :  (1)  those 
caused  by  machinery,  either  (a)  by  being  caught  in  the  gearing, 
belting,  or  other  parts  of  the  machinery,  or  (b)  by  being 
injured  by  the  cutter  or  other  tool  or  caught  between  the  tool 
and  the  work  ；  (2)  those  caused  by  falling,  jams,  burns,  cuts, 
&c.  The  first  group  includ&s  427  per  cent,  of  the  accidents 
occurring  during  the  six  years,  divided  as  follows :  group  (a) 
12  3  per  cent.  ；  group  (h)  30'4  per  cent.  This  leaves  57'3  per 
cent,  as  the  proportion  of  accidents  occurring  under  the 
second  group. 

From  the  above  analysis  it  will  be  seen  that  if  complete 
guards  could  be  provided  so  that  every  accident  due  to  being 
caught  in  gearing,  on  set  screws,  or  anywhere  in  the 
mechanism  of  machinery  would  be  avoided ,  it  could  at  most 
only  reduce  the  accidents  12  3  per  cent.  Several  recent  occur- 
rences show  the  unexpected  accidents  which  result  from  this 
cause.  A  workman,  hearing  a  rattling  in  the  knee  of  a  milling 
machine  he  was  running,  reached  his  hand  underneath  to  see 

*  Paper  presented  before  the  April,  1912,  meeting  of  the  Providence  Association 
of  Mechanical  Engineers  'affiliated  with  the  American  Society  of  Mechanical 
Pngiueers). 
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if  the  cause  were  due  to  a  collar  which  he  thought  might  have 
become  loose,  and  stuck  his  finger  into  the  running  gearing. 

Another  case  was  that  of  a  workman  who  reached  for  a  can 
of  oil  which  he  had  left  on  a  ledge  of  the  machine.  In  lil'i  in<; 
it  up  h-e  caught  a  finger  in  the  pump  gears  back  of  tlie  ^niard. 
Both  of  these  accidents  occurred  on  machines  considered  suffi- 
ciently guarded,  and  to  experienced  workmen ,  indi<-a,tp  that 
to  have  complete  safety  it  may  be  necessary  to  enclose  all  ^oar- 
ing entirely,  whether  or  not  it  is  exposed. 

A  way  of  preventing  accidents  by  being  caught  by  set 
screws  or  other  projections,  also  coming  under  tin's  division,  is 
bo  insist  on  the  wearing  of  short-sleeved  jumj)ers,  to  avoid 
loose  clothing,  hanging  neckties,  &c.  One  of  the  apprentices 
at  the  Brown  and  Sharpe  Manufacturing  Company's  works 
was  injured  recently  by  having  the  pocket  of  his  jumper  catch 
on  the  set  screw  of  the  revolving  (log  while  he  was  filing.  All 
of  the  boys  running  machines  at  tliis  plant,  are  obliged  to  \v*';i  r 
short-sleeved  jumpers,  and  tlie  men  <ue  advised  to.  Seventeen 
of  the  accidents  reported  were  due  to  boin^  caught  l>v  t  lir^ 
sleeves  of  the  jumpers. 

The  company  is  now  experimenting  with  various  forms  of 
safety  dogs,  none  with  the  projecting  set  screws  having  been 
added  to  the  equipment  during  the  last  year.  Tlie  plan  o「 
changing  the  regular  dogs  for  headless  screws  adjusted  with 
a  socket  wrench  is  also  being  tried  experimentally. 

The  accidents  in  group  (/>)  are  more  frequent  an d  more 
difficult  to  guard  against.  It  is  practically  impossible  in  many 
cases  to  do  guarding  at  the  point  of  cutting,  and  if  ^u.'irdin^ 
is  attempted  it  may  introduce  dangers  greater  than  those 
sought  to  be  avoided.  It  is,  however,  possible  to  insist  that 
the  fingers  shall  never  be  vised  to  wipe  off  chips,  &c.，  from  a. 
ruuning  cutter.  Out  of  the  94  accidents  from  cutters 
reported,  30  were  caused  by  being  caught  when  wiping  oil* 
chips  with  the  fingers. 

In  the  use  of  punch  presses  20  accidents  had  occurred  in 
the  period  investigated,  so  this  was  one  of  tlie  lirst  matters 
to  be  considered.  The  means  adopted  for  guarding  against 
these  accidents  were  novel ?  as  far  as  the  author  is  aware,  and 
have  proved  fully  successful  both  in  avoiding  accidents  and 
in  preventing  an  appreciable  increase  in  cost  of  doing  tlie 
work .  A  rule  was  made  that  the  fingers  and  hands  must  never 
be  put  between  the  punch  and  die.  Tweezers  and  pliers  were 
furnished  for  handling  the  work,  the  points  being  shaped  in 
some  cases  to  suit  particular  jobs.  The  only  accidents  since 
have  been  to  tlie  pointy  of  the  tweezers  and  pliers.  Chutes 
have  also  been  used  to  slide  the  work  into  position,  a  stick 
being  used  to  remove  it  after  the  operation .  For  some  work 
which  it  was  thought  could  not  be  handled  by  the  above 
means,  a  swinging  fixture'  was  designed,  so  that  the  work  can 
be  put  in  place  away  from  under  the  punch  and  then  swung 
into  position  for  the  operation. 

The  47  accidents  from  woodworking  machinery  were 
largely  cuts  from  circular  saws,  but  included  eight  where  the 
block  of  wood  was  thrown  back  when  slitting,  two  of  the  cases 
being  fata],  the  only  fatal  accidents  in  the  works  during  this 
period .  The  men  are  now  required  to  wear  a  heavily  padded 
apron  when  using  a  slitting  saw,  and  this  has,  it  is  believed, 
saved  the  lives  of  several  workmen.  The  use  of  a  "  spreader  " 
when  properly  installed  helps  to  prevent  such  accidents  by 
keeping  the  cut  from  closing  in  back  of  the  saw. 

Another  prolific  source  of  accidents  which ,  while  not 
serious  perhaps,  are  painful,  is  in  being  cut  by  revolving 
grinding  wheels,  especially  when  doing  internal  grinding  and 
trying  the  plug  in  the  hole  without  running  the  wheel  back  a 
sufficient  distance.  Twenty-eight  of  the  accidents  were  from 
this  cause.  A  shield  has  been  designed  which  automatically 
swings  up  in  front  of  the  wheel  so  as  to  protect  the  hand  if 
the  plug  should  slip. 

Under  the  second  group,  falling,  jams,  burns,  cuts,  &c.，  a 
large  proportion  of  the  accidents  are  entirely  within  the  con- 
trol of  the  workman,  either  the  one  hurt  or  a  fellow  workman, 
and  the  remedy  is  largely  to  be  found  by  employing  careful 
methods.  In  this,  however,  the  foreman  can  exercise  a  large 
influence  for  safety.  Some  specific  remedies  can  also  be 
applied.  It  was  found  that  37  cases  of  burned  feet  in  the 
foundry  had  resulted  from  wearing  lacod  or  low  shoes.  A  rule 
was  made  thai  hi^h  shoes  without  should  l)e  worn ,  and 

a  supply  of  such  shoes  is  kept  and  sold  to  the  foundrymen  at 


about  cost.  This  has  nearly  remedied  the  trouble.  There 
remains,  however,  the  liability  of  the  iron  spattering  into  the 
tops  of  the  shoes  and  burning  the  legs  when  the  pants  are 
ragged.  A  study  is  being  made  of  the  possibility  of  using 
pants  made  of  Jioii-burnable  material. 

About  oiH'-lnurth  of  all  tlie  accidents  are  caused  by  weights 
i'-'illin^  on  the  workman  and  jaiumin"'  or  cutting  either  the 
IihiicIs  or  the  feet,  and  from  tlie  workman  l"ms。K  slipping  and 
faJliiig.  The  reinedy  here  is  to  use  care  that  safe  nuithods  are 
employed,  and  that  men  do  not  take  chances.  Classified  with 
these  are  13  accidents  traceable  to  "  fooling,"  some  occurring 
outside  of  working  hours. 

In  considering  the  c];i.ssi firation  by  de])artinents  and  kinds 
of  work,  it  was  I'ound  that,  for  the  period  of  six  years,  the 
average  number  of  accidents  was  greatest  in  the  following 
ch^tart  incut  s,  1  he  peiv。nUg(、  of  employes  injured  each  year 
being  as  follows :  (rt)  (/ri/ir/ittf/  dc (tart went y  13*8  per  cent., 
being  caused  largely  by  cuts  from  f>rindin^  wheels.  This  has 
much  reduced  during  the  past  year,  so  that  this  depart- 
ment now  ranks  eighth  instead  of  first  in  order  of  accidents. 
("、 /"//〃'〃/•/'/',、、，  10*6  per  cent.,  largely  from  injury  by  falling 
objects,  jams,  strains  in  lifting,  and  the  Workman  falling. 
(c)  r 〃厂〃 ,'/〃〃',、•，  10  per  cent.,  a  large  proportion  of  the  injuries 
bt'in^  due  to  woodworking  niarhinery.  (r/)  /'，o 〃/"//•//，  9  5  per 
'■i'nt.，  due  mainly  to  burns,  also  to  falls  and  falling  objects. 

Then  follow  the  various  machine  departments  from  7'6  per 
cent,  down  to  2'2  per  cent.,  and  ending  with  the  inspection 
department,  the  offices,  and  the  draughting  department,  with 
the  percentage  coming  down  to  0.  Only  four  elevator  acci- 
dents, and  t hewe  slight',  occurrefl  during  the  six  years,  a  very 
good  showing  witli  more  than  a  dozen  elevators  in  constant 
operation. 

In  tlie  classiru-ation  by  seriousness  of  injury  and  length  of 
disability  of  1,124  accidents  occurring  during  the  period  of 
six  years  covered,  382  resulted  in  no  disability,  that  is,  no 
absence  from  work.  In  457  cases  there  was  less  than  one 
week's  absenca  from  work.  Of  the  remaining  285  cases,  132 
resulted  in  between  one  and  two  weeks'  absence  ；  74  in  two  to 
four  weeks'  absence  ；  51  in  one  to  three  months'  absence  ；  5  in 
three  to  six  months'  absence  ；  and  5  in  over  six  months' 
absence  ；  in  addition,  eight  were  hurt  so  as  to  cause  the  loss 
cf  an  ey&,  a  foot,  or  permanent  injury,  two  dying  from  the 
eU'erts  of  their  injuries.  Ten  men  left,  and  no  record  was 
kept  of  the  duration  of  their  disability.  These  statistics  form 
a  good  basis  for  future  investigations  looking  towards  a  still 
further  accident  reduction. 

In  1911,  with  an  average  of  4,050  employes,  there  were 
243  accidents,  or  about  6  per  cent,  of  the  workmen  were  hurt 
sufficiently  to  report  ；  this  on  a  basis  of  reporting  slight  acci- 
dents as  well  as  those  of  a  more  serious  character.  Some  of 
the  added  measures  for  safety  had  been  in  operation  during 
part  of  the  year,  so  that  the  gain  from  6^  per  cent.,  tlie  record 
of  the  previous  year,  to  6  per  cent,  for  1911，  indicated  a  gain 
due  to  such  further  safeguarding.  This  gain  was  also  shown 
in  the  reduced  number  of  serious  accidents  included  in  last 
year's  list.  There  were  no  fatal  accidents  ；  no  loss  of  eye  or 
limb,  and  more  than  70  per  cent,  of  the  reported  accidents 
resulted  either  in  no  disability  or  in  less  than  one  week's  loss 
of  time. 

In  some  few  departments,  where  accidents  increased  during 
the  past  year,  special  steps  are  being  taken  to  ascertain  the 
cause  and  to  avoid  a  repetition.  Each  accident  is  studied  to 
learn  tlie  lesson  it  teaches  as  to  further  methods  of  safety.  It 
is  hoped  by  such  means  to  reduce  the  accident  list  to  a  mini- 
mum for  the  benefit  of  both  workmen  and  employers. 


The  "Titanic"  Judgment. ― Lord  Mersey's  judgment  respect- 
ing the  loss  of  the'  White'  Star  liner  "  Titanic  ，，  will,  it  is 
reported,  be  read  at  an  adjourned  meeting  of  the  Commission 
of  Enquiry  to  be'  held  next  week.  S'om'e  days  ago  Lord 
Mersey,  it  will  be  remembered,  addressed  significant  questions 
to  the  Board  of  Trade  during  the  enquiry,  and  when  the 
report  is  issued  it  will  probably  be  found  that  the:  answers 
have  had  an  important  influence  on  both  text  and  recom- 
mendations. Tlie  Advisory  Committee  on  Merchant  Ship- 
ping is  also  expected  to  publish  tlie  result  of  its  investigation 
in  the  next  few  days,  but'  the  Bulkheads  Comiuittee  is  reported 
to  be  still  a  long'  way  from  the'  end  of  its  labours. 
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HIGHLY-SUPERHEATED  STEAM  IN  LOCOMOTIVE  SERVICE, 

BY  G.  E.  RYDER. 

Among  all  recent  improvements  in  the  design  and  construction 
of  the  locomotives,  the  use  of  highly  superheated  steam  is 
attracting  the  most  attention  among  motive  power  and  trans- 
portation department  officers.  The  interest  displayed  by 
railroad  men  in  the  use  of  superheated  steam  is  not,  as  it  was 
a  few  years  ago,  interest  in  a  new  device  accompanied  with 
the  wonder  whether  or  not  it  would  be  successful,  but  rather 
an  interest  of  wonder  at  the  success  of  the  device  shown  by 
the  results  that  have  been  obtained  in  the  saving  of  fuel, 
decrease  in  water  consumption,  and  the  increased  hauling 
capacity  of  the  locomotives. 

From  the  results  that  have  been  obtained  with  super- 
heaters in  service  it  is  conservative  to  say  that  the  saving 
which  has  been  effected  in  the  fuel  consumption  under  average 
working  conditions  is  25  per  cent.  This  saving  is  so  large  that 
we  are  liable  to  overlook  the  significance  of  the  fact  that  this 
really  means  an  increased  hauling  capacity  of  33^  per  cent. 
Assume  that  there  are  being  burned  in  a  saturated  locomotive 
6,0001bs.  of  coal  per  hour,  and  that  this  is  the  limit  of  the 
fireman's  capacity.  Assume  also  that  the  efliciency  of  the 
locomotive  is  such  as  to  produce  one  liovse-power  for  each  four 
pounds  of  coal.  Under  these  conditions  there  are  being 
developed  1,500  horse-power  hours  per  hour.  Now  suppose 
that  this  same  locomotive  be  equipped  with  a  superheater,  by 
the  use  of  which  it  is  possible  to  save  25  per  cent,  in  fuel, 
that  is,  the  consumption  is  now  31bs.  of  coal  per  horse-power 
hour,  or  1,500  horse-power  hours  on  4，5001bs.  of  coal.  But 
since  the  capacity  of  the  fireman,  as  was  assumed,  is  6,0001bs. 
of  coal  per  hour,  it  is  possible  with  the  superheater  locomotive 
to  develop  2,000  horse-power  hours  per  liour,  an  increase  of 
500  horse-power  hours,  or  33A  per  cent.  This  increase  of  33 A 
per  cent,  in  horse-power  hour  means  an  equivalent  increase  in 
hauling  capacity,  which  is  the  real  item  of  importance  to  the 
】ne('hani(:al  and  operating  departments,  inasmuch  as  it  means 
a  decrease  in  the  investment  in  power  and  a  corresponding 
decrease  in  the  operating  costs  to  handle  a  given  amount  of 
traffic. 

Dry  or  moderately  superheated  steam  has  been  frequently 
tried,  but  with  little  economy  compared  with  the  remarkable 
results  obtained  witli  a  high  degree  of  superheat.  Many  forms 
of  superheaters  designed  to  be  located  in  the  smoke  box  of 
an  intermediate  combustion  chamber  have  been  tried,  but 
with  unsatisfactory  results.  The  bmoke  box  type  is  open  to 
serious  objection  in  that  it  obstructs  the  front  end.  Further- 
more, in  some  designs  there  is  a  high  cost  of  maintenance  due 
to  the  corrosion  of  the  pipes  and  their  deterioration  occasioned 
by  the  abrasive  effect  of  the  cinders.  These  mechanical 
defects  have  not  been  as  instrumental  in  the  abandonment  of 
this  type  of  superheater,  however,  as  has  the  fact  that  but 
little  economy  is  obtainable  through  the  low  degree  of  super- 
heat which  they  produce.  On  the  other  hand,  the  fire  tube 
superheater,  by  the  use  of  which  a  temperature  of  the  steam 
entering  the  cylinders  of  from  600°  to  650°  or  a  superheat  of 
from  200°  to  250°  may  be  obtained,  has  been  almost  univer- 
sally adopted  by  railroads  using  superheated  steam ,  because 
of  the  largely  increased  efficiency  of  the  locomotive  using  such 
degree  of  superheat.  At  present  there  are  something  over 
12,000  locomotives  in  all  countries  equipped  with  fire  tube 
superheaters,  over  2,000  of  this  number  being  in  service  in 
the  United  States. 

The  principal  advantages  secured  through  the  use  of  highly 
superheated  steam  are  due  to  the  increased  volume  of  steam 
delivered  per  pound  of  water  evaporated,  and  tlie  preven- 
tion of  cylinder  condensation.  The  economy  which  results 
from  the  use  of  the  superheater  is  occasioned  by  the  reduction 
of  what  is  known  as  the  "  missing  quantity, ?J  or  the  difference 
between  the  actual  steam  passing  through  tlie  engine  and  that 
which  is  shown  by  the  indicator  card.  This  quantity  is  largely 
due  to  the  loss  by  condensation  in  the  passages  to  the  cylinder 
and  in  the  cylinder  walls  themselves. 

Tn  considering  the  qualities  of  saturated  steam  we  find 
that  it  has  the  same  temperature  and  pressure  as  the  water 

•  Abstract  of  papffr  read  before  the  Soutliern  and  South-western  Railway  Club, 
Atlanta, 


from  which  it  is  evaporated,  and  with  which  it  is  in  contact, 
and  that  for  each  pressure  the  steam  has  a  certain  constant 
temperature.  At  1701bs.  boiler  pressure,  for  example,  the 
steam  will  always  have  a  temperature  of  375°  Fah.,  and  a 
volume  of  2"47  cub.  ft.  per  p (川 ml.  1  f  more  lie;"  he  a 山 Iwl 
to  the  boiler  it  is  transmitied  to  tlie  water  add 
used  in  evaporating  more  water,  hut  it  does  not 
increase  the  steam  temperature  as  long  as  the  pressure  remains 
the  same.  If  heat  bs  taken  away  from  the  saturated  steam  in 
doing  work  or  by  cooling,  as  in  the  steam  passages  of  the 
cylinders,  part  of  the  steam  con denses.  The  amount  of  the 
steam  condensed  is  almost  proportional  to  the  heat  abstracted 
and  this  condensation  is  inert  so  far  as  the  capacity  for 
further  work  is  concerned. 

Condensation  takes  place  in  the  steam  chests,  in  the 
cylinders,  and  in  the  passages  from  the  boiler  to  the  steam 
chest.  The  greatest  loss  from  condensation  occurs  in  the 
cylinders,  for  here  the  variation  in  temperature  is  widest,  and 
the  large  areas  offer  a  favourable  condition  for  the  loss  of 
beat  or  for  condensation  to  take  place.  The  steam  enters  the 
cylinders  practically  at  boiler  pressure  (disregarding  the  loss 
of  condensation  in  the  passages  and  the  steam  chest  and  other 
conditions  which  influence  the  pressure).  Assume,  for 
example,  that  tlis  boiler  pressure  is  2001bs.  per  square  inch, 
then  the  steam  enters  the  cylinders  at  a  temperature  of  prac- 
tically 387°  Fah.  It  finds  the  cylinder  walls  in  a  compara- 
tively cool  condition.  Immediately  these-  cool  walls  begin  to 
rob  the  steam  of  its  heat,  and  this  they  continue  to  do 
throughout  the  stroke.  The  steam  leaves  the  cylinder  at  a 
torn perature  corresponding   to   the   pressure  of  exhaust,  or 
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Fig.  1. ― Chart  Indicating  Savings  Resulting  from_the 二 Use  of_Supeiiheated 

Steam. 

about  230°  to  240°  Fah.  It  also  leaves  the  temperature  of 
the  cylinder  walls  about  the  same  as  tbe  temperature  of  the 
exhaust,  and  the  next  admission  of  steam,  which,  by-the-wav, 
enters  the  coolest  end  of  the  cylinder,  finds  the  cylinder  walls 
in  this  cool  condition,  and  must  go  through  the  same  process 
as  the  preceding  admission.  Thus  all  the  steam  wliich  enters 
the  cylinders  must  go  on  giving  up  heat  to  the  cylinder  walls 
and  thence  to  the  atmosphere.  This  drop  in  temperature,  and 
the  corresponding  loss  of  heat  of  saturated  steam  means  a 
corresponding  amount  of  condensation  and  a  proportional 
drop  in  pressure.  Tests  show  that,  in  Mallet  compound 
engines  without  superheaters,  the  condensation  in  the  receiver 
pipe  amounts  to  as  much  as  2.0  per  cent.,  while  in  simple 
saturated  engines  using  short  cut-off,  cylinder  condensation 
runs  up  to  over  35  per  cent,  of  the  weight  of  steam  admitted 
to  the  cylinders  ；  that  is,  for  every  lOOlbs.  of  steam  delivered 
to  the  cylinder  only  651bs.  are  available  for  doing  work.  This 
loss  is  overcome  by  the  use  of  highly  superheated  steam. 

As  for  the  qualities  of  superheated  steam,  when  steam  has 
left  the  boiler  and  has  passed  into  the  superheater  it  is  no 
longer  in  immediate  contact  with  the  water  from  which  it  was 
generated.  If  heat  be  now  added  to  tbe  steam  in  its  passage 
through  the  superheater  tubes,  the  moisture  is  evaporated  and 
additional  heat  is  absorbed  by  the  steam,  so  that  on  reaching 
the  high-pressure  steam  chest  it  has  a  temperature  of  about 
200°  Fah.  above  that  which  it  had  when  leaving  th-e  dry  pipe  :' 
meaning  that  it  readies  the  high-pressure  steam  chest  at  an 
actual  temperature  of  about  600°  instead  of  390°  or  400°,  as 
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is  the  case  in  a  saturated  steam  engine.  The  pressure  of  the 
superheated  steam,  however,  is  practically  the  same,  as  in  the 
boiler.  Superheated  steam  partakes  of  tlie  nature  of  a  per- 
fect gas.  It  has  a  larger  volume  per  unit  of  weight  than 
saturated  steam,  and,  like  a  gas,  is  a  poor  conductor  of  h'eat， 
giving  up  its  heat  to  the  cylinder  walls  and  steam  pipes  less 
rapidly.  Taking  superheated  steam  in  the  same  proportions 
that  were  used  in  the  case  of  saturated  steam  at  1701bs. 
pressure  with  200°  degrees  superheat,  it  is  found  to  have  a 
volume  of  3*27  cub.  ft.  per  pound  as  against  2*47  cub.  ft.  per 
pound  for  saturated  steam.  Of  course,  when  superheated 
steam  passes  from  the  superheater  to  the  comparatively  cold 
cylinder  walls,  some  of  its  heat  is  given  up  to  th«se  walls  and 
the  passages  traversed  in  reaching  the  cylinders,  but  the  con- 
dition differs  from  that  of  saturated  steam  in  that  it  does  not 
condense  until  it  has  lost  all  of  its  superheat,  and  therefore 
the  superheater  must  be  so  designed  that  under  all  working 
conditions  it  furnishes  more  superheat  than  the  steam  can 
lose  by  condensation  in  the  cylinders. 

The  curve  shown  in  Fig.  1  shows  the  saving  which  is 
effected  in  the  pounds  of  coal  per  indicated  horse-power  hour 
for  various  degrees  of  superheat.  It  also  shows  that  the  sav- 
ing is  very  small  for  low  degrees  of  superheat  and  increases 
more  rapidly  for  higher  degrees  of  superheat.  Referring  to 
the  curve,  it  will  be  noted  that  with  a  steam  pressure  of 
1801bs.  from  0°  to  160°  of  superheat,  a  saving  of  Mb.  of  co'al 
per  indicated  horse-power  hour  was  effected ,  wliile  an  equiva- 
lent saving  is  again  effected  in  the  next  60°  of  superheat. 
Reference  is  made  to  this  subject  in  a  report  to  the  Railway 
Master  Mechanics'  Association  in  1910  as  follows  ：  "  The  co'al 
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Fig.  2.— Piston  Rod  Extension  Guide. 

consumption  per  indicated  horse-power  hour  at  1801bs.  steam 
pressure  for  the  locomotive  using  saturated  steam  was  3'501bs.， 
and  for  80°  of  superheat  was  3'40,  a  gain  in  efficiency  of  2:8 
per  cent.,  while  the  consumption  at  160°  superheat  is  31bs.， 
a  gain  of  14*8  per  cent.,  which  is  five  times  the  saving  of  the 
first  80°.  Now  if  this  line  indicating  a  steam  pressure  of 
1801bs.  is  carried  as  a  smooth  curve  to  240°  superheat,  as 
shown,  it  would  indicate  a  coal  consumption  of  2'351bs.  or  a 
saving  over  the  saturated  engine  of  32*8  per  cent." 

The  effect  of  the  superheater  on  the  boiler  is  to  increase 
the  boiler  capacity  in  proportion  to  the  decrease  in  the 
demands  that  are  made  on  it  from  25  to  35  per  cent.  It  has 
been  shown  that  as  the  demand  for  power  is  increased  the 
degree  of  superheat  increases,  so  that  the  demand  on  the 
boiler  does  not  increase  in  proportion.  It  is  therefore  econo- 
mical to  force  a  superheater  engine,  while  it  is  not  economical 
to  force  a  saturated  boiler  in  the  same  way,  and  it  is  many 
times  impossible  to  do  so  for  any  length  of  time.  The  fact 
has  been  proven  that  locomotives  equipped  with  super- 
heaters developing  high  degrees  of  superheat  have  at  least 
25  per  cent,  greater  boiler  capacity  than  the  same  size  of 
engine  without  a  superheater.  As  the  engine  is  worked 
harder,  the  fire  is  forced ,  which  means  a  higher  fire-box  tem- 
perature and  hotter  gases  in  the  superlieater.  This  results 
in  a  higher  temperature  of  the  steam,  and  with  this  higher 
superheat  there  results  the  greater  -efficiencies  which  are 
characteristic  of  the  superheated  steam  locomotive  when  being 
worked  hard.  This  fact  explains  the  variation  in  fuel  saving 
obtained  by  different  superheater  locomotives,  and  emphasizes 
the  fact  that  the  greater  economies  are  obtained  when  the 
engine  is  being  worked  the  hardest, 


In  engines  operating  in  poor  water  districts,  where  foamy 
water  and  fluctuations  in  watel  level  would  tend  to  increase 
the  amount  of  water  carried  over  from  tlie  boiler,  it  can 
readily  be  seen  tliat  a  device  which  reduces  the  demand  on  Hie 
boiler,  and  which  will  in  addition  prevent  the  water  from 
reaching  the  steam  chest  and  cylinders,  will  greatly  lengthen 
the  life  of  the  valves  and  pistons,  prevent  breakage  of  the 
cylinder  heads  from  water  pressure,  and  also  lengthen  the  life 
of  the  boiler.  Another  feature  which  favours  the  boiler  in 
the  use  of  superheated  steam  is  the  comparatively  low  boiler 
pressure  which  may  be  carried,  since  the  size  of  the  cylinders 
is  not  limited,  as  in  the  saturated  steam  engines,  where  the 
diameter  of  cylinder  must  be  limited  in  order  to  reduce'  con- 
densation. Standard  recomiuendations  for  boiler  pressures  to 
be  used  in  connection  with  superheaters  are  1801bs.  for  freight 
engines  and  2001bs.  for  passenger  engines.  In  bad  water 
districts  even  lower  boiler  pressures  may  be  used  with  corre- 
spondingly enlarged  cylinders.  The  use  of  the  brick  arch  in 
connection  with  the  superheater  favours  higher  degrees  of 
supeHieat.  The  arch  acting  as  a  baffie  wall  produces  a  longer 
flame-way,  giving  the  gases  a  greater  time  to  mix  with  the 
oxygen,  and  thereby  produce  more  complete  combustion, 
resulting  higher  temperature  in  the  fire  box  and  tlie  flues.  It 
also  has  a  tendency  to  direct  the  hotter  gases  through  the 
large  flues  which  are  located  in  the  top  part  of  tlie  boiler. 

From  the  foregoing  the  requirements  for  an  efficient  and 
practicable  fire  tube  superheater  in  ay  be  summed  up  as 
follows  ：  An  integral  header  which  in  no  way  obstructs  the 
front  end  or  interferes  with  the  maintenance  of  the  boiler 
tubes,  so  designed  as  to  cause  the  least  tendency  toward  wire 
w  drawing     of     the     steam  ；  an 

arrangement  of  superheater  pipes 
which  makes  them  easily  acces- 
sible and  removable,  and  so  con- 
structed tli at  the  unequal  expan- 
sion caused  by  the  difference  in 
temperature  as  the  steam  passes 
through  the  tubes  Will  be  taken 
care  of  ；  and  a  set  of  superheater 
flues  located  in  the  upper  part  of 
the  boiler,  where  the  tendency 
toward  clogging  is  least  and  the 
temperature  is  highest. 

Referring  now  to  the  require- 
ments regarding  the  engine 
details  coming  in  contact  with 
superheated  steam,  the  joint 
rings  between  steam  pipes  and  header  and  steam  pipes  and 
cylinders  should  be  made  of  cast  iron,  as  brass  rings,  on  account 
of  disintegration,  do  not  so  successfully  withstand  the  high 
temperature.  Piston  valve  rings  and  piston,  rings  and  bush- 
ing should  be  of  close-grained  cast  iron.  Too  much  attention 
cannot  be  given  to  the  quality  of  the  material  in  these1  parts. 
The  ordinary  designs  of  piston  rod  packing  have  given  satis- 
factory service,  but  the  alloy  used  for  the  packing  rings  should 
have  a  higher  melting  point  than  is  usual  in  these  parts  where 
saturated  steam  is  used.  An  alloy  of  80  per  cent,  lead  and  20 
per  cent,  antimony  has  proven  satisfactory.  Another  very 
essential  requirement  in  connection  with  the  superheater  loco- 
motive is  th&  use  of  good  oil  and  continuous  lubrication.  The 
system  found  to  be  best  adaptable  for  a  simple  2 -cylinder 
engine  is  a  5-feed  lubricator,  the  leads  to  be  into  the  steam 
pipes  or  the  centres  of  the  steam  chests  and  into  the'  centres  of 
th©  cylinders,  th&  fifth  feed  to  lead  into  the  air  pump  steam 
pipe  in  the  ordinary  manner.  Thei  feeds  to  the  steam  chest 
should  enter  th&  centre  of  the'  steam  chest  and  should  not  be 
branched  off.  The'  steam  chest  should  get  three'  or  four  drops 
of  oil  for  each  drop  fed  to  the  cylinder.  Vacuum,  valves  of 
ample  size  on  each  st&am,  chest  are  more  essential  in  a  super- 
heater engine1  than  in  ordinary  engines  on  account  of  the 
higher  tempe'rature'  of  the'  steam  chest  cylinders.  While  the 
engine  is  working,  the  oil  is  sufficiently  protected  by  the'  steam 
against  carbonising  ；  while  drifting,  however,  the  oil  has  no 
such  protection,  and  on  account  of  the  high  temperature  of 
the  steam  ch-esb  walls  would  have  a  tendency  to  carbonise, 
which  can  be  overcome1  by  the  us©  of  vacuum  valves  to  let  in 
cold  air.  For  similar  reasons  the  use'  of  drifting*  valves  is 
recommended,  or  at-  least  that  the  throttle  be  cracked  at  the 
beginning  of  a  long  stretch  of  drifting. 
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The  piston  rod  extension  guide  has  also  been  found  to  be 
of  considerable  value  in  reducing  the  wear  of  cylinder  bushings 
and  cylinder  packing  rings.  The  extended  rod  riding  on 
guides  relieves  the  cylinder  bushings  and  rings  from  the 
weight  of  the  piston,  and  thereby  reduces  the  friction  and  the 
wear  upon  them.  The  design  of  the  extended  piston  rod 
which  is  illustrated  iu  Fig.  2  has  been  applied  to  a  large 
uumbei*  of  superheater  engines  during  the  last  12  montlis  with 
satisfactory  results.  This  design  was  brought  forth  by  Mr. 
F.  J.  Cole,  chief  consulting  engineer  of  the'  American  Locomo- 
tive Company.  The  history  of  the  extended  piston  rods  is 
marked  by  a  large  number  of  designs  which  have  not  been 
successful.  A  piston  rod  extension  guide  to  be  satisfactory 
must  be  of  simple  yet  rigid  construction,  easy  to  lubricate,  and 
easily  removed  without  interfering  with  other  parts  of  the 
locomotive,  and,  above  all,  it  must  have  an  ample  bearing 
surface,  a  feature  which  was  lacking  in  all  of  the  earlier 
designs  of  guides  for  this  purpose.  It  will  be  seen  from  the 
illustration  that  the  principle  of  the  present  style  of  extended 
rod  guide" is  that  of  a  miniature  crosshead  sliding  on  a  cylin- 
drical surface,  which  is  rigidly  supported  on  and  is  easily 
attached  to  the  cylinder  head.  The  design  permits  of  adjust- 
ment being  easily  and  quickly  made  by  lining  up  between  the 
small  crosshead  shoe  and  the  body.  The  packing  on  the 
extended  rod  is  easy  of  access  and  can  be  attended  to  without 
difficulty.  The  guide  for  this  crosshead  is  self-oentred  on  the 
circular  flange  of  the  cylinder  head  and  thereby  requires  no 


saving  in  fuel  of  about  25  per  cent.,  a  saving  in  water  con- 
sumption of  35  per  cent.,  and  by  the  utilisation  of  this 
economy,  an  increased  hauling  capacity  of  33 長  per  cent,  is 
made  possible.  Further,  locomotive  const  rud  ion  for  the  use 
of  saturated  steam  had  about  reached  the  limit  on  account  of 
the  inability  of  the  fireman  to  supply  \  he  boilers  with  the 
greater  amount  of  fuel  demanded.  This  limit  has  now  1m.' en 
extended  to  the  amount  of  the  fuel  saving  or  about  25  per 
cent.,  and  makes  possible  a  more  powerful  engine  per  unit  of 
weight  than  has  hitherto  been  available. 

THE  INEFFICIENCY  OF  OUR  PRESENT  LIGHT  SOURCES. 

In  the  course  of  a  paper  on  "  Illumination  ：  Production,  Cal- 
culation, Measurement,"  read  before  the  Glasgow  section  of 
the  Institution  of  Electrical  Engineers,  Mr.  J.  D.  Mackenzie 
referred  to  the  inefficiency  of  our  present  light  sources,  and 
the  direction  in  which,  advances  are  to  be  made. 

To  produce  light,  he  observes,  requires  energy,  just  as  ifc 
does  to  produce  heat,  but  while  we  can  obtain  an  efficiency 
approaching  unity  for  the  conversion  of  electrical  energy  into 
heat  we  fall  lamentably  short  in  converting  that  same  energy 
into  light.  The  mechanical  equivalent  of  h&at  is  well  known, 
and  has  been  determined  by  numberless  experiments  carried* 
out  by  many  experimenters  and  by  various  methods.  The 
mechanical  equivalent  of  light  is  not  so  well  known  or  so  gene- 
rally understood,  and  yet  it  has  been  the  subject  of  careful 


Table  I. ― Mechanical  Equivalent  of  Light. 
"Illuminating  Engineer"  (London),  1908. 
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Method  A. ― Thermopile  and  absorptive  screens. 
Method  C. —— Direct  measurement  of  energy  in  spectrum. 


adjustment  in  sefvice,  as  it  cannot  get  out  of  position. 
Another  feature  of  this  design  is  that  the  guide  is  made  with 
an  open  top  so  that  when  it  is  necessary  to  remove  same  it  can 
be  dropped  from  the  rod  and  does  not  require  a  large  amount 
of  space  ahead  of  the  cylinder. 

The  superheater  can  be  successfully  applied  to  any  of  the 
existing  types  of  locomotives,  provided  these  locomotives  are 
equipped  with  piston  valves.  By'this  application  th&  boiler 
capacity  can  easily  be  increased  25  per  cent.,  and  it  will  be 
possible  to  haul  correspondingly  heavier  trains  on  the  same 
schedule  or  the  same  trains  on  a  proportionally  faster 
schedule.  It  has  been  found  in  many  cases  that  trains  double- 
headed  with  saturated  steam  engines  can  be  handled  with  one 
superheater  engine.  It  has  a】so  been  demonstrated  that  a 
saturated  passenger  engine  capable  of  hauling  seven  cars,  after 
being  equipped  with  a  superheater,  can  handle  eight  or  nine 
cars  on  the  same  schedule  ；  providing,  of  course,  that  the 
cylinders  are  of  such  size  and  the  adhesive  weight  is  sufficiently 
great  to  enable  the  engine  to  start  the  additional  load.  Boiler 
maintenance  is  also  reduced  in  that  it  is  possible  to  reduce  the 
boiler  pressure,  if  the  construction  of  the  cylinders  be  such 
that  their  diameters  may  be  increased.  By  increasing  the  size 
of  the  (-ylinrlers  without  decreasing  the  boiler  pressure  the 
engine  is  given  a  greater  starting  power  and  the  increased 
boiler  capacity  wil】  more  than  take  care,  of  the  demands  of  tlie 
larger  cyliiulnrs  for  steam . 

Tn  summing  up  briefly  Hie  advantages  of  liighly- 
superheated  steam  in  locomotive  operation,  we  have  directly  a 


investigation,  by  many  prominent  workers  in  the  domain  of 
pure  and  applied  science.  Dr.  C.  V.  Drysdale  some  three 
years  ago  ("  Illuminating  Engineer,"  London,  August,  1908) 
collected  and  tabulated  the  results  of  most  of  these  investiga- 
tions, to  which  were  added  the  results  obtained  by  himself  and 
Mr.  Jolley.  From;  the  table  (Table  I.)  it  will  b©  seen  how  far 
short  we  come  of  the  possible  efficiency  in  this  matter  of  light 
production.  When  it  only  requires  0*05  to  O'l  watt  per 
candle-power  to  produce  light,  the  tungsten  lamp  giving  1  c.p. 
per  1'25  watts,  has  only  a  possible  efficiency  of  4  to  8  per  cent. 

The  attainment  of  very  much  higher  efficiencies  from  in- 
candescent solids  is  scarcely  to  be  expected  owing  to  the  long 
range  of  invisible  heat  vibrations  at  the  one  end  and  invisible 
ultraviolet  vibrations  at  the  other  end  of  the  spectrum .  Of 
course,  the  light  emitted  by  an  incandescent  solid  increases 
very  quickly  with  an  increased  temperature,  owing  to  the 
fact  that  the  luminous  intensity  varies  as  the  fifth  power  of 
the  absolute  temperature  of  incandescence.  The  limit  of  the 
carbon  filament  was  reached  long  ago  in  the  high  efficiency 
lamps,  and  was  ^ixed  not  by  the  melting  but  by  the  vaporisa- 
tion of  the  carbon.  With  the  metallic  filaments  the  tempera- 
ture at  which  they  can  be  worked  commercially  is  fixed  by  the 
melting-point  of  the  metal,  and  must  be  so  placed  as  to  per- 
mit of  a  reasonable  margin  to  allow  for  increases  in  the  current 
due  to  ordinary  fluctuations  of  supply.  This  limit  has  prac- 
tically been  reached.  Hence,  unless  some  solid  having  a  selec- 
tive emissivity  far  light  vibrations  is  discovered,  we  must  look 
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for  other  means  of  obtaining  high  efficiencies.  In  tlie  vapour 
lamp  the  efficiencies  obtained  are  higher,  but  with  the  excep- 
tion of  the  Moore  vapour  light,  which  has  some  constructional 
and  installational  defects,  the  colour  of  the  light'  obtain:1  I 
from  the  commercial  vapour  lamp  is  objectionable  for  general 
purposes.  Methods  have  been  adopted  for  obviating  this  com- 
plaint, but,  with  the'  exception  of  fluorescent  refle<*tors,  ； ill 
these  methods  result  in  a  decreased  efficiency.  Tests  of  the 
light  efficiencies  for  the  mercury  arc  give  values  from  5*8  to 
17*6  per  cent. 

There  are  two  ways  in  which  the  efficiency  from  an  incan- 
descent solid  might  be  increased.  It  is  possible  to  tranWorm 
some  of  the  dark  heat  vibrations  by  means  of  caloresconce  into 
li^lil ,  and  on  the  other  hand,  by  means  o t'  Iliior^sc^nce  to 
degrade  the  ultraviolet  vibrations  into  tlio  visible  portion  of 
the  spectrum.  This  latter  principle  is  beiii^  used  in  1  he  con- 
struction of  the  so-called  ' £  white  liglit  ，，  Cooper-Hewitt  mer- 
cury vapour  lamps.  A  reflector,  coated  with  a  prq)ar('(l  】）；i|i('r 
surface  dyed  with  a  solution  of  rhodarnine,  is  fitted  boliinfl 
the  luminous  tube.  The  radiations  from  mercury  vapour  com- 
prise principally  a  yellow  ray  of  wave-length  入 = 0.578  /i}  a 
green  ray  of 入 =  0.546  ft,  a  blue  ray 入 =  0'43G/i，  a  violet  ray 
X  =  0*303  fi，  and  several  ultraviolet  rays,  only  one  of  which 
(入 =  0366/x)  passes  throngh  the  glass  of  which  the  Cooper- 
Hewitt  tubes  are  formed.  The  effect  of  the  rhodarnine  rcfk'c 
tor  on  these  rays  is  that  the  yellow  and  green  are  absorbed  and 
transformed  into  red  rays,  the  blue  is  uuh HVcted,  and  the 
invisible  ultraviolet  is  also  absorbed  and  degraded  into  visible 
red  rays. 

What  the  effect  of  this  absorption  and  transi'urination  of 
light  radiations  has  on  the  total  efficiency  of  the  lamp  I  am 
unable  to  state.  I  should  imagine  tliat  a  reflecting  surface 
and  substance  which  would  not  absorb  the  yellow  rays  while 
absorbing  and  converting  the  green  rays  would  be  more  effi- 
cient as  a  light-producing  arrangement.  It  is  well-known 
that  the  maximum  visual  vacuity  of  the  human  eye  is  in  Hie 
vicinity  of  these  yellow  rays  (about 入 =  0  58/ 丄).  Whether 
such  means  as  these  can  be  commercially  applied  to  increase 
the  efficiency  of  our  light  sources  is  matter  for  experiment 
and  investigation,  but  probably  at  best  the  increase  would  not 
be  very  great  nor  very  lasting.  The  Cooper-Hewitt  reflectors 
are  only  guaranteed  for  a  life  of  about  1,000  hours,  the  effect 
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practically  100  per  cent.,  and  the  pn"lu('t'ioii  of  li^lit  with  an 
ellicicncy  ajjproat'liiiig  this  figure  is  the  problem  still  waiting 
solution. 

The  incrcasetl  efficiency  of  the  flame  arc  lainp  over  the 
ordinary  open  type  arc  seems  to  be  due  in  some  measure  to 
the  fact  that  the  iiicanclescent  vapours  in  th&  arc  space  emit  a 
very  large  proportion  of  the  total  light.  It  is  possible  to  show 
tli is  experimentally  by  the  spectroscope,  the  well-known  band 
spet'trunij  clue  to  incandes<'ent  vapour,  being  clearly  shown. 

REFRIGERATION  PLANT  FOR  DRY  AIR  BLAST. 

Mu.  James  Gayley  in  11  The  Iron  Ago"  gives  a  description 
of  lai ei-  met hf)(ls  oi'  applying  the  2-stag©  system  of  refrigera- 
tion for  dry  air  blast,  which,  h©  claims,  are  "mm  economical  in 
( (iiisi  i  iK'l  ion  ； in'l  (incraliuu  t  lian  tlic  earlier  jncl  hods. 

In  the  first  method  of 
installing  dry  air  plants 
the  moisture  was  extracted 
by  passing  the  air  over 
coils  of  pipe,  which  were 
cooled  to  a  low  tempera- 
ture by  the  circulation  of 
brine  ；  and  while  this 
method  has  proved  effec- 
tive in  practice,  cheaper 
methods  have  since  been 
worked  out.  On  the 
principle  that  it  is  easier 
to  go  from  one  temperature 
to  another  by  a  succession 
of  steps,  rather  than  by  a 
single  step,  several 
methods  of  applying  the 
2-stage  system  have  been 
evolved,  which,  while  pro- 
ducing the  same  results, 
are  more  economically 
operated  and  can  be  in- 
stal  U  dmi; ch  more  cheaply. 
The  accompanying  illus- 
trations show  various 
types  of  refrigerating 
chambers. 


Pump  ： 


Fig.  1.— Two-sta<;k  Ki;Fiar,KUATiN (；  Ciiamhkh.   Cooling  by  Direct 

AND  INDIUK (； T  CONTACT. 


Sectipn  B-8 


Fig.  i?.— Tuk  Tall,  Tow  Kit  Typk.   Refhigkration  kntihely  by  Diukct 
Contact. 


of  the  rhodainiiic  dye  wearing  ofl'  in  about  that  lime.  The 
distance  w(，  h;i ve  to  travel  towards  increased  <'[Iiciency  is  enor- 
mous.   The  lire-fly  and  glow-worm  liave  a  lighting  efficiency  of 


Fig.  1  shows  a  2-stage  refrig&raiing  chainber,  which  repre- 
sent s  cooling  by  a  coinbination  of  <lirect  and  indirect  contact . 
One  chamber  is  filled  with  screens  and  the  other  with  coils  of 
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pipe.  These  screens  may  l>e'  in  ad©  of  expanded  metal  lathing, 
separated  by  baffle  strips,  causing  the  air  to  pursue  a  tortuous 
course.  The  air  passing  up  through  the  screens  is  met  with  a 
descending  shower  of  water,  which  is  cooled  as  clos&ly  as 
practicable  to  the  freezing  point.  This  removes  about  i  、vo 
thirds  of  the  moisture.  The  air  then  passe®  up  through 
moisture  eliminators,  in  which  any  entrained  moisture  is 
removed,  and  afterwards  passes  downwardly  over  the  refrige- 
rating coils.  A  small  stream  of  brine  is  allowed  to  flow  over 
the  coils,  and  this  film  of  brine  prevents  the  formation  of  frost. 
Consequently  the  operation  of  the  chamber  becomes  a  continu- 
ous one,  and  the  work  done  in  the  coil  chamber  is  practically 
constant,  as  the  air  leaves 
the  first  chamber  at  the 
same  temperature.  The 
cooling  water  with  that 
from  condensation  collects 
in  the  cooling  chamber 
underneath  ，  where  it  is 
kept  at  a  practically  con- 
stant temperature,  and  the 
surplus  accumulated  by 
the  condensation  of  the 
atmospheric  moisture  can 
be  used  for  other  condens- 
ing purposes. 

Fig.  2  represents  the 
tall  tower  type,  designed 
by  Bruce  Walter,  of  Pitts- 
burg, to  conduct  the  re- 
frigeration by  direct  con- 
tact entirely.  This  has 
capacity  for  a  furnace 
requiring  40,000  cub.  ft. 
per  minute,  while  Fig.  3  is 
for  a  furnace  requiring 
25,000  cub.  ft.  per  minute. 
The  variation  in  design  is 
made  to  meet  any  limita- 
tion of  ground  space  that 
would  be  likely  to  present 
itself  at  any  furnace  plant, 
and  requiring  no  more 
than  a  hot  blast  stove. 

In  Fig.  2  the  air  enters 
at  c  and  passes  up  through 
pipes  to  the  chamber  d, 
which  is  filled  with 
screens  or  grids,  over 
which  flows  a  constant 
stream  of  cold  water. 
The  air  is  thus  brought 
into  intimate  contact  with 
the  water  and  the  greater 
part  of  its  moisture  is  con- 
densed and  removed.  Next 
the  air  passes  through 
the  moisture  eliminators 
et  then  through  the 
outlet  pipes  f  to  the  brine 
chamber  g.  In  this 
chamber  the  air  comes 
in  direct  contact  with  brine 
cooled   to    a    very  low 

temperature,  and  tlie  moisture  is  reduced  to  1  grain  p&r  cubic 
foot. 

The  air  comes  to  tlie  brine  chamber  with  a  practically 
constant  amount  of  moisture,  and  by  further  cooling  additional 
moisture  is  condensed  and  the  brine  strength  is  gradually- 
weakened.  The  revivifying  of  the  brine  is  not  a  difficult  or 
expensive  matter,  for  there  is  plenty  of  waste  lieat  at  the 
furnace  that  can  be  used  for  this  purpose,  and  a  simple 
apparatus  has  been  devised  by  Mr.  Walter  to  maintain  the 
strength  of  the  brine,  which  oparateig  automatically.  The 
,  f'iit  re  of  the  tower  can  be  used  for  a  stairway  or  elevator  for 
use  of  the  workmen,  but  there  is,  in  th&  nature  of  the  opera- 
tion, little  to  get  out  of  order.  Tlie  whole  method  of  opera- 
tion is  simple  and  effective.  Tlie  tower  is  built  of  steel  plates, 
ami  the  cooling  fluids  coine  in  contact  witli  metal  surfaces  only, 
as  the  insulation  is  on  the  outside  of  tlie  tower. 


^m.  3.— Shout  Towp:u  Typk,  with  Diit'-:(  t 
Contact  ok  Aiu  with  Watkh  and  Brink. 
A  Momric-ATioN  of  Design  shown  in  Fig.  l2. 


Tlie  work  that  the  fan  has  to  do  is  that  required  to  lift  the 
air  the  distance  frojn  the  fan  (lis<-liarge  to  t  li^  inlet  of  the  blow- 
ing engines.  The  cost  of  installation  by  this  nielliod,  as 
worked  out  by  several  engineers,  is  about  one-half  the  cost 
njcessary  to  install  under  the  earlier  coil-pipe  system,  where 
the  moisture  was  deposited  as  snow.  So  the  return  on  the 
investment  is  nearly  doubled. 

Fig.  3  represents  a  shorter  tower  type,  designed  for  a 
medium  type  of  furnace.  This  likewise  operates  on  the  direct- 
contact  system  with  water  and  brine.  The-  air  first  passes  ujj 
through  the  water  spray  cliarnber  /.，  then  down  through  the 
conduits  j ,  and  upwardly  through  the*  brin©  spray  chamber  k . 
The.  space  around  tlie  conduits  is  filled  with  insulal  in^ 
material,  as  the  chambers  on  either  side,  have  different  tempe- 
rature conditions. 

In  the  direct-contact  system  provision  is  made  for  discon- 
tinuing the  use  of  the'  water  spray  chajubers  when  the  natural 
air  temperature,  as  in  the'  winter  season,  does  not  require 
its  use1. 

In  installing  the  dry  air  process  a  surplus  of  refrigerating 
power  above  th&  average  requirements  is  mad©  necessary  to 
me&t  thei  conditions  of  the  high  humidity  of  the  summer 
season,  and  this  provides  during  the  greater  part  of  the  year  a 
material  surplus  of  refrigerating  capacity  which  can  be  used  in 
other  directions.  This  lias  been  done  successfully  on  a  small 
seal©  at  the'  South  Chicago  Works  of  the  Illinois  Steel  Com- 
pany, hi  the  making  of  ic&  for  us&  around  the  works.  There  is 
no  reason  why  this  cannot  bo  carried  out  on  a  much  larger 
scale  and  not  only  offset  the  cost  of  operating  the  dry-air  plant , 
but  also  show  an  additional  profit  per  ton  of  pig  iron.  At 
nearly  all  seasons  of  the  year  the  humidity  is  less  at  night  than 
during  the  day,  and  the  night  surplus  of  refrigerating 
power  could  ba  used  for  this  purpose.  Artificial  ice  can 
readily  b。  made  a  by-product  of  the  dry-air  process  in  nearly 
every  locality,  and  by-products  ar&  profitable.  There  is  an 
abundant  supply  of  condensed  steam  at  all  iron  works  which 
could  be  turned  into  ice  of  unquestioned  purity. 


DETECTION  OF  GAS  IN  MINES. 

An  important  subject  discussed  at  the  quarterly  meeting  at 
Cardiff  of  the  South  Wales  Institute  of  Engineers  was  that  of 
the  obligation  imposed  by  the  new  Mines'  Act  of' determining 
the  average  percentage  of  inflammable  gas  in  a  mine  by  taking 
six  samples  of  air  at  intervals  of  not  less  than  a  fortnight. 
Mr.  J.  W.  Hutchinson  and  Mr.  Edgar  Evans,  of  the  Lewis 
Mert-liyr  Collieries,  contributed  a  joint  paper  on  the  question. 
Tliey  pointed  out  that  under  the  Act  workmen  must  be  with- 
drawn if  the  percentage  of  inflammable  gas  is  found  to  be 
21  per  cent,  and  upwards,  and  in  a  mine  worked  with  naked 
lamps  when  the  percentage  is  1^.  The  paper  then  proceeded  ： 
With  this  statutory  limit  it  has  become  an  absolute  necessity 
that  the  fireman  should  be  trained  to  detect  the  presence  of 
low  percentages  by  means  of  the  safety  lamp.  Practically 
everything  depended  on  the  operator.  A  fireman  who  could 
not  be  trained  to  operate  the  flame  of  a  safety  lamp  so  as  to 
detect  the  presence  of  2^-  per  cent,  of  gas  would  not  in  their 
opinion  be  a  suitable  man  to  occupy  the  position  of  fireman. 
With  careful  training,  they  held  it  is  possible  for  a  skilled 
man  to  detect  as  low  as  lh  per  cent.,  and  from  analysis  made 
a  I  the  Lewis  Mert-liyr  Collieries1  they  had  come  to  the  con- 
clusion that  it  is  possible  for  some  men  to  detect  down  to  1  per 
cent.  Firemen  have  always  stated  the  gas  present  in  a  place 
by  the  height  of  tlie  cap  on  their  lamps,  but  by  reason  of 
the  operation  of  the  new  Act  ifc  is  now  necessary  that  they 
should  have  information  as  to  what  percentage  is  represented 
by  various  heights  of  caps.  Unless  this  is  done  a  number  of 
practical  firemen,  who  are  now  thoroughly  acquainted  with 
the  varying  condition  of  the  roof ,  the  timbering,  and  safe 
keeping  of  their  districts  will  fail  to  obtain  their  certificates 
under  the  conditions  imposed  by  the  new  Mines  Act.  Un- 
doubtedly systematic  analyses  of  the  air  of  the  mine  with 
concomitant  cap  observations  is  the  best  method  of  training 
the  fireman  for  gas  testing,  as  be  then  gradually  familiarises 
himself  with  the  appearance  of  the  cap  for  a  certain  percen- 
tage, and  his  readings  in  consequence  become  considerably 
more  accurate.  The  authors  said  they  bad  for  a  few  months 
past,  especially  at  owe  of  their  collieries,  been  training  a  u um- 
ber of  firemen  in  the  detection  of  low  percentages  of  methane. 
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AN  ARRANGEMENT  FOR  CASTING  SMALL  INGOTS. 

Much  has  been  said  on  the  subject  of  using  small  ingots  to 
supply  merchant  mills,  rod  mills,  and  tyre  mills  with  the 
necessary  raw  material  ；  but  up  to  a  short  time  ago  nothing 
had  been  devised  to  enable  manufacturers  to  do  so.  George 
Marton,  consulting  engineer,  Budapesth,  Hungary,  claims 
to  have  solved  the  problem,  and  in  an  economical  way,  as 
described  below.  The  article  from  which  the  illustrations  and 
data  are  taken  appeared  in  "  Stahl  und  Eisen,"  Vol.  31， 
No.  47，  and  is  written  from  the  standpoint  of  the  inventor. 

In  rolling  Jin.  to  ^in.  rods  fronu  2-ton.  to  6-ton  ingots, 
it  is  pointed  out  that  unnecessary  work  is  done.    The  very 


be  lifted  from  the  ingots  without  other  labour  than  that  of 
the  crane  operator,  whereas  it  formerly  took  several  men  to 
do  the  work  from  a  much  less  convenient  position. 

The  arrangement  and  operation  of  tlie  lifting  device 
are  shown  in  Figs.  1  and  2.  The  hook-shaped  ear  of 
th©  】nould  is  fastened  into  a  recess  on  its  side  by 
means  of  a  key,  so  that  when  the  mould  is  scrapped 
th«©  ear  and  key  can  be  used  again.  Tlie  method 
of  suspending  the  series  of  moulds  (from  five  to  seven 
in  a  row)  makes  it  possible  to  hang  them  up  to  cool  by  the 
same  crane  that  strips  the  ingots.  The  number  of  moulds 
which  tan  be  handled  by  one  suspension  frame  depends  on  the 
size  of  the  ingots.  For  example,  of  8 in.  by  8in.  ingots  49 
moulds  can  be  handled  ；  of  5Jin.  by  5^in.  ingots  63  moulds 


Fig.       Lifting  Device  with 
Steel  Hooks. 


Fig.  2.— Method  of  Using 
Lh^ting  Device. 


expensive  installation  of  a  blooming  mill  is  needed,  for  run- 
ning which  intelligent  and  high-priced  labour  is  required  ；  on 
the  other  hand  small  ingots  can  be  cast  easilv  and  economi- 
cally. In  most  cases,  it  is  stated,  the  failure  to  use  small 
ingots  is  only  because  methods  now  in  use  for  ingot  casting  are 
too  expensive,  and  not  suited  for  large  output.  Works  which 
are  already  equipped  for  casting  small  ingots,  it  is  believed, 
will  be  interested  in  the  new  method,  since  in  a  small  space 
a  large  quantity  can  be  cheaply  cast,  the  men  not  being 


Fig.  4.— Cross-section  of  Casting  Pit  at  Resicza,  Austria-Hungary. 


exposed  to  undue  heat  and  the  ingots  being  sent  hot  to  the 
rolling  mills. 

By  Mr.  Mar  ton's  method  small  ingots  are  bottom  casi  in 
batteries  on  a  common  bottom  plate,  from  a  common  fountain. 
The  method  of  casting  and  of  removing  the  ingots  from  the 
runners  is  not  much  different  from  what  is  now  in  use,  but  the 
mot  ltod  of  handling  the.  moulds  is  enl  irely  new.  At  the  Krom- 
|);k-)i  steel  works  at  R('si('z';i  ,  1 1  unwary,  and  at  Falvahiitte  in 
Upper  Silesia  an  arrangement  is  employed  whereby  several 
rows  ul"  moulds "- in  fact,  all  that  are  on  one  bottom  plate ― can 


Fio.  3.— Method  of  Manipulation  at  Kbompach,  doing  away  with  the 

SHEARING  OPERATIONS. 

can  be  handled ― in  both  cases  including  the  fountain.  Fig. 
3  shows  an  arrangement  in  use  at  Krompach,  where  the 
moulds  are  manipulated  in  such  a  manner  that  after  a  short 
life  the  crane  moves  forward  and  throws  thei  moulds  with  their 
ingots  side  wise,  thus  breaking  the  runners.  Complete  batteries 
can  be  handled  in  this  manner.  It  is  also  desirable  to  bring 
the  small  ingots  hot  to  the  rolling  mills,  to  make  use  of  their 
initial  heat  in  the  same  manner  as  with  large  ingots.  To  load 
the  ingots  quickly  and  to  keep  their  heat  longer,  the  bottom 

plate  is  provided  with  a  wall 
on  three  sides,  and  the  ingots 
can  be  dumped  into  a  car  by 
a  single  movement. 

After  the  ingots  have  been 
brought  to  the  rolling  mills, 
ib  is  best  to  deposit  them  in 
deep  pits.     These  are  not 
heated,  but  the  ingots,  on 
account  of  lying  together  in 
a  large  mass,  keep  their  high 
temperature    for    severa  1 
hours.      They  are  charged 
by  means  of  a  crane  which 
lifts  them  out  of  the  pits. 
Where  local  conditions  per- 
mit, it  is  preferable  to  bring 
the  ingots  with  the  bottom 
plate    to   the    rolling  mill 
and    dump   them  directly 
into     the     soaking  pits. 
It  is  suggested  that  the  bot- 
tom plate  freed  from  its  ingots 
be  not  directly  returned  to 
the  casting  pit,  but  be  placed  at  one  side  to  prepare  it  for  the 
next  charge.    By  this  method  not  only  increased  production 
can  be  reached,  but  the  men  who  brick  the  bottom  plates  are 
not  compelled  to  work  in  the  vicinity  of  the  hot  moulds.  Fig. 
4  shows  a  cross-section  of  th^- casting  pit  of  the  steel  depart- 
ment at  Resicza. 

The  advantages  the  inventor  claims  for  his  method  are 
suimnai'ised  as  follows :  1.  Double  the  pr()(lurt  ion  ran  be 
readied  in  s.'inic  space  in  the  pit'.  2.  Loss  1; 山 oiu'，  as  a 
large  part  of  the  work  is  done  nieclian  ically.    3.  The  men  work 
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under  much  better  conditions,  as  they  are  not  compelled  to 
work  near  the  hot  ingots  and  moulds.  4.  Order  can  be  better 
preserved,  as  the  moulds  after  stripping  remain  in  regular 
rows  in  their  cooling  place.  5.  The  bottom  plates  suffer  less, 
as  the  hot  mass  of  steel  is  more  rapidly  removed  from  them. 
6.  The  ingots  are  brought  to  the  rolling  mills  hot :  thus  the 
output  of  the  mill  can  be  greatly  increased  and  the  consump- 
tion of  coal  and  the  wear  on  reheating  furnaces  greatly 
decreased.  7.  It  is  possible  to  cast  economically  such  small 
iugot-s  as  5in.  by  5  A  in.  150Ibs.  to  2201bs.,  the  production  of 
whirh  in  large  amounts  has  been  extremely  difficult  hitherto. 
― ' The  Iron  Age." 


AN  IMPROVED  DESIGN  OF  CALORIMETER. 

A  desiCn  of  calorimeter  which  will  ascertain  the  calorific  value 
of  a  gas  or  other  fluid  under  test  irrespective  of  the  tempe- 
rature of  the  medium  in  which  the  test  is  made  has  recently 
been  patented  by  the  Cambridge  Scientific  Instrument  Com- 
pany, Ltd.,  Cambridge,  in  conjunction  with  Mr.  R.  S.  Whip- 
ple. One  construction  of  the  instrument  is  illustrated  herewith. 
It  comprises  two  heat-sensitive  units  A  and  B  composed  of 
helically  coiled  bi-metallic  strips.  These  are  enclosed  in  flues 
C  D  respectively,  the  flues  being  connected  by  a  duct  E.  One 
end  of  the  helix  B  is  lield  by  the  chimney  D,  while  the  other 
end  is  secured  to  a  collar  G  moving  with  the  shaft  F.  This 
shaft  is  arranged  transversely  of  and  extending  through  both 
of  the  flues.  Similarly,  the  end  of  the  helix  A  is  secured  to  the 
shaft  F  and  the  other  end  is  connected  to  a  collar  H  which 


A\  I.mi  hoved  Design  or  Caloiumeteu. 

f'arries  an  iiuii(  ator  or  ink  pen  J  and  is  free  to  rotate  on  and 
inrlependently  of  the  shaft  F.  This  shaft  is  supported  in  bsar- 
ings  as  sliown.  Th a  instrument  is  applicable  for  ascertaining 
the  calorific  value  of  a  gas  and  the  latter  is  introduced  into  the 
flue  D  through  a  burner  K  connected  to  a  gas  conduit.  Air 
supporting  or  aiding  the  combustion  of  th©  gas  under  test 
enters  in  the  direction  of  the  arrow  through  the  flue  C  and 
passes  througli  the  passage  E  to  the  burner  K.  The  products 
(>f  <  ombustion  then  pass  over  the'  helix  B  and  exhaust  through 
the  chimney  D.  •• 

It  will  be  saen  that  the  heat-sensitive  elements  A  and  B 
are  so  connected  to  the  shaft  that  the  expansion  of  one  of  them 
under  the  action  of  heat  tends  to  neutraliss  the  expansion  of 
the  other  under  a  similar  degree  of  action  and  to  eliminate 
movement  of  tlie  indicator  J.      The  two  elements  are  so 


adjusted  that  their  action  is  equal  and  opposite  so  that  with 
the  application  of  an  equal  heating  effect  to  botli  of  them  no 
movement  of  the  pointer  is  produced.  Thus  it  will  be  seen 
that  the  apparatus  as  a  whole  is  independent  of  the  tempe- 
rature of  the  surrounding  at 画 sphere  and  the  movement  of 
the  indicator  J  is  tlie  result  only  of  the  heat  applied  to  the 
helix  B  by  the  combustion  of  the  gas  under  l^st  at  the  burner 
K.  A  heat-insulating  wall  N  is  provided  between  tlie  flues  (' 
and  D.  The  ink  pen  or  recorder  is  arranged  to  jnake  a  record 
of  the  calorific  values  upon  paper  carried  on  a  drum  P,  so  t  hat 
a  permanent  and  continuous  record  of  the  readings  is  obtained. 
The  calorimeter  is  particularly  applicable  for  testing  the 
calorific  va，ues  of  gases  although  it  is  not  limited  to  sudi 
sources  of  heat.  In  modern  gas:  practice,  however,  owing  to 
the  largo  increase  in  incandescent  gas  lighting  and  the  develop- 
nient  of  gas  engines,  and  especially  of  gas  engines  operated  by 
producer  gas,  the  determination  of  the  calorific  value  of  the 
gas  has  become  of  very  considerable  importance.  With  t  he 
present  apparatus  a  continuous  record  of  the  calorific  valiu* 
made  in  gas  works  or  producer  plant  is  obtained  and  this  is  in 
many  cases  required  in  order  that  tlie  engineer  in  charge  juay 
know  that  a  given  calorific  value  is  being  constantly  main- 
tained. By  tliis  apparatus  also  the  true  calorific  value  may  be 
ascertained  with  corrections  automatically  made  for  the  tempe- 
rature of  the  medium  surrounding  the  source  of  heat. 


AMERICAN  STATE  INSPECTION  OF  LOCOMOTIVE  BOILERS. 

G.  P.  Robinson,  U.S.  Assist.  Chief  Inspector  of  Locomotive 
Boilers,  in  a  paper  before  the  New  England  Railroad  Club, 
gave  some  particulars  of  State  inspection  of  locomotive  boilers 
in  America.  From  his  observations  it  appears  that  in  190.*) 
the  State  of  New  York  passed  a  boiler-inspection  law.  Shortly 
afterward  the  State  of  Ohio  did  likewise.  Then  Pennsylvania 
started  the  inspection  of  boilers  under  the  police  powers  of 
the  State.  Then  the  Dominion  of  Canada  passed  a  law  very 
similar  to  the  New  York  and  Ohio  laws,  and  other  States  were 
I'reparing  to  pass  laws,  A  number  of  Congressmen  then 
introduced  Bills,  and  those  Bills  were  all  boiled  down,  after 
long  conferences,  until  we  get  the  law  of  February,  1911. 

The  law  required  that  the  railroads  file  within  three 
months  of  the  passage  of  the  Act  their  rules  for  boiler  inspec- 
tion. These  rules  were  to  be  approved  by  the  Interstate  Com- 
merce CoiTUiiission.  There  are  about  2,200  railroads  in  the 
United  States  engaged  in  interstate  commerce  ；  170  of  those 
roads  filed  rules.  If  you  get  out  rules  for  so  】nany  railroads 
and  57,000  locomotives  you  have  to  have  them  uniform  ；  there- 
fore, we  could  not  adopt  the  170  rules,  but  the  chief  inspectors, 
co-operating  with  a  railroad  committee  representing  most  of 
the  roads,  recommended  rules  which  the  Interstate  Commerce 
Commission  adopted  on  June  2nd,  1911. 

The  law  provides  for  a  chief  inspector,  two  assistant  chief 
inspectors,  and  50  district  inspectors.  The  country  was 
divided  into  50  districts,  and  we  have'  an  inspector  in  charge 
of  each  district.  The  inspectors  make  as  thorough  inspections 
as  they  can,  which  are,  in  fact,  check  inspections  on  the  rail- 
roads, and  the  railroads  are  required  to  live  up  to  the  inspec- 
tion rules. 

The  inspectors  have  the  right  to  remove  a  locomotive  from 
service  when  it  does  not  comply  with  the  rules,  and  in  exer- 
cise of  this  right  have  taken  out  of  service  2,209  locomotives, 
to  secure  proper  repairs  being  made. 


Kelvin  Memorial.- ~  A  general  committee  representing  the 
engineering  societies  of  the  British  Empire  and  of  the  United 
States  of  America,  has  been  formed  to  carry  into  effect  a  pro- 
posal for  the  erection  in  Westminst'er  Abbey  of  a  memorial 
window  to  the  late  Lord  Kelvin,  who  was  the  foremost  man  of 
science  of  his  day,  and  a  distinguished  engineer  long  associated 
with  the  engineering  profession  in  the  application  of  scientific 
knowledge  to  enterprises  of  world-wide  importance.  Sub- 
scriptions are  invited  to  the  】nemorial  fund,  which  should  be 
forwarded  either  to  Dr.  J.  H.  T.  Tudsbery,  honorary 
treasurer,  12,  Dartniouth  Street,  Westminster,  S.W.  ；  or  to 
Messrs.  Coutts  &  (1o.，  bankers,  at  440,  Strand,  W.C.,  the 
treasurers  to  the  fund. 
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NEW  PATENTS. 

Spccifirntions  oj  ihc  following  are  now  publish edy  and  we  shall 
br  pleased  io  forward  copies  post  free  on  receipt  of  lOd.  Address 
" Mechanical  Engineer^1  53,  New  Bailey  Street,  Manchester. 

MECHANICAL.  1911. 

Apparatus  for  the  destructive  distillation  of  coal.      Clarke  and 

C'nmplK'll.  13I2o. 
Tn 、； itwit  of  ores.      Mmex  Magnetic  Company,  and  JjocU wood. 

13208. 

Po、、t、r  liamnior  for  ri voting.    Kania^o.    1  4U71. 
I  ntornal  coml)Hstion  (、iigin<、s.    Sor^;.    l."31  II. 
Water  licatcrs.    R()U'rtslia、v.  15202. 

GJovoniiiig  gear  for  oil  engines.  Goedkoo])  cVr  (； (tedkoop.  1-V221. 
Kxpandins  rope  pulleys.  Milne. 

Apparatus  for  raising  or  forcing  liquids.    Siemens  Bros.  Dynamo 

、Vorks  Ltd.,  and  Vornon.  lo468. 
Adj nstal)lo  shaft  couplings.    Bonlt.  15472. 
I  nt<M  iial  comlmstion  engines.    Boiilt.    ]  5473 

Aiiioin;itir  mechanic;' 1  safety  device  for  ruilwa v  trains.  Il;vvn. 

Dynamometers.  Hoonan  &  Froucle,  Ltd.,  and  Harrison.  lodUo. 
Nut  lock.    Sol".  M700. 

Production  of  metals  from  their    ores.      Harden,  and  Elocti'ic 

Furnaces  A:  Smelters,  Ltd.    1082 1. 
Dynamometers.    Walker.  1-584"). 

IMothod  or  process  of  treating  nickel  copper  nuittos.  McKoclmie 

and  Beasley.  15850. 
Moans  for  lubricating  shafts  und  axles.     I  llin^worth.    1  •!!)!)  1  - 
Atomisers  for  liquid-fuel  for  intern  a  1-comljust  ion  motors.  Lake. 

17299. 

Stea ni  generators.    、Viart.  17876. 

Apparatus  for  c'oiitroUiiig  engines  from  a  distance.  Hloxum. 
18215, 

Furnace  doors  and  fronts.    Bennis.  18323. 

Stonin   superheaters.    English,   Mills,   (V:   Haiman.    J 8(315. 

Uollor  hearings.    Ellis.  1944G. 

Indicating  niochanism  for  height  and  length  measu rin<r  doviccs. 

C.  V.  Biedenfeld  &  Co.  Ges.  19684. 
Valve  tappets  for  internal-combustion  engines.    Triumph  Cycl  ' 

Company,  and  Roberts.  20214. 
Lifting  or   propelling   devices.    Mottura   and    Demorra.  20728. 
Sand  moulding  machines.    Strettles.  2U)34. 
Grinding  machines.    Berridge  &  Powlesland.  219-58. 
Insulating  compositions.       British   Thomson-Houston  Company. 

21987. 

Governing  mechanism  for  elastic-fluid  turbines.  Warwick  Machinoi  v 

Company  (1908).  227(>8. 
Pressure-regulating   valves.    Cockburn  &   MacNicoll.  2284G. 
Sintering  of  fine  ore  mnterinl.    Gayley.  23038. 
Method  and  means  for  producing  tubes  from  blanks  by  drifting. 

Ehrhardt.  23373. 
Drill  mechanism.    Riley.  24390. 

Westinghouse  brake  apparatus.    Chuclleigh  &  F(>11.  2o2()3. 

Counter  sink  drills.    Broadbent  &  Aklerson.  25372. 

Railway  point  or  switch-operating  mechanism.     Shepherd,  and 

Shepherd  Automatic  Switch  Company.  25863 
Supplying  liquid  fuel  to  internal-combustion  engines.  ^IcKechnie. 

2(5227. 

Jim  ner  apparatus  for  spraying  liquid  fuel.    Middlemiss.  2057. 5. 
Adjusting  devices  for  rota ry  grinding  machines.    Luchv.  Loc  and 

Co.    Akt.  Ges.,  and  Warner.  27-58o. 
Steam  and  oil  separators.    Mitchell.  27909. 

Rotarv    distrilmtor    for    internal-combustion    engines.       So  nek. 
29293. 

1912. 

Starters  for  internal  coml>ustion  engines.    FitzGorald.    J 84. 
K;iil、、  a'v  signalling  appliances.    Jacques.  480. 
Bolt  holders  and  pipe  wrenches.    Schlehr  &  Consoor.  SU9. 
Exhaust  \al\-e  mechanism    for    central-exliaust    stuain  engines. 

Hargreaves  &  Bruce.  142-3. 
Kxhaiust  steam  accumulators.    Schmidt.  17(i8. 

Guseous  or  pulverulent  fuel  fittings  for  ('； ik'iiiiug  tiiriKU.'es.  Bier- 
hals.  2503. 

( l;i  rhm  otters  tor  intornal-com1)usti(>M  i'li^incs.    Boorcr.  3706. 
Plate- rolling  mills.    Alausel  &  >^("1(、1乂('《 ；， ss.  3723. 
Steam  accumulators.    Matthaei.  4130. 
Abrasive  files.    Notcutt.  5002. 
、Vat(T  t' 山 （' l)oilt»rs.     Yarrow.     (； (； 71 . 

>Vut()inatic    starting    devices    for    iiittTiinl  (■(>" 山 ii、tion  engines. 
Ja(>w.  0824. 

Gov(、riiiMg     median  ism     for     mixed  p  rcssurt*    oJi<j;iiios.  British 

I'bonison  1  loiiston  Coinpiiny.  ()833. 
A':u'i:il>l(、  s|xmh1  firing.    VolktMiin^;.  79(il. 

Apparatus  for  lulnicatin*;  crank  shaftK.    De  Coninck.  128(32. 
Slmiiig  o\  ； 、- l<>m、  pas.    Da  Ion. 


ELECTRICAL,  I9U. 

Klcctro Dia^iu^tic  switches.    Lake.  10841. 

I  nst;ill;iii(nis  tor  wiroless  telo^raphy.     Marcoai,  and  Marconi's 

Wireless  Telegraph  Company.  13020. 
'I，（  rmiii;ds  for  electric  storage  hattories.    Lake.  13*2(J(J. 
Telephone  systems.    Derrimaii.  lol33. 
Dynamos.    Priestley  &  A  Id  rod.  M390. 

Electric  arc  lights.    Gcnorjil  ( 'oTiiposin^  ( '(>nii"ui.y  Gos.    15  171. 
Automatic  tdcplioi"'  systems.      Telcplion   Apparat.    FaUrik  E. 

Zw  ictusch       ('(>.，  Gos. 
Wireless  -sigiialliiig.    Ei'slvinoM  iu  r;iy.    1  .">71  S. 

Apparatus  for  operating  valves  and  electric  switclios.  J.ainkin 

； m(l  Moad.    17 随 
lii(li(':iting    apparntus    tor    electrical    nioasurin^  iiistruiiRMits. 

Orchard.  193(53. 
Magneto  ignition  apparatus.    C.  &  E.  Fein.  ！ 20()1!J. 

1912. 

\'olt  registcM'i'ig  do\  ic(»s.     Barker.  217. 
I ntoirupt(ir  for  elcr-tric  ignition  of  i liter »k 

liloxliam.  !(；!)!). 
Sp;， rkiiig  pluus.     1  ] arhor.  01G2. 
I    I  it  inn  devices  for  internal  comltustioi.  ('iigim's. 
KU'cti'ic  arc  lights.    GoncMal  Composing  Company 


Ges.  8(J07. 


METAL  QUOTAIIONS. 

TUESDAY,  JULY  23rd. 

Aluminium  ingot  、,   75/-  per  cwt. 

"         wire,  according  to  sizes,  &c  from  102/—  " 

，，        sheets        ,，  ,，   ，  120/-  ,， 

Antimony   £27/10/-  to  £28/-/-  per  ton. 

Brass,  rolled    9]d.  per  lb. 

，，     tubes  (brazed)    1 1  Jd. ，， 

，,       ，，     (solid  drawn)   lOd.  " 

，，       ，,     wire   9Jd.  ,, 

Copper,  Standard   £78/15/-  per  ton. 

Iron,  Cleveland   57/-  " 

，, Scotch   63/9  „ 

Lead,  English    £10/-/-  ，， 

，， Foreign  (soft)    £18/10/-  ，， 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

，，  ，，  ,,       medium   3/6  to  6/-  ，， 

，，  ，，  ，，       large   7/6  to  11/- ，， 

Quicksilver   £8/10/-  per  bottle 

Silver   27Jd.  per  oz. 

Spelter    £2(i/-/-  per  ton. 

Tin,  block   £109/5/-  ，， 

Tin  plates   14/7i  ,， 

Zinc  sheets  (Silesian)   £29/5/- 

，，  (Stettin  ；  Vieille  Montagne)   £29/7/6  „ 


THE  WORLD'S  SHIPPING  LOSS. 

The  l'  statistical  summary  "  of  Lloyd's  Register,  of  vessels  (100 
tons  and  upwards)  of  all  nations  totally  lost,  condemned,  &c.， 
for  the  past  year  gives  us  a  good  idea  of  the  vastness  of  the 
shipping  of  the  world,  and  of  the  loss  that  is  continually 
taking  place.  The  gross  reduction  of  the  effective  tonnage  of 
the  mercantile  marine  of  the  world  was  last  year  884,843  tons, 
steam  and  sail.  Though  these  vessels  lost  are  for  the  whole 
of  the  maritime  nations  they  are  so  in  different  degrees,  for 
the  United  Kingdom  is  far  ahead  of  other  nations  as  an 
owner  of  shipping.  Dealing  only  with  the  steamships  it  may 
be  said  that  the  three  chief  steamship-owning  nations  and  the 
quantity  of  steam  tonnage  that  they  own,  are  as  under  ： ― 

Gross  tons. 

United  Kingdom    17,292,000 

Germany    4,092,000 

United  States    1,715,000 

Further,  the  United  Kingdom  has  an  interest  in  the  steajn- 
ships  owned  by  her  colonies,  which  have  in  the  aggregate  a 
tonnage  of  1,350,000  tons.  Though  the  loss  of  British  ship- 
ping is  naturally  the  greatest,  it  is  satisfactory  to  note  that 
the  proportionate'  loss  is  not  the  greatest.  The  United  King- 
dom had  for  the  past  year  a  loss  at  the  rate  of  1*08  per  cent, 
of  the  total  steam  tonnage  that  it  owns  ；  in  sailing  vessels,  the 
British  loss  was  at  the  rate  of  4*03  per  cent.,  whilst  amongst 
foreign  nations  it  rose  to  as  high  as  9*15  per  cent,  on  the  part 
of  Sweden. 
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UNITED  FLEXIBLE  METALLIC  TUBING  CO.,  Ltd. 

Works  :  PONDERS  END,  MIDDLESEX. 
Head  Office : 

112,  QUEEN  VICTORIA  STREET,  LONDON,  E.C. 


The  man  stood  on  the  boiler  top,  whence  all  but  he  had  flown, 
For  one  and  t&en  another  of  the  blessed  joints  had  blown  ； 
'Twas  there  we  found  him  swearing,  when  we  took  him  underhand, 
Now  a  smile  be'8  always  wearing,  he's  found  •，  NONLEAK  "  will  stand. 


WHY  NOT  WEAR  A  SMILEP 

NnNLTAK  Jointing 

llUllLCMIV  COMPOUND 

Will  Put  a  Stop  to  Leaking  Joints  &  Blow-outs. 


BRITISH  MA£Bl 


FBES  FROM  LEAD  I 

IMPROVES  WITH  AGE  t 


TESTING  SjLUPLBS. 


WlUb  NEVER  BLOW  OUT,  80AIjE,  OR  BOT. 

J.  E.  TURNER  &  C0.，  Ltd.,  ^ 隨 BR^onh^o^s. 
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The  Testing  of  Engines, 
Boilers,  &  Auxiliary  Machinery. 

A  Treatise  on  the  Construction  and  Use  of  the  Instruments 
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CONTENTS.— Tables  and  other  Data.  Mechanical  Aids  to  Calculation.  Measure- 
ment of  Pressure.  Measurement  of  Temperature.  Measurement  of  Speed. 
Measurement  of  Power  Output.  Measurement  of  Power  Input  with  Dynamometer. 
Measurement  of  Power  Input  with  Indicator.  Indicator  Bigs  and  Accessories. 
Hinta  on  the  Management  of  Indicators.  Analysis  of  the  Steam  Engine  Indicator 
Diagram.  Other  Features  of  Steam  Engine  Diagrams.  The  Adjustment  of  the 
«»de  Valve.  Internal-combustion  Engine  Diagrams.  Testing  Indicator  Springs. 
Measurement  of  the  Quality  of  Steam.  Measurement  of  Quantity  of  Steam  and 
Water.  The  Testing  of  Steam  EngineF.  Fuel  Testing.  The  Analysis  of  Flue 
Gasea.  Boiler  Teating.  The  Testing  of  Auxiliary  Machinery.  The  TestiDg  of 
Internal-combustion  Engines. 
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Anywhere  Abroad  ： ― 

17/6*  per  annum,  post  free.    Thin  paper  edition. 
， 21/-*  ，，  ，，  Thick  " 

*Foreign  Remittances  by  International  Money  Order  only. 
Note.— Direct  annual  subscriptions  include  a  Free  Copy  of 
Fowler's  "Mechanical  Engineers'  Pocket  Book" 
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Canada  as  a  Market  for  Engineering  Products. 

It  was  Sir  Wilfrid  Laurier,  we  believe,  who  described  Canada 
as  the  Twentieth  Century  Land.  The  phrase  has  stuck,  and 
not  merely  because  there  is  about  it  a  glamour  and  an 
optimism  which  appeal  to  Canadians,  but  because  the  outside 
world  recognises  that  there  is  at  least  a  possibility  that  the 
proph&cy  may  com,©  true,  and  recognising  this  is  discussing 
Canada  and  Canadian  business  with  very  great  earnestness. 
This  country  has  often  b&en  blamed  for  its  lukewarm  attitude 
towards  the  Canadian  market,  but  th-ere  are  evidences  that 
this  reproach  may  soon  pass.  Certainly  the  last  year  or  two 
has  witnessed  the  flow  of  a  good  deal  of  British  capital  into 
Canadian  businesses  and  investments,  and  also  an  increase  in 
the  number  of  British  firms  having  representatives  or  agents 
in  Canada.  Finally,  the'  scheme  for  a  Canadian  Navy  has 
b&en  the  caus©  of  several  British  firms  of  shipbuilders  making 
arrangements  to  establish  shipbuilding  yards  in  Canada. 
These  iiifluenoes,  strengthened  by  a  persistent  and  skilful 
emigration  policy  on  th©  part  of  the  Canadian  Government, 
have  brought  the-  possibilities  of  the  Canadian  market  well 
within  the  realm  of  practical  politics.  Engineers  are  not 
least  interested  in  the  Canadian  market,  because  a  new  country 
like  Canada  naturally  requires  a  great  deal  of  machinery  and 
is  scarcely  in  a  position  to  supply  most  of  it  from  its  own 
factories.  Turning  then  to  the  Canadian  market  for  engineer- 
ing products,  it  is  necessary  firstly  to  realise  that  the  Canadian 
market  is  not  all  on&.  Even  in  this  country  the  market  is  not 
quite  all  one,  and  geographical  and  other  conditions  make  it 
more  difficult  for  a  firm  to  obtain  a  footing  in  one  part  of  the 
country  than  in,  another.  Canada  is  so  much  bigger  than  this 
country  and  the  conditions  holding  in  one  part  so  often  diffe- 
rent from  those  in  another  that  English  firms  contemplating 
entering  the  Canadian  market  should  divide  it  into  sections 
and  select,  at  least  for  the  first  attack,  the  likeliest  section  or 
two  and  devote  their  energies  to  these  aloue.  For  general 
purposes  Canada  may  be  divided  into  four  sections.  On  the 
extreme  East  there  are  Uie  Maritime  Provinces  of  Nova  Scotia, 
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with  Prince  Edward  Island,  New  Brunswick,  and  Quebec. 
Newfoundland  is  politically  a  separate  country  and  in  many 
tvade>  respects  stands  alone-  also.  Stretching  from  Quebec  to 
the  prairies  is  Ontario,  sometimes  known  as  the  Middle-West, 
although  the  title  is  variously  applied.  From.  Ontario  to  the 
Rocky  Mountains  is  almost  unbroken  prairie  containing  the 
provinces  of  Manitoba,  Saskatchewan,  and  Alberta.  West  of 
Alberta  is  British  Columbia,  extending  to  the  Pacific  Ocean 
and  mostly  mountainous.  North  of  these  four  divisions 
extend  the  North-West  Territories  and  the'  Yukon,  but  excojvt 
for  the  goldfields  of  the  Yukon  tlie  British  engineer  need  not 
at  present  trouble  about  Northern  Canada. 

These  four  divisions  of  Canada  correspond  roughly  with  four 
great  market  territories.  These  markets  are  determined,  from 
tlie  British  engineer's  point  of  view,  not  only  by  their  distance 
from  thi&  country  and  by  the  general  character  of  their 
industries,  but  also  by  the  nearness  or  otherwise  of  our 
American  competitors.  The  United  States'  lies  to  tlie  south  of 
the  Canadian  markets,  but  on  the  Atlantic  coast  tlie 
geography  is  such  as  to  place'  all  but  the  nearer  American 
States  at  some  distance  from  the  Maritime'  Provinces  of 
Canada.  On  the'  other  hand,  Ontario,  except  the  extreme 
eastern  portion,  is'  favourably  situated  from  the'  American 
engineer  s  point  of  view.  The>  chief  engineering  works  of  the 
States  are  situated  in  the  Northern  State's  south  of  Ontario. 
The  whole  of  Canada  is  largely  agricultural  and  hence  the 
demand  for  engineering  products  is  largely  for  agricultural 
implements  and  farm  machinery.  Leaving  these:  for  the 
moment,  the  Maritime  Provinces  contain  several  mines  and 
one  or  two  iron  and  steel  works  of  note .  Moreover,  an  exten- 
sion of  the  shipbuilding  industry  seems  certain  in  the  near 
future.  Most  of  this  market  is  quite  accessible'  from  this 
country,  the  sea  voyage'  of  3,000  miles  not  being  a  very  expen- 
sive matter.  Moreover,  it  is  very  convenient  for  sending  a 
representative  over  or  conducting  a  correspondence,  both 
matt&rs  which  count  a  good  deal  and,  indeed,  often  turn  tlie 
scales  decisively.  In  many  respects,  therefore,  the  Maritime 
Provinces  and  tlie'  extreme  easterly  portion  of  Ontario  consti- 
tute' a  good  market  for  British  engineers  to  attack.  Ontario 
makes  a  good  market  because-  it  already  contains  many  large 
and  prosperous  industries,  including  iron  and  steel  works,  and 
promises  to  develop  further  along  these  lines.  Also  it  is 
moderately  accessible  from:  this  country.  On  the'  other  hand, 
our  American  competitors  are'  on  tlie'  doorstep  and  often 
possess  some  financial  interest  in  the  Canadian  businesses  they 
make'  quotations  to.  There  is  also  what  w©  may  call  the 
general  American  influence,  which  we  shall  consider  later. 
The  Ontario  market  thus  requires  more  judicious  consideration 
before  being  attacked  than  does  the  Eastern  market.  Tlie 
Prairie  market  naturally  calls  mainly  for  agricultural  machi- 
nery and  such  machinery  as  one  finds  in  electric  lighting,  water 
supply,  and  sewage  works  in  small  towns.  The'  Prairie  market 
is  tlie  most  difficult  for  British  firms'  to  handle,  but  if  it  can 
be  successfully  catered  for  it  promises  excellent  returns. 
Labour  is  scarce  and  every  farmer  employs  machinery  as  fully 
as  he  can  afford  to.  Gasolene  ploughs,  threshing  machines, 
and  wind-motor  pumps  are  very  common.  In  the'  towns,  too, 
a  surprising  amount  of  machinery  is  used.  All  but  the  very 
smallest  railway  stations  have  one  or  more  grain  elevators. 
Thus,  taking  the  Edmonton  branch  line  from  Calgary,  in 
Alberta,  the  last  of  the  prairie  provinces,  the  first  six  towns 
had  populations  (in  1911)  of  300，  350,  700，  1,000,  1,050,  and 
300，  and  the  numbers  of  grain  elevators  we're  respectively  two, 
three,  five,  four,  three,  and  one.  Similarly,  all  but  one  of  the 
six  towns  ( ！)  possessed  a  telephone  service  and  five  had  their 
own  newspapers.  Probably  by  tliis  time  the  sixth  has  fallen 
into  line  in  each  case.    When  a  town  attains  to  the  dignity 


of  a  thousand  inhabitants  it  calls  out  for  electric  lighting 
plant',  and  usually  is  not  long  before  it  gets  it.  For  this 
market  standardised  and  cheap  articles  are  n(、（'ess;u'y  if  su cress 
is  to  be  obtained,  and  in  this  type  our  American  rivals  are 
experienced.  Although  the  Prairie  Provinces  are  mainly 
agricultural,  there  are  of  course  other  industries,  especially  at 
Winnipeg,  Medicine  Hat,  Calgary,  and  Lethbridge,  whilst  in 
Alberta  there  is  promise  of  considerable  coal  mining.  British 
Columbia  approaches  most  nearly  to  England  in  its  climatic 
conditions  and  social  habits.  Also,  where  time  is  not  impor- 
tant, freight  favours  British  engineers  against  the  Americans, 
but  w  lie  re  time  is  important  goods  have'  to  be  transhipped  at 
the  Atlantic  seaboard  and  sent  overland  by  rail,  which  adds 
greatly  to  the  cost.  British  Columbia  agriculture  is  concerned 
largely  with  fruit  growing  and  calls  for  relatively  little  machi- 
nery, except  a  few  simple  farm  implements.  On  the  other 
hand,  the  mineral  wealth  of  the  province  is  very  great,  as  are 
also  the,  timber  resources,  and  these  two  fields  are'  now  being 
steadily  developed,  so  that  there  is  a  considerable  market  for 
moderately  heavy  engineering  as  well  as  for  general  appli- 
ances. Where  stocks  can  b&  carried,  sea  freights  on】y  need  be 
paid  and  costs  kept  down.  Apart  from  the  special  require- 
ments of  the  various  markets  some  general  considerations  may 
be  noted.  The  protectionist  policies  of  both  Canada  and  the 
United  States  give  us  an  advantage  over  both  countries  as 
regards  labour  charges  and  other  manufacturing  costs.  As 
against  this  we  have,  of  course,  to  meet  the  tariff  wall,  which, 
however,  is  higher  against  the  United  States  than  against  this 
country,  and  owing  to  the  facts  that  Canada  is  largely  agri- 
cultural and  is  developing  so  rapidly  she  must  for  some  time 
to  come  buy  machinery  very  largely  abroad.  Hence  there 
should  certainly  bo  a  market  for  British  products  in  some  of 
the  provinces.  On  the  other  hand,  it  is  important  to  bear  in 
mind  that  in  many  departments  of  engineering  American 
machinery  and  appliances  differ  considerably  from  British. 
Canada  is  both  geographically  and  economically  very  similarly 
situated  to  the  United  States,  and  hence  American  machinery 
tends  to  be  well  suited  to  Canadian  conditions.  Moreover, 
Canada  is  literally  fc&eming  with  Americans  and  the  whole 
country  is  permeated  with  American  industrial  ideas  and 
flooded  with  their  technical  literature.  British  engineers  who 
covet  the  Canadian  market  must  b&ar  this  in  mind,  and  where 
American  practice  differs  from,  ours  it  will  often  be'  necessary 
to  find  out  just  what  the  Canadian  prefers  and  then  to  make  it. 
The  Canadian  is  less  likely  than,  any  other  nationality  to  accept 
what  is  offered  unless  it  happens  to  be'  what  he  wants.  Canada 
is  a  white  man's  country.  It  is  primarily  an  agricultural 
country,  but  it  has  also  immense  mineral  and  industrial 
resources.  These  will  undoubtedly  be  developed 一 indeed  are 
being  developed 一 and  there  are  openings  in  Canada  for  new 
works  and  factories.  Already  several  British  firms  have 
arranged  to  build  works  or  to  take  a  technical  and  commercial 
interest  in  Canadian  firms,  and  tlies&  are  developments  which 
should  be  carefully  studied.  There  ar&  more  ways  of  benefit- 
ing from  a  great  and  expanding  market  than  by  setting  up  an 
agency,  and  these  other  ways  should  not  be  ignored. 


Motor  Mail  Vans. ― Th&  postal  authorities  have  decided  to 
replace  the  horse  mail  now  used  for  town  purposes  by 
specially-constructed  motors,  while  heavier  vehicles  of  a 
similar  type  are  being  prepared  for  the  carriage  of  mails 
b&twe&n  the  Metropolis  and  many  important  towns  in  the 
home  counties.  By  way  of  oxperinient,  capacious  vans  have 
been  running  between  St.  Martin's-le-Grand  and  Brighton  for 
some  time  past,  and  so  successfully  that  100  new  vehicles  are 
ready  for  use  in  other  districts.  Tliey  will  be  kept  going  (lay 
and  】iig】it，  and  are'  expected  to  cover  something  like  a  million 
miles  per  year. 
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THE  SECOND  LAW  OF  THERMODYNAMICS.* 

BY  CHAKLES  l\   STE1NMETZ,  CHIEF  CONSULTING  ENGINEEK, 
GENEKAL  ELECTKIC  COMPANY. 

The  second  law  of  theriiiodynamics  may  be  expressed  in  the 
form  :  "'  In  any  cyclic  process,  the  sum  total  of  unavailable 
heat  energy  increases."  Thus,  if  we  transform  electrical  to 
mechanical  energy  and  backwards,  we  do  not  get  back  the  total 
amount  of  energy,  but  some  of  it  is  converted  into  heat.  Of 
this  heat  energy  at  least  a  part  can  never  be  re-transformed 
into  auy  other  form  of  energy,  i.e.,  it  has  become  unavailable. 
Or  the  law  may  be  expressed,  "Without  expenditure  of  some 
other  form  of  energy,  beat  flows  only  from  higher  to  lower 
temperature  '，  ：  that  is,  from  a  higher  heat  level  to  a  lower 
heat  level.  In  this  form  the  law  is  easiest  to  grasp  ；  just  as 
wat^r,  without  expenditure  of  outside  energy,  flows  only 
from  higher  to  lower  level. 

The  result  thereof  is  that  the  total  heat  energy  can  never 
be  used  in  auy  case :  but  that  amount  which  is  still  heat- 
energy  when  the  lowest  beat  level  or  temperature  lias  been 
reached  cannot  be  transformed  except  by  the  use  of  additional 
energy,  '••。，  it  has  become  unavailable.  Thus,  of  the  total 
beat  energy  in  the  superlieated  steam  issuing  from  the  boiler, 
only  that  corresponding  to  the  temperature  range  from  ad- 
mission temperature  to  the  temperature  cf  surrounding  s】）a('e 
can  be  used  :  but  the  much  larger  amount  of  heat  energy 
which  is  still  contained  in  the  steam  exhausting  into  the 
condenser  at  atmospheric  temperature  is  unavailable. 

To  some  extent  availability  is  relative.  The  heat  energy 
in  the  steam  exhausting  into  the  condenser  at  atmospheric 
temperature,  which  is  unavailable  under  ordinary  conditions, 
would  be  available  in  part  if  we  could  exhaust  at  the  tem- 
perature of  liquid  air  ；  and  of  the  beat  energy  remaining  in 
the  exhaust  at  liquid  air  temperature,  a  further  part  could 
be  transformed  by  exhausting  at  the  temperature  of  liquid 
hydrogen,  <fec.  Even  between  the  limits  of  atmospheric  tem- 
perature appreciable  variations  of  available  energy,  and  with 
it  differences  in  the  efficiency  of  steam  turbines,  &c.，  are 
noticeable.  However,  the  total  heat  energy  could  be  made 
available  only  by  dropping  down  to  the  absolute  zero  of  tem- 
perature, and  as  this  canuot  exist,  all  the  energy,  which  is 
still  heat  energy  at  the  minimum  temperature  of  the  uni- 
verse, has  become  absolutely  unavailable,  i.e.,  it  can  never  be 
used  without  the  expenditure  of  some  other  form  of  energy. 

An  analogy  is  given  by  water  power.  Of  the  energy  of  a 
watercourse,  only  that  represented  by  the  difference  in  height 
between  the  upper  level  and  the  lower  level  is  available  at  the 
point  of  development.  However,  some  miles  distant,  a  still 
lower  level  may  exist,  and  further  hydraulic  energy  made 
available  by  it:  but  finally  the  ocean  level  is  reached .  Here 
the  water  still  contains  an  enormous  amount  of  gravitational 
energy 一 that  corresponding  to  its  distance  from  the  centre 
of  the  earth.  This,  however,  is  now  absolutely  unavailable, 
since  no  lower  level  exists  into  which  the  water  can  be  dis- 
charged, and  outside  energy  would  have  to  be  expended  to 
make  such  a  lower  level.  '  * 

The  result  of  this  functioning  of  the  second  law  of  ther- 
Hiodynamics  is  that  the  temperature  crests  in  the  universe 
are  levelled  off,  the  temperature  valleys  filled  up,  the  amount 
of  unavailable  heat  energy— that  below  the  bottom  of  the 
temperature  valleys ― is  increased  ;  in  other  words,  the  tem- 
perature of  the  universe  tends  towards  a  uniformity,  at  which 
all  the  heat  energy  has  become  unavailable.  The  tempera- 
ture diflerences  in  the  universe  are  thus  maintained  only 
through  the  expenditure  of  other  forms  of  energy,  and  other 
energy  is  thus  continuously  poured  into  the  gulf  of  heat 
energy  in  producing  available  heat  energy  through  tempera- 
ture differences,  which  again  are  continuously  levelled  off  and 
the  heat  energy  】nade  unavailable  by  the  functioning  of  the 
second  law  of  therniodynaiiiics  ；  but  no  return  path  exists 
from  the  unavailable  heat  energy  to  other  forms  of  energy. 

The  outcome  of  this  unidirectional  transformation  law 
must  be  that  finally  all  the  other  forms  of  enerj^y  will  have 
been  converted  into  heat  energy,  and  all  the  heat  energy  have 

*  From  tbe  u  General  Klcctric  Jlcviuw,''  Schenectady. 


assumed  a  uniform  temperature  level,  Le.y  become  unavail- 
able. This  means  that  all  the  energy  of  tlio  universe  must 
finally  be  converted  to  unavailable  licat  energy,  and  if  the 
second  law  of  thennodyiianiics  holds  universally,  no  return 
exists  from  this  state  ；  henco,  the  universe  must  finally  run 
down,  just  like  a  clock.  All  energy  transformation  will  stop, 
i.e.,  all  motion  will  cease,  and  the  universe  will  be  dead.  The 
energy  will  still  be  there 一 the  law  of  conservation  of  energy 
will  not  have  been  ofTended —— but  as  unavailable  heat  the 
energy  will  be  dead.  It  is  true  that  if  we  define  energy  as 
that  entity  which  can  do  work,  it  is  questionable  whether  the 
unavailable  heat  energy  of  the  dead  universe,  which  can  never 
do  any  work,  ran  still  correctly  be  called  energy. 

The  second  law  of  thennodynaniics  is  well  founded  on  our 
experience.  The  reasoning  from  this  law  as  to  the  death  of 
the  universe  is  logical.  At  the  same  time,  the  conclusion 
that  the  universe  must  run  down  is  not  reasonable.  If  the 
universe  is  eternal,  has  existed  since  infinite  time,  then  it 
should  have  run  down  an  infinite  time  ago.  But  if  it  is  not 
eternal,  but  had  a  beginning,  what  was  before  ？  How  could 
energy  begin  without  offending  the  first  law,  that  of  the  con- 
servation of  energy  ？  Thus,  in  the  final  reasoning,  we  arrive 
at  a  contradiction. 

The  explanation  may  be  either  that  we  have  attempted  to 
reason  beyond  the  limits  of  the  capacity  of  the  human  mind, 
which,  being  finite,  always  fails  in  the  attempt  to  reason  into 
the  infinite,  or  it  may  be  that  the  second  law  of  thermo- 
dynanncs  is  not  of  universal  application,  is  not  a  general  law 
of  Nature,  but  is  of  limited  application  only.  In  the  follow- 
ing pages  I  wish  to  show  that  the  latter  is  the  case.  A  single 
exception  obviously  would  be  sufficient  to  show  that  the 
second  law  of  thermodynamics  is  not  a  universal  law,  and  that 
the  conclusions  regarding  the  death  of  the  world,  based  on 
this  law,  are  thus  not  justified.  As  the  thermodynamics  of 
gases  is  far  simpler  and  more  completely  known  than  any 
other  branch  of  thermodynamics,  it  would  offer  the  most  pro- 
mising field  of  study. 

The  kinetic  theory  of  gases  is  probably  as  fully  and  con- 
clusively proven  as  anything  can  be  by  the  inductive  method 
of  science.  According  to  this  theory,  the  heat  energy  of  a 
gas  is  the  mechanical  energy    of   the    irregular  molecular 

motion :  The-^-  ///  v~  of  the  molecules  and  the  atoms  in  the 

molecules.  The  second  law  of  thermodynamics,  then,  is  noth- 
ing but  the  application  ―  tbe  natural  consequence  of  the 
operation ― of  the  law  of  probability.  If  we  bring  together 
two  gases  of  different  kinetic  molecular  energy,  i.e.,  of  dif- 
ferent temperature,  such  as  a  litre  of  air  at  30°  C.，  and  a 
litre  of  air  at  10°  C,  in  such  a  way  that  the  molecules  can 
exchange  their  motion,  i.<\t  heat  can  flow  between  the  gases, 
it  is  obvious  that,  in  an  interchange  of  velocity  between  the 
molecules,  one  having  a  velocity  above  the  average  is  more 
likely  to  lose  than  to  gain  velocity  :  a  molecule  with  less  than 
average  velocity  is  more  likely  to  gain  than  to  lose  velocity . 
The  result  of  the  interchange  of  velocity ― or  rather  of  kinetic 
energy,  in  accordance  with  the  laws  existing  between  bodies, 
probably  the  law  of  gravitation ― thus  is  an  averaging  of  the 
kinetic  energy,  i.e.,  an  equalisation  of  the  temperature ― in 
the  above  instance  to  20°  C.  for  both  litres  of  air.  However, 
the  result  of  the  operation  of  the  law  of  probability  cannot 
be  a  perfect  equalisation  of  the  molecular  energies  so  that 
all  the  molecules  have  exactly  the  same  energy,  but  some- 
times a  fast  molecule  may  still  gain  energy ― although  it  is 
】nore  probable  to  lose ― or  a  slow  molecule  may  lose.  The 
result  thus  would  be  a  distribution  of  the  kinetic  energies 
between  all  the  molecules  in  accordance  with  the  probability 
law  ；  and  the  temperature  then  represents,  or  is,  the  average 
kinetic  energy  of  the  molecules ― is  represented  by  an  average 
iiiolecular  velocity.  This  is  the  velocity  found  most  fre- 
quently amongst  the  molecules :  but  all  higher  and  lower 
velocities  exist,  becoming,  however,  more  and  more  rare 
the  further  they  differ  from  the  average  velocity,  in  accord- 
ance with  the  probability  law. 

Causing  heat  to  flow  from  a  lower  to  a  higher  temperature, 
then,  means  separating  the  faster  from  the  slower  molecules. 
Experience,  expressed  by  the  secoud  law  of  thermodynamics, 
says  that  this  can  be  done  only  by  the  expenditure  of  outside 
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energy.  H(>w('vt'r，  such  a  separation  of  the  fast  from  the  slow 
molecules  without  expenditure  of  outside  energy  would  in  no 
way  contradict  the  law  of  conservation  of  energy,  as  Maxwell 
lias  shown.  Assume  that  we  have  a  volume  of  gas  at  constant 
temperature ― the  two  litres  of  air  at  20°  C.  resulting  from 
the  previous  illustration ― and  have  a  partition  to  divide  tli(、 
gas  volimie  in  two  parts.  This  partition  may  be  perforated 
by  numerous  minute  doors,  which  we  asume  to  have  no  weight 
； m(l  to  move  without  friction,  so  that  no  energy  is  required  to 
o})en  and  close  them.  Assume  now  tliat  at  every  such  door  we 
place  a  demon,  who  opens  the  door  whenever  a.  fast  molecule 
<-«>iiies  from  the  right,  or  a  slow  】noIec:ule  from  the  left,  and  lets 
this  molecule  through  ；  but  does  not  open  the  door  for  a  slow 
liiokculc  from  the  right  or  a  fast  molecule  from  ilie  l(、'ft.  The 
result  would  then  be  that  gi-i dually  the  fast  nioloculos  would 
accuinulato  iu  the  left,  and  the  slow  molecules  in  the  ri^lil 
section  of  the  space ；  that  is,  without  expenditure  of  outside 
energy,  but  through  the  intelligence  of  the  (lemons,  heal 
energy  would  flow  from  the  lower  temperature  on  tlie  right 
to  the  higher  temperature  on  the  left  side  of  the  part  it  ion , 
against  the  second  law  of  thermodynainics. 

Now  these  demons  exist  in  Nature.  Every  cosmic  body  is 
such  a  demon,  and  separates  the  fast  from  tlie  slow  mol('(  uh's， 
keeping  the  latter  and  sending  the  former  out  into  s]>are,  and 
thereby  causing  lieat  energy  to  flow  into  space  at  a  tempera- 
ture far  above  its  own  temperature.  Consider,  for  instance,  our 
earth.  In  the  uppermost  regions  of  the  atmospliere,  assume  a 
molecule  which  happens  to  be  moving  in  an  upward  direction, 
and  does  not  happen  to  approach  another  molecule  so  closely 
that  its  direction  of  motion  is  changed.  Such  a  molecule  will 
move  upwards,  until  its  motion  is  stopped  by  the  force  of 
gravity,  by  the  attrpction  of  the  earth,  when  it  falls  back 
again.  If，  however,  the  upward  velocity  of  the  molecule  is 
sufficiently  high ― above  a  certain  critical  value ― then  this 
molecule  escape®  from  the  attraction  of  the  earth  into  space, 
and  never  comes  back.  This  critical  velocity  at  which  a 
molecule  escapes  from  the  earth  is  1 1 ,000  ni.  per  second . 
Assuming  ih©  average  velocity  of  the  molecules  of  the  air, 
corresponding  to  an  average  terrestrial  temperature  of  10°  C.， 
or  283°  absolute,  as  750  m.  per  second,  then  the  velocity 
of    1 1,000   metre-seconds    corresponds  to  a  temperature  of 

283  X  (11'QQ°)'  =  60,000°  C.    That  is,  the  molecules  which 
\  7d0  ) 

tlie  earth  sends  out  into  the  universe  have  a  kinetic  energy 
rorresponding  to  a  t&niperature  of  60,000°  C.  ；  or,  as  w&  may 
say,  by  the  escape  of  these  molecules  heat  energy  flows  from 
the  temperature  of  the  earth,  10°  C,  into  a  temperature 
of  60,000°  C.  1 

This  brings  up  an  interesting  feature.  Since  the  tempera- 
ture of  the  earth  steadily  decreases  with  increasing  altitude, 
we  usually  think  of  cosmic  space  as  extremely  cold ― near  the 
absolute  zero  of  temperature.  Empty  space  obviously  has  no 
temperature,  since  temperature  is  an  attribute  of  the  matter 
in  space.  Judging  the  temperature  of  cosmic  space  by  the 
kinetic  energy  of  the  molecules  which  have  escaped  into  space 
from  the  larger  cosmic  bodies  and  which  traverse  space  in 
irregular  motions,  we  would  be-  led  to  the  conclusion  that,  far 
from  being  extremely  low,  it  would  on  the  contrary  he  of  an 
inconceivably  high  value,  probably  several  hundred  thousand 
degrees  centigrade.  This  conclusion  would  better  agree  also 
with  the  very  simple  line  spectra  of  gaseous  matter  in  space, 
as  shown  by  the  nebulae. 

We  may  ask,  however,  whether  the  kinetic  energy  of  a 
inolo cule  which,  due  to  its  high  velocity,  has  escaped  into 
cosmic  space,  can  still  be  considered  as  heat  energy.  Heat 
energy  is  the  kinetic  energy  of  irregular  molecular  motion - 
Tlie  difference  between  the  heat  energy  of  a  gas  and  mechani- 
cal energy  thus  lies  in  the  irregularity  of  the  motion  and  the 
size  of  the  moving  particles,  which  is  such  that  only  the  re- 
sultant  effect  of  the  mechanical  inotions  of  large  numbers  'of 
moving  particles  can  be  perceived.  Irregularity  of  motion , 
however,  is  relative  :  for  if  we  consider  a  single  molecule 
wliich  lias  escajXHl  into  space  by  reason  of  its  high  velocity, 
we  cannot  attribute  any  irregularity  to  its  motion.  That  is 
to  say,  its  kinetic  energy  cannot  lurt licr  considered  as 
heat  ciM-rgy  ；  ljut  tlie  kinetic  energy  of  the  uiolecule,  which 


was  heat  energy  while  the  molecule  moved  in  a  inass  of  gas  to- 
gether with  other  molecules,  is  inecbanical  energy  of  coHinic 
】uotimi，  and  the  molecule  is  a  cosmic  body  traversing  space 
under  the  laws  of  gravitation,  hut  not  ^subject  any  】n()re 
to  the  law  of  probability  of  】iiass  action,  i.e.,  to  t  he  second  law 
of  thermodynamics- 

This  brings  us  to  the  question  of  the  limitation  of  i  he 
conception  of  heat  energy,  but  for  this  purpose  we  do  not 
need  to  go  to  cosmic  space.  If  we  consider  the  vhcuudi  tube, 
and  go  to  the  highest  vacua ― the  cathode  ray  vacuunt  and 
beyond ― the  distances  between  tlie  moleoules  become  so  large 
that  tlie  free  path  of  each  molecule  becomes  apj)reciablo,  and 
the  action  of  the  kinetic  energy  of  the  individual  molecule 
l)prmn(、s  noticeable.  But  as  soon  as  this  is  the'  case',  tlie  kinet  ic 
energy  of  tlio  molecule  cannot  well  be  considered  as  lu^ii 
energy  any  more,  and  tlie  laws  of  thermodynamics,  wliicli, 
after  ； ill,  arc  t lio  laws  of  probability  of  a  mass  of  niovin^ 
bodies,  begin  to  fail  in  their  application.  Thus  Crookes  pro- 
posed to  recognise  this  condition  of  a  high  vacuum,  where  the 
molecules  act  as  individuals,  as  a  fourth  state  of  matter.  This 
a^ain  throws  a  sidelight  on  the  question  of  the  temperature 
of  the  cathode  ray  tube,  or  the  mercury  arc,  in  a  vacuum. 
At  these  very  high  vacua  we  may  say  that  we  cannot  speak  of 
a  temperature  at  all,  and  heat  energy,  as  the  resultant 
mechanical  energy  of  molecular  motion,  ceases  to  exist  with 
the  separation  of  the  molecules  to  such  distances  tliat  their 
result ;mt  rlFt'ct  vanishes  when  compared  with  their  indi- 
vidual actions.  When,  however,  the  kinetic  molecular  energy 
ceases  to  be  heat  energy,  the  second  law  of  therniodynamics, 
wliicli  is  the  application  of  the  law  of  probability,  also  ceases. 

Spontaneously,  heat  energy  flows  from  a  higher  to  a  lower 
temperature,  until  equality  of  temperature  is  reached,  and 
】nost  methods  of  temperature  measurements  are  based  on  this 
law.  However,  even  this  law  is  correct  only  within  certain 
limitations.  For  instance,  in  the  atmosphere  of  our  earth, 
where  there  is  continuous  interchange  of  lieat  energy  and 
the  air  is  never  at  rest,  nevertheless  no  equalisation  of  tem- 
perature occurs,  and  there  is  no  tendency  to  a  condition  of 
equilibrium  at  constant  and  uniform  temperature ― the  coiuli- 
tion  of  equilibrium  is  a  definite  and  very  decided  decrease  of 
temperature  with  increase  of  altitude.  If  we  assume  that  no 
heat  energy  is  supplied  to  or  withdrawn  from  our  atmosphere, 
and  that  the  atmosphere  is  very  thoroughly  mixed  so  as  to 
reach  equilibrium  condition,  then ― if  for  a  moment  we  leave 
out  of  consideration  the  effect  of  condensation  of  moisture ― 
the  equilibrium  condition  would  be  a  uniform  decrease  of 
temperature  with  increasing  altitude,  down  to  the  absolute 
zero  of  temperature  at  an  altitude-  of  about  29  km.  (about 
18  miles).  As  function  of  the  altitude,  the  theoretical 
equilibrium  condition  of  temperature,  air  pressure,  and  air 
density,  assuming  10°  C.  as  surface  temperature.  The 
reason  for  this  is  obvious.  In  the  equalisation  of 
temperature,  whether  by  the  】nolecules  in  bulk,  in  air 
currents,  or  by  the  motion  of  individual  molecules  in  In1  at 
conduction,  any  upward  motion  of  a  molecule  is  acconipanied 
by  a  retardation  due  to  the  attraction  of  the  earth,  and  there- 
by a  decrease  of  kinetic  molecular  energy,  i of  temperature. 
Any  downward  motion  is  accompanied  by  an  acceleration  by 
gravity,  and  consequently  by  an  increase  of  kinetic  molecular 
energy  and  therefore  of  temperature,  and  equality  of  tem- 
perature throughout  the  entire  atmosphere  is  thus  impossible 
with  freely  moving  molecules  :  the  theoretical  condition  of 
equilibrium  is  the  temperature  distribution  with  the  altitude, 
in  accordance  with  the  ad  i  aba  tic  law. 

In  accordance  with  this  theoretical  law  of  aiinosjjlicnV 
equilibrium,  the  atmosphere  would  have  a  finite  limit  at  about 
29,000  m.,  at  which  limit  air  pressure,  density,  and  tempera- 
ture fall  to  zero.  We  know,  however,  that  an  appreciable 
atmosphere  extends  very  far  beyond  these  limits,  and  for  the 
upper  regions  of  the  atmosphere  this  theoretical  law  of 
equilibrium  thus  fails.  However,  this  equilibrium  condition 
is  based  on  thermodynamic  relations,  i.e.y  is  that  correspond- 
ing to  the  average  velocity  of  the  air  molecules.  The  mole- 
cules wliich  have  a  higher  velocity  than  the  average  corre- 
sponding to  the  temperature  are  capable  of  reaching  up  to 
corres])ondiugly  higher  altitudes ― beyond  those  that  would 
limit  the  extent  of  tlio  at-mosphcrc  if  all  its  niolocu]e«  ]iad  tlie 
same  average  velocity.    Thus,  even  in  our  own  atinasj)licre, 
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and  without  going  beyond  it  into  cosmic  space,  the  law  of 
gravitation  is  doing  the  work  of  Maxwell's  demons  in  separat- 
ing the  faster  and  the  slower  molecules,  and  collecting  the 
former  in  the  higher  regions  of  the  atmosphere.  Thus  the 
second  law  of  thermodynamics  does  not  apply  to  the  atmo- 
sphere of  the  earth,  since  kinetic  molecular  energy  is  trans- 
ferred from  the  regions  of  lower  molecular  energy  to  the 
regions  of  higher  energy  ；  that  is,  heat  energy  flows  from 
lower  to  higher  temperature,  or,  rather,  flows  against  the 
thermodynamic  temperature  equilibrium.  Furthermore,  this 
phenomenon  is  not  beyond  the  limits  of  heat  energy ― that  is, 
in  the  range  where  the  molecules  act  as  separate  masses ― and 
their  kinetic  energy  thus  is  not  heat  energy  but  mechanical 
energy.  In  the  present  case,  however,  the  phenomenon  applies 
to  the  resultant  kinetic  molecular  energy,  that  is,  to  the  tem- 
perature. The  average  kinetic  energy,  and  thus  the  tempera- 
ture of  the  upper  regions  of  the  atmosphere,  must  be  higher 
than  that  which  corresponds  to  the  theoretical  thermo- 
dynamic equilibrium. 

Thus  we  are  led  to  the  conclusion  that  the  second  law  of 
thermodynamics  is  not  a  universal  law  of  Nature,  but  applies 
only  wdthin  the  limited  range  of  thermodynamic  engines  from 
which  it  has  been  derived.  It  does  not  apply  to  the  universe 
as  a  whole  ；  and  the  conclusions  derived  from  it,  that  the 
universe  must  finally  come  to  a  standstill,  are  not  justified. 


ELECTRIC  FURNACE  FOR  NON-FERROUS  METALS. 

An  electric  furnace  for  melting  brass,  drosses,  scrap  metals, 
and  other  non-ferrous  metals  and  alloys  which  is  novel  in 
design,  as  it  is  a  combination  of  the  arc  and  resistance  types, 
has  been  developed  by  the  Pittsburg  Electric  Furnace  Com- 
pany, Pittsburg.  The  furnace  is  the  invention  of  R.  S. 
Wile,  general  manager  of  this  company.  The  original  furnace 
was  of  the  stationary  type  and  was  used  for  smelting  tin 
drosses.  A  tilting  furnace  also  is  built  which  embodies  the 
same  principles  of  operation  as  the  stationary  melting 
medium.    The  tilting  furnace^  is  illustrated  in  Fig.  1. 


Fig.  1.— Sectional  Views  of  Electric  Furnace  for 
NON-FEititous  Metals. 


Four  carbon  electrodes  are  used,  two  extending  through 
tlie  bottom  of  the  furnace  and  the  other  two  entering  through 
the  top.  When  preparing  to  make  a  heat,  the  furnace  is 
partially  filled  with  broken  glass  and  the  carbon  electrodes  are 
arranged  so  that  they  almost  come  in  contact  with  each  other. 
An  arc  is  thus  formed,  which  soon  melts  the  glass  surrounding 
it.  The  glass  in  its  molten  state  becomes  a  conductor  of  the 
electric  current,  notwitlistanding  the  fact  tliab  previous  to 
melting  it  is  a  non-conductor.  After  the  glass  has  been 
melted  tlie  electrodes  are  drawn  apart  and  the  current  passes 
through  the  entire  glass  bath,  heating  it  to  a  high  tempe- 
rature, the  glass  becoming  exceedingly  fluid.  The  electrodes 
then  are  moved  farther  apart  and  the  glass  is  maintained  in 
a  fluid  condition.  By  this  means  all  tlie  resistance  offered  to 
the  passage  of  the  current  by  the  glass  serves  to  heat  it  and  to 
maintain  it  in  a  molten  state.  Until  the  glass  is  in  this  fluid 
condition  no  metal  is  charged  into  the  furnace. 

When  the  glass  bath  has  reached  a  high  temperature  the 
metal  is  charged,  and,  owing  to  the  difference  in  specific 
gravities  and  the  fluidity  of  the  glass,  the  metal  sinks  to  the 
bottom  of  the  furnace.  Tlie  glass  serves  in  addition  as  a 
covering  and  completely  protects  the  metal  from  oxidation, 
thereby  reducing  the  loss  to  a  minimum.  The  glass  is  the 
resistance  material  for  lieating  tlie  charge  and  also  protects 
the  metal.    Any  kind  of  scrap  glass  can  be  employed,  broken 


bottle's,  window  glass,  &c.，  being  equally  effective.  Nor  is  it 
necessary  to  make  a  new  charge  of  glass  every  time  a  heat  is 
tapped.  Tests  have  proved  that  the  glass  can  be  used  for 
several  months  of  continuous  work  and  when  a  new  charge  of 
glass  is  to  be  made,  the  molten  glass  is  poured  from  tlie  tilting 
fu mace  or  is  tapped  out  of  the  stationary  furnace. 

At  Connellsville,  Pa.,  two  stationary  furnaces  liave  Ijwi 
installed  for  melting  tin  drosses  and  slags.  This  tyjx1  oi' 
furnace  is  reconimeiuled  for  large  melts,  but  for  small  lieats 
the  tilting  furnace  has  proved  exceedingly  advantageous. 
The  stationary  furnace  is  built  of  firebrick,  but  it  is  essential 
to  have  a  highly  refractory  lining  to  withstand  the  hi^li  tem- 
perature and  corrosive  action  of  the  molten  glass  and  metal. 
Chrome  brick  has  given  the  best  results.  This  brick  is  not 
only  refractory  and  non-corrosive,  but  it  also  successfully 
withstands  sudden  changes  of  temperature.  This  is  a  feature 
of  importance  in  the  intermittent  use  of  tlie  furnace,  as  the 
repeated  cooling  and  heating  cause  the  brick  to  crack .  The 
electric  current  used  may  b©  either  direct  or  alternating, 
110  or  220  volts.  At  220  volts  the  charge  of  glass  melts  more 
rapidly  at  the  beginning  of  a  heat,  but  after  the  melting  lias 
begun  the  110  volt  current  gives  practically  as  good  results. 
Carbon  electrodeiS  are  used. 

The  tilting  furnace  is  equipped  with  the  same  】nelting 
arrangement  as  the  stationary  furnace,  with  the  exception 
that  it  is  arranged  to  tilt  to  permit  of  easy  pouring.  For 
smelting  drosses,  scrap  metals,  &c.，  tli©  stationary  furnace 
gives  excellent  results,  awing  to  the  large  quantities  that  are 
to  b©  treated.  The  tap  hole  is  plugged  with  an  iron  bar,  and 
when  the  m-elting  operation  is  completed  the  bar  is  pulled  out. 
The  stationary  furnaces  are  constructed  in  sizes  up  to  20  tons 
capacity,  while  the  tilting  types  are  made  in  various  sizes  up 
to  l,0001bs.  a  charge.  If  the  voltage  of  the  current  is  suffi- 
cient two  furnaces  may  be'  connected  in  series  and  a  corre- 
sponding economy  in  current  may  be  obtained.  The 
temperature  of  the  molten  glass  may  be  increased  to  5,500° 
Pah.,  if  necessary,  without  injury  to  t\\e>  lining. 

A  furnace  melting  a  charge  of  2001bs.  of  brass  will  consume 
approximately  22  kw.  of  current  at  100  volts.  By  connecting 
two  furnaces  in  series  a  higher  voltage  may  be  employed  or  the 
current  can  be  cut  down  by  a  rheostat  ；  if  necessary,  a  larger 
furnace  can  be  u&ed.  From  a  2001bs.  furnace  a  heat  of  this 
size  can  be  poured  in  30  minutes.  A  5001bs.  furnace  consumes 
32  kw.  and  a  l，0001bs.  furnace  will  melt  a  ton  of  brass  every 
hour  and  if  run  continuously  will  consume  about  68  kw.  in 
melting. 

As  the  metals  are  constantly  covered  with  the  molten  glass, 
tlie  losses  from  oxidation  are  exceedingly  low.  In  melting 
dirty  brass  scrap,  such  as  sweepings  and  ^rindings,  the  loss  has 
been  kept  as  low  as  1^  per  cent.  This  is  based  on  the 
estimated  amount  of  actual  metal  in  tlie  scrap.  The  loss  on 
new  metals  has  been  as  low  as  0.33  per  cent. 


Large  Hydro-electric  Generators. ― The  "  Electric  Review  and 
Western  Electrician  '，  gives  some  particulars  of  a  large  hydro- 
electric generating  unit  which  is  to  be  installed  in  a  station  at 
Keokuk  on  the  Mississippi.  The  station  will  have  an  ultimate 
capacity  of  300,000  h.p.  and  energy  will  b&  supplied  at 
110,000  volts  to  St.  Louis,  a  distance  of  135  miles,  as  well  as 
to  other  neighbouring  towns.  Each  turbine  and  generator 
will  form  an  independent  unit.  Each  wheel,  mounted  on  a 
vertical  shaft  25in.  diam.  in  a  spiral  chamber,  21ft.  3in.  diam.， 
and  moulded  in  the  concrete  substructure,  will  operate  at  a 
constant  speed  of  57*7  revs,  per  minute  and  will  have  a  normal 
capacity  of  10,000  h.p.  The  generators  are  to  be  installed  on 
top  of  the  wheel  pits  directly  over  the  turbines  and  will  be 
direct-connected  to  the  vertical  wheel  shafts  by  forged  steel 
flanged  couplings.  Three-phase  current  will  be  generated  at 
11,000  volts.  Direct-current  excitation  for  these  generators 
will  be  supplied  by  100  kw.  motor-generator  sets,  for 
which  the  operating  current  will  be  secured  from  a 
2,000  kw.  alternating-current  waterwheel-driven  generator. 
Eight  water-cooled  110,000-volt  transformers  will  be 
installed  for  stepping  up  the  voltage  of  the  current 
for  distribution  over  the  high-tension  transmission  lines 
of  the  company  to  distant  points.  The  rotors  of  the 
generators  operating  at  low  speed  account  in  a  measure  for  the 
great  size  of  the  machines  for  their  rated  capacity.  The 
generators  measure  32ft.  diam.  by  12ft.  high,  and  the  total 
weight  of  each  machine  is  nearly  300  tons. 
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MANUFACTURE  AND  TREATMENT  OF  STEEL  FOR  GUNS, 

BY  GENERAL  L.  CUBILLO. 

(Concluded  from  page  111.) 
Heat  Treatment. ― Before  proceeding  further,  it  will  be  con- 
venient to  consider,  at  this  point,  the  heat  treatment  most 
appropriate  for  gun  steel.  The  st&el，  liaviii*;  been  cast  in  a 
mould  of  truncated  cone  shape ,  requires,  of  course,  to  be 
forged,  in  order  to  give  to  the  gun  or  part  of  the  gun  the 
required  form,  which  is  always  that  of  either  a  hollow  or  a 
solid  cylinder,  of  varying  lengtli,  witli  different  diaineters  out- 
side, and  sometimes  also  inside.  The  aniiealiii^  after  the  forc- 
ing, the  hardening ― or  liardeniii^s,  if  it  is  necessary  to  liar  den 
more  than  once ― and  the  subsequent  tempering  or  teni])erings, 
constitute1  the  series  of  heat  treatment  processes  given  to  the 
steel  for  gun  construction.  Forging  is  not  only  necessary  for 
giving  the  required  form,  but  principally  to  change  the 
crystalline  structure  of  the  large  aiul  itiedium-sized  castings 
into  one  of  finer  grain,  almost  ； unorplious,  which  is  essential 
for  the  best  development  of  the  physical  and  nieclianical  pro- 
perties of  a  given  steel  for  ordnance  purposes.  But  as  it  is 
possible  to  obtain  from  a  given  steel ,  simply  by  heat  treat- 
ment, without  the  aid  of  tlie  press  or  of  tlie  liaiimier,  ])liysica! 
and  mechanical  properties  equal  to  those  conferred  by  for^ 
ing,  it  is  only  natural  to  ask  if  the  for^c  is  aljsolutely  neces- 
sary^ and  whether,  instead  of  castiai^  ingots  of  the  usual 
shape,  it  would  not  be  possible  to  cast  pieces  of  approximately 
the  final  form,  and  subject  them  afterwards  to  the  heat,  treat- 
ment capable  of  modifying  the  texture  developed  by  the  cool- 
ing after  the  casting.  This  is  a  question  which  has  been  very 
much  discussed  for  many  years,  and  opinion  seems,  on  theo- 
retical grounds,  to  be  in  favour  of  the  suppression  of  the'  forge, 
but  on  practical  grounds  the  forge  is  retained,  and  there  is 
no  indication  whatever  that  it  is  likely  to  be  dispensed  with. 

The  manner  of  fixing  the  amorphous  structure  obtained  by 
heat  treatment  is  to  cool  the  piece  very  quickly.  For  thirty 
or  more  years  these  facts  appear  well  established,  yet  the 
specifications  of  all  tlie  armies  and  navies  of  the  world  con- 
tinue to  require  the  use  of  the  forge  in  the  manufacture  of 
gun  ste&l ,  notwithstanding  that  eminent  】Tieta】lurgists  have 
demonstrated  the  possibility  of  making  very  good  pieces  for 
gun  construction  without  the  aid  of  the  forge.  The  tests  were 
certainly  made  with  small  pieces  many  years  ago,  but  an 
enterprising  firm  in  Sweden  now  makes  guns  up  to  24  centi- 
metres calibre  without  forging.  In  1882  Mr.  Pourcel,  in  a 
paper  read  before  the  Iron  and  Steel  Institnie,  described  the 
series  of  operations  which  constituted  the  whole  process  at  the 
Terre-Noire  Steel  Works  in  the  manufacture  of  steel  hoops  for 
4in.  guns.  Those  hoops  must,  of  course,  satisfy  th&  same 
specifications  as  those  required  for  the  forged  metal.  After 
casting  the  steel  with  the  necessary  additions  of  ferro-silicon 
for  freeing  the  ingots  from  cavities  and  securing  a  perfectly- 
sound  metal,  a  heat  treatment  was  given  to  the  hoops,  which 
consisted  in  heating  them  to  a  yellow  heat  and  hardening  them 
in  an  oil  bath  of  fixed  weight.  After  being  cooled  in  the 
liquid  they  were  afterwards  reheated  to  a  temperature  which 
varied  from  light  cherry-red  to  a  dark  cherry-red,  in 
accordance  with  the  chemical  composition  of  the  metal.  The 
hoop  was  then  cooled  in  a  bath  of  tlie  same  liquid,  where  it 
remained  until  it  was  perfectly  cool.  By  the  first  hardening 
the  crystalline  grain  of  the  metal  was  transformed  into  a  finer 
and  homogeneous  grain.  The  second  hardening  confers  on  the 
pieces  the  molecular  equilibrium  corresponding  to  their 
chemical  composition. 

The  result  of  these  two  operations  was  a  true  hardening, 
inasmuch  as  the  piece  was  heated  to  a  higher  temperature  than 
that  of  the  transformation  point,  and  by  this  the  size  of 
the  original  grain  was  changed,  and  the  new  structure  fixed 
by  subsequent  cooling  in  a  large  quantity  of  oil. 

The  second  heat  treatment,  also  called  hardening  by 
Mr.  Pourcel,  was,  rather  than  a  hardening  or  annealing,  a 
true  tempering,  which  caused  the  disappearance  of  the  strains 
originated  by  the  hardening,  and  increased  the  ductility, 
which  had  been  lowered  by  the  first  operation.  Sometimes  it 
was  necessary  to  repeat  the  two  operations,  if  the  tenacity  of 
the  metal  was  less  than  that  required  by  the  specifications,  or 

*  Paper  read  before  the  Iron  and  Steel  Institute, 


only  the  second  if  the  ductility  obtained  was  less  than 
required.  Mr.  Pourcel  had  some  doubts  at  that  time  if  this 
process,  applied  to  guns  of  a  calibre  larger  tlian  that  of  4in., 
would  give  the  same  excellent  results.  His  conviction  incline  1 
him  to  take  the  affirmative  side  of  the  question.  Undoubtedly 
he  had  thought  the  subject  out  in  a  logical  manner,  and  it  is 
not  easy  to  understand  why  such  ideas  as  these,  so  well 
grounded,  have  not  been  adopted  by  metallurgists.  The 
Swedish  Steel  Works,  the  Aktiebola^et  Bofors  Gullsj)ang,  for 
many  years  has  been  successfully  applying  steel  as  cast  to  the 
roust  ruction  of  guns.  Working  sysicinatically,  and  passing 
gradually  from  the  simple  to  the  complex,  they  began  by 
producing  field  guns,  followed  by  the  fortress  guns,  and  finally 
essayed  the  inanufacture  of  coast  and  navy  guns,  commencing 
Willi  a  quick-firing  gun  of  15  centimetres  in  calibre.  The 
United  States  of  America  even  used  a  gun  of  this  type,  the 
triads  of  which  vvei-e  coiuinenced  in  3  902,  and  gave  exceedingly 
good  results. 

Recently  the  author  has  ascertained  that  the  Bofors  Steel 
Works  lias  coiisti-ucted  guns  of  21  and  24  centinietres,  whose 
elements  have  been  simply  cast  and  afterwards  subjected  to 
heat  treatment.  Of  course,  the  elements  for  the  field  and 
fortress  guns  are  also  subjected  to  proper  heat  treatment. 
Tliese  are  facts  the  im portance  of  wliicli  it  is  impossible  to 
deny.  Tliey  afTord  evident  proof  of  great  advance  in  the  way 
of  applying  lieat  treatment  alone  without  forging  the  elements 
of  guns.  The  author  thinks,  however,  that  it  is  no  easy 
】iiatter  to  cast  lOin.  and  12in.  gun  tubes  50  calibres  in  length, 
】noulding  thein  in  a  refractory  mould. 

There  is  another  reason  against  the  acceptance  by  Govern- 
ments of  this  process  of  manufacture.  It  may  happen  that, 
despite  all  the  precaution  and  care  taken  in  the  finish  and 
cast iu^'  of  tlie  elements  in  order  to  obtain  pieces  absolutely 
free  from  cavities,  a  cavity  may  occur  in  the  thickness  of  a 
tube  without  being  detected  during  the  mechanical  work,  and 
】nay  cause  the  bursting  of  the  gun  when  firing. 

Hardening  and  Tempering. — If  forcing  is  necessary,  or  pre- 
sumably necessary,  in  order  to  obtain  first-rate  elements  for 
the  manufacture  of  the  guns,  the  hardening  process  is  also 
"necessary  for  the  tempering. 

To  obtain  these  properties  in  the  highest  degree  must  be 
the  supreme  object  of  the  metallurgist.  The  author,  during 
many  years'  experience  in  the  manufacture  of  steel,  both  by 
the  crucible  and  open-hearth  processes,  for  24 -centimetre  guns 
of  45  calibres  in  length,  has  found  that  however  well  conducted 
the  forging,  the  transformation  of  the  crystalline  structure 
into  one  of  amorphous,  or  fine  grain,  is  only  obtained  in  tlie 
highest  degree  (if  the  forging  is  not  completed)  by  hardening 
and  tempering,  and  sometimes  more  than  one  and  more  even 
than  two  such  operations.  As  it  is  not  the  chief  aim  of  the 
hardening  (in  semi-hard  steel  of  the  type  used  for  gun  con- 
struction) really  to  harden  the  metal ,  and  as  it  is  easy  to 
obtain  the  required  mechanical  qualities  by  forging  only 
(followed  by  an  annealing),  it  would  seem  that  the  hardening 
might  be  dispensed  with.  However,  as  many  years  ago  harden- 
ing in  oil  was  introduced  with  excellent  results,  the  process 
was  retained  and  formed  part  of  tlie  specifications.  The  study 
of  iron-carbon  alloys  has  shown  the  great  advantages  that  can 
be  derived  from  an  adequate  heat  treatment  of  the  steel . 

Th©  most  important  point  in  forging  is  to  fix  the  limits  of 
the  temperature  within  which  it  is  possible  to  conduct  it.  The 
highest  of  course  must  be  the  temperature  at  which  the  cohe- 
sion of  the  grains  of  metal  begins  to  weaken  and  the>  grains  to 
separate  ；  this  last  action  is  due  also  in  part  to  the  gas  evolved 
from  within  the  mass.  The  generally  admitted  hypothesis  is 
that  this  gas  is  carbon  dioxide  formed  by  the  oxygen  passing 
through  the  metal  and  combining  with  the  carbon,  though  it 
is  possible  that  carbon  monoxide  and  other  gases,  such  as 
nitrogen  and  hydrogen  are  also  given  off.  When  a  steel  is  in 
this  state  it  is  said  to  be  burnt,  a  condition  which  is  chiefly 
distinguished  from  the  overheated  state  by  the  separation  of 
the  grains.  To  this  can,  perhaps,  be  added  the  great  thickness 
of  the  ferrite  network 3  which  is  found  when  the  steel  cools 
through  the  temperature  interval,  Ar3  ArK  It  can  be  said 
that  the  upper  limit  of  temperature  for  forging  the  steel  for 
gun  construction  is  between  1，100G-1，000°  C.  The  lower  limit 
must  be  that  of  tlie  transformation  of  the  metal,  as  below  this 
temperature  the  structure  is  not  changed.    This  is  the  natural 
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and  logical  limit :  but  some  authors,  especially  Tschernoff, 
think  that  forging  at  lower  temperatures  is  convenient.  But 
certainly  Tschernoff  would  find  it  difficult,  and  even  impos- 
sible, with  the  means  at  his  disposal  when  he  wrote  his  cele- 
brated paper,  to  forge  the  large  mass  required  for  great  guns 
at  temperatures  below  the  transformation  point. 

Coming  now  to  the  practical  aspect  of  forging  large  ingots 
for  guu  construction,  it  must  be  emphasized  that  it  is  neces- 
sary to  heat  them  very  carefully  and  slowly.  If  the  tempera- 
ture of  the  furnace,  when  the  ingots  are  introduced,  is  rather 
high,  it  is  better  to  p re-heat  them.  Certainly  the  temperature 
of  the  furnace  is  suddenly  lowered  by  the  introduction  of  cold 
ingots,  which  naturally  take  a  great  part  of  the  heat  lost  by 
the  furnace  ；  but  this  heat,  taken  up  suddenly,  causes  a 
sudden  dilatation  of  the  outside  of  the  ingot  with  the  natural 
consequence  of  cracks,  and  it  may  occasion  the  breaking  of  the 
ingot  across.    This  happens  especially  if  the  metal  is  some- 


Fig.  3. 

what  hard.  The  two  reheating  furnaces  for  the  great  forging 
press  at  Trubia  are  of  the  Whitworth  type.  Their  doors  are 
worked  by  hydraulic  power.  The  largest  ingots,  until  recently, 
forged  at  Trubia,  were  42  tons  weight,  suitable  for  the  forging 
of  the  tubes  and  other  elements  of  the  24  centimetres  and  45 
calibres.  As  an  instance  of  solid  forging,  that  of  the  A  tube 
for  the  24-centimetre  gun  may  be  taken.  The  ingot,  on  being 
taken  out  of  the  mould,  was  16ft.  6in.  in  total  length,  of 
which  13  feet  corresponded  to  the  pyramidal  part,  cast  in  the 
metal  mould,  and  the  other  3ft.  6in.  to  the  conical  part  oast 
in  the  refractory  material  attachment.  The  diameter  at  the 
two  bases  of  the  tronco-pyramidal  part  was  respectively 
4ft.  lOin.  and  4ft.  The  mean  diameter  of  the  truncated  cone 
part  was  2ft.  8in.  (see  Fig.  3).  The  ingot  free  from  all  cracks, 
and  reduced  to  a  diameter  of  about  2ft.  8 in.  by  the  previous 
forging,  was  put  in  the  furnace,  where  it  was  heated  carefully 
and  very  slowly  during  30  hours,  which  is  a  sufficient  time 
for  the  whole  mass  to  become  well  and  uniformly  heated 
throughout.  The  temperature,  as  already  stated ,  was 
1,100°  C.  approximately,  and  the  forging  operation  is  sus- 
pended at  700°  C,  when  the  ingot  is  put  into  the  furnace 
again.  The  operation  was  finished  in  three  heats,  and  the 
time  taken  to  complete  it  after  tlie  first  heating  was  15  hours. 
The  tube  weighed  18'5  tons  after  forging,  and  its  dimensions 
are  given  in  Fig.  4.  For  the  hollow  forged  tubes  and  hoops, 
40-ton  ingots  are  also  employed.  From  each  ingot  two  B  tubes 
are  forged.  The  operation  of  removing  the  cracks  and  also 
of  the  previous  forging  are  the  same*  as  those  practised  witli 
the  ingots  for  the  A  tubes.  Afterwards  the  bloclcs  are  sent 
to  the  large  boring  machine,  supplied  by  Sir  William  Arm- 
strong, Whitworth,  &  Co.,  where  they  are  bored  from  both 
ends  at  the  same  time  to  a  diameter  of  lft.  right  through. 
When  this  operation  is  finished,  the  ingot  is  cut  into  two 
halves.  The  relieating  is  performed  in  the  same  furnaces,  and 
conducted  with  the  precautions  already  described  in  the  case 
of  the  A  tubes.  The  duration  of  the  first  heating  is  30  hours, 
ami  the  first  operation  practised  is  that  of  enlarging  the  bore 
in  a  Whitworth  drawing  press.  When  the  operation  is 
finished  throughout  the  length  of  the  tube,  the  latter  has  a 
larger  diameter  and  less  thickness  than  at  the  beginning  of 
the  operation.  The  tube  then  goes  again  to  the  furnace,  and 
after  careful  heating  the  forging  is  continued,  and  it  is  again 
stretched  on  mandrils  of  different  diameters.  The  full  opera- 
tion involves  four  rebeatings,  and  the  total  duration  is  from 
13  to  14  hours,  the  final  dimensions  of  the  tube  being  ：  total 
length  17ft.  2in.,  and  outside  diameters  2ft.  4 in.  in  a  length 
?f  about  20in.，  and  of  2ft.  3in.  in  the  rest  of  the  piece.  The 
in— le  diameter  is  14in.  The  great  hoops  are  forged  by  means 
suni!ar  to  those  employed  with  the  B  tubes.  Sometimes  when 
the  ingots  from  which  they  are  obtained  are  not  very  long,  the 
hole  for  the  mandril  is  punched  in  the  press  after  being  care- 
fully reheated,  instead  of  being  bored  in  the  machine.  This 
operation  is  made  in  one  heat,  the  hole  being  driven  by  a 
conical  steel  tool  which  enlarges  and  lengthens  the  hole.  When 


half  of  the  ingot  has  been  treated  it  is  turned  and  the  opera- 
tion repeated  on  the  second  half.  It  is  preferable  to  bore  the 
ingot,  because  in  this  manner  the  steel  of  the  central  part, 
with  a  chemical  composition  distinct  from  the  rest  of  the 
ingot  due  to  segregation,  is  eliminated.  Forging  after  boring 
must  be  practise"  (in  preference  to  forging  the  solid  ingot) 
when  possible,  because  tlie  action  of  the  press  is  more  energetic 
in  the  first  than  in  the  second  case,  the  press  acting  on  less 
thickness  of  metal.  With  hoop  No.  1  for  a  24-centimetre  gun, 
forged  hollow,  the  following  notable  tensile  results  were 
obtained  after  the  full  lieat  treatment.  At  on©  end  of  the 
boop,  the  mean  result  of  three  test-bars  was  52  tons  per  square 
inch  tenacity,  and  17  per  cent,  elongation  measured  in  4in.， 
and  at  the  other  end  54  tons  tenacity  and  17  per  cent,  elonga- 
tion, conditions  better  than  those  ordinarily  specified  for 
nickel  gun  steel. 

Annealing  after  Forging, 一 This  is  an  indispensable  operation 
in  the  manufacture;  of  steel  for  guns.  If  it  were  possible  to 
finish  the  forging  of  a  piece  in  one  heat  only  and  in  such  a 
manner  that  the  whole  piece  was  finished  at  an  even  and 
correct  temperature,  then,  in  this  case  only,  the  annealing 
operation  could  be  dispensed  with.  Some  think  the  operation 
superfluous,  as  the  piece  must  be  heated  to  a  higher  tempera- 
ture for  the  hardening  process  or  to  a  temperature  at  least 
equal  to  that  required  in  the  annealing.  But  for^in^  cannot 
be  conducted  in  the  ideal  manner  just  described,  nor  is  it 
possible,  in  the  last  period,  to  heat  the  A  tubes  for  large  guns 
uniformly  throughout  their  length.  The  lack  of  uniformity 
in  the  finishing  temperature  requires  that  the  pieces  should 
be  annealed  before  passing  to  the  machine  shops,  to  be  pre- 
pared for  the  hardening  process.  After  annealing,  the  metal 
will  be  in  the  best  possible  state  for  the  turning  and  boring 
operations,  and  the  pieces  are  less  likely  to  suffer  deformation 
during  handling.  In  being  reheated,  preparatory  to  harden- 
ing, they  retain  their  shape  better,  and  in  taking  them  out  of 
the  furnace  for  cooling  they  are  less  likely  to  bend,  and  they 
undergo  】ess  deformation  in  the  process  of  hardening.  The 
slight  deformation  in  the  finishing  mechanical  operations  is 
also  avoided,  and  exposure  to  direct  sunlight  has  less  effect. 
Owing  to  these  special  circumstances,  the  Government  of  the 
United  States  specify,  in  the  construction  of  howitzers,  tliat 
the  shops  of  the  Niles  Company,  in  Hamilton,  Ohio,  must  be 
always  at  the  same  temperature.  At  Trubia,  for  the  annealing 
after  forging,  the  same  furnaces  are  used  as  for  the  hardening. 
The  operation  is  conducted  very  carefully,  tlie  temperature  in 
all  parts  of  the  furnace,  and  of  the  piece,  being  measured  with 
a  Le  Chatelier  pyrometer.  When  furnace  and  piece  are  at 
the  proper  uniform  temperature,  the  gas  is  shut  off  and  the 
piece  cools  slowly  in  the  furnace.  Of  course  the  annealing 
temperature  must  be  above  the  transformation  point.  The 
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elements  for  field  guns  are  annealed  in  a  special  furnace. 
Taking  into  consideration  their  small  mass,  they  are  not 
individually  annealed,  but  eight  or  ten  are  put  into  the  fur- 
nace at  a  time.  They  are  heated  to  900°  very  carefully,  and 
after  reaching  this  temperature  they  are  slowly  cooled.  The 
author  thinks  that  the  advantages  obtained  by  annealing  after 
forging,  are  more  marked  in  the  elements  for  tlie  field  guns. 

Hardening  and  Tempering. 

The  author  has  already  endeavoured  to  demonstrate  the 
necessity  of  subjecting  to  a  certain  heat  treatment  the  steel 
for  gun  construction.  This  heat  treatment  comprises  one  or 
more  hardenings  and  temperings  as  required  in  order  to  satisfy 
the  specifications  ；  and  the  heat  treatment  must  comprise  pre- 
cisely the  hardening  and  tempering.  It  is  also  well  to  insist 
on  calling  the  second  operation  tempering  and  not  annealing, 
because  in  preparing  the  pieces  for  this  operation  they  are 
heated  to  a  temperature  below  the  transformation  point .  If 
they  were  heated  to  a  temperature  above  that  point  and  then 
cooled  slowly  the  structure  of  metal  created  by  the  hardening 
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process  would  absolutely  disappear.  Perfect  hardening  indi- 
cates hi  the  metal  a  state  of  unstable  equilibrium  at  ordinary 
temperature,  because  this  state  is  that  of  equilibrium  at  a 
temperature  above  that  of  the  transformation  point.  Mr. 
George  Ede  claimed  that  the  hardening  in  oil  for  the  elements 
of  guns  originated  in  England  at  Woolwicli  Arsenal.  The 
]>rocess  originated  in  consideration   of    the    benefits  derived 


Fig.  6. 

the  tensile  and  shock  tests  specified.  Really  the  hardening 
temperature  must  be  higher  than  that  of  the  transformation 
point,  so  that  in  submerging  the  piece  in  the  refrigerant  liquid 
the  cooling  might  begin  when  the  steel  is  yet  at  a  higher  tem- 
perature than  that  of  the  transformation.  At  the 
Trubia  Arsenal  in  the  hardening'  of  th&  elements  for 
gun  construction,  water,  as  already  mentioned  is 
employed  as  refrigerant  liquid.  The  hardening  plant' 
is  shown  in  Fig.  5.  The  reheating  furnaces  are  vertical, 
and  are  heated  by  gas  from  three  Dowson  producers.  Tlie 
large  furnace'  is  capable  of  taking  pieces  40ft.  in  length,  and 
has  four  inlets  for  the  gas,  regularly  spaced.  It  is  built 
upon  the  ground  floor,  and,  as  is  natural  in  these  conditions, 
tlie  tubes  are  manipulated  through  a  lateral  port,  liydrauli- 
cally.    The  second  furnace  is  of  g  re  ate  r  dianietei*  than  the 
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oil.  This  was  well  known  from  the  time  hardening  was  first 
practised,  but  Le  Chatelier  measured  mathematically  the  rate 
of  cooling.  He  operated  with  very  small  pieces,  and  took  into 
consideration  the  extreme  interval  of  temperature,  wliich 
must  be  rapidly  passed  for  realising  the  hardening.  Knowing 
that  the  recalescence  phenomenon  is  never  produced  on  cool- 
ing to  a  temperature  superior  to  700。  C,  and  that  the  iein- 
]>ering  is  not  influenced  by  temperature  down  to  700°  C.，  lie 
only  took  into  consideration  in  his  experiments  tlie  time  spent 
in  passing  from  700°  C.  to  600°  C.，  which  time,  all  the  remain- 
ing conditions  being  equal,  gives  a  very  accurate  notion, 
almost  niatheinatically  exact,  of  the  rapidity  of  cooling,  and 
therefore  of  the  energy  of  the  hardening.  The  central  part 
of  the  sample,  hardened  in  pure  water,  employed  five  seconds 
in  passing  from  the  temperature  of  700°  C.  to  that  of  600°  C. 
In  the  oil  hardening  for  passing  the  same  interval  43  seconds 
were  required,  that  is,  the  time  was  seven  times  longer  than 
with  the  pure  water.  It  must  be  said  that  in  this  experiment 
of  Le  Ch atelier  with  oil,  the  rapidity  of  cooling  was  much  less 
in  the  interval  of  190。  C.  to  100。  C.，  in  which  interval  30 
seconds  were  spent.  It  is  natural'  that  this  happens  with  all 
the  refrigerant  liquids,  but  in  oil  it  much  more  marked,  and 
the  -explanation  is,  according  to  Le-  Chatelier,  that  during  the 
operation  the  oil  is  decomposed  and  the  gaa&ous  bubbles  cause 
a  circulation  of  the  liquid,  which  must  oease  at  the  end  of 
the  cooling.  From  these  experiments,  confirming  by  a  scien- 
tific method  all  that  was  known,  it  is  possible  to  state  what 
will  be  the  difference  of  hardening  which  two  elements  heated 
to  the  same  temperature  and  cooled  in  two  liquids,  both  also 
at  th-e  same  temperature,  should  take.  If  the  elements 
liardened  in  both  liquids  were  intended  for  large  guns,  and 
if  they  should  possess  great  thickness,  there  would  be  sufficient 
reasons  for  thinking  that  none  of  the  pieces  would  possess,  at 
the  ordinary  temperature,  the  structure  which  it  possessed  at 
the  beginning  of  cooling.  But  surely  the  piece  hardened  in 
water  should  be  tlie  nearest  to  this  structure.  Benedicks,  in  a 
paper  recently  read  b&f  ore  this  Institute,  has  made  experiments 
on  hardening  in  a  manner  very  similar  to  that  of  Le  Chatelier. 
He  says  that  the  most  important  factor  in  the  rapidity  of  cool- 
ing is  neither  the  conductivity  nor  the  specific  heat,  but  the 
latent  heat  of  vaporisation  of  the  liquid.  The  specific  beat 
has  a  secondary  influence,  and  it  is  possible  to  dispense  with 
the  heat  conductivity.  The  necessary  conditions  for  obtaining 
from  a  given  bath  an  efficacious  hardening  are  as  follow  ： ― 

(1)  A  high  latent  heat  at  vaporisation. 

(2)  A  low  temperature,  in  order  that  the  vapour  bubbles, 
generated  in  the  surface  of  the  metal,  might  be  easily  con- 
densed in  the  ambient  liquid.  Whatever  may  be  the  pre- 
dominant factor  in  the  rapidity  of  cooling,  the  hardening  in 
water  will  always  be  more  energetic  than  the  hardening  in  oil. 
Therefore,  there  is  no  doubt  that  the  hardening  in  water  will 
require  a  subsequent  tempering,  more  energetic  at  a  higher 
temperature  than  would  have  been  necessary  if  the  hardening 
had  taken  place  in  oil,  in  order  to  enable  the  metal  to  staitd 


Fig.  5. 

from  the  hardening  in  oil  of  hard  steel  for  tools,  and  in  treat- 
ing the  milder  steels  employed  in  the  niaaiufacture  of  guns  in 
the  same  way  it  was  found  that  the  mechanical  properties  were 
improved.  Tschernoff,  in  his  celebrated  paper  on  the  Work- 
ing of  Steel,  says  that  for  securing  uniformity  and  fine  grain 
it  is  necessary,  after  finishing  the  forging,  to  reheat  the  piece 
to  a  temperature  above  the  point  &，  which  is  that  of  the  trans- 
formation in  his  scale,  and  then  to  fix  the  amorphous  texture 
by  rapidly  cooling  it;  this  amorphous  texture  will  be  more 
surely  obtained,  the  rapidity  of  cooling  being  the  same,  the 
less  the  point  b  in  the  reheating  be  exceeded. 

Tschernoff  and  Woolwich  Arsenal  coincide  in  the  treat- 
ment after  forging  to  be  given  to  the  elements  for  gun  steel, 
and  this  has  led  perhaps  to  the  process  being  adopted  by  some 
manufacturing  firms  in  other  countries.  At  the  Krupp  works 
the  elements  for  guns  are  said  not  to  be  hardened  and 
tempered.  The  author  has  explained  in  another  part  of  this 
paper  the  reasons  why  the  metal  must  be  subjected  to  heat 
treatment,  and  it  is  not  necessary  to  repeat  them  here.  In 
England  and  in  the  United  States  oil  is.  exclusively  employed 
as  a  refrigerant  liquid  ；  in  France  and  Spain  (Trubia  Arsenal) 
water  is  used.  Between  hardening  in  oil  and  hardening  in 
water,  the  temperature  (always  above  that  of  transformation) 
bein^-  equal,  the  difference  is  very  considerable,  owing  solely 
to  the  rapidity  of  cooling.  In  accordance  with  the  remarkable 
work  of  Le  Chatelier,  which  forms  a  very  interesting  paper  in 
the  "  Bulletin  de  la  Societe  d'Encouragement  pour  rindus- 
trie  Nationals"  No.  9，  Vol.  CVI.,  there  is  a  well-marked 
ditlVrenoe  in  tlie  rapidity  of  cooling  a  piece  in  water  or  in 


' 二  "  .  一::  L 


ON3  Jkivi 


-35J0J  p§  titpunoj  US 


、  ？ 


AUGUST  2,  1921] 


JL'HE   MECHANICAL  ENGINEER. 


129 


Hist,  and  its  length  is  12 6ft .  It  is  intended  tor  the  reheating 
of  the  B  tubes  and  hoops,  also  for  the  tubes  of  tlie  ""、dium 
guns  up  to  Gin .  calibre.  Tlie  water  tank  is  situat ed  l)'。"v"!''、 
the  two  furnaces,  and  has  tlie  dimensions  stated  in  tlie  draw- 
ing. The  water,  at  the  time  of  the  cooling,  lias  a  temperature 
of  U0°  C.  A  35-ton  overhead  travelling  crane  is  d riven  by  a 
rope  worked  by  a  steam  engine,  and  serves  the  whole  of  tli(、 
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Fig.  7.— Cooling  Cuhve  foii  Ohuinauy  Gun  Stkkl  (Cauuon  Stkki,). 

hardening  shop.  When  this  plant  was  installed 】2  years  a<^o 
the  intention  was  to  use  oil  as  a  refrigerant  liquid,  as  was  1  ho 
practice  at  Trubia  with  all  the  guns  manufactured  before  that 
date,  which  did  not  exceed  6in.  calibre.  In  accordance  with 
this  idea,  four  tanks  capable  of  containing  more  than  100 
cubic  met  res  of  oil  were  conveniently  installed  at  the  top  of 
the  building,  under  the  roof,  and  another  four  tanks  of  the 
same  cubic  capacity  were  installed  at  the  outside  of  the  shop, 
and  on  a  level  lower  than  the  ground  floor.  Tlie  hardening 
tank  is  in  comnuuiication  with  the  higher  and  lower  tanks  by 
means  of  a  system  of  pipes  which  are  worked  by  the  necessary 
：' … valves.  A  steam  pump  ran  elevate  the  liquid,  wiien  il  is 
cooled,  from  the  lower  refrigerant  tanks  to  the  higher,  fiiui 
during  tlie  liardetiing  it  is  possible  to  maintain  a  const  ;m1 
rurrent  of  oil  in  such  a  manner  that  that  of  the  hardening 
tfink  should  not  take  a  temperature  so  liigli  that  tlie  pirrc 
instead  of  being  hardened  is  annealed. 

As  is  seen  from  the  drawing,  the  capacity  of  \  \\v  slio|)  is 
limited  to  tlie  hardening  of  elements  for  lOin.  guns  and  l.， 
cnliljres  in  length. 

Tlu*  measuring  of  the  temperatures  is  done  by  t lie  ；" (1  of 
tho  Lo  (Miatelier  thenTio-o]r<  t  ric  pvrm"("cr,  registering  I  Itf 
1  'Mnporature  of  tlie  t ube  or  li;ml("i(、（l  picre  at  difTo rmiI  ])oinl8 
in  onler  to  distribute  tlie  heal  in  surli  a  "，；，，"""•  1  li;it  I  Ih> 
1f  ni|iorature  may  be  uniform.  Undoubi  o<Uy  the  best  met  liod 
is  that  followed  at  Woolwicli  ArseiKiI,  wit  li  1  lie  1( 川"' hil) (下 for 
ihv  1 ^iuih  of  45  and  50  calibres,  wliere  Sowv  or  (i vc  I, 
C'lwilolicr  ])yromcters  are  installed,  \vi(  li  re^istoring  ap，）;'，  ;il  iis， 
;hh1  ro^ulnrly  riist  ributefl  all  along  1 1  i  e  tube;  that  is  hot  h 
<  on vcnienl  hikI  necessary  when  operating  wiili  1  ubos  for  ^iims 
of  ft .  in  len^tli,  or  perliMps  more,  wit  li  1  lie  tweess  l(、'，"'Hi 
l''H  i\\  Im>1  h  eiuls  for  i  lie  t  est  pieces.  It  is  rc;illy  very  diniriilt 
1 "  li*';it  uiiiformlv  Uu*  long  ))io<es  of  varu，l)k、  1  hick ih-ssps,  ； i nd 
t  li(M-(»ff)ro  to  li;inl(、n  tliem.  Tlie  difTereiK-r  of  npcr;i1  in^  ； »:; 
pliysic;il  cxperiineiiiors  flo  in  \  lieii-  laboi'a")i  i(、s  w i 1 1 i  sHinplos 
of  some  graiinnos  、v('i"'l"，  aiul  of  dealing  w i 1 1 1  !'「)，  2()，  '」r>,  jmh! 
oO-ton  pieces,  as  is  t  lie  daily  practice  of  tlio  nKnnif;H-1  urcrs  nf 
gun  steel ,  is  enonnous.  By  ca rryin^  out  1 1"'  l';ir(l(""iig  in  t  li'、 
ordinary  way,  1  ho  cooling  of  tl，（！  "idal  begins  ;it  1  lie  i usidc  ； m'l 
'JUlsid(>  surfaces  at  \  lie  same  \  imo.  I  (  1  lie  '  ooliiig  is  i'mn' 
rapid  at  \  Ik*  inside  t  he  inl  (rrior  layers  near  t  liis  sm'f;'(  (、  will  1k、 
compressed  aiul  t  lie  exterior  layers  will  in  tension .  Tin' 
» '  verse  will  lia|)|)en  if  t  he  (Doling  is  more  r;，pi<l  ； it  1  Ik?  exterior 
tl'an  a1  \  lie  interior  surface.  TIh*  best  condit  ion  I'nr  I  he  rosis- 
t  ； mkt  of  "'mis  is  t  lial  t  lie  fi rsl  cmsc  sliouKl  rxcur,  ； m(l  \  lirn  nol 
only  will  1l，（，  improvcMicnt  in  il"'  si  nici  uvr 山' riv''<l  from  11"、 
harflcnin^  he  obtained.  Init  I  Ik*  slocl  will  be  in  ideal  coihI it  ion 


for  wit  hsi  aiulin^  t  ho  prcssur*'  of  1  Ik>  i)fmw"'r  l,'|mi， 
such  <-()n.si(l(M-al  ions  was  ('s (； il'lislic'l  ll，（、  Si.  \4]\  irnni*  |>r'，' -"、 
wliicli  consisicfl  in  cooling  I  lie  I  uhes  on  1  lie  iiiM<lc  only.  lint 
t  liis  process  Ii;h1  t  lie  ^vvni  dis;iflvanl  m^c  1  h;it  if  '('H;im'y  、v;':, 
fittaimMl  1  hnt  1  lie  piece  w;is  in  ( he  bcsl  ro\x\\\  ifiiis  \'nv  t  lr- 
resistance  of  Uic  pressure  of  tl'c  gns('s，  t  \\v  n  n i  fut m it  y  of  11"， 
ha  rdcMiin^,  ； uul  i  hcrcfore  of  (  ho  si  rxxci  \iw  \a  Hniionii  r;it'」 
of  cooling  throughout  t lie  whole  piece,  \v;is  lost . 

Tf  tensions  or  compressioits  have  been  prod uccfl  11"'  , 
of  metal  \uuA  bo  (listeiHled  or  coui prcyse*! .  K  nowin^  tl，c 
tensile  cliara<'l  eristics  of  <  lie  metal,  it  is  very  ('； 1"'  ")  im';i:''ur 
the  intensity  of  the  tensions  or  comprcssinns,  ；' s  1  lu-y  ;i，f，  of  ； i 
purely  elastic  ('l"mi('"、r，  and  ii  is  jmssil 山' to  plot  ； i  flif  ;>m 
representing  t  lio  v;u'i;"i (川 of  t(Misilc  slrengl  li  in  icrins  of  t  In' 
tliickness  of  the  piece.  In  the  ordinary  pracl \*  v  of  小 id 
i  he  hardening  operation  in  1  lie  iubrs  inlcndcd  for  ^un  ""卜 
si  ruction  the  result  generally  is  1  liat  1  lie  fnit  side  siuf;i(r  is 
coiupressed,  that  is  to  s?iy,  i  he  cont  rai-y  of  \vh;il  must  he  mosl 
convenient  for  the  strength  of  t  lie  guji.  With  li;irfl(»nin^  in 
water,  and  dealing  wit h  ca rbon  steel  of  ()■•「）  per  (•("".,  1 1 1 * ■ 
tempering  operation  is  absolutely  necessary.  Kvcn  wlwn  1  lif 
piece  has  been  heated  and  lwirdencd  wil  li  ； il)s()li，"'  imifor- 
mity,  and  1  lie  elastic  tension  caused  l>y  t lir  liarfloniti^  sli'ml'l 
be  the  most  suitable  for  t  lie  st  ron^t  h  of  \  lie  gun  ,  i  lie  I  cm  peri  n^r 
of  the  piece  would  be  absolutely  lHM'essary,  1km -in  is;»  t  lie  1 1  a  if  I  - 
lie^s  due  to  t lie  hardening  would  make  it  voiy  diflicult ,  if 
impossible,  io  machine  1  lie  piece  in  onliuaiy  condit ions  ui' 
work,  ami  1  lie  tensile,  bending,  aiul  dyi);ii"i(';il  pm|>('r1irs 
would  not  be  in  accordance  with  tlio  sj>cci  ficat  ions.  I  m 
liarrlening  in  oil,  in  nearly  all  oases,  tempering  at  a  very  low 
ieinperature,  in  order  to  n\  use  1  he 山 sa，）p(';ua  o("  t  lie  ligltl 
si  ics^-es  originated,  is  sufficient,  but  in  wal cm-  l，a"l('niii"r,  ；) nW 
wit  1 1  metals  of  0.5  per  cent .  of  r ；，  rboii,  1  he  tempering  1  cmpc- 
raturo  will  be  near  that  of  1 1 1 o  "'ansfonn;"  imi  point . 

Ordinarily  that  】ie('essary  for  obt;iiiiin^  \\w  l;;\sl  i  nisi  I  c 
|)ro])orties  is  about  G00°  V.  1(  is  。l(、；ir  1  liai  if  ( lu»sr  proport ics, 
ai'l  or  the  lnvit  t  roat  nient ,  n  re  (k'Hri(、iit  from  I  liosc  spn'H'K ―、 （  I ,  or 
lower  t  lian  those  reqtiiml,  it  would  1>(、  iirr(>sm'v  to  submit  tli'' 
pi(、（'c  to  fresh  heat  treat  meiii  ，  raising  t  he  t cmporat  urc  of 
ii;u'(lruiii"r  n  nd  kcc])in^  coiisWini  1 1 1  a  I  of  "'mprriii"r,  or  t  lie 
same  result  can  1k、  ohtaiiie'l  by  giviiig  (ho  pi(、（'(、  a  n'、w  Iwu'flri 卜 
"ig  at  the  same  t cnipcrat urc  ?nid  loweriti^  I  lial  of  "'mperiii 乂. 
If,  on  the  contraiT,  the  tenacity  were  higher  ami  Uic  d uctilit y 
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Y\u.  8.— Cooling  Curvk  for  Nickel  Steel. 


less  than  required ,  t ho  result s  ('； in  be  rcctiiicd  by  giving  the 
pio*  r  a  new  1  rm prring  at  a  lii^lnM-  t'、mperat  me. 

Cooling  Curves. 一一 Evrn  \  lioit^li  t  W  '  "<>lm 乂  furve-  '»f  diffe- 
rent  typos  of  si  eel  are  well  known,  the  author  believes  it  useful 
to  "'iv(、  in  t  liis  paper  ihoso  of  liot  li  types  of  artillery  steel, 
c;irl)on,  ； Hid  nickel  strt'ls  ( Figs.  7  and  8),  t  li(、  letter  being 
OMi])]oye<l  in  1  lir  maim  1*^,1  uro  of  liolfl  ； uul  nieflium  l:u"、. 
Owin^  to  corlain  dini<-nlt  ics  ；"  t  lir  Trul)i;t  1  "， l"、r;"  ory,  it  Ikis 
not  h('('"  [xissihlc  to  ol)t;)in  1  \\v  ri'rves  of  both  s1  eels  from  the 
liquid  state.    Tlio  range  of  cooling  is  therefore  from  1,0003  C. 
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to  500。  C，  for  ordinary  steel,  and  from  950°  C.  to  500。  C.  for 
nickel  steel.  Within  this  range  are  found  the  irajisf  on  nation 
points,  so  important  for  the  proper  treatment  of  the  metal  in 
all  the  heat  treatment  operations.  Observing  first  the  cool- 
ing curve  of  the  ordinary  steel,  it'  is  seen  thai  the  cooling  <-urvp 
is  generally  in  accordance  with  the  well-known  Newton's  law, 
and  that  the  curve  lias  only  a  well-marked  point  Ai、  at  684°  C. 
At  this  temp  prat  ure  the  curve  is  converted  in")  ； i  horizontal 
line  for  a  length  of  *」（》nim.，  indicating  200  seconds  ()r 
3  minutes  20  se<'oiuls.  The  iemi)erature  is  ilierelore  const ;nit 
during  this  period,  indicating  complete  equilibrium  of  1  ho  1  wo 
component  systems,  iroii-carbou.  This  is  t lie  rangp  during 
whicli  the  solid  solution  or  martensite,  stable  at  a  temperature 
below  684°  C'.，  is  trausformed  into  ferrit©  and  pearlito  con- 
stituents, with  less  than  089  per  cent,  carbon,  stable  at  a 
temperature  below  684°  C.  for  tliis  j)ail icular  steel.  C'erhimly 
it  would  not  have  been  difficult  in  c;ilcu];iie  1  Iip  lir.ii  of  "'； i，is- 
formal  ion  of  this  si  eel,  taking  into  ； u'couni  t  lie  wciglil  of  the 
sample  and  its  specific  heat.  From  i  lu、  1  raiisfurni;)t  ion  ran^c 
the  rate  of  cooling  diniinishes,  in  ； i('rm' 山 uu'(>  nlso  with  New- 
ton's 】aw.  Nickel  steal  shows  also  a  small  point  of  i  tnns 
formation  at  656°  C.，  the'  horizonl  al  not  being  as  well  marked 
as  in  the  curve  of  the  ordinary  carbon  steel.  All  that  Ikis 
been  said  on  behalf  of  this  is  applicable1  to  ternary  nickel     (屮 1. 


RATEAU  SMOOT  MIXED  FLOW  TURBINE. 

The  Illinois  Steel  Company  lias  put  in  operation  rrceni  ly  a 
low-pressure  turbine  installation  at  the  South  Works,  South 
Chicago.  It  utilises  the  exhaust  steam  of  several  reversing 
engines.  The  exhaust  steam 
is  directed  into  five  steam 
regenerators  furnished  by 
the  Eateau  Steam  Eegenera- 
tor  Company,  New  York. 
This  equipment  is  designed 
so  that  the  intermittent  flux 
of  exhaust  steam  may  be 
transformed  into  a  steady 
flow,  taking  care  of  full  load 
on  the  steam  turbines  not 
only  during  the  mill  cycle, 
but  also  when  the  mill  cycle 
is  interrupted  for  periods  not 
exceeding  2  minutes. 

The  steam  turbines  are 
mixed  flow  machines  of  tbe 
Eateau-Smoot  type.  They 
were  designed  by  C.  H. 
Smoot,  of  the  Eateau- Snioot 
Company,  and  manufactured 
by  the  Southwark  Foundry 
and  Machine  Company. 
We    are  indebted    to  the 

u  Iron  Age  for  the  accompanying  partirulars  of  the  turbine, 
which  has  an  entirely  independent  high-pressure  section . 
High-pressure  steam  passes  through  the  high-pressure  wheels 
and  after  being  expanded  enters  tlie  low-pressure  section.  In 
other  words,  the  turbine  when  working  on  live  steam  is  a  com- 
plete high-pressure  machine.  Around  the  high-pressure 
section  of  the  turbine  the  low-pressure  steam  is  admitted  direct 
to  the  low-pressure  wheels.  By  means'  of  this  arrangement 
the  highest  possible  economy  obtainable,  it  is  claimed,  is. 
attain ed  when  working  on  either  high  or  low  pressure  steam . 

The  governor  is  designed  so  that  the  pressure  of  the  low- 
pressure  steam  may  control  the  selection  of  the  source  of  steam 
and  so  that  no  live  steam  is  admitted  to  the  turbine  before 
the  low-pressure  steam  has  become  deficient  ；  in  other  words, 
when  the  pressure  in  the  low-pressure  source  has  reached 
atitiospheric  pressure  in  this  instance.  This  occurs  when  the 
steam  regenerators  have  been  delivering  steam  during  a  shut- 
down of  the  mill  engines  for  a  period  of  more  tlian  2  minutes 
ami  during  tliis  period  tlie  turbine  has  been  carrying  full  load. 
The  turbine  is  rated  at  3,000  kw.  wlien  using  low-pressure 
steam  exclusively  and  4,000  kw.  continuous  load  when  using 
high-pressure  steam.  A  second  turbine  is  under  construction 
for  the  works. 

Tlie  bearings  liave  ring-oiled  lubrication  witli  water  cooling- 
in  the  bushings,  and  this  is  said  to  be  the  largest  turbine  in 
the  world  having  t liiti  farm  of  lubrication  and  of  bearing  cool- 


ing, wlnrli  is  iiiflej'i'ml'  i"  ''i'  (  lie  rout  muil  y  oi'  opcrnl  inn  of  oi I 
pumps  or  other  auxiliary  devices.  The  stuffing-boxes  are 
built  up  of  a  number  of  consecutive  rings  of  carbon  blocks 
separated  by  diaphragms  and  provided  with  springs  to  hold 
the  carbons  in  contact  with  the  shaft. 

The  governor  is  direct  ； u-iing.  Tlie  fly  bally  and  spring 
against-  wliidi  i  \\vy  actuate  are  mounted  wii  hin  a  s"、'd  shrll, 
w 1 1 i ( ' 1 1  is  Jixrrl  directly  on  (lie  high-pressure  <mkI  n(  I  lie  1  urbine 
shaft .  The  motion  of  i  lie  II y  l)fills  is  transmit  led  by  means  of 
links  directly  1o  t  he  h)h\  low  pressure  tlirotilo  valves. 

The  governor  is  powerful  io  cMiahlc  it  to  Ikivo  a  very  act  ivc 
control  over  1  lie  (li")l;ir (―、 mei"  of  iliroMlG  valves,  and  has  been 
found  to  give  a  high  degree  of  regulation  at-  the  Illinois  Steel 
plant .  When  first  pui  into  service  the  turbine  regulation  was 
Hfl justed  for  3  per  ('(、】".，  cluMiging  from  no  load  to  full'  load. 
When  phiccd  in  parallel  wit'li  other  inarhines  it  was  observed 
tliat  the  f  ，u'l)iii('  ">nk  ；]  11  of  i  ho  lo;id  when  il  increase<I  and 
dropped  most  of  il.s  load  wIhmi  l  lio  load  decroasod,  owing  to  the 
fact  that  the  other  inachiiies  wii li  wliicli  it  w;is  in  [jarallel 
were  not  so  closely  regulai hiuI  it  whs  found  necessary  io 
readjust  the  governor  so  ； is  io  give  a  6  per  coni .  difTo rence 
between  no  】oacl  and  I'ull  】m"l 引）('（、（1  in  order  1  lial.  1  lie  unit 
niiglit  carry  at  all  times  its  proper  slia vr  n(  1  lie  load  on  tlie 
entire  system .  Tlie  govrrniug  "ie('li;mism  is  arrMii^rd  so  I 
the  action  of  t  in1  (ly  l);ills  is  ">  hold  opv i i  \  lie  vnlves,  and  in 
roiis('q，irm'(、  i  lie  l)r'、；ik;ig(、  or  disron iHM't.ion  of  any  of  t-he  links 
l;ct  ween  (ly  balls  and  valves  works  t o  close  the  valves  hy  their 
own  weight ,  the  higli  pressure  valve,  in  addition,  being  assisted 
by  a  closing  spring.  ' 


KATIiAU-SjIOOT  TUIIBINE  USING  BOTH  HlOH-PUICSSU KE  .\ND  LuW-l'KESWUItK  STPiAM. 


The  mixed  flow  feature  of  tlie  governor  includes  a  piston 
actuated  by  the  low-pressure  steam,  which  rises  and  falls  with 
the  pressure  in  the  low-pressure  steam  main.  When  the  low- 
pressure  steam  has  a  high  pressure  (in  this  case  some  201bs.), 
tlie  piston  allows  the  fly-ball  governor  to  actuate  the  low- 
pressure  valve  for  its  full  travel  while  holding  the  high- 
pressure  valve  in  a  dosed  position  at  all  times.  As  the 
quantity  of  low-pressure  steam  decreases,  the  piston  which  it 
ac:t.uates  descends,  giving  a  greatly  increased  opening  to  llie 
high-|)ressurc  valve  until  it  reaches  its  lower  limit ,  uuder 
wliicli  conditions  the  low-pressure  valve  is  in  a  closed  position 
and  t'lie  high-pressure  valve  is  actuated  by  the1  fly  balls  for  its 
inaximiim  Hisplacement.  An  i n ter mi 1 1 e n t  p o si t i o i i  of  the  row- 
trol  piston  gives  a  simultaneous  opening  to  both  high  and 
low  pressure  valves. 


Expert  Education  in  Petroleum  Mining. —— In  view  of  t、、" 
rieve]'0])inent  of  the  petroleum  industry,  the  University  of  Bir- 
niingham,  which  already  has  provided  special  courses  in  ])etro- 
lrum  miniiig,  has  prepared  a  syllabus  to  co vvv  I  lie  course  for 
the  degree  of  B.Sc.  (in  Petroleum  Mining)  i\ut\  t he  Diploma 
in  Pet  roleuni  Mining.  Tlie  r"m's(、  com  prises  an  education  in 
t  lie  f)rincii>les  and  pract  ice  of  minino,  boring,  surveying,  and 
bore-hole  surveying,  petroleum  in itiini;-  ]a、v，  and  tlie  transport, 
storage,  and  refining  of  petroleum. 
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CONTINENTAL  DESIGNS  OF  BURNERS  FOR  WELDING  AND 
CUTTING  METALS. 

A  review  of  some  German  designs  of  burners  for  welding  and 
cut  ( ing  metals  appeared  in  a  recent  issue  of  "  Elektro-technis- 
r\\er  Anzeiger,  and  we  are  indebted  for  the  following  transla- 
t ion  to  the  Journal  of  the  American  Society  of  Mechanical 
Engineers. 

The  Jurgens  gas  blower  (Fig.  1 )  is  a  combination  of  a  Bun- 
sen  burner  and  a  blow-pipe.  The  blower  rotates  on  the  support 
/,  nnd  is  provided  with  air  and  gas  ducts  J  and  r/,  the  air  duct 
/  ronnecting  with  the  gas  duct  when  the  cock  //,  with  its  angle 
bore,  is  placed  in  a  suitable  position.      The  gas  duct  7  is 


Fio.  I.  Fig.  -2.  Fig.  3. 


further  divided  into  two  separate  ducts  /.-'  and  /,--  leading  to 
the  respective  plugs  of  the  cock  //.  The  gas  flows  through 
t  liese  rl ucts  into  the  burner  pipe  h  from  wliich  either  a 
I^unsen  flame  or  a  blow-pipe  flame  may  be  produced.  In  the 
first  case  the  air  admission  sleeve  is  placed  so  that  its  holes 
are  just  over  the  holes"in  the  burner  pipe,  giving  free  ad nus- 
sion  to  the  air.  The  rotation  of  the  sleeve  is  accompanied, 
by  means  of  the  pi"  〃/，  by  a  displacement  of  the  slide  valve 
.、'  /'  f)])eini)g  to  the  gas  a  passage  into  the  burner  pipe  through 
the  little  holes  //  and  jr.    If  the  burner  is  used  as  a  blow- 


Fn;.  :,.  Kig.  1. 


pipe  the  sleeve  ：  is  brought  to  where  it  covers  the  holes  in'  the 
l)'m'er  pi]>es,  wliereby  the  slide  valve  W'  is  placed  so  that 
tl'e  large  openings  <lx  anrl  fi'1  are  brought  over  the  ducts  /. 1 
ami  /•-,  and  compressed  air  let  on. 

Fig.  2  shows  t he  soldering  acetylene-heated  iron  of  T r . 
Haumanii,  in  Winterlin^en,  Germany.  The  gas  pipe  〃  is 
provided  with  a  cock  and  ends  in  a  nozzle  tl  enclosed  in  the 
shaft  of  a  spherical  burner  this  shaft  being  provided  with 
air  admission  openings  /.  The  nozzle  d  ('mis  in  a  conical 
extension  f/,  the  purjmse  of  which  is  to  produce  a  narrow 
flame  directed  on  the  iron  i  surrounded  by  the  jacket  //，  with 


its  openings  <j.  There  is  also  a  spring  v,  whicli  can  bo  regu- 
lated by  the  screw  o  so  that  its  tip  //  ('loses  moro  or  less  the 
opening  of  the  nozzle  r/y  and  thus  makes  the  flame  strong  or 
weak  as  desired.  A  wire  gauze  screen  is  provided  ； it  /•  1o 
prevent  backfiring. 

In  the  prod uct  1011  o I  hu ruers  usi 1  i(j uicl  fuel, 
economical  tliennally  hih]  less  dangerous  tlian  acetylene 
burners,  two  iinprovemejits  art'  credited  to  Edward  Grube, 
in  Alt-R^hlstedt,  Germany.  The  licjuid  fuel  must  of  rom'K、 
be  evaporated  before  it  can  mix  with  the  ； nr.  The  first  is 
shown  in  Fig.  3.  A  burner  with  a  single  superheat er  ('oil  A, 
from  which  oil  vapour  is  conducted  to  the  distributing  member 
B，  and  is  supplied  siinultaneous] v  to  the  injectors  E  a iul 
nozzle.  The  oil  vapour  formed  in  the  su])erheat8r  coil  A  pro- 
duces a  narrow  flame  nt  1  he  exit  from  tlie  nozzle,  a、s  in  an 
ordinary  blow-pipe,  but  serves  also  1o  feed  tlie  welding  burner 
F.  For  this  purpose  part  of  the  oil  vapour  is  led  aside  into 
the  injector  E,  and  mixes  there  with  the  oxygen.  To  st;i rt 
the  burner  the  superheater  coil  A，  with  all  valves  closed,  l"，s 
to  be  heated  by  some  outside  source  of  heat.  To  use  the 
burner  for  welding  purposes  the'  cock  II  has  to  be  opened ,  and 
oxygen  admitted  to  the  injector  E  through  the  pipe  D. 

In  the  second  burner  of  the  same  concern  (Fig.  4),  tlie 
oil  which  is  lead  to  the  burner  through  the  pij>e  A  under 
pressure,  enters  into  the  carburetter  B  of  the  blow-pipe  E 
as  well  as  through  n  side  duct  D，  into  the  carburetter  E  of 
the  welding  pipe'  F.    The  valves  G  and  H  regulate  the  supply 


Fig.  i\.  Fig.  7.  Fig.  8. 


of  tlie  oil  vapour.  The  carburetter  B  is  heated  by  the  heat 
conducted  through  tlie  metal  from  the  pipe  C  of  the  blow- 
pipe, while  the  carburetter  E  is  directly  surrounded  bv  th。 
flame  of  the  blow-pipe.  From  E  the  oil  vapour  passes  into 
the  injector  J,  and  mixes  there  with  the  oxygen  coming 
through  t lie  pipe  K，  tlie  How  of  the  oxygen  being  regulated 
l)y  t  he  valve  L.  A  ljrati«-h  pipe  M，  with  cork  N，  permits  also 
the  regulation  of  the  supply  of  oxygen  flowing  under  high 
pressure  to  the  torch  t'cjr  cutting  metals  (). 

To  obviate  the  necessity  of  having  several  burners  of 
various  sizes  for  (liHerent  kinds  of  work ,  J.  Annnon,  in 
Schoiieber^  ( near  Hprlin ) ,  designed  a  burner  ( Fi^.  5)  for  welrl- 
iiig  which  jnay  be  fUte-'l  with  different  nozzles  for  different 
kinds  of  work.  The  pa  rt  〃  is  a  nozzle  body  provided  with 
properly  dimensioned  ducts  for  oxygen  and  fuel  gas,  with  the 
Jiozzle  and  outer  tube  in  j)ernianent  connection.  The  nozzle 
body  e  is  slipped  over  the  hollow  conical  nipple  C，  connert 。八 
with  the  oxygen  pipe  B  aiul  combustible  <^as  chamber  L,  the 
two  being  ('onnected  when  necessary  by  the  cap  screw  I.  The 
oxygen  flows  through  the  pij)e  H  into  the  chu-t  W，  and  out 
through  the  burner  nozzle  II.  Tlie  fuel  ^as  is  drawn  by  tli^ 
suction,  produced  by  the  flow  of  oxygen,  throutrh  the  duct 
T，  into  the  passage  S，  and  thence  through  the  duct  R  into 
tlje  combustion  chamber  V.  Another  burjier  on  the  same 
principle,  but  somewhat  Hitferent  in  constructive  details,  has 
been  designerl  by  W.  Widinann,  in  Stuttgart,  Gennanv. 

The  vapour  nozzle  of  the  welding  burner  of  the  Rheinische 
Gesellschaft  for  auiogene  Metallbearbeitung  m.b.H.,  in 
Cologne  (Fig.  6),  consists  of  several  exchangeable  parts.  The 
nozzle  proper,  consisting  of  tliree  parts,  a,  bt  r，  is  screwed 
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to  Iho  mixing  \  ul>e  ,/，  tlicse  three  parts  I 化 ing  pr()v"k'(l  willi 
"milar  th reads,  so  Dial  they  may  be  set  ； it  ;my  flcsiml  ； iit^lc 
tu  the  axis  of  i  hv  inixiii^  t  nbo. 

The  burner  ol'  M. 丄" iliofl',  (,l  Hrrliii  (Fig.  7),  wlii'h  ju;ty 
l>"  used  boi  1、  i'('r  w<  ldit)^  aiul  r\\\  \  in^  nirl  a  Is,  i.、  '  （msl  ，  m'l  rd  ，'> 
t  hat  tl"  oxygen  camiot  yet  into  \  Uv  ^;is  pipes.  T1k'  \)Vi\v 
sh;tprd  1 川 l'MPi'  H  consisl s  of  ； I  semi  s|>lirrir;i  1  l);is"  b，  ；]  nd 
(•onical  vapour  nozzle  K,  divirlod  by  ihe  |)1;ite  I*  Iiavin^  m  Inr^o 
number  of  small  holes  \j  ai'rnn it)  conrcntrir  circles. 
AtpI  vlene  is  brought  i  hruuuh  A,  oxygen  i  lnou^li  the  |>i|tr  S 
]>assiii^  \  lirotii^h  t  lie  hnsc  nud  j>1;—"(、  l，，  ''m(l  providofl  with  t  ho 
nozzle  D.  The  inixl  iirr  of  oxygen  ； nui  is  Hows  out  tlir('i'"li 
the  nozzle  k .  When  the  burner  is  iisorl  for  cutl  in^  m("-'ls， 
an  arMitional  strc^un  <»t  nxy^eu  is  supplied  i  hrouLih  t  Im*  l»r'm'  h 
piping  S1 .  The  perul""'  sliajtc  u I'  t  lir  bimirr  |n*nnits  of  ml 
tin"T  a  mmiber  of  holes  in  t  hp  plate  P  su'  li  ； is  \o  ； illow  always 
a  sufficient  supply  of  ""is  tu  flow  throu^li,  wii  li  no  dan^ci-  nl' 
backfiring.  The  r (川 inl  extension  K  is  sniil  io  jav (川 r  I  he 
mixing  of  the  two  gases. 

In^teHfl  of  inakin^  iirovisious  for  rxrli;mgiii"r  nnz/Jcs,  1 1'r 
Hrhnission  of  oxygen  u\;\y  be  reguhiicMl,  ；, s  is  dour  in  t  lif、 
Imi  iipr  of  t he  A|)|>Hrah^l?;ni  Anytalt  >S(  hm;ill"il'l('ii  (；. m.h. 丄 — I  • ， 
in  Schmalkalden,  CxernuHiy  (Fiy.  8).  Tli,、  uxy^^ii  |>ip'、  ：'>  "|'<  ir 
into  the  chamber  2，  wl'ilr  t  lie  aretylcne  pipe  '「>  is  led  lo  ，  h(、  sidr 
opening  4.  The  liea(l|tu"'f、  G  i&  screwed  into  ihv  ，  ;isiii 卩 1，  ； i imI 
is  provided  witli  a  crni  ral  duct  y  wit  li  t \\r  Iruiil  |>;i rl  ni'  G 
co-entrically  IochUnI  ,  ； nul  fitted  with  <*<nic  II  lmvin^  in  its 
turn  lon^iludiiuil  ^roovrs  ]  2  opening  into  duels  1 2a.  Tlirs'' 
ducts  are  rut   in  special  iiozzle  sliajifd   pins  r()n iic('k'(l   wil  h 
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cone  11，  are  of  different  diameters,  and,  like  i  he  grooves  12， 
are  not  limited  as  to  lnnnber.  Since  the  patli  of  the  oxygen 
lies  through  12a  enclosed  in  the  cone  or  pins  counertcd  wit  h 
it ,  the  regulation  of  the  oxygen  is  not  oft>r1erl  by  regrinding. 

What  is  claimed  iu  be  a  new  arrangniu-nt  lor  distribut in;; 
the  oxygen  in  burners  with  a  single  oxygen  piping  iy  embodirfl 
in  the  burner  shown  in  Fi^.  9，  constructed  by  J.  Knappich,  in 
Au^sbur^,  Germany.  The  oxygen-regulatinu  valve  3,  with 
its  admission  and  discharge  piping  4  and  5,  is  fastened  by  the 
screw  6  to  t  he  body  2  enclosed  in  a  tube  protect  or  1.  The 
screw  passes  through  the  duct  8  for  the  admission  of  oxygen 
for  the  preheater  flame,  this  duct  being  closed  below  the  ^crew, 
and  the  screw  being  provided  with  a  bore  7  connecting  the 
oxygen  supply  pipes  4  and  8.  The  inside  rlinnicter  of  8  is  so 
large  that  there  is  always  a  suffirient  arc"  tor  Uie  passage  of 
the  gas,  independent  of  the  position  of  the  sncw  G.  The  rl^'b 
9  and  10  act  as  packing.  By  means  oi'  the  screw  11  the  valve 
3  can  be  closed  or  opeuerl,  according  as  thr  v;ilve  rone  is 
pressed  against  its  seat  13，  or  lifted  i*  by  the  spring 

14  having  as  purchase  the  fe'  15.  The  i'm'l  '  ； r;  pipes  16  and 
17  are  tightly  fastened  to  the  body  2，  tl，p  two  pipes  being 
connected  by  the  ducts  18.  When  valve  3  is  open,  the  oxv^r" 
brought  by  pipe  4  flows  into  8  well  into  H.  Whet)  tin- 
valve  is  closed,  the  admission  of  oxygen  into  the  oxidation 
pipe  5  is  stopped,  but  the  gas  continues  t"  How  through  7  into 
the  pipe  8. 

In  the  torch  for  cutting  moUils  of  lv.  Moritz,  of  W;»S(jue- 
hal,  France  (Vi<^.  10),  the  nozzlrs  of  tlir  fuci  ^as  supply  pipes 
； n-r  oi)  pin  joints,  thus  pprnuiiin^  tho  rr^u hilion  of  the 
space  opposite  the  oxidation  nozzle.    Oxygen  is  supplied  by 
the  pipe  5，  and  fuel  gas  by  the  nozzles  i. 


TAPS  AND  SCREWS. 

At  flit'  meeting  of  1  ho  AinericHn  Society  of  Mechanical 
Engiiieertj  held  iu  Now  York,  on  Maicli  l'2Ui，  a  p;i  (km-  !>y  K. 
O.  Wells,  of  i  lie  Wells  Broi  Ihm  s  Company,  (1  rccn liold ,  M;'ss.， 
wjis  pirseni  rd  by  II.  K.  Harris,  t  est  in^  engineer  for  the  <otn- 
|);mi y,  on  11  T;ips  ami  Screws."  The  avtM'agc  use r  of  machine 
screws  ； hhI  holts  lien  rs  very  lit  tie  about  t  lie  linoly  drawn 
i  lironcs  in  regard  to  ； mgh、s  ； uid  o(  her  dot  nils  ； i  t  heir  prac 
iicfil  ； ipplic;il  if)ii  to  l  ap  ； m(l  die  making.  The  ； ihilil  y  to  buy  or 
im;i  k c  s' l  ews  ； i  nd  boll  s  w  1 1  i r 1 1  <  ;ui  1)(、 山' p<>，，<lrfl  upon  t  o  tit  t  he 
i  ； »|>|)(*(l  holes  in  t  Iu*  pr ('山 irl  iimler  iiiaiml'act  urc  is,  however,  a 
m;HI('r  which  (Umiki  ihIs  ； iH  mt  ion.  I  )i ITrronccw  in  1Ih、  rlimeji- 
sions  of  i  scr(^ws  ； i  ixl  1  \\v  I  m pped  liolcs  umsl  be  nifulo  in  older 
I o  ； i How  IV) r  un;ivoi(l;il)l(*  imperfect  ions  in  nninufMciiiiT  ； itkI 
w'  nr  on  i  Ik*  laps  ；) iul  sudicienl  freedom  of  fit ,  l>id  this  slioulrl 
be  confined  lo  sik  Ii  small  limits  thai  ilu*  smallest  permissible 


Fig.  1. — Effect  of  Fitting  Nuts  and  Scbewb 

Ol-'  Vll'l' KltKNT  ANCiLKS  TO(iKTHJ;i(. 

山，' m'-'"'r  for  i  lie  i  ； i  |>s  will  be  slightly  l;'rg('r  1  lt;i  n  i  he  largest 
juMiiiis^ihlc  <li;miH('r  for  Ilu;  screws.  ]i  \  lirsc  limits  arc  too 
l;i  rgo,  a  Kt-rcw  wliirli  li;ippciis  \  o  hv  used  in  a  l，"lr  lapped  by  a 
maxim um-sized  I ； ip  nwiv  loo  loose.  Tlu'  limits  in ust  be 
rlosply  guarded  ；  l)Ut  ； il  i  he  same  t  inio  1  hry  nmsi  not-  be  so 
^mall  ms  t'o  prevcnl  f\  n  i  ut  (M'cliangcablc  MsstMiihliu^.  a  nd  must 
； ilso  allow  fni-  ； i  rcasoiwi ainounl  ol'  \vc;ir  on  I  lie  tap. 

The  t、vo  f;u  lors  most  vital  in  this  connecl  ion  arc  the  size 
;m'l  1  lie  lead.  11  is  wry  important}  to  umlcrsf ami  how  the 
si/,r  is  i  o  be  imcmsui  tir| .  The  (it  of  any  y<Tew  should  be  on  the 
"(k、s  of  <  lir  ； uiglc  of  t  hv  t  lircad,  i\s  1  he  outside  and  root 
(li;tnip<rrs  \\i\vr  r"mp;i，.;"  iv('l v  ]i"l(、  in  do  wil  l)  ihe  actual  lit  ； 
for,  ，ml(、ss  the  anglo  and  1  lie  lead  of  t lie  1  hrc;i(ls  n rc  t he  same 
in  hoi  li  s(t(、、v  ； i  tul  i  a  pprd  hnlo,  and  t  he  (l"iim't(、rs  measured 
across  1  he  ； mglrs  oi'  I  lie  threads  are  relatively  right  a  proper 
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fit  cannot  be  obtained,  no  nia I  ter  how  close  to  size  the  outside 
and  root  diameters  ,:re  licKl.  Fig. 】 shows  our  effprt  of  fitting 
together  nuts  and  screws  of  different  an g Irs.  In  thiy  (、'，：:p  the 
screw  i.s  shown  wil  li  ;i  more  obtuse  angle  t  \\i\n  tlu*  nut,  and  ihe 
))(•;»  ring  bet  worn  ilicm,  if  one  coulrl  be  obi  ainrrl  this  、vay， 
would  br  on  i  lie  slt;irp,  fragile  apexes  ol'  the  1  orl  li . 

'I'lic  iipccssil  y  o(  mwsuring  t  lie  an^lt-  ； HTur;iic)v  liaii  led  to 
t  \\r  ； i<|<»))t  ioti  ol'  1 1 h_>  "、rm  pit  cli  dianiol or  f')r  screw  t  It  r'',t'l:、 
well  as  for  gears,  ； ind  t  hose  wlio  have  gom'  r ；， '.('fully  into  tlie 
si  udy  of  wrrw  \  lu'ends  avv  using  oxclusivnl y  I  liis  inrt  liod  of 
ine;isuriti^.  Fig.  '2  shows  fi  micronicter  wliicli  measures  i  licsn 
impnrtnnt  di;inie1  rrs  ju  ross  i  hr  anpl(、.  rriir  ^rr.ii  merit  of  this 
rl  i'  tihn  is  I  it  is  imt  icitdr  t  cd  i  ii;n-(-in  ai  c  l>v  t lie  helix 
angle  of  the  thread  ；     that  it  will  measure  the  finest  lead 
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thread  as  well  as  the  coarsost  within  its.  range,  and  tliat  it  hus 
the  greatest  ran^o  that  has  been  developed . 

Fig.  3  siiows  how  variations  in  the  lead  afTe<t  t lie  pitili 
of  a  screw.  The  angle  in  this  rase  has  been  assumed  to  1"' 
rorrect,  but  the  nut  has  been  tapped  with  a  tap  having  long  or 
st retched  lead,  with  the  result  that  a  bearing  can  he  had  only 
in  two  places  at  the  most,  as  indicated  by  A  I)  and  B  C.  This 
is  not  l)v  aiiv  means  an  exaggerated  condition  and  explains 
the  reason  why  a  nut,  tapped  with  a  large  diameter  tap,  will 
often  start  freely  on  a  screw,  turn  a  few  turns,  gradually 
be<*oming  less  free,  and  then  bind.  Tt  lias  then  found  its  A  1) 
and  B  C  and  cannot  move  further,  herause  the  position  of  the 
bearing  on  opposite  sides  of  tlie  thread  acts  as  a  wedge. 

While  it  is  possible  that  on  small  work  ami  with  soft  lnetala 


Fir;.  3.— Efff.ct  of  Variation  i\  Lfad 
upon  Pitch  of  Snt r.w. 


snews  rni^ht  be  put  together  in  this  way,  it  is  very  evident 
t  hat  it  would  not  be  a  good  job  and  would  very  soon  prove 
unsatisfactorv.  It  would  also  tend  to  place  all  the  strain  on 
one  tootli  at  a  time,  making  it  possible,  under  a  sufficient 
longitudinal  strain,  to  strip  one  tooth  after  another  with  a 
shearing  action,  at  a  small  percentage  of  the  power  t liat  would 
be  required  to  strip  them  all  .siinultaneously  when  the  load  is 
correct. 

As  stated,  the  user  generally  desires  only  to  have  liis  screws 
and  bolts  fit  satisfactorily.  Those  who  do  a  large  aiuoutit 
assembling,  where  thousands  of  sorews  of  various  sizes  are 
used,  know  the  difficulty  of  this  proposition.  They  are 
acquainted  with  the  variation  to  be  found  in  machine  screws, 
as  well  as  in  tlie  tapped  holes,  and  with  tlie  delay  which  tliis 
makes  in  asseiuhliiig,  as  well  as  with  the  difficult y  of  supplying 
duplicate  parts.  For  this  reason,  many  are  using  point  lituit 
gauges  especially  made  to  measure  the  s<*rew  diameters  across 
the  angles,  and  so  ensure  the  iiinforinity,  within  working 
limits,  of  the  screws  to  be  used . 

As  to  the  lead  of  taps,  t  lie  re  is  little  doubt  that  most 
makers  use  a  somewhat  similar  method  to  se<'ure  uniformity  of 
profluct -  Tt  must  be  reiriemhered,  however,  tliat  as  ； ill  steel 
expands  ;in<l  cont  racts  wit  h  lieat  and  cold,  taps  cliange  t lieir 
lead  to  some  extent  in  t he  liardeni process.  Tf ,  in  addition 
to  this,  t liey  are  waipod  on  t  he  threaded  end,  t he  lead,  t  lie 
angle,  and  (liamoier  of  the  tapped  liulc  will  l>p  affected,  as 
ran  l>o  seen  in  Fig.  4. 

To  what  has  been  said  of  the  efTet  t  on  taps  of  errors  in  load, 
angle,  an^le  rliainetor,  and  warping,  tiuist  Ijo  added  tlie  efftu  t 

iis.'i^e  in  rediK-iiig  tlie  size  of  t  lie  tap  by  wear,  as  well  as  t  Iip 
commercial  variations  of  lead,  angle,  and  diameter  in  t  ho 
s«  re\vs  or  l)olts,  aiid  it  will  readily  be  seen  tliat,  muler  t  lie  best 
poHsible  <  oiHliti(iiis  t hero  will  he  a  multiplicity  of  ininute  errors 
tliat  will  have  to  he  t;ikon  care  of  by  tlie  allowance  l>e tween 
the  mini  mum  limit  of  tlie  tap  and  the  inaxiinuin  limit  of  tlie 
"■"'、、'.  There  will  also  lia ve  to  ho  ； i  luaxiinmn  limit  set  on  the 
tap  and  a  Miitiim  inn  limit  s:et  for  t  lie  screw,  to  provido  for 
nianufact  uriii<(  allowances  and  to  prevont  too  iiuu-lt  looseness 
in  the  fit  of  tlie  thread. 

Tlieie  is  great'  diversity  of  opin ion  at  the  present  time 
among  tan  aiul  die  makers,  ； m(l  screw  makers  in  general,  as  to 
wliat  t liese  allowances  .slioul«l  he,  and  wljat  constit nt o  tlio 
corroct  limits  for  t;q>s  and  screws,  wit  li  1  lie  result  thai  ;t,  buyer 
or  manufacturer  lias  t  rouf*!^  in  securing  taps  to  suit,  his  screws, 

screws  to  (it  Iiis  \  ap|>ofl  holes,  and  is  working  »ui<ler  a  serious 
liandira])  in  Iiis  efforts  towards  proper  fits  and  interchan^eahlo 
work. 

Tlie  Committee  of  tlie  Sorietv  on  the  Standard  Proportions 
of  Machine  Screws  gave  in  its  report  of  1907  a  list  of  standard 


machine  screw  sizos,  wil  li  diagrams  and  tal^los  of  h\ andartl  pro- 
portions, limits  fitv  screws  ;unl  t aps,  sizes  of  if* i'erences,  gauges, 
^»*.  ，  wlii<*h  receivtMl  tlie  en(lors('m(»i"  o\\  and  Iihs  been  of 
unluiiited  value  to,  t  lie  industrial  coinnnuiity  at  large.  The 
(|iU'siioii  of  limits  for  tlie  larger  size  screw  threads  was,  how- 
ever, left  unsctt  led,  and  t  Iiis  (juestion,  from  its  far-reaching 
n;ii  ui-e,  is  too  lar^e  a  mattor  "j  l>o  s(»ttlful  f>y  either  t  lu>  inaiiu- 
lad  urcr  or  t  lie  user. 

It  is  oi'ten  found,  in  cases  wlion  owo  would  least  exnfM-l  if, 
that  a  inaimfiu-turer  is  act  ually  puncliiri^  or  drilling  holes  for 
tapping  of  a  smaller  diametpr  tli;ui  1  lie  root  diameter  oi'  tin' 
throad,  so  t hat  the  end  of  the  tap  must  act  as  a  reamer  before 
tlie  t hread  t  an  be  cut  -  In  this  rasp  t tai)  becomes  a  taper 
reaiiUM'  with  unrelieved  cliip  breakers,  and  reams  a  taper 
entraix*e  ">  i  lie  hole.  Oftentimes  it  will  i'ail  to  '*  ratt  li  tlie 
thread  '，  at  all,  and  will  therefore  ream  clear  t  h rough  or  to 
t lie  hottoin  without  threading.  ()r,  if  the  tliread  does  liappeti 
to  t-atcli  after  reaming  part  way  through,  a  short,  weak  tliread 
is  tlie  result . 

Tliis  reciuices  <-onsi(leralj|o  power,  often  1炉)'（川（1  t he  break- 
ing strain,  and  explains  why  taps  sometimes  refuse  to  cut  a 
thread  at  all,  and  also  why  taps  sometimes  break  ahnost  as 
^oon  ； is  they  begin  io  cut .  When  it  is  reinemhered  that, 
^eiierjilly  speaking,  more  1  lian  80  per  cent  of  the  standard 
t  li  i  cad  depth  is  never  necessary  in  manu i'acturing,  even  for 
shallow  lioles,  and  in  many  cases  not  more  than  50  per  rent" 
t lie  tolly  of  having  lioles  too  small  can  be  seen,  and,  in  nmst 
cases,  even  of  attempting  to  secure  a  full  thread. 

T;i|)  drill  sizes  for  machine  screws  in  particular  should  Ijp- 
varied  aciording  to  the  material  to  )>e  tapped,  and  t lie  depth 
ai'  t  lie  tapping.  Rouglily  stated,  for  holes  that  have  the 
^■I'ows  enter  more  than  1 .',  times  the  diameter,  50  per  rent .  or 
half-t hread  is  usually  sufficient,  as  the  head  will  break  off,  or 
tlie  Si-i'ew  will  stretch  or  break  before  tlie  thread  will  strip. 

Soft,  tough  material,  such  as  copper,  Norway  iron,  drawn 
alumiuiuni,  should  have  a  larger  hole  for  the  tap  than  the 
liardei-  and  more  crystalline  materials,  sucli  a»  cast  metals. 
This  is  because,  if  they  are.  drilled  smaller,  the  tops  of  the 
threads  are  liable  to  be  torn  off,  which  decreases  the  effective 
(loj)tli  of  the  thread  in  tlie  tap  hole,  and  results  in  a  poorer 
tliread  than  if  tlie  hole  had  been  originally  drilled  a  little 
larger.  On  tlie  other  hand,  in  these  more  tenacious  din-tile 
materials,  if  the  hole  was  originally  a  little  large,  the  tap, 
especially  after  the  keen  edge  has  become  slightly  dulled  by 
use,  will  reduce  the  size  of  the  hole  by  spinning  or  drawing  the 
metal  at  tlie  tops  of  the  tlireads,  thereby  increasing  the  effec- 
tive deptli  of  the  thread. 

Tt  should  also  be  renieiiibered  that  it  is  impracticable  to 
tap  a  liole  witli  the  basic  root  diameter  size,  unless  the  much 
slower  processes,  with  serial  taps,  or  long  step  taps,  are  used, 
so  as  to  divide  the  tapping  operation  into  a  series  of  successive 
stej)S,  each  removing  a  small  amount  of  metal.  The  size  of 
the  hole  also  affects  very  materially  the  power  required  for 
tapping,  aiul  the  tap  l)reaka^e.  This  is  particularly  important 
in  niaciiine  tapping,  wliich  is  the  main  thing  to  be  considered 
iii  iiiaimfact uring.  The  power  is  also  affected  by  the  kind  of 
]ubi*i<-ant  used,  by  the  fondition  of  the  tap,  whether  sharp  or 
dull,  by  the  shape  of  tlie  ('utting  edges  and  their  effect  on  the 


Fi«  4.  -Nut  Tappkd  with  Tap  Warpfd 
in  Hardening. 


shape  and  action  of  t  lie  chip,  and  also  )>y  the  spaces  allowed 
for  (  liin  clearance. 

As  almost  all  niaciiine  tapping  is  in  through  holes,  and  tl»e 
uses  of  the  l^ottoining  tap  are  extremely  few,  experiments  were 
made  on  the  effects  of  sharpening  or  grinding  the  taps  bark 
from  the  end  for  a  varying  number  of  threads,  so  as  to  ascer- 
tain the  effect  of  dividing  the  work  among  more  or  less  cutting 
teeth.  It  was  found  by  repeated  tests  and  careful  record,  that 
it  requires,  approximately  2'「>  per  cent,  more  power  to  drive  a 
tap  which  lias  been  ground  back  but  four  threads,  wliich,  in  a 
4-flute  tap,  divides  the  cutting  among  16  teeth,  than  for  one 
wliich  has  been  ground  back  six  threads  and  having  24  cutting 
teeth.    The  24  cutting  teeth  also  gave  much  smoother  threads, 
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and  cut  more  closely  to  size.  This  shows  tliat  for  general  use, 
a  tap  ground  back  six  threads  works  better  and  will  last  longer 
t lian  one  ground  l>a<  k  only  four. 

Table  I. ― Variations  in  the  Action  of  Taps  on  Bepetiti"" 
Tests  in  Different  Ma terials. 

Taps  used  A  -  13  I'.  S.  S.    ltoot  diameter  of  test  pieces  0'4*20in.     Depth  of  Tnpiicil 

hole  Mn. 


Test  Nos.  ov  Taps. 


.Materials  used  

2 

3 

5 

6 

7 

8 

9 

10 

11 

12 

13 

H 

Hexagon  drawn  brass 

GO 
tiT> 

62 
60 

62 
65 

60 
60 

65 
65 

7U 
80 

ti(i 
GO 

90 
95 

60 
62 

tin 
60 

m 

GO 

60 

62 

HO 

65 

fir. 

Crucible  lool  steel  ... 

•220 

•24-2 

'250 

•>m 

'230 
250 

240 

2H0 

'25') 
'235 

375 
380 

210 
205 

'270 

260 

275 

270 
■2(-(l 

'260 

'2f>8 
'270 

Cold   piuicIhmI  hexa- 
gou  steel  nuts  … 

HH 
\M) 

158 
130 

xm 

17, 

170 
190 

155 
160 

150 
180 

150 
132 

340 
360 

ltiTi 
11(1 

195 

165 

(2'25 

175 
•200 

148 
l»o 

1W) 
1H0 

Hexn^(m  screw  stock 

Kill 

lr>() 
170 

165 
is:, 

18S 
165 

178 

180 

•it  18 

155 
170 

->M) 
430 

140 

155 

細 
190 

235 
•200 

168 
1G0 

225 
•205 

230 
205 

Drnwn  li^xamni  phos- 
phor bronze  ... 

•210 
190 

175 
'200 

2>0 
300 

•200 
250 

'230 
'2X) 

■240 
250 

170 
IK2 

338 
細 

Hid 
190 

•200 
330 

'2-20 
210 

222 
'245 

26.5 
205 

21U 
■2  HI 

The  above  values  represent  the  power  re{|uired  in  inch-pounds  to  drive  t)u-  t"i's 
through  the  test  pieces  as  measured  on  testing  nmchine. 


The  effect'  of  different  mat ei-ials  upon  t lie  power  required 
for  tapping  is  shown  in  Table  I.，  which  gives  a  chart  of  the 
results  found  on  14  different  taps  tested  on  1  -5st  pieces  of  five 
different  materials.  Tlie  maximum  and  ininimuin  power 
required  by  each  tap  when  tapping  consecutive  test  pieces  is 
given  in  inch-pounds.  It  will  be  seen  that  drawn  brass 
required,  on  an  average,  65in.-lbs.  and  is  very  uniform, 
and  that  while  crucible  steel  is'  also  a  uniform  cutting  material, 
it  required  an  average  of  261in.-lbs.  or  four  times  as  mucli  ； 
cold  punched  hexagon  steel  nuts  required  an  average  of 
1 90iu.-lbs.，  and  hexagon  screw  stock,  tapped  endwise, 
197in.-lbs.  Phosphor  bronze  shows  the  biggest  power  varia- 
tion for  the  same  tap,  or  throughout  the  test.  It  required  an 
average  Of  228in.-lbs.  Taps'  Nos.  6  and  8  had  a  slightly 
poorer  form  of  flute  than  the  rest,  and  did  not  cut  as  smoothly 
nor  as  easily,  as  may  be  seen  by  referring  to  the  power  readings 
in  the  table. 

Table  II.  shows  the  effect  of  varying  the  root  diameters  and 
using  different  lubricants.  In  this  table,  wliirli  is  the  final 
result  of  a  long  series  of  tests,  the  breaking  strain  is  taken  for 
comparative  purposes  as  a  100  per  cent,  strain  (the  power 
required  to  break  a  properly-made  ^- 13  U.  S.  S.  plug  tap  is 
approximately  1 ,000  in. -lbs.),  and  the  lesser  strains  required 
for  tapping  holes  under  different  conditions  are  given  as  per- 
centages of  this.  The  test  pieces  used  were  coinnion  hexagon 
cold  punched  nuts  accurately  reamed  to  the  respective  drill 
sizes,  and  the  taps  used  were  regular  stock  i~13  U.  S.  S.  taps. 

The  points  which  this  series  of  tests  seem'  to  emphasize 
particularly  are  as  follows :  (a)  That  the  lubricants  used,  up 
to  a  certain  point,  have  the  same  effect  on  tlie  cutting  power 
required  as  more  or  less  metal  to  remove  should  have.  For 
instance,  to  tap  a  .\in.  nut  with  a  0'425in.  tap  hole,  using 
machine  instead  of  sperm  oil,  would  have  practically  the  same 
effect  on  the  power  required  as  reducing  tlie  diameter  of  the 
tap  hole  25  per  cent,  of  tlie  double  depth  of  tlie  thread. 
Referring  to  Table  II. ，  it  will  be  seen  tliat  the  power  is 
approximately  double  in  both  cases,  from  1 6 '5  per  cent,  to 
34/2  per  cent,  on  clianging  froiti  sperm  oil  to  machine  oil,  ami 
from  1 6*5  per  cent .  in  1  he  sppj  in  oil  cnl umn  1  o  35-5  pel*  cent, 
chaiiging  froin  a  0'42f)in.  to  a  CMOOiii .  t  ； i  p  drill  liole. 
(/')  Tliat  ； miiim 】 】ar(l  oil,  sperm  oil,  and  the  i^rapliit e  and  tallow 
mixture  are  the  best  lubricanls  i>{  i  liosn  1  est  t'd .  (r)  That  ;i 
good  rutting  conipouiid  is  better  than  sojne  niiiHM-;)!  1  a v(]  oils 
for  t  he  ])U rpos:*  of  t  iii^.  ((/)  Tlwit  niacliinc  oil  is  a  (let  ri 
ment  instoa<l  of  a  help  ；  tliat  in ps  will  rut  Ix^ttcr  dry  than 
wit li  it.  ('')  Tlmt  flu*  luiniher  of  hrcn ka^cs  can  ！) e  greatly 
rr 山 by  t  lie  use  of  a  proper  luhricMiit ,  mih]  \\m\\  \  aps  should 
never  be  used  dry  in  st  ep 卜  (/') ' Tlwit  tlie  diMineter  of  the  tap 
drill  hole  slioulfl  not  he  atiy  smaller  t  han  is  absolutely  needed 
to  give  the  iieress ；， ry  stren^tii,  an<l  tliat  i f  this  requires  a  full 
dej)t  h  of  t  hread  on  any  part  iculac  si/e,  it  would  he  advisable, 
from  a  tapping  standpoint,  i o  i in  si  rrMi((t  h  l>y  using  a  larger 
size  of  thread  in  rombinat'imi  wit h  an  over-size  tau  hole. 
(,/)  If  for  any  ren y.on  it  is  desinihle  to  produce  a  tlnead  having 
t  he  full  deptli ,  in  order  to  prevent  breakage  of  1  aps  and  t  he 
tearing  of  the  tops  of  the  threads  (whicli  ultimately  ""'i?as〔's 


t  lie  size  oi'  i  lit1  tap  hole),  serial  taps  sliould  be  used  witli  the 
best  lubricant  obtainable.  (//)  That  every  (Itvrease  of  0*001in. 
in  tlie  diamet  er  of  t  lie  tap  hole  inaterially  iiurreases  t  lie  power 
required  to  tap  il  ，  mihI  also  im  reases  the  per<'enl  of  l)roken 
taps  ；  and  that  as  the  tap  hole  i^ets  smaller,  the  jxnvcr 
re(|uired  iiici'eas(js  and  1  lie  breakages  o<ciir  in  increasi ratio. 


Tahlk  IL—  Ktf'ccts  of  Various  Luhriauits  and  Different  7'〃/' 
Drill  Diaiuctci  s  on  the  Cititiiuj  Action  and  of  Tajts. 


I>ii)>riciiiit. 

Aiiintal 
Lanl  Oil, 
l"'r  (\  ii I, 

Sperm 
Oil, 

|H1    (  'rut 

Gra- 
phite, 10 

)»«'[•  <  'cut. 

'I';i]l<.\v, 
90 

per  ( 'cut. 

Ca  l.i，  l'iict 
Cutting 

Com- 
ltoiuid. 

per  ( Vnt 

Mil"' nil 
Lanl  (HI, 
jht  ( '«ni. 

None, 
per  Cent. 

Macliine. 
l>er  Cent. 

0  4-2")in.  DianieU'r  of  Tap  Hole.  75  pe 

r  cent.  Tlu't'ml. 

Per  cent,  of 
breaking 
strain 

15  9 

16T> 

16-9 

189 

19'9 

299 

34*2 

li  r  eakaties 
in  tests 

None 

None 

None 

None 

None 

14 

(Quality  of 
t  li  r  v  n  d 
cut 

Smootli 

Smootli 

Smooth 

Smooth 

Sllioolli 

Torn 

O'-l  loin.  I)iimu-Li:r  of  Tup  Holt',  *MJ  jx 

r  wnt.  Til  read. 

IVr  cent,  of 
strain 

25-1 

36'5 

m-2 

68'5 

in  tests 

None 

None 

None 

50 

71-3 

Quality  of 
thread 
cut 

Smooth 

Smooth 

Smootli 

Tnrn 
l>adly 

0  4(»0in.  Diameter  of  Tap  Hole,  100       ft-nt.  Thread. 

Per  cent,  of 
br  eHkiuj; 
stiuin 

35*5 

41 

57'S 

71-8 

100 

in  tests 

None 

None 

None 

m 

100 

Qunlit.N  ol 
t  1 1  rean 
cut 

Smooth 
luit  、、 itli 
u>i»s  torn 

Sli^liUy 

a  ith  tops 
torn 

Smootli 
but  witli 
tops  torn 

Torn  and 

|i;titl> 
stripped 

Torn  and 
wedged  so 
ns  to  ine- 
vent  tap 
cutting 

tlll-Oll!,ll 

Notk.— )5y  liiultiph  iug  the  above  iierceutages  by  1(1,  tlie  actual  average  power 
ve<|uired  iu  incli-poiiuds  may  lje  obtained. 


Referring  in  Table  II.  to  tlie  sperm  oil  roliimn,  it  will  be 
seen  that  the  decrease  of  ODlHin.  <  1  i a 1 1 1 .  t'loin  a  U"425in.  to 
0'410in.  hole  required  only  Gf)  adflitiona]  iiich-pouiuls  in  power, 
or  an  average  of  a  little  over  4in.-lhs.  per  O'OOlin.,  while  the 
decrease  of  OOlOin.  from  0"410in.  to  0'400in.  required  125 
additional  inch-pounds  increase  in  power,  or  an  average  of 
12-5in.-lbs.  per  O  OOlin. 


KORTING'S  FUEL-INJECTING  APPARATUS  FOR  INTERNAL- 
COMBUSTION  ENGINES. 

Fuel  admission  valves  for  internal -combust ion  engines  <*on- 
suming  liquid  fuel  are'  now  frequently  avoided  by  the  use  of 
fuel  storage  ducts.  These  are  passages  wliirh,  between  the 
injection  periods,  become  a utoinatit'ally  filled  with  oil,  wliich 
is  injected  into  tlie  combustion  space  at  the  proper  moment  by 


Fi".  1.    KoitTiNti's  Kt  Kii-iN.ii:t"n\(;  Arr、i(、'rrs 

INTKIINAL-CUHIIU'STION  K\ (； INKS. 


admitting  air  under  pressure  into  t lie  duct  behind  the  oil. 
When  two  or  more  of  such  storage  ducts  liave  been  used  t()r 
injecting  the  same  or  different  fuels,  they  ha ve  been  operated 
by  i'onipresscd  air  coiitrolled  by  a  single  valve,  tlie  opening 
which  (leternnned  the  sinmltaneous  admission  of  the  air  heliiml 
the  oil  in  each  duct .      The  a('('()"i!miiying  illusl  rations  show 
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several  designs  of  apparatus,  the  invention  of  Messrs.  Korting 
Bros.,  Linden,  near  Hanover,  for  injecting  fuel  in  an  internal- 
combustion  engine  liaving  two  or  more  such  fuel  storage  ducts 
for  tl»e  same  or  different  fuels,  the  novelty  consisting  essen- 
tially in  the  provision  for  each  storage  duct  of  a  separate,  con- 
trolled compressed  air  supply.  The  invention  may  be  applied 
in  more  than  one  nianiier  ；  for  instance  the  separate  fuel 
storage  ducts  and  t  he  correspoiuli compressed  air  ducts  mav 
open  into  a  loinmon  injecting  Jtozzle,  or  there  may  he  a 
separate  injecting  nozzle  for  eacli  i'uel  storage  duct  and  r()m 、- 
spomliiig  compressed  air  diu-t .  In  the  latter  c-as-e  it  is  particu- 
larly advantageous  to  t-onstruct  all  I  he  injecting  nozzles  in  a 
single  piece  of  the  appa raf us,  in  which  they  may  be  a iranged 
eit her  sale  hy  side  or  co-axially,  in  order  that  the  same  or 
different  fuels  may  eater  the  tonibustion  chamber  at  sub- 
stantially the  same  place  even  though  separate  ducts  are  used . 


Fig.  2.— KuitTiNci's  Fuel-in.ie(tin(.  Afpauatus  fdu 

I N T KBN A  L- 1  O M  B U ST U >N  EXGIXKS. 


Fig.  1  shows  an  injecting  nozzle  roiiinion  to  several  oil 
fuel  ducts  and  compressed  air  ducts  ；  Fig.  2  a  modification  in 
wliich  there  are  separate  injecting  nozzles  situated  side  by 
side  ；  and  Fig.  3  a  inodifwation  with  separate  injecting  nozzles 
sit tiated  one  witliin  the  other,  the  several  ducts  being  com- 
prised in  one  piece  of  the  a pjja  ral  us  in  each  case.  In  the  piece 
A，  Fig.  1，  are  two  oil  storage  (hu  ts  C  and  D  into  wliich  the 
oil  enters,  piffpiahl y  from  helow,  tlirougli  bores  E,  F.  For 
the  purpose  of  storing  the  oil,  t lie  dm'ts  ('  ainl  I)  are  made  in 
the  form  of  a  shallow  V，  the  bores  E  and  F  opening  at  the 
angle.  The  compressed  air  is  introduced  through  a  duct 
firstly  into  the  chamber  G，  whence  it  passes  into  the  oil  storage 
ducts  C，  D  through  ports  controlled  by  the  adjustable  spindles 
H,  J  t luis  injecting  the  oil  wliicli  happens  to  ba  in  tiie  (liu*is 
C  anr)  P  into  the  combustion  chambsr  of  tiie  engine  1 1' rough 
the  com mon  nozzle  B.    The  ducts  C  and  D  may  ba  either  for 


Fig.  3.— Koktino's  Fukl-injecting  Apparatus  for 

iNTERNAL-COMKtJSTION  ENCilXKS. 


tiie  same  oil  or  for  different  oils  ；  in  the  latter  case  one  oil  will 
be  of  an  easily  ignited  kind  and  the  other  of  a  more  difficultly 
ignited  kind,  and  tlip  spindles-  H  and  J  may  be  so  adjusted 
that  for  ensuring  ignition,  the  more  easily  ignited  oil  is  first 
injected  into  the  engine  and  immediately  thereafter  the  more 
diflicultly  ignited  oil. 

In  the  const  ruct  ion  sliown  in  Figs.  2  and  3  there  are  sepa- 
rate nozzles  B  and  K  for  the  oil  storage  ducts  C  and  D  ；  these 
no/zles,  however,  are  arranged  in  the  same  pie<*o  A  ；  those  in 
Fig.  2  king  side  by  side  and  i  hose  in  Fig.  3  being  so  arranged 
tli;"  tlio  nozzle  B  is  co-axial  with  the  nozzle  K  and  is  sur- 
roundefl  hy  t  lie  latter  so  1  liat  K  is  an  annular  no/zle.  For  the 
purpf»so  of  o\A  ainin^  tiie  best  possible  atomising  of  the  oil 
tliere  may  he  arranged  suitable  atomising  devices  in  -t he 
ducts  C,  T). 


THE  USE  OF  POWER  OAS  FOR  HEATING  PURPOSES.* 

BY  MR.  D. 】L  WIKHOX. 

The  works  in  which  power  gas  is  used  for  heating  purposes  arc 
comparatively  few  in  number  and  are  often  situatefl  t»"l""'  in 
tiie'  country,  where  coal  ^as  is  not  available,  or  in  lion- 
tnuiiufacturing  towns,  in  which  no  redncl  ion  in  price  is 
allowed  for  gas  used  foi*  manufacturing  purposes  ；  they  are, 
liowever,  also  met  wit  li  in  large  towns.  The  purposes  for 
which  the-  gas  is  used  appear  to  b&  chiefly  ： ― 

( 1 )  In  letterpress  printing  works  for  heating  melting  pots 
on  linotype  machines  and  st'sr&o  hot  presses ； 

(2)  In  brass  finishing  works  for  heating  lacquering  stoves  ； 

(3)  In  various  works,  eik-Ii  as;  boukhinding,  box-ina kin^, 
、、'（'.，  for  lie;itiiig  glue  pots  ； 

(4)  In  laundries,  and  shirt  collar  ami  clot  liing  factories  for 
lieating  hand  irons  and  various  types  of  ironing  ni;u'hines. 

Plant.  ―  The  syslems  of  heating  may  be  (list  i nt! tiislie d  as 
"suction  "  and  "  pressure  plants.  Tiie  clieinist rv  t lie 
process  is  the  &ams  in  both  instances,  namely,  aii-  and  steam 
are  passed  together  over  heated  anthracite  with  tli3  format  ion 
of  "  semi-water  gas,"  but  in  ths  for  mar,  air  is  drawn  through 
the  generator  by  suction  from  the  gas  engine  cylinder,  tiie 
steam  being  supplied  by  water  allowed  to  drop  on  to  tiie* 
heated  hearth  of  the  generator,  whilst  in  the  latter,  super- 
heated steam,  produced  from  a  boiler,  is  mixed  with  air  and 
injected  into  tli&  g&nei'ator.  Tn  both  instances  the  gas  is 
purified  as  far  as  possible  by  being  made'  to  pass  through  a 
series  of  scrubbers. 

Suction  gas  ran,  of  course,  only  b&  produced  in  conjunction 
with  a  gas  engine,  whilst  pressure  gas  is  often  used  for  lieating 
purposes  only,  the  motive  power  in  the  factory  being  derived 
from  a  steam  engine. 

Suction  gas  on  leaving  tiie  geii&i'ator  and  scrubbers  is  undev 
negative  pressure,  in  which  coiulitioii  ' it  is  used  for  powe. 
purposes.  For  heating,  however,  it  must  be  compressed  to  a 
pressure,  of  Gin.  to  I2in.  of  water,  and  further,  this  compres- 
sion should  he  carried  out  in  such  a  way  that  the  pressure  of 
the'  gas  remains  constant,  irrespectively  of  the  amount  con- 
sumed at  any  moment'.  This  is  a  matter  of  great  importance, 
since  if  the  pressure  of  the  gas  is  allowed  to  vary,  while  the 
volume  of  air  used  for  it's  consumption  at  the-  burners  remains 
constant,  incomplete  combustion,  with  the  consequent  forma- 
tion of  carbon  monoxide,  will  be  the  inevitable  result . 

Constant  pressure'  is  ensured  by  means  of  a  special  form  of 
regulator,  consisting  generally  of  a  positive  blowei'l  for  con- 
verting tiie  gas  from  negative  to  positive  pressure  and  a  spring 
valve  fitted  to  the  gas  pipe'  on  the  positive  pressure'  side  of  the 
blower  ；  when  the  pressure  exceeds  a  certain  limit,  which  can 
be  adjusted  by  altering  the  tension  of  the  spring  on  the  valve , 
th©  valve  is  opened  and  a  certain  volume  of  gas  escapes  by  a 
return  pipe  to  the  negative  pressure  side  of  the  blower.  When 
the  limiting  pressure  is  again  readied,  the!  valve  closes  and  no 
further  escape'  ensues. 

In  this  form  of  regulator,  it  will  be  seen  that  the  action  of 
the  valve  and  consequently  the  gas  pressure  depends  on  (1)  the 
pressure  exercised  by  the  spring,  and  (2)  the  pressure  of  the 
gas  before  compression.  If  -、'  be  the  pressure  exercised  by  the 
spring  and  pXJ  p.,  the  pressures  of  the  gas  before  and  after 
compression, 

P2  =  ft  —  Pr 

Now  for  p2  to  be  constant,  one'  of  two  conditions  must  be 
fulfilled  :  either  s  must  be  very  large  compared  witli  p、、  or  /、 
must  b&  constant.  The'  former  condition  cannot  usually  be 
fulfilled  since  the  final  pressure  would  become  excessive.  Pro- 
bably the  latter  holds  approximately  true  where  the  load  on 
the  engine  is  fairly  constant,  but  where  this  is  not  so  the 
pressure  p、,  and  accordingly  p."  may  vary  within  considerable 
limits. 

With  a  view  to  overcoming  this  diffit-ulty  a  modified  form 
of  regulator  is  used  in  some  places,  in  which  the  final  pressure 
is  made  practically  independent  of  the  initial  pressure  owin^ 
to  the  enormous  difference  in  the'  areas  of  the  surfaces  exposed 
to  the  two  pressures. 

In  some  suction  gas  plants  a  different  form  of  regulator, 

*  Appendix  to  the  Annual  Koporb  of  the  Chief  Inspector  of  Factories  aud  Work, 
sliops  for  .the  year  1911. 

t  A  positive  blower  is  one  so  constni<rtptl  that  the  higher  pressure  is  inde- 
pendent of  the  initial  pressnvo  of  the  gas.  - 
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namely,  tlio  "as  li older  form  described  below  under  prossuro 
|>l;int  ,  is  adopted  with  certain  inodilical  ions. 

Piessm-e  (or  t  lie  so- ralh"l  Dowson)  gas  is  usually  prodm  od 
for  t  lie  sole  purpose  of  heating,  tliougli  in  a  few  instances  it 
was  utilised  also  for  a  gas  engine. 

In  t  liis  svst  em  t  lie  gas  remains  under  positive  pressure,  so 
1  liat  no  c()ni])ressor  is  required  as  for  suction  gas.  To  ket*|) 
t lie  prossure  constant,  whatever  the  (]ii;mtit y  ()「  gas  consunied, 
a  special  form  of  automat  ic  regulator  is  adopted,  consisting  of 
a  i^as  lioldei1  ()f  a  size  correspondiii^  to  tlie  quantity  of  gas  con- 
sumed,  t o  the  (oi)  of  wliicli  is  fixed  u  projeciiiig  arm  connect ed 
hy  a  cord  to  ； i  weighted  valve  on  the  inlet  pipe.  Whenever 
t  ho  *^as  consunipt ion  falls,  the  pressure  in  the  holder  tends  to 
iiK'i-ease  ami  t  lie  hell  rises  ；  when  this  occurs  tlie  lever  of  the 
valve  is  raised  and  tlie  supply  of  gas  shut'  off  ；  as  tlie  bell  falls 
a^ain  the  weight  on  the  lever  causes  the  valve  to  open  and  gas 
is  I'^admitted. 

Composition  of  the  Gas. 一  The  romnosition  of  the  乂 as  \';u'"'s 
('f)nsu(l(M-abl v  according  io  the  relative  proportions  of  ste;iui 
and  air,  the  1  (Mtinorai  lire  of  t  he  ant  liracite,  and  ot  lier  factors. 
The  following  may  be  taken  as  the  approximate  composition  oC 
t he  purilied  gas,  fi'oo  ftoni  moisture': — 

Percent  ;ige 

Constituent.  by  volume. 

Hydrogen    18  to  25 

C«irhon  monoxide    25  to 】 8 

Methane    0  5  to  2  T)  ' 

Ethylene   0*5 

Oxygen    0  5  to  0'8 

(-arhon  dioxide    G  to  8 

Niti-ogen    48  to  50 

Properties  of  Gas.  -  'I'ho  gas  is  nuicli  lighter  t lian  air  ovvi hl; 
to  the  large  proportion  of  hydrogen,  and  it  has  therefore,  on 
escaping,  a  tendency  to  rise.  It  is  coiniuonly  said  t  hat  it  has 
no  smell,  but  although  this  may  be  true  of  tlie  pure  gas,  it 
generally  contains  sufficient  impurities  to  make  its  presence 
lelt  when  it  escapes  in  any  quantity.  If  present  in  the  air, 
even  .in  Rmall  quantities,  it  causes  a  peculiar  uncomfortable 
feeling  in  i  lie  tliroat ,  and  on  entering  a  laundry  it  is  often 
easy  to  (listin^uish  by  Ui&  seiisatimi  wliether  power  gas  or  t-oal 
i^as  is  heing  used  for  heating  the  irons,  although  the  actual 
smell  may  be  masked  by  that  of  scoirbed  fibres  which  is  always 
noticeable  in  the  ironing  and  machine  rooms. 

As  would  be  expected,  the  gas  always  contains  much 
moisture  and  is  in  fart  saturated  at  the  temperature  at  wliit'li 
it  leaves  the  scrubbers;  there  is  therefore  a  great  tendeiicv 
for  water  to  coiiclenso  in  the  gas  pipes,  and  unless  care  is  taken 
to  remove  this  periodically,  there  is  danger  of  the  burners 
heroming  extin^uislie^l  and  of  the  gas  escaping  in  large  quanti- 
ties. Impurities  in  the  form  of  sulphuric  arid  and  otlier 
sulphur  compounds,  wliirli  are  not  entirely  removed  by  the 
purifiers,  are  always  present,  being  derived  from  the  sulphur 
in  t  lie  ； mtliracite.  These  attack  tlie  metal  fittings  with  great 
readiness,  so  t liat  constant  attention  is  needed  to  prevent 
leakage  from  taps  an<l  stoppage  of  tlie  l)urner  orifices,  liiass 
taps  are  unsuilahle,  and  cast-iron  ones  should  be  usad.  The 
proportion  of  impurities  naturally  varies  with  tlie  (|iia.]ity  of 
the  anthracite,  ami  when  tlie  i*;is  is  ")  lie  used  for  heat  inii 
]mi  |>os?s  it  is  important  that  only  t  lie  K°st  i^nxles  should 
be  used .  . 

Methods   of   Burniiyg.—  Thrco    mothotls    of    l)iu.iiing  are 


(//)  The  gas  is  allowed  to  burn  freo  ，'  in  air  ， 
?'.。（'ial  supi^ly  oi'  t  lu>  latter.  This  met  hod  is,  generally  sp^ak- 
m«',  ;i<lnptc(l  only  for  rin^  huniers  and  similar  devices  used  for 
lu-iit  iii!^  glut1  |)ots,  lac(iuerins[  stoves,  wliicli  nvo  in  such  a 

jxjsitinn  that  Iipp  accpss  of  air  is  at tainalj]^.  It  is  unusual  to 
liml  it  "丄川 te'l  in  laundries,  hut  in  ； i  few  instances  it  is  used  on 
rollar  ironing  macliines  fitted  wit  li  Hues,  wliicli  increase  tlie 
draught  and  the  available  supply  of  oxygen. 

(/')  Air  inlets  are  provided  iii  the  ^as  |>i|)0  no;ir  the  point 
of  con»l>iist  ion  (Hanson  system).  Here  t  lie  air  is  supplied  hy 
nat  ut  al  dran^lit,  and  t he  ^as  and  air  aro  mixed  )jeforo  ('mil- 
hunt  ion.  This  met  liod  is  sotnet inics  ;i(loi>l c<l  iur  collar-ironing 
Miacliines,  and  more  rarely  for  liand  irons,  hut  in  sonic 
instances  it  has  );eon  found  difliciilt  in  "lis  way  to  obtain 
sufficient  oxygen,  and  it  has  boon  supei'spfled  hy  the  next 
system. 

(r)  Air  under  pressure  is  forced  into  the  gas  pipe  at  some 
distance  from  the  point  of  combustion.      This  system  differs 


from  i  he  preceding  in  tliat  the  air  is  supplied  under  pressure, 
and  move  ()])])ortuiiity  is  aft'onled  for  t  he  coiiiplete  admixt  mv 
of  t  he  air  and  gas.  It  is  being  largely  adopted,  and  is  the  oiu» 
most  coimnonly  found  in  】aiui(lries  for  both  hand  irons  ami 
macliines,  and  if  the  gas  is  burned  in  an  enclosed  space,  as  in 
collar-ironing  macliines,  it  is  sometimes  tlie  practice  to  furnish 
t liese  with  an  extra  air  supply  providing  air  for  the  flame 
it  self .  For  t  liis  met  liod  it  is  necessary  to  have  an  extra  yet  of 
pipes  for  t  lie  a i r ,  wliicli  is  supplied  hy  a  small  fan .  It  is  of  t  lu1 
greatest  imnortaiice  t hat  t lie  pressuie  of  the  air  should  always 
l)e  in  excess  of  tliat  of  tlie  g'as  ；  otherwise  a  back-flow  of  gas 
takes  place  through  the  air  pipes,  with  the  coiisequriire  tliat 
all  the  biuners  are  extinguished  and  t  here  is  s<jiiic  cisk  of 
an  explasioii ■ 

Methods  of  Sampling  and  Analysis. ― As  a  rule,  two  sets  of 
samples  were  taken  in  each  room ,  one  (described  as  "  local  ") 

the  actual  products  of  coinliustiou  escaping  from  1 1"' 
machine,  and  the  other  (described  as  "  general  ")  of  the  air 
of  t  lie  room  as  breat  hed  by  t  he  worker  at  the  same  maclnnc. 
Tlie  analyses  for  caiboti  dioxide  were  conducted  by  the  ordi- 
nary llaldane  m('tlio(l，  a  spe<-ial  burette  reading  to 
1  "00/ 10，000tlis  being  used  for  the  "  local  "  samples.  For  the 
estimation  of  car bon  monoxide  two  methods  were  adopted,  t  \\r 
physiological  method  of  Haldane  and  Lorrain  Smith,  based  on 
its  action  on  fresli  blood,  and  tlie  couibustioii  met  liod  of 
J ialdane,  wliicli  consists  in  burning  the  combustible  gases  and 
measuring  the  contractions  that  ensue  after  <  ombustion  and 
after  absorption  with  potash  of  the  resulting"  tarbon  dioxide. 
With  the  latter  met  hod  of  analysis,  when  carried  out  by  t  lio 
small  portable  form  of  apparatus,  it  is  impossible  to  obtain 
quantitative  results  with  more  than  two  constituents,  and  for 
t  lie  estimation  of  tlie  <  arhoi]  monoxide  it  was  therefore  neces- 
sary to  adopt  the  following  procedure.  Tlie  samples  were 
analysed  both  before  and  after  treatment  witli  freshly  pre- 
pared solution  of  cuprous  (  liloride  in  hydrorhloric  acid,  which 
has  the  property  of  absorbing  all  the  carbon  monoxide  ；  any 
contraction  therefore  resulting  after  such  treatment  must  be 
due  to  combustible  gases  other  than  carbon  monoxide,  and 
from  the  difference  between  the  contraftions  before  and  after 
t  reatinent  the  proportion  of  rarbon  jnonoxide  originally  pre- 
sent can  be  calculated.  By  this  method,  which  gave  results 
in  close  agreement  with  the  physiological  method  of  analysis, 
it  was  found  that  in  most  instances  large  proportions  of  other 
combustible  ^ases  in  addition  to  carbon  monoxide  were 
present. 

Discussion    of   Results. — In  works  of  classes  1  to  3，  the  gas  is 

usually  burnt  either  on  tlie  Bun  sen  system,  or  "  free  •'  without 
any  special  air  supply  ；  in  both  instances  the  flame  is  uncon- 
fined,  a»ul  obtains  an  unimpeded  supply  of  oxygen  from  tlie 
surrounding  atmosphere.  In  these  circumstances,  incomplete 
combustion  is  hardly  to  be  expected,  and  from  the  results  in 
Table  B  it  will  be  seen  that  the  proportion  of  carbon  monoxide 
in  the  "  local  "  samples  is  generally  nil,  the  small  quantity 
occasionally  found  being  probably  due  to  leakage.  It  is  quite 
otherwise  with  laundry  macliines,  class  4.  In  these  the  gas  is 
burnt  in  a  confined  space,  such  as  a  cylinder  of  a  collar-ironing 
machine,  and  it  is  evident  that  not  only  is  iiK'onu)lete  coin- 
hustiou  of  frequent  occurrence,  but  that  it  is  a  matter  of  great 
difficulty  to  ensure  complete  combustion.  In  one  instance 
only  was  the  sample  practically  free  nom  carbon  nton- 
oxide,  whilst  in  others  the  proportion  reaches  to  nea r! v 
200  vols,  in  10,000.  It  is  rather  surprising  that  t  ho 
method  of  hm  uiiig  the  gas  has  apparently  little  effect  in  t liis 
respect.  It  would  have  been  expected  tliat  when  air  is  sup- 
plied uiuler  pressure  more  complete  combustion  would  ensue 
t  liau  when  it  is  supplied  under  natural  drauglit  as  in  t  lie 
Huiis?i!  ^vstein.  The  results  indicate  that  there  is  little  to 
clioose  between  the  two  met  hods,  but  it  must  be  reineinbei  t'il 
t  hat  tlie  conditions  under  wliich  the  sam pies  were  taken  vai  v 
enoriiHiUsly  as  regards  velocity  of  escape,  admixture  of  air, 
&(•.，  so  tliat  t he_  results  of  analysis  must  be  regarded  as  a 
nei-al  pi'oot'  1  hat  coiuhusiion  is  incomplete  rather  than  as  a 
means  of  ("mi"  itat  ivo  foniparison  between  the  various  samples. 
Iii  addition  to  carbon  monoxide,  otlier  com hustihle  ^ases  in 
('()n.si(l(>ral>le  quant  it  i(is  were  usually  found  in  the  products  oi' 
combustion. 

Causes  of  Incomplete  Combustion. ― Tlie  primary  cause  of 
incomplete  combustion  would  appear  at  first  sight  to  be  an 
insufficient  supply  of  oxygen .  It  would  seem,  however,  that 
even  in  ； ui  enclosed  spare  such  as  tlie  interior  of  the  cylinder 
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of  a  collar-ironing  inaihine,  a  plentiful  supply  of  oxygen  ^ould 
be  obtained  without  nnu  h  (lirficultv,  especially  where  the  air 
is  supplied  under  pressure.  The  question  therefore  arises  as 
to  whether  incomplete  combustion  is  not  due  to  incomplete 
mixture  of  the  gas  and  oxygen,  rather  than  to  an  insufficient 
supply  of  oxygen.  It  is  well  known  tliat  it  is  difficult  to 
obtain  a  homogeneous  mixture  of  gases  by  admitting  them 
separately  and  allowing  them  to  pass  through  the  pipe,*  and 
some  confirmation  is  given  to  this  by  the  fact  that  when  coal 
gas  is  used  the  combustion  is  far  more  complete,  notwithstand- 
ing the  fact  that  five  times  as  much  air  is  required  for  complete 
combustion.  It  is  possible  that  the  presence  of  a  large  pro- 
portion of  inert  nitrogen  in  the  power  gas  may  have'  some 
effect  in  this  respect ,  notwithstanding  that  both  power  gas  and 
»  oal  gas  when  mixed  with  air  sufficient  to  burn  each  completely 
would  contain  about  the  same  proportion  (about  65  per  cent.) 
of  nitrogen.  Another  probable  causs  of  incomplete  combus- 
tion is  the  cooling  effect  of  the  cvlinder,  for  it  is  well  known 
that  wlien  a  flame  is  allowed  to  impinge  on  a  cold  surface, 
some  of  the  combustible  gases  escape  unburnt. 

Pollution  of  the  Air.— The  air  breathed  by  the  workers  con- 
tains with  few  exceptions  traces  of  carbon  monoxide,  and  in 
some  instances  the  proportion  amounts  to  over  one  volume  in 
10,000.  The  highest  degree  of  pollution  occurs,  as  would  be 
expected,  in  rooms  in  which  no  lo<'al  exhaust  for  the  macliines 
is  provided.       '  . 

Causes  of  Pollution. ― The  pollution  may  be  due  eitlier  to 
leakage  from  defective  fittings  and  connections,  or  to  incom- 
plete combustion  of  the  gas  in  the  machines.  It  is  probable 
that  in  the  cases  of  acute  poi&oning,  referred  to  later,  both  of 
these  causes  play  a  part,  but  it  is  obvious  from  what  has  been 
already  stated,  that  with  very  few  exceptions  combustion  is 
uever  complete,  and  the  widespread  existence'  of  carbon  mon- 
oxide in  the  air  breathed  is  easily  explained  by  this  fact.  It 
is  unlikely  therefore  that  the  presence  of  CO  in  the  air  is 
habitually  due  to  leakage.  The  gas  pressure  seems  generally 
t (j  vary  from  6in.  to  8in.  of  water,  and  this  is  sufficiently  low 
to  obviate  any  risk  of  leakage  from  the  connections,  provided 
that  they  are  kept  in  good  condition.  Sporadic  instances  of 
serious  leakage  owing  to  the  flame  becoming  extinguishe<l 
liaver  however,  been  known  to  occur  not  infrequently,  and  to 
this  cause  may  be  traced  the  occasional  outbreaks  referred  to 
below.  Tlie  ventilation  of  the  rooms  is,  generally  speaking, 
very  efficient,  as  is  indicated  by  the 】ow  proportion  of  carbon 
dioxide.  Tlie  rooms  are  usually  small,  and,  with  few  excep- 
tions, are  provided  witli  niechanical  means  of  ventilation. 

Effects  on  Health. ― ETiquirv  made  in  many  of  1  lie  places 
vi.-i'i e<l  has  shown  that  discomfort  is  comparatively  rarely  felt 
by  the  workers,  except  occasionally  when  they  first  start  their 
employment.  Startling  exceptions  to  this,  however,  have 
occurred  ；  thus,  in  one  factory  all  the  employes  refused  to  con- 
tinue their  work  until  the  power  gas  was  replaced  by  coal  gas, 
aiul  in  two  otlier  factories  the  use  of  power  gas  has  been  discon- 
tinued after  a  short  trial  owing  to  complaints  on  the  part  of 
the  workers.  Such  acute  outbreaks  liave  almost  universally 
occurred  at  a  time  when  the  power  gas  was  first  installed  and 
were  probably  the  result  of  inexperience'  on  the  part  of  the 
operating  engineer.  ,  It  usually  liappens  that  the  lnacliines 
have  been  originally  constructed  for  the  use  of  coa】  gas，  and 
some  time  elapses  before  tlie  necessary  modifications  required 
for  power  gas  are  completed.  The  air  supply  in  particular 
needs  careful  read  just  nient,  since,  for  complete  combustion  ， 
power  gas  requires  al)out.  its  own  volume  of  air,  aiul  coal  gas 
about;  five  times  its  mvii  volume.  \ V 1 1 f  i i  i  lierefore  1  lie  power 
gas  is  first  inst allcil,  it  frecnient ly  happens  1  hai  1  lie  air  supply 
is  exfessive,  with  t  lie  ronseqiHMx  e  1 1wit  1  ho  ^as  is  hcing  con- 
tinually oxt  in^uislicfl  and  (>s<;'|"'  of  la  r^re  r|n;mt  it  ies  of  ca  rhon 
inonoxifle  into  t  Im*  ； iir  of  t  lie  room  or(  urs.  A)>m rt ,  Iwmvvi'r. 
froi"  the  wlu)les;ile  "isromforl  Foil  on  its  (i i  si  iiif  ，•（） 山 irl  imi , 
oilier  inst  ;iucos  of  iiulividiuil  faini  in^  lia ve  o<-casiona]l y 
(xcurred  in  some  fnclorios.  TIiosp  may  he  rlue,  as  is  often 
state<l.  to  *  ;i  relessm^ss  mi  t  lu»  pa  rt  of  1  he  worker,  hut  ii  should 
be  pointed  out  t hat  tlie  impurities  in  power  ^as  are  apt  to 
Have  a  flelf»terif>us  effect  on  i  ho  inetallic  fittings,  and  unless 
special  precautions  nre  taken,  stoppage  of  the  burner  orifices 

' Tliis  is  well  seen  in  tlie  cjikc  of  iK'trol  f-'as  (nv  tht:  so-crIUm!  "air-^as").  in  tlie 
lnaniifnctiire  "r»f  wliicli  i»iin*  air  is  allowed  to  mix  with  air  Hfiburated  witli  petrol 
VHpour  T>»<*  Tiiixtnn*  in  non-inflHtiimHtilf  nnd<T  ordinary  conditions,  and  can 
"'ih  U'  ifinitf-d  when  it  is  allowed  to  issue  tlirou^li  fiiU'-mcshcd  wire  «anze,  wtiifli 
卜 """to  liave  the  property  of  briimint4  about  coryiplete  mixture.  A  fuw  ex  peri - 
Mit  ntK  wf-rc  wiH/'e  to  ti  v  tl»p  effect  of  a  Hinnilnr  methorl  on  power  ^h.h.  Imt  the 
results 化 cm  to  indicate  Dial  the  us<?  of  wire  |4aii/c  makes  little  or  no  ilitTrrence. 


ensues,  witli  the  result  i  hat  t  he  gas  lias  a  tendency  to  be 
ext  in^uisliefl  at  intervals.  Auot  hec  <*ause  t  ending  t  o  \>v\ 
about  the  extinguishing  of  tlie  gas  is  tlie  (It 卞 usil  、v;"('r  in 
the  pipes.  The  gas  is  always  very  moist ,  and  t  lie  山' iis'"l 
water  tends  to  accumulate  in  t  he  pipes  and  obstruct  the  free 
passage  of  the  gas.  Finally,  when  the'  metluxl  of  ro" 山 ust" 川 
entails  the  supply  of  air  under  pressure,  it  lias  soniet iincs 
happened  that  the  air  pressure  lias  fallen  below  tliat  of  the  ^as 
pressure,  with  the  coiisequenre  1  liat  1  he  gas  lias  been  ioi-ct-d 
back  through  the  air  pipes,  so  that  all  tlie  burners  in  t he  room 
have  been  extinguished,  and,  if  the'  air  inlet  for  tlie  supply  fan 
is  situated  in  the  room ,  the  mixture  of  air  and  gas  m;i、'  even 
liave  escaped  back  against  the  fan  into  the  room. 

Laundries  in  which  Coal  Gas  is  Used  for  Heating  Purposes.  —  Kor  the 
sake  of  comparison,  15  samples  were  ta ken  from  collar- ironing 
lnacliines  in  which  coal  gas,  mixe<l  and  ur.inixed  wit  Ii  water 
gas,  is  burnt.  From  the  results  which  are  given  in  a  table, 
it  appears  tliat ,  although  the  prorlucts  of  coinbiust  ion 
somet imes  contain  carbon  monoxide  to  tlie  same  ex\ ent  as 
those  resulting  from  suction  gas,  yet  as  a  general  rule  the  pro 
portion  is  smaller,  particularly  in  tlie  case  of  coal  gas  con 
taining  no  admixture  of  water  gas.  Traces  only  of  cartjou 
inonoxide  were  found  in  the  general  air  of  tlie  rooms. 

' Summary  of  Conclusion's. 

( 1 )  Power  gas  is  used  for  heating  purposes  to  a  limited 
extent  only,  cluefly  on  laundry  lnacliines  and  for  hand  irmis. 

(2)  When  the  gas  is  burnt  in  t lie  open  witli  free  access  of 
air,  rombustion  is,  as  a  rule,  complete  and  no  carljon  m (川 oxi(b 
is  evolved.  When ,  liowever,  it  is  burnt  in  an  encloses!  space, 
combustion  is  never  complete,  even  with  a  supply  of  air  under 
pressure,  and  carbon  inonoxide,  together  with  other  com- 
bustible! gases,  is  always  found  in  t  he  products  of  com  bust  i(jn , 
sometimes  in  considerable  quantities. 

(3)  Carbon  monoxide  is  almost  invariably  found  in  the  air 
of  laundries,  where  power  gas  is  used ,  in  the  neighbourliood  of 
the  machines  in  proportions  varying  from  mere  tracer  to  over 
one  volume  in  1 0,000.  Its  presence  is  probably  due  to  pollu 
tion  by  the .  products  of  combust  ion,  and  not  as  a  rule  t  d 
leakage  or  escape.  Whenever  causes  of  fainting  or  other 
symptoms  of  acute  poisoning  have  occurred,  it  is,  however, 
probable  tliat  leakage  or  escape  of  t lie  ^as  has  l)een  respon 
sible,  the  escape  being  due  to  the  extiiiguisliiiiw  of  the  gas  in 
tlie  macliine  by  one  of  the  following  causes  ： — 

(*•/)  Unsuitable  just  nient  o(  i  lie  air  stip])]  v,  / 丄， supply- 
ing too  niuch  or  too  little  air  ； 

(ft)  Variat  ion  in  t  he  *(as  piTssurp,  (Tw i i i o  to  nn  ineffpt  tiv? 
i.egulat or  ； 

(r)  Hack  flow  of  the  gas  through  t  lie  air  pip?s  owin^  to  the 
air  pressure  having  fallen  below  t  hat  of  tlie  gas  ； 

((/)  Obstruction  of  the  gas  pipes  by  accumulation  of  water  ； 
(c)  Partial  stoppage  of  the  burner  orifices  by  corrosion  by 
tlie  gas. 

General  Recommendations. 

( 1 )  Whenever  possible,  laundry  macliiues  in  wliich  the 
gas  is  burnt  in  an  enclosed  s，）ate，  such  as  rollar-ironin^ 
machines,  should  be  fitted  with  some  means  of  local  ventila- 
tion. In  some  instances  this  is  already  done,  the  outlet  end  of 
the  cylinder  of  each  machine  being  attached  to  a  flue  con- 
nected with  a  transverse1  duct,  to  which  is  attached  a  small 
exhaust  fan.  Simple  flues  carried  through  the  roof  without 
mechanical  means  of  ventilation  a  re  also  sometimes  found  and 
appear  to  act  satisfactorily.  - 

Tlie'  local  ventilation  of  gas-heal hand  irons  is  a  matter 
of  some  diflicultv,  si  nee  the  additional  tube  required  is  apt  to 
"lake  1  lie  iron  rathei"  un \viel<lv.  Sucli  a  system  has  been 
found  iii  n i h.'  factory  onlv.  In  some  lauiulries,  ducts  or  hoods 
(•omiected  with  a  fan  are  fixed  at  intervals  along  the  back  of 
t lie1  ironing  benches  in  su<"li  a  \va v  as  to  draw  the  fumes  away 
from  tlie  irons,  and,  in  default  of  the  more  expensive  system 
of  local  ventilation  for  each  iron,  are  to  be  recoinmeiided. 

(2)  Tire'  gas  supply  should  be  so  controlled  that  the  gas 
pressure  remains  constant  and  independent  of  the  niomentarv 
demand  or  tli&  load  on  the  engine  (if  the  gas  is  used  also  for 
driving  tlie  engine).  This  can  generally  be  secured  by  tlie  use 
of  a  suitable  regulator,  such  as  one  of  those  already  described, 
provided  tliat  the  plant  is  of  sufficient  t'aparitv. 

(3)  All  fittings  and  connections  should  be  carefully 
examined  at  frequent  intervals,  ami  anv  s]iowiii£(  signs  of  wear 
sliould  be  immediately  repaired  or  replaced.    Brass  is  unsuit- 
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al)lo  as  a  material  for  tlie  iitl  in^s,  wliich  should  all  )jc  niado 
of  cast  iron.  The  best  material  for  the'  connections  appears 
to  he  ilexible  metallic  tubing  in  whit'h  t lie  iiidia-ruhher  tubing 
is  protected  by  being  covered  witli  metal  bands. 

(4)  Drain  cocks  should  be  provided  at  t lie  lowest  points  of 
all  t  he  gas-pipe  systems,  and  the  accumulated  water  drawn  ofT 
ea<-h  day  before  the  beginning  of  work.  Tliis  is  already  the 
practice  in  some  laundries. 

(5)  Wlien  the  gas  is  burnt  on  the  separate  air  supply 
system,  care  should  be  taken  to  ensure  that  tlie  air  pressure  is 
always  at  least  2in.  of  water  in  excess  of  the  gas  pressure,  in 
order  to  prevent  the  back  flow  of  the  gas. 

(6)  The  relative  quantities  of  gas  and  air  should  be  caro- 
fully  adjusted  under  expert  advice  so  as  to  (jhtain  complet v 
coinhustion  as  far  as  possible. 

(7)  The  gas  should  be  purified  as  completely  as  possible 
and  the,  best  grades  of  antliracite  used,  so  as  to  prevent 
unnecessary  corrosion . 

(8)  Care  should  be  taken  that  no  escape  of  gas  o(:('urs  from 
tlie  burners  that  have  been  accidentally  ext  in^uislied, 
especially  f rom  "  pilot  lights. 

(9)  Steps  should  be'  taken  to  make  the  workers  realise  t  liat 
the  gas  is  poisonous,  and  that  any  escape  may  he  dangerous 
and  should  be  at  once  reported  to  the  engineer. 

(10)  Finally,  it  is  important  that  the  engineer  in  cliartio 
should  be  a  man  of  reliability  and  experience.  It  too  often 
happens  that  this  is  not  the  case,  especially  in  tlui  smaller 
laundries,  as  is  shown  by  the  lack  of  information  obtainable 
as  to  the  gas  pressure  and  other  important  matters.  Tlie 
impression  frequently  left  is  that  so  long  as  the  gas  can  be 
nwule  to  burn,  no  further  interest  is  sliown  in  the  plant. 
Repairs  and  attention  to  fittings  and  coiniectious  should 
obviously  be  entrusted  only  to  a  reliable  man . 


ROWAN'S  VALVE  MECHANISM  FOR  INTERNAL  COMBUSTION 

ENGINES. 

A  construction  of  valve  gear  for  internal-combustion  engines, 
山' signed  and  patented  by  Mr.  L.  J.  Rowan,  18，  Kevelioc 
Road,  Lordship  Lane,  Tottenham,  is  shown  in  the  accoinpany- 
ing  cuts,  Fig.  1  being  a  sectional  elevation  of  a  4 -stroke  engine 


Fin.  1.— Kowan's  Valvf.  Mr.niANisM  for  Intkrn \T,-co\mrsTTo\  Knotnkr. 

wit  h  the  gear  applied,  Fig.  2  a  face  view  of  a  disc  with  ram 
I'iiccs  I'oi'  (jpcrat  in^  the  slide  valve,  an<l  Fi^.  is  a  sectional 
elevation  and  a  face  view  of  the  slide  valve  and  its  box,  both 
roust ructed  to  effect  a  reversing  of  the  rumiiiig  of  the  engine. 
A  port  A  is  arranged  at  the  top  part  of  1  he  cyliiuler,  this 
liein^  covered  t)y  ;t  box  H  liavin^  inlet  ( 1  and  out  lot  j>ort  1). 


In  t  liis  box  H  is  a  slide  valve  E  having  a  slotted  opening  F  so 
that  on  its 川 ove 川 ent  it  can  open  t  lie  inlot  ( '  or  {>ul  let  I)  to  the- 
(•yliuder  port  A  or  close  t\\v  rylinder  port  to  hot  li.  On  t  ho 
driving  rrank  shaft  is  con ne<'ted  a  disc  G，  t  liis  having  on  one 
face  two  ('a 出 races  m(— 'rgint;  togethei'  at  one  part  ,  so  t  liat  easy 
rominuiiication  ('； m  be  made  from  one  cam  race  1  o  anot  her  and 
insido  t  lie  cam  race  is  positioned  a  curved  shoo  1 1  so  con- 
st ructed  as  to  easily  pass  from  one  cam  race  to  the  oilier,  and 


Fit,.  '2.— HOWAN'S  VALVl':  Fm.  ：!.  -KOWAN'S  VAI.Vi:  MEflTANISM  FOR 

Mi:cil  WISM  ](Ht  iNTDItNAL*  lNTKHN.\I<-(!OM  I5UHTION   IONOINI  S. 

COMIUISTKIX  ，'： N (； 


this  shoe  is  ('onnerted  to  tlie  slide  valve  E  by  a  rod.  As  the 
disr  CJ  is  revolved  the  shoe  H  moves  round  in  nwo  cain  r;"  ('，  say 
tlie  outer  one,  and  when  it  reaches  t  he  (  oiinertimi  Ijet  ween  the 
1  wo  cam  races  it  automatically  passes  into  tlie  inner  rin'iilar 
«'ani  race  and  aft ei-wards  l>ack  into  the  outer  ram  tace,  so  that 
the  slide  E  is  reciprocated  in  its  box  to  connect  t lie  inlet  C 
or  the  outlet  D  or  close  the  cylinder  port  A  as  desired,  accord- 
ing to  the  running  of  the  engine. 

In  the  case  of  a  4 -stroke  internal -coin bustion  engine  with 
the  piston  at  tlie  end  of  its  stroke,  and  just  going  up  to  coin- 
[ti'css,  tlie  valve  E  closes  tlie  cylinder  port  A  for  the  full  length 
of  tlie  conij)ressing  stroke,  and  after  firing  until  a  tenth  part, 
of  the  firing  stroke  from  the  bottom,  when  tlie  slide  valve  E 
opens  tlie  exhaust  D  and  remains  open  until  tlie  romi)letion  of 
tlie  stroke  and  also  during  a  full  return  stroke,  then  the  slide 
valve  E  closes  tlie  exhaust  D  immediately  and  opens  the  inlet 
port  C  to  the  cylinder  port  A  for  admittance  of  combustible 
charge,  the  valve  remaining  open  for  the'  full  length  of  the 
tourtli  stroke  and  closing  on  dead  centre,  tlie  compression  then 
taking  place  on  t  lie  next  out  stroke  of  the  piston  for  a  repeat  of 
the  operations. 

For  reversing  a  3 -way  cock  or  slide  J  is  employed  to  alter 
inlet  to  outlet.  This  slide  covers  a  plate  K  provided  wit  li 
holes  L,  N，  wliicli  plate  is  equivalent  to  tlie  wall  of  the  box  B 
and  the  holes  L  and  N  equivalent  to  the  inlet  C  and  outlet  D. 
Tliis  slide  J  is  provided  witli  an  inlet  C，  an  outlet  D,  and  an 
auxiliary  outlet  O  leading  to  the  outlet  D  and  is  connected  to 
the  plate  K  by  a  lever  P  and  rod  R  so  as  to  raise  and  lovvoi* 
tlie  cover.  In  tlie  position  shown  in  Fig.  3  the  engine  is 
running  in  the  same  way  as  in  Fig.  1，  but  to  reverse,  the  lever 
P  is  actuated  by  the  liandle  S  and  tlie  slide  for  the  exliaust  O 
is  lowered  to  coincide  with  the  liole  L  and  the  inlet  C  to 
coincide  witli  the  hole  N，  thus  it  will  be  seen  that  tlie  inlet  and 
exhaust  are  reversed  and  consequently  tlie  engine  reversed  in 
its  travel.  Tlie  slide  is  provided  witli  a  tube  T  on  tlie  exhaust 
D，  wliicli  tube  t cles'copps  i it  tlie  exliaust  t u))0  during  the  move- 
ment' of  the  cover  J. 


The  Delhi  Pillar.  一 One  of  the  features  of  Dellii  is  its  famous 
iron  pillar,  and  analysis  of  some  specimens  of  the  metal,  whirli 
liave  been  obtained  by  'Sir  llobert  ITadfield,  shows  t  he  follow- 
ing percentage  coinposition  :  Carbon,  0*08  :  silicon ,  (►'()  111  ；  sul- 
])hur,  O.OOr)  ；  phosphorus,  0.1 〗4  ；  iron,  99'72  ；  total,  The 
iron  ])orcont;i^o  was  determined,  not  taken  \>y  (lifTcrciice.  Tlie 
malerial  is  t  lius  an  excellent  type  of  wrought  iron,  and  tlio 
lowness  of  tlie  sulphur  percentage  indicates  t li;it  the  fuel  used 
in  its  inanufacture  and  t  reatment ,  probably  cliarcoal,  】mist 
liave  l)een  very  pure.  The  metal  tontains  no  liian^aiieso, 
which  is  ratlier  remarkable,  since  tliat  element  is  usually 
prosont  in  wrou^lit  iron.  Tt  may  ho  added  t  hat  t  ho  specific 
gravit  y  ()f  t  he  met  al  is  7  81. 
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THE  WORKING  OF  ELECTRICAL  COAL-CUTTERS. 

A  cokiiespondent  of  "  The  Times"  Engineering  Supplctncut 
makes  some  interesting  observations  on  some  of  the  difficulties 
oxpcrieiued  in  the  working  of  electrical  coal-cutters  in  col- 
lieries. It  cannot,  he  says,  be  denied  that  there  has  been  a 
cert ain  amount  of  trouble  with  electric  coal-cutters,  which 
has,  to  some  extent,  lessened  the  favour  with  which  they  have 
been  received,  and  proceeds  to  show  that  in  a  good  many  cases 
yucli  troubles  are  due,  not  to  the  essential  disadvantages  of 
the  machiue  itself,  but  rather  to  incorrect  application  and, 
in  sonic  cases,  positive  carelessness  in  use.  It  is,  he  adds, 
a  counsel  of  perfection  to  say  that  electrical  macliiiiery  in  a 
collierv  slioukl  be  treated  with  the  same  amount  of  care  and 
consideration  which  it  receives  en  the  surface,  inasmuch  as 
tlic  tvpe  of  labour  to  be  foiuul  in  a  coal  mine  is  often  less 
skilled  than  that  found  on  the  surface,  and,  in  addition,  the 
iiKiclunery  has  to  be  operated  uiuler  different  conditions  as 
regards  position,  comfort  to  tlie  workmen,  and  adequate 
li^litiiig  for  inspection.  Hence  breakdowns  are  almost  in- 
c*vita1)le,  but  they  could  be  considerably  reduced  in  numbers 
v  rrr  due  regard  paid  to  the  proper  conditions  of  using  the 
in;irliines.  To  deal  first  of  all  with  one  difficulty  、vhich  is 
often  experienced  in  connection  with  coal-cutting  inachines 
of  1  ho  disc  type,  it  has  been  found  that  many  breakages  of 
si  wilts  liave  occurred,  and  also  the  fuses  of  the  circuit  con- 
trolling tlie  motor  blow  to  such  an  extent  that  there  is  a 
tciHlency  to  strengthen  them  unduly.  In  a  good  many  in- 
a\  ances  these  troubles  are  due  to  the  fact  that  tlie  men  who 
run  tliese  machines  are  usually  paid  by  the  number  of  lineal 
va ids  tliat  they  cut,  and  this  piece  work  system  lias  the  dis- 
advantage tliat  the  machines  are  often  run  to  their  utmost 
caparitv.  Forward  feed  of  these  machines  is  'of  course  given 
by  "leans  of  a  haulage  rope  on  a  drum  which  is  shortened  by 
means  of  a  ratchet  feed  and  pawl  device  on  the  drum,  aiul 
what  often  happens  is  tliat  an  attempt  is  made  to  get  over 
more  ground  in  a  given  time  by  increasing  the  number  of 

1 1  taken  by  the  ratchet  at  one  stroke.  Moreover,  where 
prrssui-c  cf  work  is  kept  up  to  this  great  extent,  insufficient 
al t culion  is  often  paid  to  tlie  proper  supporting  of  the 
inatcrial  wliich  lias  been  uiulercut  by  ？]) rags  or  wedges,  ami 
t lie  result  is  that  before  the  coal-rutting  disc  has  proceeded 
very  far  along  its  travel  the  weight  of  the  coal  which  has  been 
dealt  witli  is  allowed  t:>  cc;ine  upon  the  cutter  wheel,  and 
thv  friction  then  becomes  so  enormous  that  the  strain  on  the 
shaft  is  large  enough  to  break  it.  An  examination  of  such 
shafts  after  fracture  frequently  shows  that  they  have  really 
b(MM)  twisted  into  two  pieces,  and  in  some  cases  where  t  lie 
rale  of  i-ui  lir.g  lias  been  forced  in  this  way,  not  only  one,  but 
m'vcihI  sliafls  have  been  broken  in  a  single  shift.  This 
(lifli<ult y  lias,  of  course,  engaged  the  attention  of  colliery 
iiiHiia^ers  and  at  tempts  lia ve  been  made  to  deal  with  the 
nwtt Icr  l)y  imposing  pr-nalties  en  1  lie  drivers  of  tlie  coal-cutting 
niMrhines  who  uiifhily  forco  1  lie  macliines,  hut,  it  is  obvious 
1  unless  <  lie  nion  are  cauglil  red-Iianded  it  is  very  difficult 
to  ''onvict  t  liom  of  any  improper  use  of  their  mac.lnnes.  Here 
1  lion  is  ；，  1  ypical  cause  wliy  elect  ric  coal-culting  macliines 
:","i(、tim(、s  su fTcr  from  ； i  bad  name,  as  the  men  will  naturally 
rude;) \(;iir  1o  t ]in;w  l)];iiiif'  on  tlie  tnarliine  tliey  are  handling 
in  order  1  o  save  1  liemselves. 

Tli。  hlowiiiy  of  fuses  in  the  gat (； -end  l)(>xe^  which  feed 
111*1  'o;i]-ful I crs.  1  lie  writer  proceeds,  is  due  to  nuich  the  saitic 
if',':~'>ii  Th(、  "'n(l("iry  ")  force  1  lie  ])ace  produces  carelessness 
in  t  Ik*  proprr  support  of  t  he  co;il  cul ,  ； nul  in  addit  ion  ilici-c 
is  a  (\a  n^cr  t  lint  t  \)r  iikmi  小） not  l<('('p  1  lie  iiiHlercut  well 
r\r;i\)r<\  out,,  ('specially  avIicm  1  \)v  macliine  is  cut  t  ing  mi  1  \\v 
H'Mif  level.  Auol  her  1  rouble  wliich  frequently  occurs  is  1  IimI 
in  "nl''r  1  o  ^v.t  ；' s  ，m"'li  pnyin^  work  <\o\\v  i\s  possible  in 
a  "ivr"  time,  t  lie  drivers  ； i  re  \o  post  pone  i  lir  clian<;c  of 

«  ut  I (ms  in  i  Ik».  rutt  ing  ^ear  as  lon^  as  ])ossil)lo,  i\n<\  consu- 
(I，""i1l  v  <  Iics(«  soon  ^cl,  very  hlunl  mii<1  llicroforc  more  power 
i  ■  r#  '|iiin'<i  from  1  lu*  nm">r  to  krep  1  lie  g(';ir  rumiing  a\  t ho 
'■  :、  in"  sp<u;d .  'Die  ； irt  ioii  is  i  Mpidly  cumulat  ive,  ；'  ikI  before 
lon^r  t  he  f  iisf^s  l>lf)\v  itt  order  i  o  protect  1 1 )  o.  juot  or.  Ji  ca  n  not 
hi'  to"  si  ron^ly  insis"'(l  u|)oti  1Ik"，  when  working  in  co;il  of 
；'、 Iwuvlncss,  1  lu1  rut  1  crs  sliotild  he,  clwin^efl  at  least  once 
f'，r  f'v'，ry  20  yards  cut ,  ； ； i  iikiii  slioulfl  he  consi  ;inl  ly  kepi 

\v(»rl<  rlc;inin^  oiit  t  lie  uiiflcn'ul,  \v i 1 1 1  ； i  1(>i， 卩 (hit  sliovrl . 
In  coim^-tioii  wil  li  ( his  cause  of  troul^lc,  it,  ?n;iy  be  inicicstii]^ 


to  note  that  a  device  has  been  recently  introduced  for  rclc-jsii)^ 
t  lie  ratchet  jmvvl  on  t \\v  liaulage  (\vuiu  so  -is  io  interrupt  the 
feed  and  tlius  allow  tlie  macliiix;  io  icsl  it)  its  position  mil  il 
the  cutter  lias  churned  itself  free.  Tliis  device  is  useful  in 
】)revent,ing  a  good  deal  of  blowing  of  fuses,  aiul,  (|iiitf  v\ 
from  the  time  saved  owing  to  tlie  tact  tliat  when  a  fus<i  blows 
it  has  to  be  replaced,  a  somewhat  t odious  process  in  tlie  dim 
light  of  a  colliery  working,  it  avoids  what  is  really  a  danger- 
ous tiling  in  a  fiery,  mine —- namely,  tlie  blowing  of  a  fuse, 
however  well  protected  it  may  be  from  the  surrounding 
atmosphere.  Another  point  ，  lie  says,  which  slionlfl  \)V, 
remembered,  both  by  electrical  designers  who  special in 
ininiii^  machinery,  and  by  those  who  are  tor)  aj)t  U)  (■ (川 （i("'m 
the  electric  coal-cutter,  is  tliat  all  such  niacliiiies  while  in 
action  are  resting  on  a  purely  temporary  base,  and  are  kept 
from  shifting  only  by  means  of  struts  or  ^uys.  Tlie  inacliiiics 
are  subjected  to  very  heavy  working,  often  of  a  violently 
fluctuating  nature,  depending  on  the  nature  of  the  work  H 
the  moment  and  the  material  they  have  to  cut ,  and  lienre  il 
is  inevitable  that  they  should  be  subjected  to  a  very  heavy 
mechanical  vibration.  The  effect  on  the  motor  armature  aiul 
coiiinuitators  is  that  during  operation  when  tlie  windings  ;i rr 
hot  there  is  the  danger  of  open  circuits  being  formed  in  t  1kj 
windings  and  connections  of  the  commutator.  It  is  often  no( 
convenient  or  possible  to  change  the  armature  during  the 
time  in  which  it  is  actually  required  for  cutting,  as  the  hold- 
ing up  of  the  machine  for  the  time  necessary  to  effect  a 
proper  change  involves  a  considerable  loss  in  the  output  of 
coal  for  that  particular  section,  and  therefore  a  practi<c 
sometimes  adopted  when  this  trouble  develops  is  to  cut  out, 
the  faulty  coil  and  to  bridge  the  commutator  segment.  Tlic 
machine  is  then  allowed  to  run  in  this  condition  until  it  is 
possible  to  bring  the  armature  to  the  surface,  where  t  lie 
repair  shop  is  usually  situated,  and  here  a  new  piece  of  wire 
is  joined  to  the  coil  and  put  back  into  the  conimutator  ami 
resoldered.  The  running  of  an  armature  in  the  condition 
described  does  not  do  it  any  good,  and  thus  one  more  difficult  v 
is  added  to  those  which  an  electrical  installation  has  to  con- 
teiul  with.  Yet  another  point  may  be  mentioned  as  showing 
the  rough  and  ready  condition  in  which  colliery  electrical 
plant  is  often  kept.  The  natural  consequence  of  open  cir- 
cuits and  bad  insulation  is  that  the  commutator  is  subjected 
to  sparking  effects  which  cannot  be  done  away  with  at  once, 
and  tlie  result  is  that  the  metal  is  often  badly  pitted.  Tu 
t  urn  up  a  commutator  in  order  to  take  out  the  marks  every 
tii)ie  this  happens  would  be  a  slow  and  sometimes  costly 
expedient,  as  it  would  involve  tlie  keeping  of  a  cert  ain 
number  of  armatures  for  coal-cutters  for  replacing  while 
repairs  were  being  effected,  and  lience  it  is  not  an  unknown 
thing  to  find  tliat  the  commutators  in  coal-cutters  have  been 
filled  up  with  litharge  if  very  badly  pitted  instead  of  being 
turned  up. 

The  position  of  an  electric  coal-cutter  in  operation  is 
； it  all  times  purely  temporary,  aiul  in  addition  to  vibration 
tliis  very  ofttMi  leads  to  other  difficulties.  For  t'xain])】e，  it  very 
frequently  occurs  tliat  the  machine  is  cuttiii"  (m  a  rising  fare, 
and  as  a  result  it  is  not  uncoinnioii  to  find  that  oil  runs  or 
leaks  out  of  the  bearings,  so  tliat  the  windings  get  saturated 
witli  tlie  oil,  which  rots  the  insulation,  and  finally  causes 
t liern  to  give  out.  Tliis  trouble  has  been  tlie  cause  of  a  great 
many  breakdowns  of  coal-cutters,  and  lias  proved  a  nuitter 
of  serious  difficulty.  One  way  to  remedy  the  matter  to  a 
^real  extent  is  to  drill  a  small  hole  in  both  ends  of  tlie  motor 
casing  so  Hi  at  should  the  motor  be  tilted  in  either  an  aft  or 
a  fore  direction  tlie  oil  penetrating  into  the  inside  of  1  he 
casing  will  drain  out.  It  is  evident  that  this  does  away  witli 
the  Hanie-proof  properties  of  the  motor  casing  to  some  extent, 
and  this  is  a  most  i"ipoi'ta"t  consideration,  as  it  is  of  course 
(\ssential  tliat  a  coal-cutter  motor  should  be  entirely  rnclosed 
in  order  to  prevent  any  chance  of  explosive  mixtures  of  gas 
； mhI  ； lir  in  tlie  mim'  from  getting  inside  the  casing.  But  it 
nwiy  be  pointed  out  that  as  a  matter  of  fact  t  Ikm  c  are  so 
nuni v  joints  about  an  electric  inolor,  as  often  constructed, 
('； k-Ii  one  of  wliicli  is  liable  to  be  not  altogether  i^as  li^Iit,  that 
cvrn  an  enclosed  motor  as  now  consi  ructed  rainiol  ； il\v;»vs  be 
(Irscrilx'd  as  a  practically  ^Ms-(i<;l»t  arrangement ，  and  the 
nddit  ion  of  two  small  holes  of  ilie  nature  above 
does  not  io  any  very  "m"  extent  add  to  the  <lan^or  already 
])rcycnt ,   and  it  certainly  has  the  advantage  that   it  does 
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away  wit  li  a  lol  ol'  i  rouble  in  r('m(、\."ig  ； u i  v  。il  、、'lii('li  may 
collect, 

One  of  t  he  w;i">sl  rliflicult  ies  in  using  coal-cut  i^rs  is  t  lie 
I'mcI  t  ； is  t , 1 1 cuttiii^  <;<>es  on  the  motor  proceeds  furt  Ikm- 
and  further  away  from  the  gate-end  box,  and  that  the  flexible 
cable  which  feeds  it,  must  perforce  lie  along  the  ground 
between  the  box  aiul  the  niacliine.  In  this  ]>osition  it  is  fre- 
quently 】yi"g  on  an  uneven  surface,  and  is  liable  to  be 
sei  ir)usly  in  jured  by  surrounding  operations  ；  and  in  order 
to  overcome  this  difficulty  armoured  cable  is  very  often  used. 
Th"  use  of  armoured  trailing  cables  for  coa l-cut tei-s  is，  how- 
ever, not  altogether  satisfactory  for  many  reasons.  For 
example,  it  is  found  to  b«  extremely  difficult  to  coil  up  ini'i 
MTiylliiii^  like  compact  form,  owing  to  its  stiffness,  and  the 
result  of  trying  to  do  this  is  to  produce  kinks  whicli  rupture 
i  he  insulation,  Cruising  slioi't  rii-.-uits.     In  addit  ion,  it  is  nut 

all  inic'ornrnon  to  find  tliat  the  armouring  has  become 
rusted,  owing  to  the  water  in  the  mine.  Eventually  the 
wmouriiig  l)reaks,  and  it  then  heroines  impossible  to  ca  rt  ii 
Hie  m;ichine  properly  unless  a  special  ea rl  li  wire  is  bouii'l  u|> 
wit  li  the.  main  cuneiit-carrying  coiuliK'tors  in  the  cable  itself. 
Further,  it  is  a  very  difficult  matt er  to  make  an  efficient  joint 
with  armoured  cable,  and  before  very  long  the  piece  of  cable 
liocotnes  useless  for  its  purpose.  It  is  therefore  valuable  to 
mention  that  a  new  type  of  trailing  cable  has  been  adopted 
in  a,  good  many  collieries  and  has  given  very  useful  results. 
It  consists  of  heavy  braided  twin  concentric  conductors,  pro- 
lerted  on  the  outside  by  a  heavy  slieatli  of  tlie  same  material 
as  is  used  for  manufacturing  cab  tyres,  and  this  "ia"'n;il 
makes  a  good  cushion  to  protect  the  conductors  from  falling 
stones,  colliers'  boots,  shovels,  drills,  and  other  external 
objects.  Moreover,  the  cables  are  comparatively  easy  to  n-pair 
should  there  be  any  trouble,  inasmuch  as  when  the  braid- 
ing rots  or  wears  the  bad  places  are  put  right  again  by  sim ply 
、vmpping  them  tightly  and  closely  with  tar  band,  hik! ,  after 
( his,  wviii"  t  hem  witli  Stockholm  tar.  The  earth  wire  in 
t his  case  is,  of  course,  carried  inside  the  sheathing,  forinin^ 
； in  auxiliary  conductor  laid  up  with  the  main  power  con- 
ductors of  the  trailing  cable. 

The  point's  tluit  have  been  raised,  says  the  writer,  1  hou^h 
no\  exliausl ive,  sufficiently  illustrate  the  special  conditions 
atiemling  colliery  practice  to  demonstrate  the  fact  tliat  not 
cnily  is  special  design  rendered  necessary  in  order  to  make 
i he  uiachine  strong  and  efficient  under  the  severe  conditions 
h>  whicli  it  is  subjected,  but  also  that  the  system  of  overhaul 
； ind  maintenance  in  a  colliery  has  to  be  of  a  very  thorough 
and  searching  nature.  The  continued  increase  in  the  use  of 
electric  coal-cutters  is  a  sure  sign  of  the  great  advantages 
which  have  been  obtained  by  the  use  of  these  machines,  and 
in  spite  of  the  difficulties  and  breakdowns  which  from  time 
to  time  occur,  there  is  no  doubt  that  electric  power  in  this 
connection  has  been  the  means  of  largely  increasing  the  out- 
put of  the  colliery  and  of  doing  away  witli  a  very  difficult 
aiul  dangerous  form  of  manual  labour. 


Imperial  "Wireless"  Stations.  一 A  White  Paper  has  been  issued 
cont  ； lining  a  copy  of  the  agreement  between  Marconi's  Wire- 
less Telegraphy  Company,  Ltd.,  Commendator  Guglielmo 
Marconi,  and  the:  Postmaster-General,  with  regard  to  the 
establishment  of  a  chain  of  imperial  wireless  stations,  together 
with  a  copy  of  the  Treasury  minute  tliereon.  The  minute 
suiimiarises  the  negotiations  between  tlie  Imperial  G-overii- 
meut  and  the  Marconi  Company,  eventually  resulting  in  a 
decision  that  a  chain  of  stations  connerting  the  United  King- 
flom  with  Australia,  via  India,  and  with  South  Africa,  should 
l)c  est ablislied  in  the  first  instance,  tlie  installations  to  be 
erected  in  England,  Egypt,  East  Africa  Protectorate,  South 
Al'rira,  nn<\  Singapore.  The  Australian  Government  finally 
flrciflcfl  not  to  take  part  in  this  agreement,  but,  to  proceed 
infleppiulent  ly  witli  tlie  erection  of  a  station  in  connection 
wi(  li  1  Up  Inmeria!  wireless  chain.  It  is  intended  tliat  t  Ins 
station  shall  be  constructed  without  delay,  and  that  it  shall 
(•'mimuiiirji"'  direct  witli  the  Imperial  station  at  Sin^apoi'e. 
Tl，（>  ma  in  provisions  of  agreement  may  l)e  summarised  as 
follows  :  Sites  will  be  provided  hy  1  lie  Postmaster-General  at 
1  \w  si  ； it  ions  mentioned,  1  lie>  company  will  provide  the  installa- 
tions. The  Postmaster-General  may  require  ilieni,  in  addition, 
to  erect  buildings  and  prepare  foundations  for  eacli  station  on 
repayment  terms  without  profit. 


INDUSTRIAL  AND  TRADE  NOTES. 

W.  F.  Stanley  &  Co.-  Messrs.  \V.  I''.  Stanley  &  Co"  of  Grcal  Turrt- 
st  il",  llolln>rn,  t  in1  w  ell  -  know  n  m:ik''rs  "I  川：' Un'm"  t  ira I  n\u\ 
scicntilic  instriMiirnts,  }u\\  v  opoitcd  ； i  Ih  miicIi  at  US,  (Jm'("i  St  ?  eel , 
(Jhisguu  . 

Swan  &  Hunter's  New  Shipyard  at  Southwick.-  Rapid  pi-o^rcss  ；、 
l»"in<i  m;n\t'  witli  lh«>  l;，ving  out  ("'  the  n«、、、  shipvnrd  nt  Sotiiltw  n  k 
t。r  M<'ssis.  Su  ;m,  Huntfr,  A-  Wiglutm  l^icli;ir(iso!i,  Ltd.  It  is 
,'\ tlui t  tlie  vii v<\  will  bo  rejul.v  lor  oc<Mi|)atio!i  in  nbout  two 
months'  time. 

The  "  Valiant "  Steam  Fire  Pump. ~ Messrs.  IVI(>rr、  、、  t'atlir' .  "r'  '  'i 
、v"  li  Hr,;ul,  liondoi!,  s<»nd  us  a  c:at;i  loj^iu*  slion  injj;  tlie  misc(»ll;i neoiis 
n pplicjitions  (,i  w  liicli  their  "  \';ili;uit  steam  fire  pump  is  山 1,'. 
owing  to  its  portjihilitv  and  powor.  Tl">st、，  as  the  illustrations 
(n  <»\  <N  arc  much  gr,"i""'  than  most  p"(>ph'  think,  ； u"l  coinhincd 
u  ith  tl"'  int  rinsic  merits  of  this  si^lt'-cont  aim  *!  piece  oi  ； i p])arains 
explain  its  popularity  aixt  success. 

Exhibition  of  Aerial  Locomotion  at  Paris. ―  Tlie  iom  t li  cxhihition  of 
； "'rial  locoiii()ti(m  w  ill  ht'  l"'ld  this  yea r  in  tlie  (jIi  juhI  I'n l;iis,  (linmps 
KI  v,m;".、，  i  I  r<nn  October  '2()tli  to  N<)\  rmln'r  li.  ( 'opics  of  thr 
ic^uliitioiis  ( in  h'rtMH  li )  governing  iho  (exhibition,  contiiining  form 
of  ;ij)pli<  atiitn  l"r  、p;ir",  m:i  v  I"'  < 山 tained  l>y  British  fii  nis  on  appli- 
'■；)  t  ion  to  the  ( 'omiiM'icinl  1  ntclii Bratu-li  ol  the  Board  of 
Tnide,  73，  Uasin<xliall  Stn't't,  London.  K.C. 

New  Armoured  Cruisers.  Tin*  British  Admirnlty  has  nskvd  tor 
t«'n(l("、  i  loin  eight  private  shipbuildtM  s  tor  six  urinourcd  ci'tiisors 
of  liicli  speed.  Tilt'  cruisers  mi>、  to  huvc  niiicliiiiciy  in  develop 
4n,(K)()  h.p.,  and  :'r('  to  I>e  r^ady  to  pass  into  commission  in  Jui"'， 
l!，14.  Tli'?'  ；， rt'  to  he  smaller  than  the  coi  rcs|)(>tuiin^;  (ioririM n 
( riiist'rs,  but  faster.  Two  others  are  to  Ix;  placed  in  Government 
(l(>(  l、v;u(ls,  making  t'i^lit  in  all. 

Extension  of  Colville's  Steel  Works.—  Messrs.  David  Coh  ille  ajid 
Sons,  Izcll  Steel  ； uul  I  i  on  Works,  Mother 、、- eli，  are  making  exten- 
sive additions  to  their  plant  and  works,  which  w  lieu  coinplctcd  will 
increase  tlu1  output  by  2,000  tons  ol  [kt  week.    S(' 、- (、r;il  ;ktc> 

<>t'  ground  li:n、'  Ikcii  tiikcn  in,  ； md  n''u  smelting  imn;i('<、s  are  to 
erected  and  hai-  and  plate  mills  of  large  (Iun«in,su>M.s  laid  <lo\\  m . 
Tlie  extension   is  t'xjxM-tt'd  to  l»e  completed  liy  the  begi"niny  ol' 
next  year. 

Wages  in  the  Scotch  Iron  Trade.- ~  Tlie  follow  ing  intimation  ha^ 
'"'<in  in;ulc  to  Messrs.  James  {'.  Bishop  jmd  J;i nics  ("ivi"'  joint 
scci-etiiiies  of  the  Scottish  Maniit'actured  Iron  Trade  C'onciliation 
； nul  Aihitratioii  Hoard,  by  Mr.  John  M.  Macl^'od,  C.A.,  (ilas^ow  : 
" In  terms  of  the  remit,  I  have  exainitied  the  employers1  books  for 
Mav  -<\  nd  June,  1912,  and  I  ceitify  tht'  average  net  selling  price  at 
works  brought  out  is  £6.  10s.  .'i  (i4d.  per  ton."  This  means  an 
increase  of  2^  per  cent,  in  tlie  w  ages  ot  the  woi  kmcn. 

Oil  Fuel  for  the  Navy  ；  An  Egyptian  Depot.— The  Lords  ot  the 
Adniiniltv  :uv  not  to  wait  ior  tlif  cone] usion  <>l  tlie  promised 
enquiry  into  the  w  hole  pr()blt>"i  of  oil  fuel  for  tho  Navy,  over 
a\  liich  A(lniii  ;il  of  the  h'leet  Lord  J'，i-sl"'r  、vill  j) reside,  to  learn 
something  pi-acticable  in  regard,  ； it  least,  to  its  storage.  An  agree- 
ment has,  it  is  reported,  b('en  coiiu*  to  l"'tw"''，i  the  British  and 
l^ypti;in  (I ovei  iunents,  for  a  Urge  depot  is  to  be  establislied  just 
e;ist  ol'  Alcxjvndria  tor  the  stonig"  of  oil  liit'l,  suitii bk»  and  ready 
lor  storage  purposes.  Tliis  depot  will  be  uiulor  the  administration 
of  British  officci's,  ！ ukI  t<Mi<lei's  will  shortly  l>e  i n\  itcd  tor  the  build- 
ing of  ； I  "uiiiljt'r  ot  fast  stfanici's  cap;il)le  of  distributing  the  fuel 
i\t  short  notice  in  tli**  K;i、t*'rii  -、 I t'(litt"T;m,';i n  ； i tkI  the  I { eel  Sea. 

Metal  Filament  Lamps. ―  In  h  pninplilt't  issued  by  the  A llegemeine 
Klekti'icitats-Gesellscliat't,  some  of  tlie  methods  of  constiMicting  the 
drawn  w  ire  lamp,  a  nd  ； iiso  sonu1  ol  the  points  oi  difl'erence  between 
the  drawn  wire  and  pressed  filament  lamps  are  explained.  In  tlie 
latter  a  number  of  separate  fila nients  are  employed,  produced  by 
the  pressing  process,  their  end«  being  welded  olec-ti  ically  to  a  wire 
frame.  Jn  the  former  the  filament,  produced  bv  diawiup;  the  metal 
through  diamond  dies,  consists  of  a  continuous  wire  u (Mind  on  a 
tr;im('  or  spider.  Tests  carried  out  with  the  two  t.vi"'s  :uv  stated 
to  sjH)、v,  in  the  case  of  l(><-.p.  wire  lamps,  an  averii^r  strengtli  of 
17  S,  as  n gainst  3'0  tor  those  with  pressed  tiht metits,  while  in  the 
caso  ol  .">()-(■. p.  lamps  tlie  h^iti-cs  ；) nd  -VS,  rt、i>tn'tivel.v. 

Threatened  Closing  of  Harland  &  Wolffs  Shipyard.— In  cuMseqMciK-e  。f 
i-creitt  disord«'i-8  i m  ^lessrs.  Hnrlinul  iV'  Wolff's  varrls  at  Belfast,  tlie 
lii  ni  on  S;itur(I;iy  last  issued  the  followin"'  statement :  *'  Matters 
h:i、  e  uo、、' arrived  ;\t  a  crisis  in  the  Hplf;ist  sliipvitrd.  ()、、  i，ig  tn  tin' 
(listnrhiuices,  tli(、  impossibility  (>t  ('； urving  on  work  pmperlv  luis 
Iicen  growing  dnily  more  serious.  I  n  \  iow  of  the  brutal  assaults 
on  individual  work  men  ； tud  the  intimidation  (".  otlicrs,  s(、v('n，l 
flo[)i)rtin(Mits  in  Hnrland  A'  Wolft's  hiw  v  ； iln 、；" l.v  hern  closed  down, 
and  in  their  uitei-  ignorance  that  their  own  interests  iir(、  ； 
hy  their  folly,  1  lie  extremists  have  gone  so  in r  ;is  to  molest  and 
intimidate  specially  skilled  men  responsible  for  the  working  of  the 
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er  plant.    The-e  iiion,  ； i、、imlte(l  and  intnnidiU etl,  a vr  gi  adtiji  ll\ 
inu;  off  、、oi'k,  and  as  they  cannot  he  replaced  thv  firm  are 
reluctantly  obliged  to  shut  down  a  considerable  portion  of  the 
pl;i nt.  、vlii(li  will  afF^'t  a  still  larger  portion  of  the  、v("k、，  ；，， "1 
tlm、  gradunlly  the  whole  esta blishment  will  autoiniiti'.ally  ('(""♦、  lo 

Another  Moulders'  Strike  at  Shclficld. ― Tr"' 山 1,'  li;is  ； i^ain  l>r'"《'"： 
out  am(»"g  the  niould(M's  in  Sli,、fli, 、！ （1.  This  time  it  is  in  coniicction 
with  \a  ork  iit  Messrs.  Tlionui^.  Kirt li  A.  Sons.  All  tho  mmikl，、，'s  liavr 
r'，m"  out  stiiko.  TluMe  、va、  a  l;'r,u''  m ihI  inipoj'ta nt  meeting  of 
the  inrii  In^t  week,  \\  lion  1 1n*  mn ttors  in  dispute  "  (、'•，、 
t'ullv  tlisi  iiNsed.  It  is  only  a  f(、、v  months  ago  tliat  a  strike  was 
M'ttlwl  u  Inch  t\  llcctcd  all  the  moulders  in  SlirfHold.  a  nd  l"、pt  them 
out  ot  work  tor  several  、、  wk、.  When  a  settlonionl  was  then 
i  c;k  Iie<l  it  was  li(>])ed  that  then'  would  be  no  t'urthei*  trouble  in  tlu* 
trade  for  a  \>'iy  long  time.  Jt  is  im(lt、rstoo(l  that  tlio  strike  njl:'tt、s 
to  the  old  trou!)le  w  itli  tlio  core  uia kers  and  to  the  difticulty  of 
determining  the  l»oundai y  lino  l>t't、vt、en  the  two  sots  of  workmen. 

Mr  W.  N.  Dick,  whn  joinod  the  Bo;u'd  of  Directors  ol'  Messrs. 
、V;iil(,、，  l)('vt、，  A:  ( V>..  litd..  New  (Mstlr-on-'J'viif,  ； 1 1  the  of  last 

year,  1"，、  now  been  appointed  :i  nuuia^or  a t  thoir  hv,\d  office.  、lr. 
Dirk  lias  tor  niiinv  y(';u、  l"、t"i  "  dopai  tnuMitii]  niiinn^cr  w  itli  Messrs. 
H"lz;i|"H、  Ltd.  \\*;ulcs,  Dove,  A-  ('o.，s  business  lias  l;u -^ely 
eloped  din  ing  the  past  \v\v  years  both  at  liomc  nnd  aUroad. 
th^ir  most  recont  ； K'lii«'vt、"iP"t  ( eiitcusted  to  their  Amei'iciui  house) 
Iteirg  ； in  extensive  contract,  tin1  largest  in  tlic  w  orld  ever  pl;i(*e<l 
to?-  tlii、  class  uf  work.,  viz.,  for  the  coating  ol'  pairs  of  lock  ^ntcs 
in  the  Panama  Canal,  involving  over  >0,0( K)i't.  oi  surtacr.  Tli(- 
li  nn  \\n\e  also  just  sec  mod  n  large  ordor  t  roni  Messrs.  Jolin  Brown 
;iitd  Co..  Ltd.,  Clydebank,  tor  tlu*  I? oval  Mail  steamer  "  Aquitania," 
now  being  built  for  the  C'unard  Line. 

Labour  Law  in  Queensland. ―  A  Bill  tor  dealing  witli  strikes  ； uul 
lockout s  、、a、  inti odiiced  in  tlu*  (t>ueonsla!Hl  】,egi、lati、c  Assrmhly 
la"  "et、k.  The  Bill  provides  for  special  industrial  bo;» ids,  similar 
to  the  Wages  Boards.  A  judge  ot  tlio  Industrial  Court  may 
meclintr  "r  (:、ll  ji  compiilsoi \v  con(or(»iico.  A ny  association  not 
oljs*  r\  ing  an  ;i u ai'd  、、ili,  by  the  tonus  oi'  thv  Bill,  bo  liable  to  ； i  i'mo 
ot  £')()(».  an  employer  to  i'2-~)0,  n nd  an  employ 6  to  ； i  Wnv  of  £10. 
A n\ one  inciting  to  or  assisting  i\  hu-kout  would  i"'  linl)!**  to  ； i  fifio 
vi  L 1 H M I.  ii nd  anyone  participating  in  or  inciting  to  a  strike  to  ;\  fin'' 
oi  t'On.  Strikes  ；) nrl  lockouts  ； m>  unlaw  hd  until  a  compnlsorv  c(»n- 
lerw  'j  has  proved  abortive  and  a  fortnight's  notice  has  been  given 
to  a  registrar,  and  the  latter  lias  t;»k("，  a  secret  ballot  of  on»pl()V(*rs 
<»r  employes  and  such  ballot  has  resulted  in  t'a \ our  (>l  a  lot  kout  or 
strike. 

Sheet  Aluminium. —- '1'1"、  Hntisli  A  hnnitiinni  Coinpitny  1ki\  o  issiu^l 
a  U.iHct  pointing  out  tl"，  ； uhantJigos  of  slioet  al，imi""mi  tor  spin- 
ning, |'r(、、、mg.  ；) ii( I  sirnihir  rn;i nufactiu'ing  processes.  A  scputre  loot 
(，t  1  I  S.W'.G.  .sheet  nlnminiiini  w  oiglts  l  llll)s.  ;i  nd  costs  Is.  lid., 
\v hile  a  >iniil;u'  sheet  in  copper  、、t"glis  3"7()lbs.  and  costs  2s.  10(1., 
'，r  in  l)i  i,、、  w  oighs  -'f-Vilbs.  and  costs  2s.  Sd.  The  metal  is  i-eadily 
、l"m  on  the  lathe  with  wood  or  metal  cluicks,  and  ior  tliis  purpose. 
；'、 ior  j)i<'ssing.  tlx-  、ott,'、t  、h<M、t  is  used,  speeds  up  to  3,。（)（）t+t.  per 
niiniitf  l,('mg  employed.  The  sheet  may  be  given  a  high  polish  by 
m'i(l，  the  same  im'tliods  as  are  employed  tor  polishing  brass  or 
German  silvei- ；  it  may  be  satin-finished  by  the  aid  of  a  fine  steel 
Nt-ratch  brush  running  at  a  liigli  speed  ；  nnd  it  m ；， •、'  be  given  a 
frosted  appearance  by  being  dipped  tor  a  few  seconds  in  hot  caustic 
、o(l;i  sol;ition.  then  、、； i、h(、d  in  cold  water  and  dipptnl  in  aqua-fortis. 

Spanish  Iron  Ore  Output. ― The  Spanish  production  of  iron  ("■"  for 
tlit'  year  1910  amounted  to  8,6o0,0()()  tons,  which  slightly  exceeded 
the  output  of  thp  previous  yenr>  although  it  was  considerably 
helo、v  th(，  rf»cord-bi-o;iking  output  of  1907.  Tlw  output  of  other 
muiMi  als  included  29  J,0( K)  tons  of  pyrites  ；  HfiOi)  tons  of  manganese 
on*.  3.231  ，0(,0  tmis  of  copper  f>rc,  loi ；,()()()  tons  of  zinc  ore,  Ho  tons  of 
ti"  ore  *2Wi.7UO  tons  ot  I(>;k1  ore.    Those  figures  rt*prosi*nt  an 

m(  if';iM>  ovor  the  output  ot  tin*  previous  year  in  ail  minerals  oxc<*|)t 
zirn'  a nf I  tin,  the  (l(、('n"i、（>  in  tli<»  output  of  the  ">，m<、r  being  7,000 
"m、.  ； hkI  1.4".-)  tons  in  tlio  latter.  The  pig  iron  production  tor  tin* 
•、p;ir  1010  whs  low cr  tlian  in  a n y  year  since  1902,  and  only  ainoiintcd 
t'>  :{7;i,l H MJ  tons.  The  ]>rf>flii(  tion  of  rolled  iron,  u  I'ouglit  iron,  and 
torgings  was  -is.ioo  tons;  rolled  steol,  171,600  tons;  steel  forgin^s 
and  castings.  11,^)0  tons.  Othor  innrnifactures  of  iron  and  steel 
"mo'mtwl  tf>  16;400  tons. 

Shipowners3  Responsibility  ：  Important  Test  Case. ―  A  ,1(  (  i 、出" 。t  (  "n- 
、'山 'r;i，,l''  impoi  tanco  to  sliipow  ritjj-s  iti  ro^ard  to  their  liability  uikUm* 

W  orkmcn's  ( 'oinpcnsation  Act  has  been  given  by  Iiis  Htmour 
Judge  Thomas  in  th<«  Liverpool  County  Court.  A  test  case  was 
W 川 glil  hy  t!i«>  <iei»(;n»lant8  ol  ； i  "'； im:i'i  r;i""'f|  V\';tnl  ； i^nir^t  tl'" 
owners  of  the  steamor  "  Harrington"  tor  conipcns;) i ion  under  tli，、 
Compensation  Act.  、V"ivl  "as  one  of  three  mm  engaged  on  the 
steamer,  and  after  finishing  tli<»ir  day's  work  they  uent  ashore  at 
I' ishmiard  on  ploasnro.  Returning  to  the  steamer  the  boat  was 
upset  and  the  three  men  were  drowned.  His  Honour  found  that 
came  by  his  dcatli  through  an  accident  a  rising  out  of,  and 


iii  conrsi'  ol,  Iiis  cmiiloviiicnt.  1，''  IoiiihI  Ilia t  the  dmmi  \\m\  \v&\e  to 
g')  ashore.  Having  M't  the  sb':，m<  r  on  lnisi?ifs>,  <ti  I  lirii-  "、、  11  they 
、、•"."  tiol  w  itliin  tlio  Act  、、  lio"  on  short*,  lint  tli^v  mi"*  morr*  < 
wii  bin  tlio  A<*i  ulio'i  l  lir.v  rHm'm'fl  u  ilhiii  t  In-  :u.(';，  s|"'";il  risk 
coiinrcf  cfl  with  U"'ir  ''mpln.vmcni  jis  idchiIxts  ol'  t  hr  r  rru  r>t  I  Ik- 
st,':»i"(、r.    H(»  tlKM'cl'oi'c  l("m(l  in  l;n our  ot  1  lir  ； i pplicii nt. 

Coal  Resources  of  Sweden. ―  Krom  ；，  sumnuuy.  tm.i"、li'"I  l»v  I hr 
Britislj  Consul  at  Stockholm,  ol  tli<*  r'  pm  t  。i，  1 1','  <  n.\ I  '  i'、min'f'- 
ol  S、、(、（h'"  u  liich  Dr.  Kdwa  r<1  Kiflnui  ini  is  fir;'、vi'ig  up  h'l  t  lie 
n;i  t  ion;t  I  (»roIo^ic;i  I  ('ongn'ss.  to  I"'  held  i  n  ( ';i  n;tfl;i  、  <"•'  .  i  < 

itpi>t»iu^  tliat  tl"、  coii'.mprcial  com  I  rxi、*、in^r  in  w  oiknblc  fl，'|,(»、it、  i  n 
Su cdtMi  is  cstim;tt<»fl  at  a  minimum  oi  li)(i,.KKI,(H)n  tons,  though  t  If 
niaxitmini  "i;i.v  ho  cstinia t<»d  nt,  ro.i^lilv,  ：{( Ki.Hl H).( KHI  tons.  The  most 
import)"it  miti(*s  i\ ro  situated  in  tlic  rmrtl 卜、、 （'stern  part  oi  t Im> 
province  oi'  Sk;"i'、  lx^tween  Ho^iuiiis,  SkHdi'rvikpi',  Hnlt;>nr|s;is. 
SodcM  Msoii,  Hillesholm,  nnd  (ilunislof  ( nci  tli  o\  l"i't(l、kn"i:i  ) 
towards  t\w  SomihI.  Tho  t'ormntion  consists  of  aiteinatc*  l>;mfl、 
san(lstom、  clay,  a  nd  slate,  w  ith  con  I  str;i  t;i  l'"t、、'《'""  ;  only  tl'('  t  w  o 
lowost  strata  of  tlio  formation  arc  ron、"l"r'ul  to  lx»  ol  r"inm"r''"il 
v;,lm>.  Dr.  Krdnut nn  is  of  opinio"  tliat  the  imi)oi*tatir)ii  ("  coal  into 
Sweden  will  decrease,  owing  to  tho  utilisjition  of  wii  t*>rl  n  I  Is  lor  t  In- 
production  of  power  a  nd  to  tho  exist(»nco  of  peat  and  hitiiininous 
shal<*  deposits. 

Iron  and  Steel  Production  of  South  Russia. ―  According  to  r,'('"i1l、 
m\  nilable  figures  n. lilting  to  the  iron  i\  nd  st(»(、l  pn,(li"  timi  of  Smit  h 
Kussin  in  ,  t lie  output  of  pig  iron  ii"'r("wd  -i- >">,()( H)  tons,  lun  - 
ing  totiillod  l\:?7<),()()0  tons,  against  2，()'31，()00  tons  in  V.)Ul  Th,' 
iron  output  c("isist"(l  oi'  olO^M )(»  tons  of  t'oimdrv,  ;in  iii(r，>; 卜 p  o\ 
1 1  >,U0()  tons  ；  1,7SS,()( )0  tons  of  bnsic  and  Hesscmor  pi<:,  an  incicax- 
(»i  21.*i,(HM)  tons  and  10  tons  of  miscoll;ui(»ous  grades,  an  in(  n' ；'、 （• 
of  12,000  tons.  Of  steel  ingots  there  wore  produced  2.09(i,(M )()  tons, 
ii n  in<  roase  of  240,000  tons,  divided  as  follows  :  Op(»n-li(»a rth  steel, 
】'—",(,(K)  tons  ；  acid  Bessemer,  106,000  tons  ；  basic  Bessemer,  20， 讓 
tons.  The  i)r<Klu<-tion  of  finished  material  .showed  an  increase  of 
22(i,(M K)  tons,  liaving  attained  a  total  of  1,815,000  tons,  against 
l,."jS* ),(»()(»  tons  in  1910.  The  iii('r'?:ise  ； "IV (气 o(l  ail  classes  of  finislunl 
niatori;ii,N  except  shoots  and  standard  rnils,  a  nd  th(ise  two  lines 
(lecrrasr (！  4 ,< M H )  ； i nd  ； U,0( HI  tons,  respectively.  Other  classes  ot 
fiiii.>]io(l  mat«Mi;»ls  showed  gains  as  i'oilous  :  JU';""s,  (； \J)t H)  tons; 
nuM-cliant  huvs,  71,000  tons  ；  plates,  40,000  tons  ；  who,  8， 嚷 tons  ； 
ii  nd  niiscellaiifoiis  SI,  (MM)  tons. 

Russian   Shipbuilding   Bounties. ― His   -、 l;ij,'、tv、   Kml,;i、、、    ；。  Si 
i'etorsburg    has    foiwardod   a    translation  of  the  la \v  ciiactod  to 
encourage  H nssian  shipbuilding.    The  l;t u .  w  Inch  will  ha ve  efi'ect 
for  lo  years,  from  .huiiuirv  14tli,  grants  bounties  to  shipbuiM- 

ing  fii'ins  situated  u itliin  tlu*  Hussiiui  cnipire  for  merchant  vtwl、 
built  of  metal  aiul  intended  tor  service  in  ")r"ign  waters  or  on  the 
iUv(、r  Dannbo,  ti])on  the  r(、gisU'y  of  tii6  vessel  at  a  Knssia n  port, 
provided  the  vt、ss(、l  was  laid  down  after  the  pronnilgation  ot  the 
law,  i.''.、  *Iunt、  IStli,  191*2.  Kinht nd  and  certain  other  districts  are 
oxcludod  h-oin  tin* so  bounties.  The  bounties  are  calculated  on  tlie 
registered  tonnage  ot  the  \oss<»Ts  gross  capacity,  and  are  on  ,i 
graduated  scale,  varying,  in  the  case  of  mechanically  propellefl 
vessels  from  10o  roubles  per  ton  tor  vessels  of  12**5  tons  and  less  to 
(v5  roubles  per  ton  for  vessels  exce(jcliag  3,000  tons.  The  bounty  oil 
、； liling  vessels  with  auxiliary  nH*clianicaI  propulsion  varies  from  S4 
roubles  per  ton  tor  vessels  ol'  12")  tons  and  under  to  o2  roubles  per 
ton  for  vessels  exceeding  3,000  tons.  Bounties  are  also  to  be  paid 
for  repairs  and  the  installation  of  new  machinery.  After  the  boun- 
ties have  been  in  force  for  ten  years  they  will  undergo  an  annual 
reduction  of  6  per  cent.  It  is  to  be  noted  that  the  law  of  July 
14th,  1908，  respecting  the  admission,  duty  tree,  from  abroad  of  iron 
seagtting  vessHs  will  remain  in  force  until  January  14th,  li)2^. 

Employment  in  June. ―  Tho  La  hour  Department  of  the  Board  ot 
Trade  report  that  employment  in  June  continued  good,  and  showed, 
t»n  the  \vlio!e,  some  iraprovomont  on  the  previous  montli  and  a  year 
ago.  The  weekly  increase  in  w.igos  duri.ig  -June  was  larger  than 
the  total  weekly  increase  in  tlu  pK»vioiis  live  niontlis.  In  the  iron 
a  nd  、tt、<>i,  tinplato,  and  engineering  tnulos  ciiiploviiHMit  \\  as  very 
good  ;  on  tlie  otlier  hand,  the  ship~repa""，g  industry  in  l^ondon 
w as  much  aft'octod  hy  tlie  dock  strike.    As  compared  with  a  yea r 

most  ("•  the  principal  '卜" ies  showed  an  improvement.  la 
the  390  trade  unions,  with  a  net  mem bership  ot  833.94(»,  making 
i*(»turns,  20,698  (or  2-5  per  cent.),  were  returned  as  unoTiployed  at 
tlio  (Mid  of  June,  1912,  com  pa  rod  with  2-7  per  cent,  at  the  end  oi 
.May,  191*2,  and  3*0  per  cent,  at  the  end  of  J  line,  U，ll.  Heturns 
from  firms  employing  443,790  workpeople  in  tlie  week  ended  June 
22nd,  191*2,  showed  an  increase  of  0-1  per  cent,  in  the  numbei- 
employed,  and  a  dr('n，as<、  of  0  0  ]>or  cent,  in  tlie  n mount  of  uages 
paid,  ;is  conipiut'd  with  a  month  ago.  C'oinp.ued  witli  a  year  ago 
there  was  an  increase  of  2*2  per  cent,  in  tlie  number  employed,  ； "id 
of  8'4  per  cent,  in  tlie  amount  oi'  \\  ;i^es  jmid.  The  changes  in  】ates 
of  wages  reported  for  June  were  all  increases,  and  amounted  to 
£19,900  per  week  on  the  wages  of  191,000  workpeople.  The  most 
important  changes  affected  130,000  coal-miners  in  Scotland,  3.(>*)0 
deputies,  mechanics,  enginemen,  and  firemen  in  Northumberland. 
20,000  ironworker^  in  the  Midlands.  .5.7-5"  、tccl  millmen,  engine- 
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uioii,  gas  producermon,  and  otlier  workpeople  in  steel  works  in 
Scotland. 

Membership  of  Trade  Unions. ―  An  iiiU、r,、sting  <  ;is(、  iccoiiily  ciimo 
Ix'lorc  Mr.  J ustico  N(、vill(、  \\  liich  raised  the  qm、ti。"  ；' s  to  the 
power  of  trade  unions  to  (»xpel  its  niemb("、.  'Flic  nction  was 
hroi'glit  by  ;\  m;m  u  ho  u  ;is  a  clu'ck-u  oi^hnia  n  omployod  ;it  tlu* 
Kingsbury  Colliery  in  W'arw  ickshiro,  a<i;ii list  :i  trade  union  ivgi- 
st(、n'(l  under  the  Tr:ul(、  I'nion  Acts,  1871  and  1S7(>,  mikI  w  liich  b.v 
its  rules  was  open  to  all  poisons  ('mploved  in  ； uboiit  t lie  mines 
in  Wnrnicksliire  and  in  kind  rod  industries.  It  appears  tluit  tlic 
plaintiff  liad  been  eniployod  as  cht'ek-w  (u<j;lunn  n,  ； i  nd  IimcI  :tt  nil 
times  siiK-c  OrtolxM',  1910,  ;i  m,>"ib(、r  of  the  association,  ； i  nd 

paid  all  moneys  (l'i<、  limn  him  to  tlui  nssocia tion  uiuior  its  r'il(、s、  and 
u;'s  tli("vl()rt、  ctititUnl  to  continue  to  be  ;i  member  of  tlic  jissoci;i- 
tio"，  and  hv  could  only  bo  oxpoilenl  by  a  majority  of  the  \  otes  of  the 
mcmln'rs  present,  to  ta kiin  hv  bnllot.  In 丄、（>、（'" 山 （'r,  1910,  ilie 
i'x'、（"itiv(、  of  tho  association  passed  :i  r(、s (山 ition  u  liich  w  roi»<i;i  ullv 
pm'portrd  to  ox  pel  liim  w  itliou  v  ； m.v  tirti(  (、  or  r^c  c<nn|)l;ii  nt, 
；' w  ithout  ； uiy  chiuico  boi n<i  give"  liim  o\'  slim、  iiig  catiso  w  liy  lie 
sliould  not  bo  t'xp('ll(、d，  tliou^li  tlie  ；) mount  of  his  t'nt'.iinrr  t、','  ； i  ml 
contributions  v\  ;is  rctutiied  to  liim.  Tl"」  jjlnintili'  con  tended  his 
c.\|)nlsion  \\i\s  contraiy  to  natural  justice.  Vov  tin- 山' "、nr<、  it  was 
d(、niod  that  plaintiff  bad  b^ou  n  ""'mbt'r  oi  U"'  association  sin(t、 
Octoher  1st,  191  'I,  and  in  piirticnhir  tl"、v  rclifnl  on  Rule  5S,  wliicli 
cmpow  orcd  tli(、  council  t(j  mnkc  by-law  s,  ！、  n(l  lliey  had  ;iys 
rrs*M  \  o(l  iind  (ix(、rcis('(l  the  ，  iglit  of  ，vj(>(  ting  p(、rs("、s  proposed  as 
liK'inbcrs  who  "(、ri、  not  considered  suitable.  It  uns  further  alleged 
Hint  tho  ])laintift'  luul  not  a(  t(、（l  straight  to  t lio  :i、so(  i:itioi，，  in  tlmt 
in  Soptomber,  1 【請， ho  obtninod  p(>ss(、ssioii  of  cort;un  hooks  ;i nd 

I  tapers  ； i  nd  liad  w  roii^t'ully  dctnint'd  ； ind  rci  used  to  d("iv(、r  up  tlie 
sjuno  until  compolle:!  by  throats  of  prococdin^s.  I\Ior(、o、  rr, 
t  lio  (h^cndaiits  maintained  that  the  association  、、  ； is  :m  unlaw  t'ul 
(•(tnibination  witliin  the  meaning  of  the  Acts  39  Gt»o.  III.,  c.  79，  a  nd 
">7  Geo.  JIL,  (•.  19,  and  the  plnintift'  thorriorc  was  not  entitled  to 
nuuntain  tho  action.    Mr.  J  usiicc  ,、Vvill,>,  in       iiig  j'i'lgm(-i、t, 

II  Kit  the  plnintift'  had  properly  br('oi"(、  a  nienibcr  ot  th(、  associa- 
tion on  i);tyme!it  of  his  cntia nee  i'eo,  Arc.,  iiiul  llui t  tlic  ； i ssociii t ion 
had  no  pouiM*  to  turn  him  out  imdor  its  rules,  ； u"l  that  the 
attempted  expulsion  was  tlRMctort1  i Ih^nl.  His  opinnm  was  that 
ti;ulo  unions  wt"v  not  criminal  associations,  n nd  constMj uontlv  the 
Acts  ("  Geo.  1 1 1,  did  not  ;i pply,  tor  triulo  unions  luul  t'.xom4- 
ratod  from  their  provisions  l)y  the  L(^islatiuo.  He  tlit、n".ort、 
ill  lowed  the  injunction  for  \\hi<*h  the  phuntiti'  asked,  w  itli  t)\v  costs 
oi'  the  action. 

Trade  Credit  in  Russian  Machinery  Trade. —— The  British  Vice-Consul 
； it  K;u*kIio\'  kes  some  ohs,'rv;iti("is  on  the  in;icliincry  trade  of 
liis  district  tor  the  yea r  1911,  respecting  tin*  giving  of  trade  credit. 
British  itDuiuinctui'crs,  lie  savs,  aro  ^cihtji lly  tar  too  conservative, 
mainly  no  doubt  because  they  ha\e  not  studied  the  principles  on 
wliich  their  continental  rivals  do  lnisiness.  It  is  fighting  tliem  、、  itli 
(:m、  arm  tied  when  one  i-ef usos  their  most  powerful  weapon.  Pro- 
vided of  course  that  the  giving  of  credit  is  in  tho  hands  of  ex  per  i- 
cm'(、d  sales  managers,  and  kept  under  proper  control,  sucli  out- 
staiuling  accounts  are  regarded  on  the  Continent  as  a  veiy 
excellent  nssot,  little  below  fluid  capital  in  value.  Without  trade 
ilie  niaimtacturing  plant  becomes  dead  capital,  "  li(、rt';，s  when  busi- 
ness is  do  no  as  above,  the  outstanding  debts  ；，  r(、  returned  w  ithin 
n  rcnsoiiable  time,  nnd  carry  o  to  (；  per  cent,  interest.  Moreover, 
wlirii  tli(、  inaiuitacturcr-  has  not  suHicient  capital  to  fi nance  the 
trade,  continental  ba nks,  or  tliei r  TiOiulon  branclios,  :u"、  vvvy  will- 
ing to  iulvii nci^  the  monoy  to  firms  of  g()()d  standing  for  tlie  support 
of  this  credit.  Jt  is  not  unusual  for  sucli  crtHlit  to  l>e  given  on  open 
account,  as  ； iti  overdraft  ；  but  moro  often  ("ist<)"H"、，  six  months' 
])roinissory  notes,  with  the  m;u 川 f'm'tiin'rs'  <"Hl("、（>im、iit、  arc  t:il《：、'i 
as  a  ^uai'Mntcc,  those  notes  being  ]''.MHiun hie  at  six  monthly 
m"'rv ；， Is  up  to  tho  termination  of  the  sales  crodit,  in  say  IS  to 
:i0  months.  Tims  not  only  is  tlic  trade  cxteiulod  without  extra 
c;i pitnl,  and  higlior  prices  taken  tlian  is  possible  uith  c;is]t  payniciil, 
hut  an  additional  profit  is  m;ul(*  on  tho  difi^Mcucc  botweon  tl、e 
iiit'rrrst  ('h;u'g<、d  to  tl"、  （'iistoim'r  ； uul  the  l>ank  rate.  It  is  Uu-^cly 
oti  tliis  b;isis  that  German  industry  nnd  German  exports  luivo,  all 
the  woi*ld  over,  rison  to  figuros  such  as  3。  yoars  ago  no  En^lislunan 
would  1im\o  thought  possil»l(\  It  is  by  tliis  nicthod  that  Grnnnu 
exports  nro  still  cxpjuidinjj;  ;t tul  shouldering  out  British  tr;id(、  on 
iHMitiiil  g，'（"m(l，  "lu、r(、  tho  I'nitod  Kingdom  should  bo  a  bio  to  k'、（、|> 
an  im('l，：，ll('iig(、（l  supcrioi-itv.  Briiisli  iiinimi'nctiii-or.s  ；， i、（l  British 
l);ink(M  s  u  ill  find  tlirmsH 、- <'s  l'(>r('(、（i  U>  ;i(Io|>t  ttir  (;U、nmm  nit'tliods 

giving  (  r(»(!it  thv  snppoi't  oi.  th(、  export  t'  :、（l(、.  Ii'  tlioy  do  not 
do  so,  tl"、  British  nuuiii"、（'tm(、r  、、ill  find  liitnsrlt'  clhowcd  ； isidc 
n  Ihmi  liis  (mm  id;) n  compclitor  sots  seriously  t o  work,  ntul  tho  British 
l';mk(、r  will  s*i<*  |>rolit;i h;i liking  operations,  n nd  <'s|x»cially  tl"' 
discount  in*i;  ol'  i"r，、igi，  bills,  ，n()n()|"'lis，'（l  l>y  continrutal  l>;niks, 
:、m''<、  ))；)  nks  w  liicli  discoimi  Uw  "i;mi"':'rt  im'r's  notes  ti;itnr;illv 
olit  ;iin  liis  otliiM-  kinking  htisinoss  ； llso,  n  nd  、、  li''r ，-  ;i  hn nl\  is  l;'rg('lv 
(•(>"", 'rii<'«l  in  (hi:'"(  ing     maiiiiljictm  iii^;  c(tin pjniv  it  w  i li  rr('q'"'ntlv 

\  v  ； I  v"i('。  on  i  hr  ol*  Uin  t  coniicmy  ； i  nd  infliiriicc  ilir  <  。m- 

p;i，，.v，s  imivluisii)^  opci-iitions. 


THE  ELECTROLYTIC  THEORY  OF  CORROSION.* 

JiY  WILLIAM  K.  FLEMING.  I 

Tni':i:i:  can  be  no  doubt  that  the  presence  of  ； "  ids  (chiefly 
carbonic)  has  inucli  to  (lo  with  the  rapid  corrosion  of  our  iron 
and  steel.  Without  acids  in  our  air  and  water  1  lie  corrosion 
problem  would  he  less  formidable.  This,  however,  is  only  a 
quantil;itiv(.'  view-point,.  Id  atteinptin^;  to  ^et  at  the  facts 
concerning  the  true  cause  of  corrosion  we  should  not  allow 
ourselves  to  be  blinded  by  mere  quantitative  ideas.  Given 
pure  iron  in  pure  air  and  water,  the  fact  of  corrosion  is  very 
small.  Likewise,  witli  impure  iron  in  impure  air  and  water, 
tlie  fact  of  corrosion  is  very  great.  But  this  does  not  interest 
us.  We  are  concerned  only  with  the  true  starting  ])oiiii  of 
corrosion. 

Influence  of  Temperature  on  Corrosion. ― Experiments  were 
<'on(lu<-te<l  wit  h  appa raius  shown  in  the  accoinj^anying  diagram  . 
The  letters  T  and  S  represent  hollow  metal  blocks,  1  in.  l)y  lin. 
by  I  J,in.,  witli  a  :/in.  hole  1  [in.  deep.  The  samples  in  all 
<;isi>  ie('('iv('(l  1  lieir  IiiimI  ])olisliing  on  0000  French  emery 
paper.  The  metal  samples  are  connected  by  tubes  for  the 
circulation  of  cold  water  within  them.  The  purifying  train 
consists  of  ：  A,  dilute  sulphuric  arid  ；  Kn  50  per  cent .  potas- 
sium hydrate  ；  K^,  50  jxt  cent .  pot assiuni  hydrate  ；  So,  soda 
lime  ；  (the  tube  connecting  bottle  and  train  extends  just  to 
the  bottom  of  the  large  rubber  stopper)  ；  Sy ,  is  a  si])hou  ； ( , 
(-•lamp  on  ])urifyin^  1  rain  ；  C,,  clamj)  on  siplm"  ；  C'.(,  lar^e  iron 
clamp  for  bolting  down  the  rubber  stopper. 

In  experiment  No.  1  the  genuine  open-heart h  iron  and 

ordinary  mild  opei 卜 he;uth  steel   were  used  and  showed  the 

following  chemical  constituents  : —— 

 Analyses  

C.        Mn.        S.         r.  Si.  O. 

Iron    0U1      001      00-2H      0.003      0  003  CTUVi 

Steel   0  09      0  40      0-080      0 霍      0  006  00'i 

The  bottle  ( 2  \  litres)  was  completely  filled  witli  satural  rd 
barium  hydrate  solution,  recently  boiled  and  filtered.  Tl'e 
large  rubber  stopper  carrying  the  four  condensing  tubes  (wit  k 
samples  attached),  siphon,  and  purifying  train,  was  fitted 
tiglitly  and  bolted  down  securely  by  means  of  clamp  C;1 .  No 
air  bubbles  were  visible  in  tlie  apparatus.  The  bottle  way 
placed  in  a  colrl  water  bath  and  heat  applied.  C,  was  ('K)s'  (l. 
and  Ci  opened.  The  expanding  solution  filled  the  tube  con- 
necting the  bottle  and  purifying  train .  Thus  all  air  \v m s 
expelled,  and  the  necessity  of  removing  carbon  dioxide  from 
the  apparatus  by  mere  shaking  avoided. 

Then  L\  was  closed  and  C2  was  opened  to  allow  the  ex- 
panding solution  to  fill  the  siphon.  The  solution  was  then 
siphoned  off  by  opening  C,  just  enough  to  allow  the  incoming 
air  to  bubble  through  the  purifying  train  at  the  rate  of  four 
or  five  bubbles  per  second.  When  siphoned  to  the  level 
indicated  in  the  diagram  the  clamp  C2  on  the  siphon  wns 
tightly  closed,  and  Cx  was  left  slightly  open  to  avoid  umlue 
pressure  or  rarity  of  the  air  in  the  apparatus.  Tlie  n 山 l)cr 
stopper  and  all  connections  were  well  paraffined.  Tlie  water 
in  the  bath  began  to  boil  and  cold  water  was  made  to  cir- 
culate through  the  glass  tubes  and  samples.  Water  immedi- 
ately began  dripping  from  the  samples. 

The  experiment  was  continued  35  days.  Tlie  water  in 
the  bath  was  boiling  every  minute  during  the  wliolc  peri"(l. 
Likewise,  cold  water  was  circulating  rapidly  (lirou^h  the 
condensing  svstem.  Tlie  temperature  of  the  ingoing  water 
was  4°  to  5°  C.  The  teniperatitre  of  the  water  leaving  t  lie 
system  varied  from  10°  to  15°  C.  At  no  time  did  it  exceed 
15°.  From  this  the  temperature  of  the  Jiietal  samples  was 
presumed  to  be  about  8°  to  12°  C.  The  tenij^erature  of  ilie 
pure  condensed  water  vapour  on  their  surfaces  was  probably 
but  slightly  liigher.  These  coiulitions  were  niainiaiiicd 
cvcm  v  mitiut  v  during  t  ho  35  days. 

At  the  end  of  tlie  35  days  not  the  slightest  spot  of  rust 
or  (lisroloratio"  of  any  kiiul  was  visible  on  either  tlie  pure 
iron  or  tlie  steel.  Under  tlie  samples  a  ring  of  nusi  was 
fonnod  by  contact  with  the  rubber  stoppei'.  This,  of  course, 
must  he  disregnnlcfl.  The  sur"i<'(>  ； ire"  (>f  th<、  t  np  and  four 
sides  of  each  sample  was  7  sq.  in.  It  is  reiuarkable  1o  tliii»k 
1  \m\\    1 1  s(|.  in.  of  iron  ami  steel  can  be  exposed  for  35  days 

*  ICroui  a  paper  read  before  the  Cincinnati  section  of  the  American  Cheiuical 

Society. 
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to  pure  air  and  water  combined  without  developing  the 
slightest  sign  of  a  rust  spot. 

This  proves  that  iron  or  steel  will  not  rust  in  pure  air 
and  water  combined,  provided  the  temperature  of  tlie  metal 
floes  not  exceed  15°  C.  (59°  Fah.),  and  provided  tlie  temperature 
of  the  pure  water  condensing  on  its  surface  does  not  much 
exceed  15°  ；  provided,  also,  that  the  pure  water  which  con- 
denses ou  their  surfaces  is  being  constantly  renewed.  Beyond 
this,  the  experiment  proves  nothing.  It  simply  indicates 
that  pure  iron  or  steel  will  not  rust  in  pure  air  and  water 
combined. 

Rust  Obtained  in  Pure  Water  and  Air. ― At  the  end  of  35 

days  the  source  of  heat  was  removed  and  the  apparatus  taken 
out  of  the  water  bath.  The  circulation  of  the  cold  condensing 
water  was  continued  until  the  barium  hydrate  solution  had 
reached  room  temperature.  The  condensing  system  was  then 
shut  off.  In  a  few  hours  the  entire  apparatus  had  reached 
room  temperature,  about  22°  C.  The  metal  samples  were 
left  covered  with  pure  water,  the  flat  tops  completely,  the 
sides  with  irregularly  distributed  patches  or  globules.  This 
same  water  was  destined  to  remain  on  the  iron  and  steel  until 
removed  by  natural  evaporation  at  room  temperature. 

In  15  hours  the  steel  had  developed  33  distinct  rust  spots 
and  all  of  these  spots  were  on  areas  covered  with  tlie  pure 
water.  The  pure  open-hearth  iron  was  still  spotless.  After 
24  hours  contact  with  the  same  water  at  22°  the  steel 
contained  about  50  spots;  the  iron  was  still  rustless.  At  the 
end  of  72  hours  the  water  had  entirely  evaporated  from  the 


Dtaor.vm  of  thf.  Oorroston  Testing  Apparatus. 

sides  of  both  metals.  The  tops  were  still  covered  with  a 
thin  layer  of  water.  A  few  new  spots  had  developed  on  tlie 
steel,  but  no  rust  had  yet  appeared  on  the  iron. 

At  the  end  of  80  hours  tlie  water  had  evaporated  entirely 
from  the  tops.  Two  large  glaring  spots  of  rust  had  de- 
veloped on  the  top  of  the  iron  witliin  the  last  8  hours.  More 
than  72  hours  contact  with  the  same  water  at  22°  was  neces- 
sary to  produce  rust  on  tlie  pure  open-hearth  iron.  Less 
than  15  hours  contact  with  the  same  water  produced  rust  on 
tlie  steel.  '  1 

Iron  or  steel  will  rust  in  pure  water  and  air  combined 
if  it  is  given  a  chance.  The  two  most  important  factors 
which  influence  the  development  of  rust  are:  First,  the 
temperature  of  the  metal  and  of  tlie  pure  water  on  its  sur- 
face; second,  the  rate  at  wliicli  the  pure  water  is  renewed, 
changed,  on  tlie  surface  of  the  metal. 

The  same  samples  were  repolislied  and  the  experiment 
repeated ,  except  that  the  apparatus  was  kept  in  boiling  water 
for  6  days  instead  of  35.  Again,  not  the  slightest  sign  of 
a  rust  spot  developed  on  either  sample.  Apparatus  was 
tlie"，  as  the  second  part  of  the  second  experiment,  cooled 
to  room  temperature  as  before.  Rust  developed  in  almost 
the  same  time  on  both  the  iron  and  steel  ；  the  iron  requiring 
90  hours  contact  with  the  same  water,  the  steel  about  16 
liours.  The  location  of  the  rust  spots  does  not  seem  to  be 
rleterrnined  entirely  hy  impurities  in  the  metal,  but  also  by 
tlie  distribution  of  the  water  patches  on  the  surface. 


This  and  a  number  of  other  experiments  (reported  in  the 
paper)  clearly  demonstrate  that  pure  open-lieartli  iron  and 
steel  will  rust,  and  rust  badly,  in  pure  water  aiul  air  com- 
bined, provided  the  temperature  of  the  metal  and  water  on 
its  surface  is  sufficiently  high.  Tliey  further  prove  that,  rust 
develops  much  faster  on  steel  (impure  iron)  than  。ii  pure 
open-hearth  iron.  This  is  in  strict  accordance  with  the 
electrolytic  theory. 

Acids  are  only  accelerators  of  corrosion.  They  are  not 
the  cause.  The  true  starting  point,  of  corrosion  is  the 
solubility  of  iron  in  ])ure  water,  its  electrolytic  solution 
pressure.  This  property  was  given  iron  by  nature,  and  witli 
all  our  controversy  we  cannot  take  away  that  which  nature 
gave. 

General  Conclusions. ― Pure  iron  or  steel  will  rust  in  puro 
water  and  air  combined,  provided  the  temperature  of  the 
metal  and  pure  water  is  not  below  22°  C.，  and  provided  i  ho 
same  water  remains  for  a  sufficient  time  on  the  metals. 

Itust  is  developed  rapidly  if  tlie  temperature  of  the  niet;i.ls 
and  pure  water  is  about  55°  C. 

Still  further  increase  in  temperature  results  in  a  rlecided 
increase  in  the  rate  of  corrosion. 

The  same  pure  water  may  remain  on  the  metal  for  an 
indefinite  period,  and  no  rusting  take  place,  provided  1  lie 
temperature  of  water  and  metal  is  sufficiently  low. 

In  general,  pure  iron  or  steel  will  rust  in  pure  wat^r 
and  air  combined,  free  from  all  traces  of  acids.  The  aTriount 
of  rust  produced  is  a  function  of  the  temperature  and  of  the 
purity  of  the  iron. 

The  "  acid  "  theory  of  corrosion  is  untenable. 

All  phenomena  observed  in  these  experiments  are  in 
perfect  harmony  with  the  electrolytic  theory. 


TURBINE-DRIVEN  CENTRIFUGAL  PUMPS  FOR  WATERWORKS 

SERVICE* 

BY  WALTER  O.  BEYER. 

It  is  only  recently  that  centrifugal  pumps  have  received  the 
serious  consideration  of  waterworks  engineers,  although  their 
economy  and  efficiency  have  long  since  been  demonstrat-ed  for 
supplying  water  in  large'  quantities  to  industrial  plants.  It  is 
our  purpose  here'  to  show  that  the'  combined  fixed  charges  and 
operating  costs  of  the'  rotary  unit  compare  favourably  witli 
those  of  the  high-duty  vertical  triple-expansion  re<'i])i'o<-atin^ 
pum ping  engines,  wliere  the  price1  of  coal  is  not  excessive. 

The  high  duty  shown  by  reciprocating  engines  in 
waterworks  service',  involving  the  pumping  of  large 
quantities  of  water  against  a  constant  head,  without 
any  great  variation  in  rate,  has  long  and  justly  been 
regarded  as  a  supreme  achievement.  Due  to  the  direct  con  - 
nection  of  the  pump  and  engine'  cylinders  and  to  the  high 
efficiency  realised  in  the  unit  when  the'  proper  attention  is  paid 
to  its  valves  and  packings,  the;  triple-expansion  reciprocating 
pumping  engine'  has  been  able  to  develop  duties  that  are 
unapproachable  by  rotary  units  consisting  of  turbines  and 
centrifugal  pumps.  However,  a  careful  comparison  of  the 
total  costs  of  rjuniDing  will  show  that  the  balance  may  be 
entirely  reversed  when  fuel  costs  do  not  exceed  a  certain  price 
per  ton.  That  is,  the  high  first  cost  of  the  reciprocating  unit, 
together  with  the  cost  of  the  foundation  required,  introdure 
annual  charges  for  interest,  upkeep  and  depreciation  wliicli 
more  than  offset  the  lower  duty  of  the  turbine  unit. 

Of  the  several  types  of  pumping  engines  the  following  are 
chiefly  ussd  for  waterworks  service  :  low-duty  compound  con- 
densing engines,  costing  with  foundations,  piping,  and  appur- 
tenances about  $2,300  ver  million  gallons  capacity  per  24 
hours  ；  low-duty  triple-expansion  condensing  horizontal 
engines,  costing  about  S2,800  per  million  gallons  capacity  ； 
rross-compound  condensing  horizontal  flywheel  engines,  cost- 
ing about  83,300  per  million  gallons  capacity  ；  and  high-duty 
triple-expansion  vertical  condensing  engines,  costing  about 
$4,800  per  million  gallons  capacity.  These  figures  are  from  a 
paper  presented  before  the  American  Society  of  Civil  Engi- 
neers, May  17th,  1911，  by  the  】at©  Clias.  A.  Hague.  Since 
tlii?  paper  selected  the  higli-duty  triple-expansion  vertical 
engine  as  tlie  only  on&  to  b&  considered  in  most  cases,  it  is  with 
this  type  of  engine  that  we  sliall  make  our  comparison. 

*  Condonsod  from  a  naiier  voail  before  the  Amerioan  Waterworks  Association, 
Louisvillo,  Ky.,  June,  1912. 
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The  prices  for  pumping  units  given  below  are,  to  the'  best  of 
our  knowledge,  accurate  and  include1  coiidensers,  piping,  and 
foiuidations  complete. 

No  account  has  been  taken  of  the  greater  space  required  in 
the  buildings  for  reciprocating-  units,  as  a  unit  volume'  cost 
must  be  assumed  whicli  would  agree  with  only  one  art'hi- 
trct  iiral  design .  Similarly  no  account  lias  been  taken  of  the 
greater  voluine  of  building  required  for  the  larger  boiler  instal- 
lation necessary  to  supply  the  turbine'  units,  for  the  majority 
of  existing  plants  usually  have'  their  building  proportions 
determined  and  a  saving  could  not  be  made  in  either  room 
without  special  complications  of  wo  account  in  this  discussion. 
However,  tlie  difference  in  cost  of  foundations  has  been  taken 
into  account,  becau&e  this1  is  an  addition  in  existing  buildings 
and  can  be  easily  computed. 

In  a  new  station  thei  turbine  should  be  credited  with  any 
saving  in  floor  space,  buildings,  &('.，  whicli  it  may  effect  as 
compared  with  the  reciprocating  engine,  and  the  re<'iprocating 
engine  should  be  credited  with  the  saving  effected  in  the  boiler 
rooms. 

In  a  comparison  of  this  kind,  certain  assumptions  must 
necessarily  be  made.  We  have  tried  to  eliminate  as  far  as 
possible  arbitrary  a'ssumptions,  and  all  figures  of  first  cost  of 
apparatus  have  been  taken  from,  or  estimated  from  recent  bids 
on  the  two'  types  of  machinery  under  consideration.  The'  first 
cost  per  boiler  lior&e-power,  for  the  turbine-driven  centrifugal 
unit  we  have'  taken  to  be 滞 30  complete',  with  piping,  chinmey, 
stokers,  &c.  (The-  use  of  a  lower  figure  would  favour  the 
turbine-flriven  pump  as  compared  with  the  hi^h-duty  engine, 
but  we  believe  with  everything  taken  into  consideration  this 
will  prove  to  be'  an  average  figure.)  We'  have  assumed  the 
following  annual  charges  against  pumping  machinery  : — 

Per  cent  . 

Interest    5 

Depreciation    3 

Repairs  and  supplies    2 

Total    10 

We  have  also  assumed  the'  following  annual  charges  against, 
the  boiler  equipment": ― 

Per  cent  . 

Interest    5 

Depreciation    5 

Repairs  and  supplies    5 

Labour  on  maintenance    2 

Total   17 

It  will  be  noted  in  the  above  that  an  annual  depreciation 
of  3  per  cent,  has  been  taken  on  the  first  cost  of  bath  the  crank 
and  flywheel  and  turbine-driven  unit,  equivalent  to  a  life  of 
33^  years.  We  have  chosen  this  method  rather  than  one  in 
whicli  the  capital  charges  are  figured  on  a  constantly  decreas- 
ing book  value  for  the  pumping  machinery  and  boilers,  in 
order  to  avoid  a  complicated  method  of  accounting. 

For  th&  reason  that  fewer  data  are  available  on  the  life  of 
turbine-driven  units  than  on  crank  and  flywheel  units,  it  is 
possible  some  objection  may  be  made  to  this  assumption  of  a 
life  of  33 J  years  for  each  machine.  However,  as  in  neither 
case  the  question  of  obsolescence  has  been  taken  into  account, 
wei  believe  the  assumption  a  fair  one.  Viewed  in  the  light  of 
possible  future  development,  it  would  seem  that  a  longer  life 
should  be  accorded  to  the  turbine-driven  unit  than  to  the 
(  rank  and  flywheel  unit,  as  a  very  thorough  canvass  of  the 
whole  field  of  pumping  equipment  doe's  not  bring  to  light  any 
mechanical  apparatus  which  is  being  developed  to  compete 
with  the  turbine-driven  machinery  to  t\\e\  same  extent  as  the 
turbine-driven  machinery  is  being  developed  to  compete'  with 
the  crank  and  flywheel  machinery. 

It  further  appears  that  the  steam  turbine  has  reached  a 
stage  of  development  sucli  that  improvements  will  appear  only 
as  refmeinentR  of  type,  and  steam  economies'  can  only  possibly 
be  reduced  sufficiently  to  render  obsolete  the  present  good 
designs,  by  better  theoretical  design  and  by  better  steam  con- 
ditions. Tlie  use  of  higli  steam  pressures  and  superheat  may 
be  expected  to  gradually  obtain  further  favour  in  this  country 
as  in  European  practice,  where  250°  Fall,  superheat  aiul 
200] bs.  steam  pressure  are  not  unusual .  This,  however, 
entails  praftically  no  change  in  turbines  as  constnu,te<l  for 
present  steam  conditions. 


Fuel  costs  are  based  on  a  boiler  efficiency  of  65  per  cent., 
heat  content  of  13,000  B.T.U.  per  pound  of  coal  and  24  liours 
per  day  operation.  Tlie  duties  given  are  on  a  basis'  of  1501bs. 
steam  pressure'  with  no  superheat.  Three  examples  are  taken, 
based  on  coal  afc  $2，  f3，  and  per  ton .  Where!  coal  can  be 
obtained  clieaper  than  $2  per  ton  the  advantages  of  the 
turbine-driven  pump  are  more  clearly  marked. 

TABULATION  "  A  " 


S,()|K),00()  ^all.His  per  day 


I  torn. 


350ft. 
\'i  it  i'  ;il  crank 
n\u\  tl y- 
w  1hh*1,  triple 
expansion, 
150,000,000 
fluty.  3-125 
h.p.  IkuUts. 


4!l  I  w  ater  h.p. 
SU-am  tur- 
\mu\  c<'iitii- 

fugal, 
105,000,000 
duty,  3 - 175 
li .[).  (toilers. 


Cost  of  pumping  unit   

Int.,  deprcciatioii,  &<■.,  H)  p(T  cent  

Cost  boilers  

Int.,  depreciation,  &(•.,  1 7  per  cent  

Labour,  3  shifts,  olivines  

Labour,  3  shifts,  I  toilers   

Total  int.,  (Ii'|).，  &('. ，  and  lahftur   

Fuel  cost,  $2  per  ton   

Fuel  cost,  $3  per  ton   

Fuel  (，()st，  $4  per  ton   

Total  annual  cost.  S2  per  t(m  coal   

Total  annual  cost,  .S:i  per  ton  coal   

Total  annual  <'(>st，  84  per  t<m  ('(,'al   


TABULATION  "  B." 


8,000,000  gallons  per  day  , 


Item. 


Cost  pumping  unit  

Int.,  doprooiation,  &('.,  10  per  cent. 

Cost  boilers  

Int.,  depreciation,  &c.，  17  per  cent. 

Labour,  3  shifts,  engines  

Labour,  3  shifts,  boilers   

Total  int.,  dep.,  &c.，  and  labour 

Fuel  cost,  S2  coal  

Fuel  cost,  S3  coal  

Fuel  cost,  §4  coal  

Total  annual  coat,  82  coal  

Total  annual  cost,  83  coal  

Total  ami ual  cost,  S4  coal  


280ft.  head 
Vertical  crank 
and  flywheel, 
triple  expan- 
sion, 


l'i.V 體， 000 
duty.  3-225 
h.p.  boilers. 

duty,  3-300 
h.p.  boilers. 

SI  20,IMIO 

S2(>,000 

】2，000 

2,(HH) 

20,250 

27,000 

3,440 

4. 5<)(1 

2,700 

2,700 

1,800 

1,800 

19,940 

11， 咖 

13,570 

18,630 

20,335 

27,945 

27,140 

37,260 

33,510 

30,320 

40,275 

39,«i3.') 

47,080 

4S,950 

It  will  be  noted  tliat  the*  point  at  whicli  the  total  annual 
costs  are  equal  for  the'  eight  million  gallon  crank  and  flywheel 
vertical  unit  and  thei  eight  million  gallon  turbine  centrifugal 


TABULATION 


40,000,000  gallons  per  day 
2001bs.  steam  pressure  , . . 


Item. 


Cost  pump   

Int.,  depreciation,  &c"  10  per  cent  

Cost  boilers  

Int.,  depreciation,  &a，  17  per  cent  

Labour,  3  shifts,  engines  

Labour,  3  shifts,  boilers   

Total  int. ,  depreciation,  &e.，  and  lal)our . . . . 

Fuel  cost,  $2  coal  

Fuel  cost,  $3  coal  

Fuel  cost,  $4  coal  

Total  annual  costs,  $2  coal  

Total  annual  costs,  f>3  coal  

Total  annual  costs,  $4  coal  


C，， 


300ft.  head 
275°  Fah. 
superheat. 

Vertical  cranio 
and  flywheel, 
triple  expan- 
sion, 
223,000,000 
duty,  3—350 
h.p.  boilers. 


2, 1 20  water 
h.p. 
28 '5  in. 
vacuum. 
Steam  turbine 
centrifugal, 
193,000,000 
duty,  3—400 
h.p.  boilers . 


$55,000 
5,500 
36,000 
6,100 
7,200 
5,320 
24,120 
26,800 
40,200 
53,600 
50,920 
64,320 
77.720 


$72,000 
7,200 
1 1.2.-.0 

i,«)ir> 

2,700 
1,800 


！1 52 10,000 
21.000 
,500 
,360 
,200 
,320 
,180 
,205 
,807 
,330 
02,475 
74,377 
85,810 


00  5SOOSOOOHSS 

o.  .h,  7  ,b'  7  8  7  7  1  4  4  s  1 

o  1，  5,  2，  2，  1，  8»  o，  "，  I.  9>  4，  o* 

1  1  112  19-3 


1  5  7  5  9  3  4 

3  3  2  3  4 
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unit  is  when  coal  costs  $2.91  per  ton.  Also  for  the  twenty 
million  gallon  vertical  crank  and  flywheel  unit,  and  the  twenty 
million  gallon  turbine  centrifugal  unit,  the  total  annual  cost's 
will  be  equal  when  coal  costs  SP3.25  per  ton.  Above  these 
prices  for  coal,  the  reciprocating  unit  has  tlie  advantage  and 
below  these  points  the  rotary  unit  has  the  advantage'  on  the 
basis  of  these  calculations. 

We  believe  that  it  can  be  assumed  safely  that  the  develop- 
ment of  pumping  machinery  in  the  future  will  be  along  some- 
what the  same  lines  as  the  development  of  power-producing 
machinery.  At  the  present  time  one  of  the  most  noticeable 
features  in  the  development  of  power  machinery  is  the  increas- 
ing favour  with  which  larger  units  are  being  adopted.  In 
large  electric  station  work  five'  years  ago,  the  ordinary  size 
of  unit  was  from  10,000  kw.  to  15,000  kw.  Now,  not  only  in 
European  practice,  but  also  in  American  practice,  25,000  kw. 
uuits  are  being  installed  in  the  large  stations.  Tliere  are  two 
reasons  for  this  development,  the'  first  being  the  continual 
endeavour  to  obtain  better  economy,  not  only  in  actual  steam 
consumption,  but  in  capital  charges,  including  first  cost, 
buildings,  real  estate,  &c.  The'  second  reason  for  the  develop- 
ment along  this  line  comes  from  the  fact  that  engineers  of 
to-day  9eem  to  have  more  initiative  than  formerly,  and  wliere 
before  the  development  of  a  15,000  kw.  turbine  would  have 
seemed  an  impossible  task,  now  the  installation  of  25,000  kw. 
turbines  is  becoming  a  matter  of  course. 

We  have  assumed  that  there  will  be  progress  along  this  line 
in  waterworks  pumping  jnachinery  and  that  installations  of 
very  large  units  will  be  made  in  the  future.  We  have  evolved 
a  comparison  between  two  units  of  the  types  under  considera- 
tion, each  having  a  capacity  of  40,000,000  galls,  per  24  hours, 
against  a  total  head  of  300ft.  This  comparison  is  based  on 
utilising  the  greatest  range  of  steam  t-emperature  which  the 
best  modern  practice  has  established  as  commercially  practic- 
able, and  which  at  the  same  time  is  not  too  intensdy 
theoretical.  We  refer  here  to  European  practice  in  wliicli 
steam  pressures  of  2001bs.，  275°  superheat,  and  28'5in.  vacuum 
are  successfully  and  commercially  utilised.  Especially 
important  in  this  connection  is  the  item  of  high  vacuum,  since 
in  the  case  of  waterworks  pumping  engines  largo  quantities  of 
water  are  always  available  for  condensing  purposes. 

Extremely  large  capacities  and  high  heads  present  no 
difficulties,  nor  disproportion  ate  costs  in  the  construction  of 
steam  turbine-driven  centrifugal  pumping  units,  since  it  is  an 
inherent  characteristic  of  tli©  centrifugal  pump  that  the  larger 
the  capacity  the  greater  the  efficiency  for  a  given  head. 

There  is  practically  no  development  necessary  on  the  tur- 
bine to  take  advantage  of  these  conditions,  as  the  turbine  of 
almost  exactly  the  same  characteristics  that  would  be  neces- 
sary for  tliis  installation  is  now  in  successful  operation  in 
hundreds  of  power-producing  plants.  We  liave  had  to  assume 
no  steam  consumption,  as  this  is  a  matter  of  test,  and  practi- 
cally have  liad  to  assume  no  pump  efficiencies,  as  we  have 
taken  the  minimum  which  we  know  can  be  obtained  on  this 
size  pump. 

Further,  the  turbine  is  well  adapted  to  take'  advantage'  of 
tlie  improvement  in  steam  conditions,  as  mentioned  above,  and 
reciprocating  engines  can  also  b©  designed  as  to  take  advan- 
tage of  the  initial  and  terminal  conditions  favouring  liigh 
eronomy. 

The  results  of  this  comparison  are  shown  in  table  "  C."  It 
is  apparent  from  these  tables  that  the  point  at  which  tlie  two 
curves  of  overall  economy  of  tlie  two  units  cross  is  at  a  cost  of 
approximately  S8.80  per  ton.  for  coal. 

It  would  therefore  appear  that  the  field  of  these  large  capa- 
cities at  high  heads  for  ordinary  coal  costs  belongs  to  the 
turbine-driven  centrifugal  pump  exclusively. 

In  conclusion,  if  the  above  data  are  correct ~ and  it  has 
been  our  sincere  endeavour  to  present  only  such  figures  as  are 
fair  for  both  types  of  machines ~ it  would  seem  that  the  steam 
turbine  centrifugal  pumping  unit  must  be  conceded  a  place  of 
primary  importance  in  the  field  of  waterworks  engineering. 


New  Design  of  Naval  Airship.— The  £20,000  included  in  the 
Supplementary  Naval  Estimates  for  the  construction  of  an 
airship  represents  the  money  to  be  spent  during  the  current 
financial  year  on  a  new  airship,  to  be  built  by  Messrs.  Vickers, 
Ltd - ,  at  Barrow,  to  replace  the  one  which  was  wrecked  on 
being  launched  at  Barrow  last  year. 


THE  INNER  STRUCTURE  OF  SIMPLE  METALS  * 

BY  SIR  J,  ALFRED  EWING,  K.r.Ii.,  LL.D.,  F.R.S. 

In  attacking  the  question  of  wliai  is  tho  inner  structure  of 
metals,  the  microscope  is  our  principal  weapon  of  research. 
During  the  past  twenty  years  or  so  it  has  taught  us  mucli 
about  simple  metals,  much  also  about  the  constitution  of 
alloys.  But  its  powers  are  limited,  and  we  find  ourselves 
brought  up  against  an  absolute  barrier  beyond  wliicli  t  he 
microscope  cannot  go.  We  want  to  know  what  are  the  ulti- 
mate particles  of  which  a  metal  is  composed,  how  these  par- 
ticles are  arranged,  and  why  they  so  arrange  themselves.  To 
these  questions  the  microscope  is  unable  to  give  us  anything- 
like  a  complete  answer  ；  and  when  we  attempt  to  penetrate 
beyond  the  region  in  which  we  can  accept  it  as  a  guide,  we 
do  so  only  by  the  help  of  such  light  as  may  be  perceived  by 
the  eye  of  the  scientific  imagination. 

My  intention  is  first  to  remind  you  briefly  of  some 
of  the  things  that  the  microscope  has  taught  us  regarding 
simple  metals,  and  then  to  go  on  to  some  more  or  less  specu- 
lative considerations  based  on  that  knowledge.  I  propose  to 
confine  myself  definitely  to  siiti])le  metals  —that  is,  inetals 
which  behave  as  pure  metals  behave,  leaving  untouched  tlio 
large  and  complicated  subject  of  the  alloys.    Alloys  present 


1     \  /  ■      ,、    /  ■  pif 

^    /)       >#   ^; . 、、:： 

Fig.  1.— Bar  Swedish  Iron  as  Kolled.   Magnified  150  diameters. 

complexities  that  would  only  distract  attention  from  the 
particular  points  which  I  wish  to  bring  before  you.  Without 
those  complexities  we  shall  find  the  matter  difficult  enough. 

Some  apology  is  due  to  the  experts  in  the  audience  for 
presenting  facts  with  which  they  are  already  familiar,  but 
probably  the  audience  includes  some  who  are  not  experts, 
and  in  any  case  it  is  convenient  to  recapitulate  a  little  of  our 
positive  knowledge  before  entering  the  region  of  speculation. 

Generally  speaking,  when  we  wish  to  apply  the  microscope 
to  the  examination  of  metallic  structure,  we  begin  by  polish- 
ing the  surface  of  the  metal  so  as  to  remove  those  inequalities 
which  would  embarrass  the  use  of  the  microscope,  especially 
at  high  powers.  As  Dr.  Beilby  showed  in  the  admirable  May 
Lecture 十  he  gave  last  year,  the  process  of  polishing  itself 
affects  the  constitution.  It  makes  the  metal  on  and  near  the 
surface  entirely  different  in  character  from  the  metal  within. 
It  produces,  according  to  his  view ― which,  I  think,  is  now 
generally  accepted ― an  amorphous  layer  in  contradistinction 
to  the  crystalline  structure  which,  as  we  shall  presently  see, 
is  revealed  when  that  amorphous  layer  is  removed.  Conse- 
quently what  we  have  first  to  do  after  polishing  is  to  remove 
the  superficial  layer  before  we  can  really  see  the  normal 
characteristics  of  the  structure,  and   the   usual   manner  in 

*  Lecture  delivered  before  the  Institute  of  Metals.  May,  191*2. 
t  G.  T.  Beilby,  "The  Hard  and  Soft  States  in  Metal,"  "Journal  of  the  Institute 
Of  Metals,"  No.  i,  1912,  Vol.  VII.,  pp.  5-43. 
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which  that  layer  is  removed  is  by  a  light  chemical  attack,  a 
slight  etching  with  an  acid  or  some  other  substance.  Occa- 
sionally we  may  resort  to  other  means  ol'  removing  the  layer. 
An  interesting  method  which  is  sometimes  available  is  to  !ic;it 
the  metal  sufficiently  to  make  the  surface  layer  sublime  away. 


Fig.  10.— Same  Surface  as  Fig.  1  after  straining  in  tension,  showing 
slip  bands. 

When  we  lightly  etch  the  surface  of  a  metal,  what  do  we 
see?  In  general  we  see  an  appearan**e  such  as  is  illustrated 
in  Fig.  I.  This  is  a  niicrophotogi*aph  taken  by  Dr.  Rosen - 
Iiain  of  part  of  the  surface  of  a  bar  of  Swedish  iron,  magnified 
150  diameters.  A  very  similar  appearance  is  presented  by  other 
metals.  The  surface  is  seen  to  be  composed  of  a  large 
number  of  separate  grains,  irregular  both  in  size  and  shape, 
and.  also  irregular  as  regards  the  character  of  the  boundaries. 
Sometimes  these  are  straight  and  sometimes  curved.  TJie 
shapes  of  the  grains  are  as  irregular  as  the  counties  in  a 
map  of  England  ；  their  boundaries  depend,  like  those  of  the 
counties,  on  historical  conditions,  as  we  shall  see  by-and-bye. 

Suppose  now  that  we  carry  the  etching  a  little  further 
、Fig.  2).    We  discover  that  the  grains  can  be  distinguished 


Fig.  2.  -  Nearly  Pore  Iron,  annealed  in  hydrogen  and  deeply  etched. 
Magnified  100  diameters.    Vertical  illumination  (Rosenhain.) 

not  merely  by  these  irregular  boundaries.  A  difference  of 
texture  begins  to  】nanifest  itself  between  one  grain  and  an- 
other ； some  grains  are  very  bright,  some  are  more  or  less 
dark,  and  some  are  very  dark.  If  instead  of  illuminating 
the  surface  directly  from  above,  as  is  the  case  in  Fig.  2,  we 


throw  the  light  from  one  side,  we  discover  that  the  same  grain 
which  appears  bright  under  one  condition  of  illumination 
Ijecoines  dark  under  another.    Compare  Fig.  3  with  Fig  2. 

These  are  two  photographs,  for  which  I  am  indebted  to 
Dr.  Rosenhaiii,  showing  the  same  part  of  the  surface  of  ono 
nietal*x*  under  two  different  conditions  of  illumination.  Tn 
Fig.  2  the  light  comes  directly  from  above  ；  it  strikes  tlie 
surface  perpendicularly,  and  is  reflected  up  into  the  micro- 
scope, hi  Fig.  3  the  same  grains  are  illuminated  by  liglit 
coming  from  one  side.  It  will  be  observed  that  there  is  no 
difficulty  in  identifying  the  same  grains  in  both  ；  and  that 
grains  which  are  very  bright  under  the  first  illuniiiiation 
hecoine  dark  under  the  other.  If  we  move  the  source  of 
liglit  to  another  side,  or  turn  the  specimen  round,  so  as  to 
alter  the  direction  from  which  the  light  falls  upon  it,  we  find 
the  grains  vary  in  brightness  in  the  most  remarkable  manner, 
sometimes  flashing  out  brilliantly  and  sometimes  becoming 
almost  entirely  dark.  This  is  true  of  all  metals.  These  phot 
graphs  are  of  iron,  but  we  find  gold,  silver,  copper,  lead,  and 
so  forth,  exhibiting  precisely  the  same  general  characteristics. 

Kxamination  of  the  etched  surface  under  a  high  power 
shows  that  this  difference  of  texture  is  really  due  to  a  multi- 
tude of  little  facets  or  tiny  plane  surfaces  in  each  grain  which 
are  causing  the  general  surface  of  the  grain  to  reflect,  light  in 
； i  particular  manner.    They  are  acting  like  a  imilt itude  of 


Fig.  3.— Same  Surface  as  Fig.  2，  but  with  oblique  illumination. 

little  mirrors  all  facing  one  way.  These  facets  are  parallel 
in  any  one  grain,  but  have  different  inclinations  in  the  dif- 
ferent grains. 

In  Fig.  4f  we  have  a  photograph  of  a  grain  of  iron, 
not  very  deeply  etched.  A  part  of  a  single  grain  occupies 
nearly  all  the  photograph  under  a  power  of  8D0  diaineiei^. 
You  observe  that  over  the  grain,  here  and  there,  are  a  mm 卜 
ber  of  pits  which  are  clearly  geometrical  in  form  ；  they 
happen  to  be  nearly  square  in  this  particular  case.  In  same 
places  a  number  of  pits  have  run  together,  forming  a  black 
irregular  patch,  but  in  other  places  you  can  see  the  indi- 
vidual pits  quite  clearly.  These  pits  are  formed  in  the  pro- 
cess of  etching. 

Under  more  favourable  conditions,  with  deeper  etching, 
the  whole  surface  becomes  covered  with  such  pits.  Fig.  5 
is  a  photograph  published  a  good  many  years  ago  by  Mr. 
SteadJ  which  shows  very  clearly  what  it  is  that  gives  rise 
to  what  I  have  called  the  texture  of  the  grain.  In  the  former 
example  you  had  only  isolated  pits,  but  in  this  one  the 
appearance  is  such  as  would  be  presented  if  we  were  to  take 
a  great  mass  of  brickwork  and  pick  out  the  superficial  bricks 
all  over  it,  so  as  to  reveal  the  character  of  the  structure  as 

*  Nearly  pure  iron  (transformer  sheet  metal)  annealed  in  hydrogen  and  deeply 
(. tehed  witli  copper-amtnonium  chloride.   Magnification,  100. 

t  Ewing  and  Rosenhain,  "  The  Crystalline  Sfcructure  of  Metals,"  "  Pbiloso- 
])hical  Transactions  of  the  Royal  Society,"  Vol.  CXCIII.,  1 賺 

X  J.  E.  Stead,  "  Jourual  of  the  Iron  and  Steel  Institute,"  1898.  The  spccimeu  is 
iron  containing     per  cent,  of  silicon  in  solid  solution,  deeply  etched. 
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built  up  of  brickbats.  That,  in  effect,  is  what  happens  in  the 
etching  of  a  metal. 

I  do  not  know  any  example  which  gives  a  clearer  indica- 
tion than  this  does  of  what  causes  the  difference  of  texture  in 
the  surface  of  these  grains,  nor  one  that  indicates  more  plainly 
the  real  nature  of  their  structure,  as  developed  by  etching. 


are  both  exposed  to  the  same  light, ，  bui,  t  hey  reflect  (lidcrcni 
amounts  into  the  microscope.  The  reason  Ls  that  the  little 
facets  on  one  are  much  more  favourably  directed  for  the 
purpose  of  reflecting  the  light  back  to  the  niicroscojx'  t  ]i;m 
are  the  facets  on  the  other. 

One  might  multiply  illustrations  all  pointing  to  the  same 


..^  "v., ―… 


二，、  i 
、 1 〜- 


Flo.       Iron,  showing  pits  produced  by  etching.    Magnified  SOU  diauit'Lcrs. 

One  can  see  unmistakably  how  the  surface  of  the  grain  con- 
sists of  a  multitude  of  geometrically  similar  pieces,  parallel 
to  one  another,  so  that  their  corresponding  facets  are  all 
oriented  one  way.  They  are  oriented  in  different  ways  as  we 
pass  from  grain  to  grain,  but  in  any  one  grain  they  face  one 
way,  and  in  consequence  of  that  the  light  which  falls  on  the 
grain  is  reflected  in  a  perfectly  uniform  manner  over  the 
whole  expanse  of  that  grain,  although  it  is  reflected  in  a 
very  different  manner  from  the  surface  of  any  other  grain . 
Over  each  grain  the  brightness  is  uniform,  because  the  little 
surfaces  are  acting  equally  as  regards  the  reflection  of  light . 

From  this  it  is  an  easy  step  to  infer  that  throughout  the 
whole  volume  of  any  one  grain  there  is  an  assemblage  of 


Kig.  5  —Silicon  Stj:kl.   Magnified  130  diameters  (J.  E.  Stead.) 

pi('res，  wljich  we  may  think,  of  as  the  il  brickbats  "  or  struc- 
tural units  that  build  up  tho  grain,  all  facing  one  way  in 
the  one  grain,  but  facing  difTerenfc  ways  in  clifFerenb  grain's. 
Fig.  6  is  another  example,  a  piece  of  etched  tin-plate, "x" 
exhibiting  the  same  characteristics.  It  shows  a  portion  of 
two  grains  of  the  thin  layer  of  tin  with  the  boundary  between 
tlioni,  and  the  difference  of  brightness  is  very  marked.  They 

' r.winrf  and  Uoacnhain,  "  Pliilosoiiliical  Transactions  of  the  Koyal  Society," 
Vol.  CXCV.,  lyuo. 


Fig.  6.— Tin-platk,  SHOWING  boundary  between  TWO  GItAINa  cu'，  the  tin. 
Magnified  100  diameters. 

fact,  namely,  that  the  etching  has  revealed  a  definite  geo- 
metrical structure  within  the  grain  by  removing,  as  it  were, 
a  few  of  the  superficial  brickbats,  leaving  cavities  and  pro- 
tuberances of  a  geometrical  form.  The  conclusion  is  simply 
this,  that  every  one  of  these  grains  is  in  reality  a  crystal. 
Notwithstanding  the  irregularity  of  the  boundary  it  has  the 
true  property  of  a  crystal,  the  uniformity  of  internal  struc- 
ture which  is  the  characteristic  of  a  crystal.  It  is,  to  use 
Kelvin's  phrase,  a  "  homogeneous  assemblage  '，  of  structural 
units  which  is  put  together  with  greater  regularity  than  any 
structure  built  up  of  definitely  formed  brickbats. 


Fig.  7.— Cadmium,  cast  on  a  smooth  suiu-'ace  o 
Magnified  1,000  diameters. 


GLASS  I  NOT  ETCHEDl. 


Iii  some  cases  we  may,  without  etching  the  surface,  obtain 
other  evidence  of  the  truly  crystalline  nature  of  the  grains 
that  make  up  a  piece  of  metal.  The  next  photograph  is  that 
of  a 】tietallic  surface  which  has  never  been  polished,  and 
never  been  etched.  It  is  a  specimen  of  cadmium  cast  against 
a  very  smooth  surface  of  glass  so  that  polishing  and  etching 

*  Kelvin,  "  The  Molcculiiv  Tactics  of  a  Crystal."  "  Haiti  more  Lecturrs,''  pa^u 
602;  see  also  liiH  papers  on  tlio  "  Molecular  Constitution  of  Matter,"  "  Collected 
Papers, "  Vol.  III. 
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】mglit  be  dispensed  with.    The  irregular  boundaries  of  the 

grains  are  visible  in  the  microscope,  and  a  slight  difference 
of  texture  between  one  grain  and  another  may  be  discerned 
in  the  cast  surface  without  any  etching  at  all.  Fig.  7 
shows  a  small  part  of  the  surface  under  a  high  power,  and 
from  it  we  can  see  how  the  difference  of  texture  comes  about 
as  a  result  of  certain  peculiar  markings  on  some  of  the  grains. 
Here  there  are  two  or  three  grains  only  in  the  field  ；  observe 
that  scattered  over  them  there  are  little  geometrical  pits 
which  have  been  formed  in  the  process  of  casting.    These  pits 


Fig.  8.— Cadmium,  cast  on  a  smooth  surface  of  glass  (not  etchkd). 
Magnified  4,200  diameters. 

are  due  to  an  accidental  inclusion  of  particles  of  gas  between 
the  metal  while  it  was  solidifying  and  the  smooth  glass  sur- 
face on  which  it  was  cast.  Whether  that  gas  was  air,  or 
gas  dissolved  in  the  metal  and  given  out  in  the  process  of 
solidification,  I  cannot  say,  but  there  is  no  doubt  that  these 
pits  are  formed  by  little  gaseous  particles.  They  ,are，  in 
fact,  negative  crystals.  The  meaning  of  them  is  that  the  whole 
of  the  grain  is  a  crystal,  and  these  markings  are  only  the 
places  where  the  little  brickbats  have  been  left  out. 

Fig.  8  is  another  specimen  of  cadmium,  also  cast  against 
a  smooth  glass  surface,  showing  in  a  beautiful  manner  the 
same  geometrical  air  pits.  This  is  only  a  small  portion  of 
a  single  grain  :  and  it  may  be  regarded  as  rather  a  tour  Jr 
force  of  】nicroscopic  photography,  having  been  taken  under 
a  power  of  4，200  diameters.  The  geometrical  markings  are 
pits,  not  excrescences  standing  up  from  the  surface.* 

The  real  nature  of  the  grains,  then,  is  that  t-Iiey  are 
crystals,  and  I  think  it  may  make  the  matter  more  intePigible 
if  we  try  to  think  of  the  process  of  crystal  building  which  lias 
resulted  in  the  formation  of  these  grains.  How  does  it  come 
about  that  the  external  forms  of  the  grains  are  so  different 
from  the  simple,  symmetrical  forms  which  we  are  accus- 
tomed to  find  in  isolated  crystals  ？  The  reason  is  this. 
These  crystals  have  grown  more  or  less  simultaneously  from 
a  inunber  of  different  centres  of  crystallisation.  The  metal  as 
a  whole  is  the  joint  result  of  much  iiidepeiideut  building, 
such  as  we  might  compare  to  the  building  of  toy  bricks  by  a 
number  of  children  in  a  nursery.  Suppose  we  had  a  number 
of  little  fairy  children ― I  say  fairies  in  order  that  they  may 
be  able  to  disappear  as  the  structure  completes  itself ― a 
number  of  fairy  children  provided  with  an  unlimited  supply 
of  perfectly  similar  brickbats.  Place  them  all  over  the 
nursery,  not  only  on  the  floor,  but  throughout  the  volume 
of  the  room,  and  let  them  start  building,  not  necessarily 
siinultaneously,  but  capriciously  as  regards  time,  and  capri- 
ciously also  as  regards  place  and  as  regards  the  posi- 
tions in  wliich  they  put  down  their  first  brickbats. 
Wliat  would  be  the  result  ？  As  each  fairy  child  puts 
down  its  first  brickbat  and  goes  on  adding  one  to 
another,  a  crystal  ^rain  will  be  built .  Some  may  build 
more  quickly  than  others.    What  is  it  ill  at  will  determine  the 

， Kwiog  unci  l^OKenhain,  "  rhilosophical  Trantjactious,"  Vol.  CXCIIL,  1899. 


external  form?  Simply  that  each  will  go  on  building  until 
the  territory  is  entirely  occupied,  until  the  structure  which 
each  child  is  erecting  is  limited  by  being  brought  into  con- 
tact with  the  structures  of  the  neighbours.  That  is  precisely 
analogous  to  the  process  that  occurs  in  the  solidification  of  a 
metal.  One  may  carry  the  analogy  further  by  thinking  of 
some  of  the  fairy  children  as  having  a  genius  for  colonisa- 
tion, because  they  stretch  out  lines  which  secure  for  their  own 
building  a  comparatively  large  share  of  territory.  Having 
stretched  out  these  long  branching  lines,  tliey  then  proceed 
in  a  leisurely  manner  to  fill  up  the  gaps.  This  is  an  example 
of  what  is  called  in  crystallography  dendritic  growth.  It  is 
a  common  kind  of  growth  in  the  actual  formation  of  a  solid 
metal. 

In  most  instances  of  metal  structure,  tlie  grains  of  which 
the  metal  is  composed  are  so  small  that  to  see  them  clearly 
requires  the  use  of  the  microscope,  but  under  favourable  con- 
ditions we  may  have  comparatively  large  grains.  There  is 
an  example  here  of  a  specimen  of  cast  lead  which  was  pre- 
pared in 】ny  laboratory  at  Cambridge  by  Mr.  Huinfrey  some 
years  ago  in  connection  with  a  researcli  which  he  was  then 
making  on  the  .structure  of  lead.*  It  has  grains  so  large  that 
some  of  them  measure  2in.  or  3 in.  across.  The  piece  is  lying 
in  dilute  nitric  acid,  which  has  had  the  e fleet  of  etching  the 
surface  and  leaving  it  exceedingly  clean,  and  as  I  turn  it 
round  under  a  beam  of  light  from  the  lantern,  you  will  see 
that  the  grains  darken  and  flash  out  bright  according  to  the 
orientation  of  the  little  mirror-like  facets  of  which  tlie  etched 
surface  is  composed.  As  a  rule  we  require  a  microscope 
magnifying  100  times  or  more  in  order  to  obtain  reasonably 
good  photographs  of  the  grains  in  a  metal,  but  these  excep- 
tionally big  grains  need  no  enlargement. 

Occasionally  we  find  examples  of  dendritic  growth  on  a 
large  scale  in  iron  castings.  Mr.  J.  T.  Milton  has  been  kind 
enough  to  send  a  beautiful  spechueii  of  this,  a  piece 
cut  out  of  the  pipe  of  a  large  steel  casting  showing  the 
crystals  in  which  the  metal  originally  settled  itself,  dendritic 
in  form,  resembling  very  regular  pine  trees,  and  with  undis- 
turbed geometrical  outlines,  resulting  from  the  fact  that 
while  those  crystals  were  still  growing  the  liquid  metal  round 
about  them  was  drained  away  by  the  contraction  of  the  cast- 
ing below. 十 

Sometimes  evidence  of  dendritic  growth  is  seen  even  upon 
a  free  surface  of  a  solidifying  metal.  A  dendritic  skeleton  forms 


Fig.  9.— Surface  of  a  Cast  Block  of  Antimony,  natural  size. 

first  in  the  solidification  of  the  surface  layer,  and  this  is  subse- 
quently thrown  into  relief  by  the  irregular  contraction  tliat 
results  from  the  cooling  of  the  later  growth.  Fig.  9  shows  a 
case  in  point,  it  is  part  of  the  free*  surface  of  antimony  solidi- 
fied after  melting. 

I  cannot  well  exhibit  the  process  of  crystallisation  going  on 
in  an  actual  metal,  but  substantially  the  same  thing  is  readily 

*  J.  C.  W.  Humt'vey,  "  Philosophical  Transactions,"  Vol.  CO.,  1902,  p.  225. 

t  A  fine  t'xaniple  of  this  dendritic  structure  in  a  sl(?el  caMing  is  shown  by  Mr. 
Ft.  F.  Lant; (；  in  the  "  Procccaiiifels  of  tho  Mamchcbtcr  Literary  and  I'liilosophical 
Society,"  Vol.  LV.,  19 J 1. 
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shown  in  the  lantern  by  using  a  salt  in  solution,  which  deposits 
crystals  in  the  same  way  as  they  are  form-ed  in  the  solidification 
of  a  liquid  metal.  Take,  for  example,  a  solution  of  sal 
ammoniac,  aud，  in  order  not  to  spend  too  much  time'  over  the 
experiment,  warm  it  up  so  that  it  dissolves  some  more  of  the 
salt,  and  then  ruu  a  little  of  it  over  a  glass  plate  so  as  to  leave 
a  thin  film  oil  the  plate.  The  plate  is  now  put  in  the  lautern, 
and  you  see  crystallisation  begins  almost  at  once.  Here  we 
have,  as  it  were,  the  nursery  floor,  not  the  whole  volume  of  the 
room ,  and  the  fairy  children  are  get-ting  to  work  ；  they  are 
beginning,  some  at  the  edge  and  some  more  or  less  in  the 
centre.  Grains  are  forming  at  a  number  of  places,  and  are 
spreading  until  they  meet.  Soon  th©  whole'  plate  is  covered 
with  them.    I  waut  you  to  notice  how  the  shape  of  each  is 


grains  are  all  elongated  in  the  (lirwlimi  of  the  siretdiing. 
Their  shapes  may  b©  still  very  irregular,  but  there  is  clearly  a 
predominating  greater  length  in  the  direction  along  tlic  1 川 r，  ； is 
compared  with  the  transverse  direction.  The  st  retelling  i  )h- 
specimen  underwent  before  it  broke  has  elongated  each  grain, 
but  its  granular  character  persists. 

(To  be  conti  n  urd .) 


SUPEKHEATKR  FOR  WATER-TUBE  BOILERS. 


conditioned  simply  by  its  meeting  neighbouring  grains.  Each 
grain  is  a  true  crystal,  though  its  final  shape  is  quite  irregular. 
Those  of  you  who  are  near  enough  will  be  able'  to  see  that  the 
early  stages  of  the  growth  of  a  grain  are  of  tlie'  dendritic  type  ； 
it  throws  out  branches  forming  a  skeleton  which  is  afterwards 
filled  in. 

A  very  important  point  about  metallic  structure  is  that  we 
find  true  crystal  grains  not  only  in  metals  in  the  cast  state 
but  also  in  metals  in  other  states,  metals  which  have'  been 
wrought,  which  have  been  shaped  by  working  even  in  the  cold 
(.ondition,  and  also  in  metals  that  have  been  worked  in  the 
roUl  (  fjiulition  and  have  afterwards  been  annealed  by  bringing 
tliem  to  such  a  temperature  that  a  rearrangement  of  the 
grains  has  taken  place.  Whether  we  deal  with  them  in  the 
cold  condition  or  in  the  annealed  condition,  we  still  find  the 
same  general  characteristics,  still  the  same  granular  structure, 
aiul  still  the  same  plain  evidence  that  each  grain  is  in  reality 
a  crystal. 

Take,  for  instance,  a  bar  that  has  been  shaped  by  being 
passed  through  a  rolling  mill  in  tlie  cold  state.  On©  of  the 
])liotograplis  already  shown  (Fig.  4)  is  part  of  the  transverse 
sertion  of  a  cold-rolled  iron  bar,  tolled  down  from  a  compara- 
tively large  diameter,  so  that  the  individual  grains  within  the 
bar  have  suffered  tremendous  distortion  in  the,  process  of  roll- 
ing. The  greater  part  of  the  field  is  covered  by  a  single 
crystal  -  Over  its  whole  surface  there  are  geometrical  pits. 
When  it  was  examined  very  carefully  in  the  research  by  Dr. 
Rosenhain  and  myselP  we  found  that  these  pits  were'  parallel 
all  over  the  crystal  jiotwitlistan cling  the  treniendous  distortion 
it  had  undergone.  It  was  clear,  therefore,  that  the  regular 
parallel  grouping  of  the  structural  units  or  brickbats  had  in 
some  way  or  other  been  preserved  during  the  process  of  severe 
straining. 

The  point  is  further  illustrated  if  you  examine  in  the 
niicrosroj>8  a  specimen  of  metal  that  has  been  broken  in  a 
testing  machine.  Take  a  fairly  plastic  metal,  such  as  iron 
or  milfl  stsel ,  whicli  stretches  a  good  deal  before  it  breaks. 
If  you  polish  and  etch  tlie  side  of  the  bar  near  the  fracture, 
wl»f*rc  a  cousiflerable  amount  of  extension  has  taken  place,  you 
will  find  thai  tlie  inetal  there  consists  of  grains  similar  to  those 
you  have  already  seen ,  but  with  this  difference,  that  these 

*  "IMiilosophicil  Transactions,"  Vol.  CXCIIL,  1899,  i>p.  306-367. 


SUPERHEATER  FOR  WATER-TUBE  BOILERS. 

The  accompanying  illustrations  show  a  design  of  sup('rli'';i"'r 
which  has  recently  been  patented  by  Mr.  J.  II.  Jlosenllia],  of 
Messrs.  Babcock  &  Wilcox,  Ltd.,  Farringdon  Street,  L (川 山川， 
E.C.,  Mr.  E.  C.  Carnt，  and  Messrs.  J.  Samuel  White  k  ('"., 

Ltd. ,  Medina  Docks,  East 
Cowes,  Isle  of  Wight.  Fig.  1 
shows  the1  general  arrangement 
and  Fig.  2  details  of  the  super- 
heater. The  superlieater  com- 
prises juxtaposed  manifolds  or 
boxes  A  and  B，  one  side  of 
each  of  whicli  is  provided  with 
orifices  to  receive  the  ends  of 
U-shaped  tubes  C  expanded 
thereinto,  and  tlie  opposite  side 
of  each  of  the  manifolds  or 
boxes  A  and  B  is  provided  with 
handholes  adapted  to  be  closed 
by  covers  in  the  usual  manner. 
Some  or  all  of  the  U-shaped 
tubes  are  arranged  in  pairs,  the 
tubes  of  each  pair  being  dis- 
posed in  the  same  vertical 
plane'  and  all  the  tubes 
being  parallel  to  the  axes 
of  tlie  overhead  drum  E 
and  bottom  drums  F  ；  one 
U-tube  of  each  pair  being  fitted  within  the  space  between  the 
legs  of  the  other  U-tube  of  that  pair,  so  that  the  orifices  into 
which  the  four  upper  ends  or  the  four  lower  ends  of  two 
adjacent  pairs  of  tubes  are  expanded  are  accessible  through 
one  handhole  on  the  opposite  side  of  the  corresponding  box. 
Each  of  the  banks  of  boiler  tubes  G  is  sub-divided  into  two 
sub-banks  or  semi-banks,  the  tubes  of  the  two  sub-banks  being 
oppositely  curved,  that  i.s，  curved  concavely  relatively  to  each 
other,  so  as  to  afford  between  them  a  chamber  H  of  sub- 
stantially oval  formation  in  cross-section,  the  major  axis  of 
which  lies  in  a  plane  considerably  inclined  to  the  vortical.  As 
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shown,  the  superheater  boxes  are  inclined  to  correspond  with 
the  inclination  of  the  major  axis  of  the  oval  chamber,  and  as 
tlie  tube's  fitted  within  this  chamber  lie  in  approximately 
vertical  planes,  it  will  b&  understood  that  an  extensive  stagger- 
ing of  the  tube  holes  is  provided  and  a  considerable  distance 
afforded  between  the  holes  for  receiving  the  two  ends  of  each 
U-tube,  so  as  to  provide'  for  a  large  radius  of  curvature  at  the 
bend  of  the  U-tube.  Valved  pipe  connections  J  and  K  are 
interposed  between  the  overhead  drum  E  and  tlie  superlieater 
on  tlie  one  hand,  and  between  the  superlieater  and  the  iiiaiu 
steam  supply  on  the  other  hand. 


Battery  Tramway-cars. ― Three  battery-flriven  tramwav-iars 
are  a-bout  to  be  adopted  on  tlie  line,  15  miles  】ong，  at  Salt 
Lake  City,  Utah.  Each  car  will  be  driven  by  220  Edison 
nickel  -iron  cells,  to  be  cliarged  during  off-peak  loads  between 
11  p.m.  and  7  p.m.,  and  each  will  be  capable  of  accomniodat- 
ing  50  passengers.  The  maxiinuin  speed  on  the  level  will  be 
45  miles  an  hour. 
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INSTITUTE  OF  MARINE  ENGINEERS. 

On  Saturday  afternoon,  July  20th,  the  Institute  of  Marine 
Engineers  paid  a  visit  to  the  Instrument  Galleries  and  Cir- 
culation Department  of  the  General  Post-office.  In  the 
Instrument  Department  in  St.  Martin's-le-Grand  about  3,500 
persons  are  employed,  and  the  succession  of  large  rooms,  with 
line  after  line  of  busy  operators,  gave  a  vivid  conception  of 
the  amount  of  work  accomplished.  Telegrams  in  the  London 
district  are  transmitted  on  the  exchange  system,  similar  to 
telephone  work,  the  transmitting  branch  office  being  con- 
nected to  the  receiving  office  and  the'  message  transmitted 
direct.  For  provincial  and  foreign  work,  however,  the 
messages  are  received  at  the  General  Post-office  and 
re-directed.  Several  of  the  newer  instruments  were  examined 
in  detail,  notably  the  Baudot,  duplex  system ,  transmitting 
the  messages  at  a  rapid  date,  the  receiving  strips  being 
printed  in  ordinary  type  ；  the  Gell,  with  typewriter  keyboard 
punching  out  in  the  Morse  code  ；  and  the  Rotyrer,  with 
extremely  light  touch .  Other  extremely  interesting  machines 
were  shown,  such  as  the  instrument  by  which  newspaper 
matter  is  transmitted  to  seven  or  eight  provincial  towns  at 
one  and  the  samo  time  ；  the  instrument  for  converting  the 
Morse  code  strips  into  strips  of  ordinary  type,  &c.  Among 
recent  installations  is  a  number  of  telewriters,  instruments 
which  transmit  handwritten  messages  and  reproduce  them  in 
facsimile.  A  time  and  labour  saving  device  which  has  been 
in  use  for  several  years  is  the  service  of  pneumatic  tubes 
through  which  messages  are  sent  to  the  branch  offices  at  a 
rate  of  about  30  miles  an  hour.  Some  time  was  spent  in 
examining  the  large  collection  of  instruments,  insulators  and 
curios  preserved  in  the  museum. 

The  enormous  new  reinforced  concrete  structure  in  Kin^ 
Edward  Street,  covering  two  acres  of  ground,  was  then  in- 
spected. In  this  building  1,100  sorters  deal  with  the  work, 
which  does  not  include  the  provincial  letters,  these  being 
dealt  with  in  another  department.  Machines  for  sorting  the 
letters,  &c.，  into  different  sizes  were  examined,  and  stamping 
machines  were  seen  at  work  impressing  the  postal  mark  on 
letters  at  an  almost  incredible  speed,  one  machine  being  capable 
of  stamping  1,100  letters  a  minute.  The  intricacies  of  sorting 
the  letters  for  the  various  towns  and  districts  were  then  ex- 
plained. In  the  basement,  the  manner  of  dealing  with  the 
daily  avalanche  of  letters  from  the  public  letter  boxes  was 
seen,  conveyers  on  endless  belts  carrying  the  baskets  to  the 
various  sorting  departments.  It  may  be  remarked  that  all 
the  machinery  is  electrically  driven.  The  bag  sorting  depart- 
ment also  is  in  this  section . 

The  delivery  of  the  bags  to  the  mails,  stationed  in  the 
yards  at  the  St.  Bartholomew's  end,  is  accomplished  with 
the  minimum  of  labour,  conveyers  and  shoots  converging 
there  from  all  directions.  In  the  foreign  department  were 
seen  letters,  some  years  old,  for  the  lonely  island  of  Tristan 
(l，Acunha，  waiting  until  a  British  gunboat,  by  which  the 
letters  could  be  sent,  should  pay  a  visit  to  the  island.  It  is 
interesting  to  note  that  on  an  average  no  fewer  than  8,000 
letters  per  day  are  dealt  with  which  are  insufficiently 
addressed,  a?i(l  of  these  80  per  cent,  are  correctly  delivered. 
Tn  another  department  repairs  are  effected,  burst  letters 
sealed,  parcels  re-tied ，  &c. 

An  inspection  of  the  newspaper  sorting  and  stamping; 
department  brought  a  very  enjoyable  visit  to  a  close. 


Lost  Coal  in  Staffordshire. ― At  a  meeting  of  the  South 
Slaffordshire  and  Warwickshire  Institute  of  Mining  Engineers 
lifld  at  Biriningliam,  Mr.  D.  E.  Parry  said  it  had  been  esti- 
matod  t  hat  40  million  tons  of  coal  in  tlie  South  Staffordshire 
district  were  in  immediate  danger  of  being  irretrievably  lost 
owing  to  submergence.  He  did  not,  however,  take  so  serious 
a  view  of  the  position.  The*  coal  referred  to  was  not  in  erne 
area,  intact,  bui  was  distributed  in  small  and  isolated  patches 
t  lirou^liout  t  lie  ( liick  coal  portion  of  South  Staffordshire.  He 
admitted  tlie  coal  was  lost  for  the  present,  but  a  time  niiglit 
come  when  circumstances  were  more  favourable  for  working. 
Alt.liou^h  i.lip;  output  of  the  South  Staffordshire  district  liad 
seemed  stationary  for  some  years,  he  claimed  that  develop- 
nuMil^  at  Baggeridge,  Holly  Bank,  Aldridge,  and  Walsall 
Wood  ensured  tliat  for  a  great  many  years  there  would  be  a 
plentiful  supply  of  coal  to  feed  the  industries  of  the  district. 


FUEL  BRIQUETTING  IN  AMERICA. 

Considerable  progress  has  been  made  in  the  development 
of  fuel  briquetting  in  the  United  States  in  the  last  two 
years,  according  to  Edward  W.  Parker,  in  a  statement  just 
made  public  by  th&  United  States  Geological  Survey,  though 
this  country  still  lags  far  behind  some  of  the  European 
countries,  particularly  Germany,  in  this  line  of  industrial 
activity.  In  1909  tlie  production  of  fuel  briquettes  in  iha 
United  States  was  139,661  net  tons,  valued  at  $652,697, 
fin  increase  of  nearly  55  per  cent,  in  quantity  over  1908. 
In  1911  the  production  amounted  to  212,443  net  tons,  valued 
at  $769,721,  the  increase  in  two  years  amounting  to  72,782 
tons,  or  52  per  cent.,  in  quantity,  and  to  ^317,024，  or  70 
per  cent.,  in  value.  In  Germany  the  briquetting  industry 
has  made  extraordinary  progress,  the  production  in  1910 
being  16,668,605  net  tons,  and  in  1911，  18,554,020  tons. 

in  Mr.  Parker's  opinion,  more  attention  should  be  given 
to  this  industry,  as  on  it  depends  to  a  considerable  degree 
the  utilisation  of  some  grades  of  fuel  which  are  now  wasted 
or  sold  at  less  than  the  actual  cost  of  production.  Tlie 
reprehensible  practice  of  shooting  bituminous  coal  "  off  the 
solid  ，， 一 a  practice  notably  prevalent  in  the  fields  of  non- 
coking  coal  in  the  Mississippi  Valley ― produces  an  inordinate 
proportion  of  slack,  which  might  be  made  into  briquettes. 

Some  probability  of  more  substantial  development  of 
briquetting  in  the  Eastern  States  is  indicated  by  the  recent 
advance  of  25  cents  a  ton  on  the  domestic  sizes  of  anthracite, 
and  the  fact  that  there  is  little  possibility  of  any  future 
reduction  in  the  prices  of  this  fuel.  In  fact,  further  advances 
are  more  to  be  expected,  in  view  of  the  rumoured  increase 
in  royalty  to  be  demanded  by  the  owners  of  coal  lands  in 
the  anthracite  region. 

It  seems  reasonable,  therefore,  to  suggest  that  the'  utilisa- 
tion of  th©  small  sizes  by  manufacturing  them  into  briquettes, 
on  which  a  profit  could  be  made,  might  be  more  rational 
than  selling  these  small  sizes,  as  is  now  done,  for  less  than 
the  cost  of  production.  The  available  quantity  of  raw 
material  of  this  grade  for  briquetting  is  enormous.  In  1911 
the  shipments  of  anthracite  smaller  than  pea  coal  amounted 
to  over  20,000,000  gross  tons,  of  which  85  per  cent,  was 
obtained  in  the  preparation  of  freshly  mined  coal.  This 
20,000,000  tons  was  worth  not  to  exceed  $30,000,000,  but 
if  manufactured  into  briquettes  of  egg  and  stove  size  at  a  cost 
of  about  $25,000,000  it  would  have  been  worth  ^70,000,000. 
In  other  words,  the  outlay  of  an  estimated  i§25，000，000, 
mostly  in  labour,  would  have  brought  a  profit  of  60  per  cent. 
The  enormous  culm  banks  of  the  anthracite  region,  monu- 
ments of  earlier  mining  methods,  contain  millions  of  tons  of 
briquettable  coal. 

In  1909  the  Geological  Survey  suggested  that  greater 
inducement  to  the  investment  of  capital  in  briquetting  could 
be  offered  if  investors  we're  assured  of  a  regular  supply 
of  suitable  binding  material.  The  manufacture  of  coke  in 
by-product  ovens,  which  yields  coal-tar  pitch  that  makes  an 
excellent  binder  for  briquettes,  has  shown  notable'  progress 
in  the  last  two  or  three  years,  and  as  the  by-product  oven 
is  continuing  to  supplant  the  beehive  oven  at  an  increasing 
rate,  tlie  supply  of  coal-tar  pitch  at  a  reasonably  】ow  (  ost— 
sliould  be  assured.  In  addition  to  the  slack  from  bituminous, 
sub-bituminous,  and  semi-anthracite  non-coking  coal  and 
small  sizes  of  antliracite,  three  other  kinds  of  raw  material 
for  briquet  ted  fuel  are  available,  namely,  lignite,  peat,  and 
coke  dust . 

The  Los  Angeles  Gas  and  Electric  Corporation,  Los  An- 
geles, Cal.，  operates  a  briquetting  plant  for  utilising  t  he 
carbon  obtained  as  a  by-product  in  the  manufacture  of 
illuminating  gas  from  crude  petroleum.  The  briquettes,  cr 
" boulets,'"  make  excellent  domestic  fuel. 

The  briquetting  industry,  according  to  Mr.  Parker,  lias 
been  retarded  by  attempts  to  exploit  secret  binders  and  pro- 
cesses for  which  extraordinary  and  impossible  merits  are 
claimed.  The  pathway  of  briquetting  development  is  streWn 
with  wrecks  that  are  due  to  tnis  cause.  There  is  no  reason 
for  secrecy  in  connection  with  tlie  constituents  of  patented 
binders.  The  field  is  so  large  that  there  is  room  for  everyone 
to  develop  the  industry  in  paths  laid  out  by  the  experience 
of  European  countries. 

Twenty  ]>];uii,s  in  tlie  United  States  manufactured  com- 
pressed fuel  in  1911,  an  increase  of  4  over  1909,  but  4  of 
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the  20  plants  in  1911  were  operated  only  in  an  experimental 
way  or  for  demonstrating  purposes.  Of  the  commercial 
plants,  8  used  anthracite  as  a  raw  material,  2  used  bituminous 
coal,  2  used  semi-anthracite,  1  used  refuse  from  oil-gas  works, 
1  used  peat,  and  2  used  mixed  material.  The  manufacturers 
place  their  products  on  the  market  under  special  names,  such 
as  "  boulets,"  "  eggettes/'  "  carbonets/'  "  coalettes,"  and 
" patent  fuel, ― The  Iron  Age." 


THE  CLEANING  OF  STEAM  BOILERS. 

Mr.  W.  S.  Smith,  H.M.  Iuspecboi'  for  Dangerous  Trades, 
】nakes  the  following  observations  on  the  subject  of  boiler 
cleaning,  which,  owing  to  representations  made  as  to  exces- 
sive temperatures  in  which  men  are  employed  in  cleaning 
steam  boilers,  were,  he  says,  made  the  subject  of  special  en- 
quiry. This,  he  adds,  is  not  yet  completed,  but  he  gives  the 
following  report,  in  which  Mr.  Warren  (Lincoln)  deals  with 
what  has  been  already  accomplished  : — 

" In  September  I  commenced  an  enquiry  into  the  condi- 
tions under  which  the  cleaning  of  steam  boilers  and  boiler 
flues  was  carried  on,  in  compauy  with  Mr.  Sydney  Smith  in 
most  cases.  Up  to  the  present  time  32  boilers  in  17  factories 
have  been  inspected,  and  sufficient  evidence  has  been  gathered 
to  show  that  in  some  cases  the  work  is  done  at  a  very  high 
temperature.  Probably  even  higlier  readings  would  have  been 
observed  during  the  mouths  of  July  and  August,  as  the 
recorded  temperatures  were  generally  lower  as  the  year  ad- 
vanced. The  worst  conditions  were  'found  usually  in  Lan- 
cashire and  Cornish  boilers.  Very  high  temperatures  were 
not  met  with  in  water-tube  boilers.  Where  specific  complaints 
were  made  as  to  conditions  of  work,  it  was  found  that  the 
temperature  was  not  so  great  as  in  many  of  the  boilers  in- 
spected, but  the  flues  of  the  boilers,  when  complaints  were 
made,  were  generally  exceptionally  small  and  the  heat  would 
be  felt  more  severely  by  men  working  in  such  confined  spaces. 

" The  usual  procedure  with  Lancashire  and  Cornish 
boilers,  prior  to  cleaning,  is  to  blow  off  the  steam  two  or  three 
hours  after  drawing  the  fires,  then  three  hours  later  to  run  off 
the  water,  take  off  the  man-hole  and  mud-hole  covers,  open 
the  flue  doors  and  dampers,  and  draw  air  through  the  flues 
for  varying  periods,  usually  about  12  hours,  a  process  known 
as  '  draughting/  A  boiler  is  usually  blown  off  on  Saturday 
afternoon  ；  where  there  are  no  spare  boilers,  the  work  of  clean- 
ing is  commenced  early  on  Sunday  】norning，  so  that  the  fire 
may  be  lighted  in  the  evening  and  ste^hn  raised  by  Monday 
morning.  Where  there  are  spare  boilers,  cleaning  is  generally 
done  in  the  middle  of  the  following  week.  The  flues  are 
cleaned  first  and  the  boiler  is  scaled  afterwards  ；  as  a  rule 
a  boiler  is  blown  off  for  cleaning  every  four  or  five  weeks. 
It  is  impossible  to  determine  how  long  a  boiler  should  be 
' draughted  ，  in  order  to  obtain  a  reasonable  internal  tempera- 
ture, as  in  some  cases  a  comparatively  low  temperature  was 
recorded  after  12  hours'  '  draughting/  whilst  in  other  cases 
excessive  temperatures  were  found  after  36  hours,  though 
there  was  no  apparent  reason  for  this  disparity.  In  my  opinion 
the  only  method  of  determining  whether  the  flues  or  boilers 
are  fit  to  be  entered  is  to  take  1>he  actual  temperatures,  and  in 
considering  what  maximum  should  be  allowed,  it  must  be 
remembered  that  in  the  flues  the  men  are  working  in  a  confined 
space  in  a  very  dusty  occupation,  in  addition  to  being  in  a 
heated  atmosphere  ；  further^  that  the  flue  dust  is  generally 
at  a  temperature  of  over  300°  Fah . ,  and  the  brickwork  is 
often  sufficiently  hot  to  burn  the  leather  of  the  men's  boots 
or  may  even  blister  the  feet.  The  flues  of  Lancashire  and 
Cornish  boilers  were  found  to  be  hotter  than  the  boilers,  but 
the  heat  is  quite  dry.  In  the  side  flue  of  one  boiler  I  found  a 
dry  bulb  temperature  of  160°  Fah.  The  boiler  was  heated  by 
waste  gases  from  a  puddling  furnace.  The  neck  between  the 
boiler  and  furnace 'was  broken  at  3  p.m.  on  Saturday  and  the 
temperature  was  taken  at  9  a.m.  on  Sunday.  As  the  furnace 
had  to  be  relighted  for  Monday  morning  it  would  apjiear 
almost  impossible  to  reduce  the  temperature  of  such  flues 
sufficiently  by  '  draughting.' 

" Although  the  boilers  were  always  cooler  than  the  flues, 
the  heat  within  the  boilers  was  more  oppressive,  as  it  was 
generally  humid.  In  the  case  of  Lancashire  and  Cornish 
boilers,  wet  "bu】b  temperatures  exceeding  90°  Fah.  were  taken 


in  two  Gases,  and  over  80°  Fah.  in  10  ca&es.  Leaky  valves  wvtf 
occasionally  found  admitting  sUi.nn  from  a  boiler  in  the  same 
range.  Such  defects  can  be  remedied,  but  it  is  not  easy  to 
reduce  the  internal  temperature  of  a  boiler  further,  except 
by  allowing  it  to  stand  longer  and  cleaning  the  dust  out  of 
the  flues  sooner,  if  that  were  possible.  In  on©  case  we  saw  a 
revolving  spray  of  cold  water  inside  a  boiler  in  order  to  re- 
duce the  temperature  quickly,  where  it  was  desired  to  enter 
shortly  after  blowing  off  steam  ；  temperatures  of  93°  Fah.  dry 
bulb  and  85°  Fah.  wet  bulb  were  recorded.  Such  a  method, 
however,  caused  an  excessive  amount  of  humidity  witliin 
the  boiler,  and  would  be  objected  to  by  many  engineers  as 
cooling  the  boiler  plates  too  rapidly.  In  two  Rastrick  boilers, 
wet  bulb  temperatures  of  93*5°  Fah.  and  88°  Fah.  were  taken  ； 
the  temperatures  of  the  flues  were  not  excessive,  and  probably 
the  heat  inside  the  boilers  was  due  to  the  fact  that  only  one 
opening,  a  man-hole  at  the  top,  was  provided  in  each  boiler. 
The  firm  had  previously  arranged  to  fit  mud-holes  at  the 
bottom,  which  would  enable  a  thorough  draught  to  be 
obtained  during  cleaning  operations,  and  possibly  reduce  the 
temperatures  to  reasonable  limits. 

" Enquiry  was  made  as  to  the  health  of  the  boiler  cleaners. 
Some  of  the  men  had  suffered  from  colds  and  rheuinatisiii , 
and  occasionally  the  great  heat  had  made  them  feel  sick  and 
dazed,  but  no  cases  of  pneumonia,  respiratory  trouble  or 
serious  illness  were  heard  of.  Some  years  ago  slight  cases  of 
lead  poisoning  had  occurred  amongst  the  boiler  cleaners  at 
blast  furnace  works  in  Cumberland,  owing  to  presence  of  lead 
in  the  iron  ore.  The  boilers  are  heated  by  waste  gases  from 
the  blast  furnaces,  and  lead  oxides  were  carried  into  the  flues, 
deposited  with  the  flue  dust  and  inhaled  by  the  cleaners. 
These  men  were  all  found  to  be  wearing  respirators. 

" The  question  of  cleaning  boiler  flues  mechanically  is 
being  considered  by  some  firms.  If  this  can  be  done  success- 
fully without  the  men  entering  the  flues,  it  might  be  possible, 
by  cleaning  the  flues  sooner,  to  reduce  the  heat  within  a 
boiler  ；  the  internal  temperature  would  fall  more  rapidly 
after  removal  of  the  hot  flue  dust.  We  have  seen  two  in- 
stallations of  vacuum  plant  at  work  cleaning  the  flues  of 
Iiancashire  boilers.  In  these  cases  the  men  were  inside  tin.' 
flues  manipulating  a  nozzle  attached  to  a  flexible  pipe.  In 
some  cases  it  might  be  possible  to  work  the  pipe  from  outbido 
by  providing  special  doors  in  the  brickwork  of  the  flue's. 
Experiments  are  being  made  by  one  firm  in  this  direction, 
and  doubtless  if  any  demand  is  created  for  such  plants  they 
will  be  greatly  improved." 


The  Institute  of  Civil  Engineers. ― Under  the  will  of  the  late 
Sir  James  Inglis,  a  former  president  of  the  Institution  of  Civil 
Engineers,  the  Institution  has  just  received  a  legacy  of  £5,000, 
to  be'  applied  to  its  new  building  which  is  now  in  course  of 
erection  in  Great  George  Street,  Westminster.  This  legacy 
testifies  io  the  marked  interest  which  Sir  James  Inglis  took  in 
the  scheme  for  rebuilding  the  Institution,  to  the  cost  of  which 
lie  also,  during  his  life-time,  contributed  liberally. 

The  Silent  Knight  Motor  Engine. ― Last  week  Mr.  Justice  Neville, 
in  the  Chancery  Division,  delivered  a  reserved  judgment  in  an 
action  brought  by  Mr.  Charles  Y.  Knight,  engineer,  Broadwater, 
Coventry,  and  Mr.  Lyman  Bernard  Kilbouvne,  Chicago,  against 
Argylls,  Ltd.,  to  restrain  an  illegal  infringement  of  a  patent  No. 
14729,  of  July,  1905，  for  an  invention  relating  to  internal-combus- 
tion engines  known  as  the  Silent  Knight  engines,  and  said  to  have 
been  first  used  by  the  Daimler  Company.  The  defendants  denied 
infringement,  and  set  up  the  defences  of  anticipation  and  lack  of 
novelty.  His  Lordship  found  that  on  the  true  construction  of  the 
plaintiffs'  specification  there  was  no  infringement.  An  engine  made 
in  conformity  with  the  specification  would  not  work  at  all.  The  mis- 
take was  that  the  piston  had  been  placed  on  the  wrong  side  of  the 
engine.  Plaintiffs  contended  that  this  mistake  would  be  obvious  to 
any  engineer,  and  he  would  see  how  it  could  be  corrected,  but  on 
the  evidence  of  the  defendants  his  lordship  was  satisfied  that  the 
specification  presented  to  the  enquirer  a  mechanical  problem  of 
considerable  difficulty,  and  the  solution,  which  was  said  to  be 
obvious  did  not  occur  to  any  of  tlio  witnesses  who  were  set  to  solve 
the  problem.  This  action,  said  his  lordsliip,  was  a  somewhat  auda- 
cious attempt  to  resuscitate  a  patent  from  an  invention  of  a  very 
small  compass,  and  by  amendment  make  it  cover  and  embarrass  a 
very  large  field  of  enterprise.  So  far  as  he  was  concerned  the 
attempt  failed,  and  the  action  must  he  dismissed  with  costs. 
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of  metal. 

nin.  14568. 
w  in  wold 


Holl'niaim  iNlaiiu- 


air  compresyori 


1G362. 


17G38. 


NEW  PATENTS. 

Speci/i  cat  ions  of  the  following  are  now  published,  and  %ve  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  lOd,  Address 
11  Mechanical  Engineer^  53,  New  Bailey  Street,  Manchester. 

MECHANICAL  1911. 

Turbines.    CKurchill-Shann.  9064. 

McMii.s  for  ini})arting  energy  from  one  body  ol  gaseous  fluid  to 
auotlier?  and  the  utilisation  of  the  resulting  product.  Hart. 
11080. 

!\I;niufa(*turc  of  tubing  from  lielically-w omul  strips 

L;n\  ton,  Law  ton,  Cooper,  &  Cooper.  13532. 
( 'nslino;  niotiils  ； Mid  in(、talli(，  alloys.    Ci  itchloy  iV:  Dombrai 
Apparatus  I'm'  producing  ga's(、ou.s  luol  iiariiculai'ly  for  iis( 

iti^-  metals.    Anderson  &  Andoi-son  jM;imH';icturiiig  ( 

15537. 

liailu  a\-  points  or  s\\  itclies.    Brou  n,  Tliier、、  <_'clit('r，  Hahn 
15538. 

M aniiia-cturc  of  railway  axles.  Mellor. 

Armoured  pipes  and  pipe  joints.    Cervonka  (、'  Mi'tcurio.  hWJL 
MacliiiKM-y  ioi-  niaiiiifacturing  nut  blanks.    Kovnolds  t、'  ChnpniMii. 
15700. 

( hitting  Avorm  gear.    LaiichostcM'.  15811. 
Winding  ap p a ratu s .    Th om as .    1 5885 . 
('Ii;in^i、  sp<'(Ml  ,m\u';s.     Bond.  15911. 
Packing  for  fluid  tight  joints.    Corner.  lOliiil 
.Machines  for  making  balls  for  ball  bearings. 

facturing  ( 'onipany,  and  Schmidt.  Ki^7i). 
Bearings  for  iiiterjial-conibustion  on^inos  ami 

McBain  &  McBain.  16348. 
Si>eod-con trolling  devices  for  engines.  Hlm 
Safety  hooks  for  cranes.    Duttoii.  Ki783. 
]{ovorsing  gear  for  iiiternal-conibii.stioii  engines.  Lai"'. 
I'luicl-pressure  clutches.    Pauilhac.    1913 1 . 
】U)oring  rm'k- drill  cylinders.    Davidson  A'  H icliards. 
Propellers  for  aerial,  marine,  and  other  vessels.    J  ones 
丄 《ot;u)'  engines.    Ciiniiiiin.s.  19748. 
VaL'ia))lc-speecl  driving  】ueclianism.    Dallison.  21493. 
Bucket-chain  elevators.    Gotuzzo.  21532. 

Means  for  preventing  over  speed  and  overwind  in  winding  engines. 

Grant,  Ritchie,  &  Co.,  and  McAlister.  21552. 
Klu id-pressure  engines.    Aylward.  21794. 

Controlling  valves  of  steam  steering  engines.    Taylor.  220(J3. 
Pop  pot  valves.    Pountney,  and  lludge-Whitworth,  Ltd.  223D(J. 
Screw-making  machines.    Henn.  22816. 
Rotary  vacuum  pumps.    Allport  &  Lowden.  23181. 
Telescopic  hydraulic  lifts.    Gray.  23253. 

Exhaust  silencers  for  internal-combustion  ongino.s.  Dallisoii. 
一  23259. 

Appa ratus  for  the  destructive  distillations  ot  mineral  oils.  Laing. 
23446. 

Belt  gearing.    Boesner.  23581. 

Axle  boxos  and  other  bearings.    Bcadmaii  A:  Macklin.  2410(J. 
Micrometer  measuring  attachment  for  use    in    reading  scales. 

Pivoda.  26314. 
Centrifugal  pumps.    Coker.  25687. 

Combined  fuel  and  aii'- injection  devices  for  internal-combustion 
engines.    Aktiebolaget  Wigelius  Motorer.  2(3047. 

Apparatus  for  indicating  the  level  of  liquids  in  tanks.  Van  Auken. 
27383. 

Apparatus  for  measuring  gases,  vapours,  and  liquids.     H.  Liese 

(firm  of).  27467. 
Trough  conveyers.    Gebr.  Eickhoff.  27516. 
Non-return  valves.    Maw  <fe  Shanuon.    2803 o. 
Sha  ft  governors.    Bloxam.  28937. 

Packing  ring.    Bergmann  Elektricitats  Werke  Akt.- Ges.  29197. 

1912. 

Va riable-si)eed  gears.  EllisLon  tfc  Fell.  793. 
11  nil  ior  subnianne  boats.    Cavallini.  1315. 

Internal- combustion  engines  having  rotary    distributing  valves. 

Da  Costa.  13G2. 
('iti'lmrottin^  devitos  for  air-gas  apparatus.    W.  M.  Still  S:  Sons, 

Ltd.,  and  Abbott.  1455. 
Tu o-stroke  cycle  internal-combustion  engine.    Viard.  2174. 
A]>i)aratns  for  lieating  compressed  fluid  for  operating  pneumatic 

and  other  mechanism.  White  tVr  Dm  vca.  352 G. 
Rotary  iiiternal-combustioii  engine.  Bourct.  3545. 
Apparatus  lor  automatically  regulating  the  temperature  of  the 

cooling  w  ater  for  water-cooled  tui'binos.  Wedekind.  4351. 
SU'am  wm、r:itor  furnaces.    Whittakor.  4G02. 

l''iisimi  welding.  J3uniot?  and  Tudor  Accumulator  Company,  Ltd. 
1701. 

Ac('l\  lcne  generator  lor  welding  plant.  Andensoii，  and  Anderson 
Manufacturing  Company.  4855. 


Oxygen  generator  particularly  for  use  with  welding  plant.  Ander- 
son, and  Anderson  Manufacturing  Company.  48(10. 
( 'old-sa wiiiK  m ach iiuvs.     K cats .    -OJ ！！：-i, 

Ap]);u;ttns  for  cliis.siryiiiK  ores.      Compagnie    D'Entrt'iJiises  do 

Lavage  de  M inorais.  5235. 
Sparking  plugs  for  intenial-conibustion  engine's.     Hevault.  (i3U8. 
Safety  dovices  for  lifts  ("-  elevators.    Hamilton.  GG77. 
Oscillatoi-y  hoai-iiiK-s.     Kairweather.  7549. 
Kurnnce  bridges.    Smith  &  R.ees.  7716. 
Travollin^;  ^rntc  furnace's.    M isoner.  8253. 
Circulating  pressure  boiler.    Rutter.  9367. 

Si^ht-iocd  apparatus  ior  indicating  the  flow  of  liquids.  Wilton. 
10151. 

Vnlvo  gear's.    Kjamer.  10204. 

Groveniing  and  controlling  intornal-coml)iistio]i  engines.  Moore 

and  An 山 ms(、，  Slmrdlow  &  ('o.  11024. 
Nut-locks.    Jones  &  Bicones,  Ltd.  12084. 


sy.stom.s. 


ELECTRICAL  1911. 

Mr! liotls  ol'  ； uul  means  for  changing  tho  frequency  of  alternatiiifi; 

electric  cuncnts.    Taylor.  8853. 
Printing  telegraphy.    Kinsley.  15559. 
Telephones.    Killar.    1572^. ' 

Sciufcrs  f(»i-  fleet  lie  siKnallin^  systems.    Jirown.  1G074. 

Electric  ti;nis])()ri;itioii  systems.      Seaman,  and  New  Tnui'spoi't 

('oni]);uiv.  KilOO. 
Arc  lamps.    Ogilvy-Webb  &  Beinecke.  16367. 
Conduits  or  casings  for  electric  conductors.  Woodhouse. 
Automatic    and    semi-automatic    telephone    exclui  w 

McMerty.  108(;(J. 
Telephones.    Gwozdz.  17363. 

Control  of  trackless  trolley  vehicles.    Stevens.  17381. 
I iitt"riii)t(、rs  for  use  in  electric  ignition  systoms  for 

coml)Ustion  engines.    Flint.    18701 . 
Multiple  arc  lamps.    Wetter.  18925. 

\ljigii(、to  igiiitimi  tor  iiiteniiil-('oml)Ustion  engines.    ( 'ambesyedes. 

Arc  lamps.     British  'riioinson-Houston  Company.    22-'  \ -S . 
I:"gul;iti()ii    ot    altornating-cunent     dynamos.       Sicineiis  Bros. 

Dynamo  "Works,  Ltd.  22757. 
Electrical  switches.    T(、rr.y  &  Tow  nseiul.  22895. 
Common  battorv  telephone  systems.    Aktiebolaget  L.  M.  Ericsson 

and  Co.    23824  and  23918. 
Arc  lamps.    Kailiiig  A:  A  "gold.  23990. 
Dry-battery  cells.    Kudolphs.  24031. 

Dynamos  of  the  coni])ens;ited  type.       British  Tlionisuii-iionsion 
nnd  Neild.  24570. 


1912. 

Electric  circuits  and  fittings  therefor.    Cave.  12(i4. 

Magneto  appaiaturs  for  starting  internal-combustion  en^ine^. 
Unterberg  &  Helmle.  28G4. 

Sparking  plugs.    Zimmermann  &  Slaby.  5302. 

Detectors  for  wireless  telegraphy.    Pickard.  7251. 

Electric  accumulator  electrodes.    Pape.  7999. 

Electricity  meter's.    Isaria  Zahlervverke  Akt.- Ges.  822G. 

Arrangements  for  determining  position  by  means  of  electro- 
magnetic waves.    Thompson.  8559. 

Electrolytic  process  for  cleaning  metal  articles.  Langbein  Pfan- 
hauser  Werke  Akt. -Ges.  9609. 

Electric  signalling  apparatus.    Street.  9930. 

Arc  lamps.    Weber.  10737. 


METAL  QUOTATIONS. 

TUESDAY,  JULY  30th. 

Aluminium  ingot   75/-  per  cwt. 

，，         wire,  according  to  sizes,  &c  from  102/-  ，， 

，，         sheets        ，，           "                      ，，  120/ -  ，， 

Antimony                                           £28/-/-  to  £28/10/-  per  ton. 

Brass,  rolled    9^d.  per  lb. 

，，     tubes  (brazed)    1 1  jd. ，， 

，，       ，，     (solid  drawn)   lOd.     ，，  * 

，，       ，，     wire   9Jd.  ,, 

Copper.  Standard   £77/12/(>  per  ton. 

Iron,  Cleveland   58/8  ，， 

，， Scotch   63/9  ，， 

Lead,  English    £10/-/-  ，， 

，， Foreign  (soft)   £18/15/-  ，， 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

"           ,，           "       medium   3/6  to  6/-  " 

，，           ，，           ，，       large   7/6  to  11/- ，， 

Quicksilver   £8/10/-  per  bottle 

Silver   27|d.  per  oz. 

Spelter    £20/-/-  per  ton. 

Tin,  block   £204/-/-  ,， 

Tin  plates   U/lh  ，， 

Zinc  sheets  (Silesian)   £29/5/- 

，，          (Stettin  ；  Vieille  Montagne)   £29/7/6  ,, 
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THE 

UNITED  FLEXIBLE  METALLIC  TUBING  CO.,  Ltd. 
Works  ：  PONDERS  END,  MIDDLESEX. 
Head  Office : 

112,  QUEEN  VICTORIA  STREET,  LONDON,  E.G. 

The  "PERFECT"  VISE 


Dept.  Jv 


Second  and  Greatly  Enlarged  Edition. 

The  Testing  of  Engines, 
Boilers,  &  Auxiliary  Machinery. 

A  Treatise  un  the  Construction  and  Use  of  the  Instruments 
and  Methods  Employed  in  the  Testing  of  Prime  Movers  in 
the  Laboratory  and  Workshop         ::       ::       :;       ::  :: 

By  W.  W.  F.  PULLEN, 

W kitworth  Scholar  ；  Membtr  of  the  /nstiiutien  of  Mechanical  Engineers  ； 
Associate  Member  t>f  the  institution  ef  Civil  Enginetrs. 

Price  13/-  post  free. 

CONTENTS.— Tables  and  other  Data.  Mechanical  Aids  to  Calculation.  Measare- 
ment  of  Preseare.  Measuretuent  of  Temperature.  Measurement  of  Speed. 
Heasarement  of  power  Output.  Meaeurepient  of  Power  Input  with  Dynamometer. 
Measurement  of  Power  Input  with  Indicator.  Indicator  Rigs  and  Accessories. 
Hints  on  the  Management  of  IndicatorH.  Analysis  of  the  Steam  Engine  Indicator 
Diagram.  Other  Features  of  8 team  Engine  Diagrams.  The  Adjustment  of  the 
Slide  Valve.  Internal-combustion  En^ino  Diafranis.  Testina  Indicator  Springs. 
MeABaremeni  of  the  Quality  of  Steam .  Measurement  of  Quantity  of  Steam  and 
Water.  The  Testing  of  Steam  l':D«inw.  Fuel  Testing.  Tbe  Analysis  of  Flue 
Gases.  Boiler  TestinR.  Tbe  Testing  of  Auxiliary  Machinery.  The  TeBting  of 
Internal-combueUon  Engines. 

The  Sdeatific  Publkhing  Co.,  53,  New  Bailey  Street,  Manchester. 
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Edited  by 
WILLIAM    H.  FOWLER, 

Wh.  Sc.,  M.Inst.C.K. 

Telegrams:    "Scientific,**  Manchester. 
Telephone  No.  8628  Central. 

SUBSCRIPTION  RATES. 


United  Kiugtlom  ：  12/(3  per  aiinuiii,  pust  free. 
Anywhere  Abroad  ：  ~~ - 

17/6*  per  annum,  post  free.    Thin  paper  edition. 
21/  »  ，，  ，，  Thick  ，， 

^Foreign  KeniiiiaJiccs  liy  InlcruaUoual  J\] oney  Order  only. 
Note. — Direct  siihscnpiions  iiiclude  a  Free  Copy  of 

l^uwler's  u  Mechanical  Engiiioers'  Pocket  Book." 

t  Cheques  and  Postal  Orders  .should  be  made  payable  to  the 
bcientific  Publishing  Company,  and  forwarded  to  our  Manchester 
Office.  53,  New  Bailey  Street. 

Advertisements,  displayed,  for  insertion  in  curreat  issue  should 
mich  our  Manchester  office  not  later  than  first  post  Tuesday 
】nornmg，  and  small  prepaid  advertisements  not  later  than  first 
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Industrial  Accidents. 

A  study  of  the  ob^rvatioiis  and  .statistics  relating  to  indus- 
trial accidents  in  the  reports  of  the  Inspectors  of  Factories 
furnislies  interesting  readiug  to  those  who  have  time  and 
pat"、ii(T  ")  \v;ulc  l.lmmgli  1  hem.    Taking  the  accident  figures 
as  a  whole  the  year  1911  ； il   first  sight,  appears  to  compare 
rather  luifavourably  with  I  Iio  years  ininiediatelv  preceding  it, 
J"  1908  and  1909  there  was  a  diniinutiou  both  in  fatal  and 
n (出 r;t",l  accidents,  as  compared  with  1907,  but  1910  showed 
a  sharp  rise,  which  was  continued  last  year,  when  the  fatali- 
ties again  equalled  those  recorded  iu  1907,  while  the  n on- fatal 
accidents  marked  an  increase  of  nearly  20  per  cent,  ou  that 
period.    Tin's  increase^  however,  appears  to  be  due  mainly  to  a 
more  ^<-(Hirate  system  of  rr<  ording  injuries  and  to  a  greater 
readiness  to  claim  in  rpspet't  to  them,  combined  with  greater 
eniploymeiit  arising  out  of  increased  population  and  greater 
trade    activity,    for    analysis    of    the    uou-fatal  accidents 
shows  that  the  increase  was  enlirely  in  those  of   a  trivial 
nature,  such  as  burns,  Krakls,  and  bruises,  while  those  of  a 
serious  character,  sudi  as  the  loss  or  fracture  of  a  limb  or  loss 
uf  sight,  were  "distinctly  fewer,  despite  the  increase  iu  the 
number  of  persous  engaged.    Incidentally  the  analysis  illus- 
trates the  difficulty  of  instituting  comparisons  between  figures 
and  the  danger  of  juinpin^  to  conclusions.    That  accidents 
are  still  too  frequent  is  undoubted,  but  it  is  impossible  to 
compare  the  successive  annual  reports  that  are  issued  without 
feeling  that  very  distinct  progress  lias  been  made  both  iu 
respect  to  safety  and  sanitation  of  industrial  occupations, 
and  the  latter,  although  less  visible  in  figures  of  industrial 
risk,  ultimately  contributes  more  to  the  health  and  longevity 
of  workers,  and  succeeds  in  doing  so  because  it  operates  in 
many  ways  through  agencies  they  cannot  control.    It  is  im- 
possible to  investigate  the  causes  of  personal  accidents  with- 
out bei"g  struck  with  tlic  extent  to  which  workmen  contri- 
bute to  their  own  undoing.  Not  only  does  familiarity  breed 
in  them  couteinpt  for  risk,  but  tliey  appear  to  ofteu  go  out 
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of  their  way  to  seek  it  ；  the  greatest  difficulty,  in  fact,  in 
designing  safety  devices  for  liiarliiiiery  is  to  make  them  "fool- 
proof." Observations  to  this  effect  crop  up  in  the  various 
reports.  A  boy  is  killed  by  sheer  legs  on  which  he  is  swing- 
ing in  his  dinner  time  falling  on  him  ；  a  painter  sends  away 
a  man  who  is  holding  a  ladder,  which  tlien  slips  and  < '；] ns^s 
his  death  ；  a  man  is  nearly  killed  tlirouyh  ^roin^  behind  liis 
lathe  among  some  shafting  to  kill  time  while  ； i  not  lior  in  an 
repairs  his  niacliine.  Men  will  persist  in  doing  things  1  licy 
are  expressly  forbidden  to  ；  they  will  ('ndcavom'  to  put  belts 
on  pulleys  running  at  high  speed,  tliey  will  remove  guards  or 
fences  from  saws,  emery  wheels,  and  <»1  licr  dangerous  things, 
if  it  interferes  or  they  think  it  inter  Feres  with  their  work  : 
girls  will  wander  about  amongst  revolving  sliai'ting  wit ]i  their 
hair  flying  loose.  It  is  the  same  with  regard  to  electrical 
machinery  ；  safety  devices  are  neglected,  obvious  precautions 
ignored.  It  is  useless,  of  course,  to  rail  at  all  this,  iliey  are 
only  examples  of  human  weakness  and  liabilit  y  t  o  v rr  wli  irln  ;i  n 
be  expressed  in  figures  where  large  numht'fs  of  i  tic  it  or  woukmi 
are  working  for  any  purpose,  and  must  be  reckoned  with 
as  a  definite  factor  in  the  statistics  of  factory  (Miiploynieiit. 
Further,  it  is  not  the  wtirkmon  alone  who  (lisol)(、)'  i  11  j  11  net  i(Mis 
designed  for  safety,  as  is  shown  by  1  lie  list  of  |>n>s(vut ions 
employers  for  non-provision  of  statutory  safety  appliances 
and  the  instances  of  neglect  of  reasonable  suj>ervision .  Saw 
guards'  are  now  compulsory,  yet  "  while  it  is  rare  i-o  {iud  one 
unprovided  with  a  guard/'  it  seems,  says  the  inspector  for 
the  south-eastern  division,  "  almost  as  rare  to  find  one  with 
the  guard  properly  adjusted  to  the  work  in  liaiid."  This  may 
be  due  to  some  extent  to  the  exaggerated  claims  of  nianu- 
facturers  as  to  the  adjustability  of  their  guards  for  different 
sized  saws.  "  One  pattern  of  circular  saw  guard  (it  is 
almost  a  pity  the  make  is  not  stated)  seems  always  to  be 
supplied  two  or  three  sizes  too  large,  and  raimot  be  set  to  any 
useful  degree  of  safety."  The  fact  should  be  noted,  for  it  is 
useless  to  expect  the  same  guard  to  fit  saws  which  differ  by 
more  than  a  few  inches  in  diameter. 

Shafting  is  as  usual  a  prolific  source  of  casualties,  through 
workpeople  approaching  it  incautiously  and  getting  their 
clothing  entangled.  The  danger  of  projecting  nuts  and  studs 
of  couplings,  is,  however,  now  better  recognised,  and  in  this 
connection  the  inspector  for  the  Dundee  district  mentions  a 
simple  and  inexpensive  way  of  fencing  short  lengths  of  shaft- 
ing, viz.,  heavy  millboard  tubing  such  as  is  commonly  used 
for  carrying  unmounted  pictures  or  drawings.  This  can  be 
obtained  for  a  few  pence  a  yard,  and  when  split  longitudinally 
can  be  sprung  on  the  shafting  and  sealed,  and  allowed  to 
ride  loose  or  be  held  by  a  light  wire  bracket.  Cranes  and 
lifting  gear,  as  usual,  contribute  largely  to  the  list  of  acci- 
dents, but  the  peiroentage  due  to  breakage  of  ropes,  chains,  or 
gear,  though  the  results  are  serious,  is  relatively  small  as  com- 
pared with  those  arising  from  the  dislodging  of  articles  care- 
lessly slung.  The  practice  of  annealing  and  testing 
chains  and  lifting  gear  is  becoming  more  general  in 
large  engineering  and  shipbuilding  establishments,  though  in 
binaller  shops  a  good  deal  is  left  to  chance,  and  in  respect  to 
wire  ropes,  it  may  be  remarked  that  exaniination  is  of  littk 
use  unless  the  grease  with  which  a  rope  is  covered  to 
protect  it  from  rust  is  thoroughly  cleaned  off  before  the 
inspection  takes  place;  and  further,  that  the  use  of  large 
pulleys,  by  avoiding  excessive  bending  action,  materially 
contributes  to  the  life  of  a  wire  rope. 

Grindstone  and  emery  wheel  failures  are  irtHjiicnt  in  the 
Slitllield  district,  no  lower  than  8G  failures  of  grind- 
stones  and   14   of  einery   wheels   being  recorded  in  1911. 


As  a  careful  analysis  shows  that  the  greatest  number  of 
^rindsloiies  burst  when  the  surface  speed  exceeds  :;，0(»()i't.  per 
uiiuute,  it  is  urged  with  reason  that  this  speed  should  not  I 化 
exceeded.  Further,  stem's  in  stock  -should  not  be  exposed 
to  the  weailier,  as  frost  and  (lamp  lend  to  develop 
inherent  defects,  while  the  holes  in  the  centre  for  the 
arbor   should   be  round    and   not   square,   as   the  swelling 

t  lie  wedges  sets  uj)  severe  stresses  at  the  corners. 
Emery  wheels  are  now  run  with  greater  safety  than 
was  the  case  a  few  years  ago,  owing  to  the  wheels 
； is  ； i  v\i\v  being  made  of  better  material  and  boin^  inmv,  carc- 
iully  niounlccl  on  the  spindle,  but  several  accidonts 
arc  still  trari:'; 山 1('  to  wheels  being  badly  "mmik、d  ； md  run 
at  excessive  speed.  One  fatality  which  occurred  while  the 
wheel  was  having  a  trial  run  may  be  noted ,  as  it  sliows  the 
danger  of  running  without  safety  a]>pliances^ven  temjmrarily. 
Tli('  wlu't、l，  】8iii.  din  in.,  had  a  tablet  attached  stating  that 
] ,100  revolutions  was  the  reconiiiiended  speed  and  that  it 
lia(l  been  tested  to  1,900.  At  the  trial  it  was  being  run  with- 
out guard,  and  when  the  speed  reached  1,500  revolutions 
it  burst,  and  one  of  the  fragments  Ktruck  the  mechanic  in 
charge  and  killed  him. 

During  the  course  of  the  year  191】  particular  efforts 
appear  to  have  been  made'  to  reduce  the  frequency  of  accidents 
in  t'ound ries.  The  most  frequent  cause  of  these  is  tlie  spilling 
of,  molten  metal  and  the  burning  of  workmen,  especially  about 
the  feet.  The  men  often  contribute  to  them  by  their  careless- 
ness in  carrying  metal  to  the  moulds  or  catching  it  at  the 
cupola,  and  it  is  generally  agreed  that  burns  would  be  less 
frequent  if  ]ii*eii  wore  special  boots  provided  with  strips  of 
leather  or  "spats  ，，  over  the  】ace  holes  to  pre  vent  the  entrance 
of  metal.  It  is  stated  that  in  some  instances  the  risks  o\'  acci- 
dent are  increfised  owing  to  overcrowding,  especially  in  shops 
engaged  cm  piecework,  and  to  the  placing  of  iron  plates  und*.  r 
the  cupola  spout  or  in  gangways  in  certain  foundries.  The 
general  opinion  appears  to  be  that  under  the  cupola  such  plates 
are  both  dangerous  and  unnecessary  and  that  where  used  in 
gangways  for  convenience  of  transporting  metal  they  should 
b&  deeply  checkered  to  present  a  rough  surface  and  diminish 
risk  of  slipping,  and  that  brick  or  concrete  is  a  better  material. 
The  imperfect  lighting  of  foundries  is  no  doubt  responsible  for 
some  accidents,  especially  where  there  are  overhead  travelling 
cranes,  and  tho  dirty  nature  of  the'  work  and  surroundings 
makes  a  satisfactory  solution  rather  difficult,  especially  in 
older  foundries,  which  in  many  cases  appear  to  have'  been 
designed  as  if  light  were  something  to  bo  dreaded.  The 
artificial  illumination  with  a  ring  or  star  of  gas  flames  perched 
in  the  roof  and  still  frequently  met  with  is  of  little1  uss  and  in 
modern  shops  is  being  replaced  with  high-pressure  incan- 
descent gas  burners  or  electric  light.  In  big,  lofty  shops  one 
or  two  rows  of  arc  lamps  n'e'ar  the  roof  supplemented  with 
filament  lamps  at  th'e'  sides  seem  to  provide'  a  satisfactory 
solution.  The  arc  lamps  which  give  out  a  bluish-white  light, 
however,  should  be  avoided,  as  experience  shows  the  light  does 
not  penetrate  dust  fumes  oi*  vapour  so  well  as  light  of  a 
yellowish  colour.  It  may  be  pointed  out  that  whatever  kind 
of  light  is  adopted,  and  whether  it  be  generous  or  limited  in 
quantity,  it  pays  to  supplement  the  illuuiiiiation  by  a  fre- 
quent renewal  of  limewash  on  the  walls.  The  diffusion  of 
light  in  a  room  so  treated  is  several  times  as  great  as  in  one 
where  the  walls  are  dirty. 

In  1909  a  detailed  analysis  was  given  in  the  ftiinual  report 
of  accidents  in  cotton-spiiiTiing  mills  with  a  view  to  showing 
llii'  roiat  ion,  if  any,  between  (1)  cHiisatioii  and  occupation  ； 
(2)  causation  and  hour;  (3)  day  of  week  and  hour  ；  (4)  age 
and  occupation  j    (5)  ago  aud  injury  ；    (G)  ago  and  hours  of 
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work  before  accident.  In  the  following  year  a  similar  analysis 
was  applied  to  shipbuilding,  and  the  present  report  gives  the 
similar  data  with  regard  to  the  manufacture  of  locomotives 
aud  automotors.  It  is  necessary  to  be  careful  in  drawing  conclu- 
sions from  the  maze  of  figures  presented  in  these  tables,  but 
there  can  be  no  harm  if  we  exercise  due  reservation  in  noting 
their  general  aspects.  Taking  the  relationships  in  the  order 
nanie<l,  it  appears  that  in  the  locomotive  industry  that  of  the 
accidents  reported  to  certifying  surgeons ― which  】uay  be  taken 
as  sufficiently  serious  to  suspend  employ  meat ― we  find  the 
greatest  incidence  is  on  meu  working  lathes,  with  a  total  of 
199.  After  them  follow  hammermen  and  smiths  with  149,  and 
theu  come  labourers  with  139，  fitters  with  95，  borers  and 
drillers  with  84，  and  planers  and  simpers  with  76，  after  which 
come  men  connected  with  boiler-making,  such  as  punchers, 
riveters,  and  platers  with  17，  18，  and  4  respectively.  These 
figures  give  of  course  only  an  indication  of  frequency  of 
serious  accident  and  do  not  of  course  differentiate  even  the 
latter  feature.  When  we  turn  to  minor  accidents  which  were 
reported  to  inspectors  only,  the  figures  give  again  another 
interpretation,  for  fitters,  who  come  in  for  slight  bruises  as 
part  of  the  daily  programme,  head  the  list  with  a  total 
casualty  figure  of  901，  after  which  follow  labourers  with  601， 
and  then  hammermen  373，  boiler  makers  240,  riveters  139， 
and  while  turners  in  the  previous  classification  rank  worst 
stand  rather  low  down  with  a  total  of  127.  These  figures  of 
course  only  give  a  rough  indication  of  the  comparative  risk 
of  different,  trades  because  the  total  number  employed  is  not 
stated,  and  ill  fact  go  to  show  how  difficult  it  is  to  get  any- 
thing wliich  is  really  comparable.  Turning  to  the  relation  be- 
tween causation  and  hour  of  accident/'  we  seem  to  get  on  more 
stable  ground,  for  the  accident  rate  increases  definitely  with 
the  time  distance  from  the  starting  point  in  the  morning  ;  it  is 
comparatively  low  first  thing  and  increases  to  breakfast  time. 
Aft-er  this  the  rate,  starting  again  at  a  low  level,  though  not 
quite  so  low  as  at  first,  steadily  mounts  up  to  dinner  time, 
when  another  cycle  begins,  the  rate  steadily  mounting  up  to 
the  evening  stopping  time.  The  variation  is  of  the  kind 
wbich  would  be  naturally  expected,  and  illustrates  how  fatigue 
and  risk  in  inanual  operations ― depending  for  performance 
on  co-ordination  'twixt  eye  and  hand ― move  more  or  less  on 
parallel  lines.  An  inspection  of  the  number  of  accidents  from 
day  to  clay  throughout  the  week  does  not  indicate  any  pro- 
nounced cyclic  change  such  as  appears  in  the  daily  analysis. 
The  run  of  figures  is  fairly  uniform,  and  would  seem  to  show 
that  the  night  s  rest  fairly  recuperates  thoss  engaged  in  loco- 
motive manufacture  and  enables  them  to  begin  Friday's  task 
with  no  greater  percentage  of  accident  risk  than  Monday.  A 
uniformity  of  a  similar  kincT  characterises  the  accident  rate 
moiitli  to  month,  at  all  events  the  differences  are  too 
"nail  to  permit  of  any  serious  deduction  baing  basad  upon 
tliem.  The  tables  giving  the  relation  bstwe&n  age  and  occupa- 
tion and  age  and  nature  of  injury  suggests  a  more  interesting 
analysis,  but  only  permit  of  imperfect  conclusions,  because  the 
mimbers  engaged  at  any  particular  age  are  not  stated.  Taking 
the  totals,  however,  as  they  stand,  they  support  the  general 
'( 川' lusimi  tliafc  has  been  arrived  at  by  actuaries  that  risk  of 
accident  is  often  coupled  with  the  inexperience  and  lack  of 
caro  exercised  by  the  young,  and  not  due  so  mucli,  as  some 
think,  to  the  lack  of  agility  in  old  age. 


them  iu  a  aianiier  which  would  indicate  the  per  cent,  of  curliuji 
contained  in  each. 

I  believe  if  we  would  make  about  four  classificatioiis  、v('  would 
meet  all  the  requirements  for  tool's  used  in  ruili-oad  sliops,  whicli 
should  be  as  follows  ： 一 

(1)  Should  contain  0*65  to  0*75  p('r  ('''if.  finhoii. 

(2)  Should  contain  0-75  to  0-85  per  ccnl .  (  ； irl 丌川. 

(3)  Should  contain  0-85  to  0-1)5  p"r  cent,,  cai-hon. 

(4)  Should  contain  0-!)5  to  i  -05  per  cent,  carbon. 

To  be  sure  we  get  the  per  cent,  of  carbon  in  the  steel  we 
desire,  steel  received  may  be  referred  to  our  test  department  for 
analysis.  Workmen  not  familiar  with  tlic  per  cent,  of  carbon, 
contained  in  the  steel  cannot  heat  the  steel  with  any  uniformity 
in  result. 

With  the  grades  that  I  have  reconiniended  we  sliould  heat 
aud  harden  our  steel  to  the  temperatures  here  tabulated  ： ― 

Heating  for  Fonjimfs. 

Grade  No.  1  should  be  1,750°  Fah. 

Grade  No.  2  should  be  1,700°  Fah. 

Grade  No.  3  should  be  1,650°  Fall. 

Grade  No.  4  should  be  1,600°  Fall. 

Heating  for  Hardenivy. 

Grade  No. 】 'should  be  1,480°  Fall. 
Grade  No.  2  should  be  1,475°  Fah. 
Grade  No*  3  should  be  1,455°  Fah. 
Grade  No.  4  should  be  1,150°  Fah. 

Heating  for  Amiealivg. 

All  grades  from  1,250°  Fah.  to  1,300°  Fah. 

Draw  temper  of  all  grades  to  suit  character  of  work  to  be 
performed.  As  a  matter  of  inforniatioii  I  would  suggest  that  the 
first  grade  of  steel  be  adopted  for  use  in  making  pick  points, 
wrenches,  pinchbars,  crowbars,  &t'.  The  second  grade  to  make 
smith  tools,  boilermaker  tools,  track  tools,  hammers,  sledges, 
cold  chisels,  chisel  bars,  &c.  The  tliird  grade  to  make  general 
liiachiiie-shop  tools,  counterbores,  milling  cutters,  punching  tools, 
rivet  sets,  shear  blades,  machine  drills,  &c.  The  fourth  grade 
to  make  taps,  dies,  reamers,  small  machine-shop  tools,  brass 
tools,  &c. 

C.  A.  Cook,  master  mechanic,  Chicago,  Indianapolis  and 
Louisville  Railway  Company,  Lafayette,  Ind.  :  I  do  not  think 
it  would,  be  at  all  practical  to  use  one  standard  of  steel  for  the 
making  of  the  various  tools  mentioned,  but  I  believe  it  could  be 
covered  by  two  carbon  numbers.  For  the  reamers,  taps,  drills, 
and  thread-cutting  tools,  I  find  that  about  0  •  (J0  to  1-00  per  cent, 
carbon  give  the  best  results  ；  but  for  rivet  snaps  and  all  tools 
with  shanks  on  to  be  used  in  air  tools,  also  punches,  dies,  and 
shear  blades,  where  they  are  subject  to  shock  and  beating,  a  lower 
per  cent,  of  carbon,  say  about  0  75  per  cent.,  should  be  used. 
I  find  that  I  get  the  best  results  from  tools  we  make  by  following 
those  carbon  percentages  for  tlie  two  different  classes  of  small 
tools  mentioned. 

W.  J.  Eddy,  inspector  of  tools  and  machinery,  Rock  Island 
Lines,  Chicago  :  The  per  cent,  of  carbon  that  should  be  used 
in  tool  steel  for  making  taps  and  reamers  should  be  0  -  95  to  1  •  10  ; 
for  punclies  and  dies,  0*85  to  1  -00  ;  for  rivet  snaps,  0-65  to  0-80. 
The  writer  doubts  very  much  whether  tools  containing  shanks 
used  in  connection  with  air  hammers  should  be  used  in  the  same 
class  as  shear  blades.  Shear  blades  should  contain  0 •  (J0  to  1-00 
per  cent,  carbon,  and  if  rivet  snaps  are  included  in  this  list  they 
should  not  contain  so  much  carbon. 


SUGGESTED  CLASSIFICATION  OF  CARBON  TOOL  STEEL 

BY  HKNRY  OTTO. 
()N  iUrou,lt  of  tl"'  Jiutny  varieties  of  steel  in  the  market  it  is 
"itln'r  u  (lillicult  nuitfcr  for  tool  foremen  to  make  u  correct  order 
to  w'ru";  tlu:  real  article  needed  for  tlicii'  various  rcquircnicnts. 
My  idea  would  be  to  standardise  tlic  glides  of  steel  and  name 


The  Institution  of  Civil  Engineers.  —The  Council  of  the 
Institution  of  Civil  Engineers  have  resolved  to  propose 
at  the  next  meeting  the  election  of  Mr.  Thomas 
Coltrin  K©&fer,  C.M.G.,  of  Ottawa,  Canada,  as  an  honorary 
ineniber  of  the  Institution,  because  of  the  distinguished  part 
he  has  taken  in  the  engineering  enterprises  wbich  have  aided 
so  largely  the  development  and  prosperity  of  the  Dominion, 
and  on  account  of  the  services  which  he  has  rendered  to  civil 
ongineeriiig  during  his  long  association  with  it  since  his  entry 
into  the  profession  in  the  year  1838. 
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WIRE  ROPES  FOR  LIFTING  APPLIANCES.* 

BY  DANIEL  ADAMSON. 
The  question  of  the  d urability  of  the  parts  of  "ierham'"l 
structures  seems  to  be  strangely  neglected  l)y  all  aut horit ios. 
A  designer  has  generally  the  choice  of  several  formulae  for 
calculating  the  mere  strength  of  a  given  member,  but  usually 
he  has  to  depend  upon  his  own  experieuro  for  the  rorrerl  nrss 
of  the  proportions  that  will  ensure  for  it  ；)  reasoiiHl>l(i  lt'ngtli 
of  life.  The  durability  of  wire  ropes  in  particular  is  of  ^rv.ai 
importance  to  all  engineers,  whether  en^a^cd  in  the  design 
and  manufacture  of  lifting  appliances,  or  i"  tboir  care  and 
m''i  nagement. 

The  two  most  inipoilaut  coiulitions  "|)pertai，i"，g  \o  tlio 
manufacture  and  use  of  steel  wire -ropes  lluit  ； iffert  tlieir 
durability  are  ： ― 

(a)  Quality  of  material  and  size  of  wire. 

(b)  Diameter  of  pulleys  and  arrHii^enieut  of  ro]>es. 

(a)  Quality  of  Material  and  Size  of  Wire, ― The  wire  used  for 
lifting  ropes  is  of  crucible  steel  havi;)^  ； i  t"nsil"  strength  vary- 
ing from  80  to  130  tons  per  square  inch.  Although  roj>es 
made  from  material  having   a   high   tensile  strength  are  of 


DtAM.  OF  PULLEY 


CIRCUMFERENCES    OF  ROPE 


Fig.  1. 


-Experiments  on  Durability  of  Wire  Kopks  as  affk<jted  by 
Diameter  of  Pulley.  (1890). 


smaller  diameter  for  a  given  load  and  a  given  factor  of  safety, 
yet  this  is  not  a  great  advantage  to  the  crane  designer  because 
the  stiffer  character  of  the  wires  makes  larger  drums  desirable, 
if  the  durability  of  the  rope  is  to  be  considered,  notwitbstanrl- 
ing  that  some  rope- makers  claim  as  an  advantage  for  the 
stronger  material  that  it  does  enable  smaller  pulleys  to  be 
used  with  a  consequent  lower  cost  of  the  working  parts  of  the 
crane. 

The  ratio  of  the  diameter  of  the  individual  wires  to  the 
diameter  of  the  completed  rope  is  an  important  factor.  If 
the  wires  are  too  large  they  are  stressed  considerably  when 
passing  over  the  pulleys,  and  accordingly  the  material  is 
quickly  fatigued  and  the  wires  break.  Smaller  wires,  on  the 
other  hand,  are  more  quickly  worn  through  by  i'ul)l>ing  against 
the  pulleys  and  against  their  neighbours  in  the  body  of  the 
rope.  The  stress  in  a  wire  due  to  bending  round  a  pulley  is 
directly  proportional  to  th&  modulus  of  elasticity  and  to  the 
diameter  nf  t  he  wire,  and  inversely  proportional  to  the  radius 
of  t  he  pulley  ；  therefore  the  radius  of  tlie  pulley  sliould 
increasefl  with  an  increase  in  the  modulus  of  elasticity,  it'  tlic 
san iimnlx-T  of  IxmkIh  is  to  be  endured  by  a  stronger  wire  of 
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the  same  diameter.  Unfortunately  a  theoretical  calculation 
of  the  stresses  induced  in  the  wires  of  a  rope  by  being  bent 
over  a  pulley  does  nob  alone  afford  a  reliable  guide  to  the 
length  of  life  to  be  expected  from  the  rope,  for  consideration 
liiust  also  be  given  to  the  mutual  wear  that  takes  place 
amongst  the  wires. 

Assiuiiiiig  for  the  purpose  of  comparison  that  two  ropes  are 
const ructecl  of  equal  size,  one  from  wires  half  the  diameter  of 
those  in  the  other,  then  for  equal  strength  the  one  rope  will 
have  four  times  the  iiuinber  of  wires,  and  each  of  the  wires 
will  have  one-quarter  the  cross  se<'tional  area.  A<:L'onlin^  to 
the  usual  I oiniula,  the  stress  due  to  bending  will  be  half  as 
severe  in  t  lie  sniallcr  as  in  the  larger  wires,  when  the  ropes 
Hie  bent  over  pulleys  of  the  same-  diameter.  If  it  be  allowed 
that  h,  reasonable  figure  for  the  estimated  stress  due  to  bend- 
ing an  ordinary  roj>e  over  a  pulley  of  a  size  usually  adopted 
in  crane  design  be,  say,  30  tons  per  square  im'h,  and  the  stress 
due  to  the  suspended  load  be  10  tons  per  square  inch,  tli('n、 
"'ill  be  a  range  of  stress  of  40  tons  per  square  inch  in  t he 
material  each  time  the  niaximuni  load  is  lifted  and  rekas('(l, 
and  the  corresponding  stresses  in  the  rope  of  finer  wires  will 
be  15  tons  per  square  inch  due  to  bending,  and  as  before 
10  tons  p'T  scjuare  inch  due  to  the  suspended  load,  or  a  total 
range  of  25  tons  per  square  inch. 

Judging  by  the  discussion  that  took  place  on  Messrs. 
Eden,  Rose,  and  Cunningliani  's  Paper  before  this  Institution 
in  November  last,  on  "  The  Endurance  of  Metals,"  there  is， 
as  yet,  no  agreement  as  to  the  exact  effect  upon  the  endurance 
of  variations  in  the  working  stresses.  It  seems,  however,  to 
be  reasonable  to  assume  that  a  reduction  in  range  of  st  ress 
t  ruin  10  tons  per  square  inch  to  25  tons  per  square  inch  would 
increase  the  life  o("  material,  such  as  ropes  are  composed  of, 
about  500  times.  As  no  such  improvement  "i  the  life  of  a 
rope  has  ever  been  experienced,  or  is  to  be  reasonably 
expect-ed,  it  must  be  taken  for  granted  that  abrasion  is  the 
])rincipal  factor  in  limiting  the  life  of  wire  ropes,  and  there- 
fore the  effect  of  abrasion  upon  the  suggested  rope  of  finer 
wires  may  now  be  considered. 

When  the  rope  of  finer  wires  is  passing  over  the  pulley, 
there  being  four  times  as  many  wires  in  it,  the  pressure  at 
each  point  of  contact  between  the  rope  and  the  pulley,  and 
between  the  individual  wires  of  the  roj>e  may  be  assumed  to 
be  one-quarter  of  what  it  is  in  the  rope  of  larger  wires.  The 
wires  being  of  half  the  diameter  the  damage  done  to  them  by 
contact,  even  under  this  lower  pressure,  will  be  at  least  half 
as  much  as  occurs  to  the  coarser  wires  in  the  other  rope，  and 
this  half  damage  done  to  a  wire  of  one-quarter  the  sectional 
area  will  result  in  the  cutting  through  of  the  wire  in  half  the 
time,  so  that  the  effect  of  abrasion  upon  the  rope  of  finer  wires 
will  be  twice  as  great.  If  a  smaller  pulley  be  used  for  the 
rope  of  finer  wires,  as  suggested  by  some  authorities,  the 
pressure  at  the  points  of  contact  and  the  stress  due  to  bend- 
ing will  be  proportionately  increased,  so  that  it  may  reason- 
ably be  expected  that  with  a  pulley-diameter  bearing  the  same 
proportion  to  the  diameter  of  the  wires  tlie  life  of  the  rope 
with  fine  wires  will  be  one-quarter  of  that  of  tlie  rope  of 
coarser  wires  working  over  a  pulley  of  correspondingly 
iucreased  diameter. 

A  German  investigator  (Ernst  Heckel)  refers  to  the  very 
great  surface  pressures  on  the  wires  at  the  place  of  contact 
with  the  pulley  (amounting  in  his  opinion  to  as  much  as 
12  tons  per  square  inch)  as  a  vital  point  in  connection  with 
the  wear  of  wire  ropes. .  This  high  pressure,  acconipanieci  as 
must  be  the  case  by  relative  movement  even  if  quite  small, 
readilly  accounts  for  the  wear  which  takes  place  on  the  sur- 
face of  the  wires  where  they  touch  the  pulleys  or  the  other 
wires  in  the  rope. 

\b)  Diameter  of  Pulleys  and  Arrangement  of  Ropes. ― The  lists 
issued  by  makers  of  wire  ropes  contain  reconunendations  as  to 
niiiiinium  sizes  to  be  adopted,  but  no  information  is  given  as 
to  the  effect  of  using  pulleys  of  different  diameters.  The 
author  has  felt  for  many  years'  past  the  want  of  such  in  forma- 
tion ； the  experience  of  users  afforded  no  reliable  guidance, 
presu niably  on  account  of  the  great  difi"er>ence  in  tlie  condi- 
tions under  which  ropes  work  in  difTerent  shops.  Reference 
to  a  paper  read  before  the  Manchester  Assu'  mt ion  of  Engi- 
neers, by  Mr.  Matthews,  in  1902,  brings  to  light  one  ^ivhz 
dillerence  in  the  working  of  cranes.    Mr.  Matthews,  in  his 
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paper,  suggested  that  400  to  1,700  lifts  per  crane  per  annum 
was  tlie  amount  of  duty  required  from  certain  cranes  under 
his  rontrol,  while  the  present  author,  in  the  discussion  on  Mr. 
Mattliews'  paper,  mentioned  32,400  to  43,200  lifts  per  (  raiie 
per  annum  as  representing  his  own  experience  in  another  class 
of  work.  Other  important  features  that  will  affect  the  life 
of  a  crane  rope  are  the  average  weight  lifted  and  the  average 
height  of  lift  :  cranes  are  generally  occupied  with  loads  much 
below  their  nominal  capacity,  but  this  will  vary  in  different 
workshops,  as  will  the  proportion  between  the  maximum 
height  of  lift  available  and  the  height  most  frequently  attained 
by  the  hook. 

Enquiries  addressed  to  the  users  of  cranes  elk-ited  very 
various  replies  ；  ropes  working  upon  cranes  of  the  same  general 
design  were  found  to  last  for  periods  of  from  two  years  to  ten 
years  and  upwards,  one  correspondent  suggested  that  20  years 
inight  be  expected  from  ropes  on  cranes  (of  from  5  to  20  tons 
rapacity)  if  damage  from  accidental  causes  could  be  elimi- 
nated. As  might  be  expected,  the  ropes  on  foundry  cranes 
have  not  so  long  a  life  as  in  erecting  shops,  the  relative 
difference  being  perhaps  as  three  is  to  five. 

The  most  reliable  and  consistent  information  that  the 
author  has  been  able  to  discover  (with  the  assistance  of  nume- 
rous friends  and  correspondents,  and  also  of  the  library  staffs 
of  the  Institution  of  Mec-hanical  Engineers,  in  London,  and 
of  the  Engineering  Library,  in  New  York,  to  all  of  whom  his 
sincere  thanks  are  due)  is  contained  in  a  paper  by  Mr.  A .  S. 
Biggart,  published  in  1890.  The  experiments  to  which  this 
paper  refers  were  undertaken  with  the  object  of  selecting  the 
best  form  of  rope  to  be  employed  in  the  construction  of  the 
Forth  Bridge.  A  full  description  of  the  apparatus  used  and 
the  details  of  the  investigation  will  be  found  in  the  original 
paper,  and  the  present  author  will  content  himself  with  a 
short  reference  to  the  experiments,  and  an  abstract  from  the 
conclusions  arrived  at,  adding  some  deductions  he  has  made 
for  his  own  guidance  and  for  the  purpose  of  this  paper.  The 
apparatus  used  by  Mr.  Biggart  contained  two  pulleys,  round 
which  the  rope  under  trial  was  passed,  the  lower  pulley  being" 
wei jilted  to  give  the  required  tension  on  the  rope.  The  ex peri- 
ments  consisted  in  passing  the  ropes,  under  a  normal  working 
load,  to  and  fro  over  the  pulleys  until  breaking  ensued.  Expe- 
rimeuts  were  repeated  with  different  diameters  of  pulleys  and 
different  makes  of  rope,  and  the  accompanying  diagram,  Fig. 
〗， shows  the  life  of  different  classes  of  rope  as  effected  by  the 
diameter  of  the  pulleys. 

The  effect  of  oiling  the  ropes  is  shown  by  the  diagram  to 
be  very  beneficial,  increasing  the  life  of  a  given  rope  by  two 
or  three  ti Tries.  This  is  obviously  due  to  the  reduction  of  the 
cutting  action  of  the  wires  upon  each  other.  Experiments 
were  also  made  to  ascertain  the  effect  on  the  life  of  a  rope  of- 
running  it  over  pulleys  so  arranged  that  the  rope  was  subjected 
to  reverse  stresses,  Fig.  4.  The  results  obtained  from  this 
series  of  experiments  showed  that  generally  the  life  of  a  rope 
working  under  such  conditions  was  only  one-half  as  long  as  a 
similar  rope  bent  in  one  direction  only. 

Fig.  1  is  based  upon  the  actual  figures  tabulated  in  Mr. 
Biggart's  paper,  while  Fig.  2  shows  the  present  author's 
approximations,  as  obtained  by  the  simple  method  of  drawing 
fair  and  regular  curves  through  or  near  the  points  represent- 
ing the  results  of  Mr.  Biggart's  experiments  over  such  a  range 
of  pulley  diameters  (measured  in  terms  of  the  circumference 
of  the  ropes)  as  obtain  in  general  overhead  crane  practice. 
Several  interesting  deductions  may  be  drawn  from  a  study  of 
these  figures.  The  time  of  breakage  of  the  first  wires  of  a 
rope  in  the  lowest  curve  is  only  recorded  for  one  make  of 
rope,  but  comparing  it  with  the  second  curve,  which  shows  the 
time  of  breakage  of  whole  ropes  of  the  same  make,  it  will  be 
seen  that  when  the  first  wire  breaks  the  rope  may  be  assumed 
t«  have  passed  through  one-half  of  its  life  and  as  no  one 
knowingly  works  a  rope  until  it  breaks  entirely,  then  the 
breakage  of  even  a  few  wires  is  a  sign  that  a  rope  should  be 
carefully  watched,  and  replaced  by  a  new  one  at  an  early 
opportunity. 

The  effect  of  varying  the  proportions  of  diameter  of  pulley 
to  diameter  of  rope  is  one  of  the  most  important  features  to 
bft  noticed.  Speaking  generally,  Mr.  Biggart's  experiments 
show  that  increasing  the  diameter  of  the  pulleys  by  an  amount 
equal  to  two  circumferences  of  the  rope  will  double  the  life 


of  the  rope.  This  is  approximately  correct  for  all  the  varieties 
of  rope  and  conditions  experiiuenterl  with,  and  may  therefore 
be  taken  as  equally  correct  for  all  the  varying  couditions 
inuler  which  cranes  are  worked.  It  is  very  remarkable  that 
so  simple  a  rule  should  evolve  from  sucli  nu morons  and  varied 
experiments,  and  the  author  hopes  that  its  statement  in  this 
form  will  be  of  some  value  to  designers  and  other  interested 
members.  That  it  is  sufficiently  correct  for  all  practical  pur- 
poses may  be  readily  seen  by  referring  to  Fig.  3，  where  the 
ratios  of  pulley  diameters  to  ropes  are  plotted  as  abscissae  to 
a  linear  scale,  while  the  durability  of  the  ropes  is  represented 
by  ordinates  drawn  to  a  logarithmic  scale. 

These  conclusions  enable  one  to  express  a  definite  value  for 
the  effect  upon  t]\e  durability  of  ropes,  of  the  various  arrange- 
ments of  pulleys  that  are  commonly  adopted  in  overhead 
cranes,  some  of  which  are  illustrated  in  Figs.  5  to  11.  Assum- 
ing that.  Fig.  G  (in  which  the  ropes  make  three  bends  in 
working,  namely,  one  at  the  upper  drum  and  one  on  each  side 
of  the  lower    pulley,  ？ ).，  at   entering    an r]    leaving)   is  the 
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d1am.  of  pulley  in  circumferences  of  rope 

Fig.  2.— Regular  Curves  based  on  data  tx  Fig.  1. 


arrangement  most  frequently  adopted  in  practice,  and  repre- 
senting the  anticipated  life  of  the  rope  under  these  conditions 
by  100，  then  the  relative  lives  of  the  ropes  in  each  of  the  other 
arrangements  indicated  will  be  shown  in  Table  I. 


Table  I. ― Comparison  of  Anticipated  Length  of  Ropes  arranged 
as  shown  in  Figs.  5  /oil. 


Fig.  No. 

Number  of  Bends. 

Relative  Life  of  Rope. 

1 

300 

(5 

100 

r>* 

8 

43 

9 

li 

27 

10 

7* 

374 

11 

11* 

25 

*  Including  one  reverse  bend  which  is  twice  as  effective  in  wearing  out  the  rope. 
If  it  be  desired  to  design  each  of  the  above  arrangements 
of  pulleys  so  that  the  ropes  shall  have  equal  durability,  then 
the  ratio  of  the  drum  diameters  to  rope  circumference  (if  the 
law  indicated  by  Figs.  2  and  3  is  to  be  relied  upon)  must  be 
increased  as  shown  in  Table  II. 
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It  is  quite  usual  for  purchasers  to  specify  in  their  enquiries 
that  the  diameters  of  the  pulleys  and  drums  must  bear  a  cer- 
tain relation  to  the  diameter  of  the  rope,  but  the  author  wishes 
now  to  emphasize  the  point  that  this  stipulation  is  not  suffi- 
Table  II. 一 Required  Increase  in  Diameters  of  Rope  Drums 
n  terms  of  Circumference  of  Rope)  required  to 


Fig.  No. 

Increase  over  Diameter  called  for  by  Fig.  6. 

1    。ir('imi(Vn'n'  (、  of  rope. 

8 

2 备 circumf(T(wes  of  rope. 

9 

匸               ，，  ，， 

10 

n                ,，  ，， 

11 

4               ，，  ，， 

cient  in  itself  without  some  consideration  being  also  given  to 
the  arrangement  of  the  rope  and  pulleys. 

If  the  generally  accepted  ratio  of  seven  circuni ferences,  or 


DIAM    OF    PULLEV   IN    CIRCUMFERENCES   OF  ROPE 

Fio.  3. ― Durability  as  affectkd  by  Diametrks  of  Rope  and  Pulley. 

twenty-two  diameters,  of  the  rope  for  the  diameter  of  the 
barrel  be  assumed  as  suitable  for  the  drum  and  pulleys 
arranged  as  in  Fig.  6,  then  the.  diameters  for  the  other  figures, 
to  give  equal  durability,  should  be  as  shown  in  Table  III. 

Table  III. ― Ratio  of  Diameter  of  Pulleys  and  Drums  to  Circum- 
ference of  Rope  to  give  Equal  Durability, 


Fig.  No. 

Ratio  of  Pulley  and  Drum  Diameter  to  Rope 
Circumference. 

5 

4 

to 

1 

6 

7 

to 

1 

7 

8 

to 

8 

9-5 

to 

1 

9 

11 

to 

1 

】(> 

10 

to 

1 

11 

1 1 

to 

1 

To  make  the  comparisons  quite  fair  between  tho  different 
arrangements  it  must  now  be  pointed  out  thai  owing  t'o  Uie 
increased  number  of  falls  of  rope  adopted  in  Figs.  8  and  (.)  11"、 
size  of  the  rope  may  be  reduced  as  shown  in  Tahlf  IV.  wliilo 
retaining  the  same  factor  of  safety. 

Table  IV. ― Relative  Rope  Circumference  allowing  for  Smaller  Ixodes 
due  to  increased  Numhcr  oj  Falls, 


Fig.  No. 

Nnml>er  of  Falls, 

lielative  Kopc  Ch-cnnifevence. 

5 

2 

140 

G 

4 

100 

7 

4 

ion 

8 

8 

70 

0 

12 

H7 

10 

8 

70 

11 

12 

57 

Combining  the  figures  given  in  Tables  III.  and  TV.  will 
give  drum  and  pulley  diameters  as  shown  in  Table  V. 

Tahlr  V.— Z)rwm  and  Pulley  Diameters  resulting  jrom  a  rmnliiva- 
tion  oj  Tables  III.  and  IV.,  and  still,  ussiiwhuj  thai  】（10 
represents  the  Condition  in  Fir/.  f>. 


Fig. 
No. 

l^atia  of  Pulley  and 
Urn  in  Diameter  to 
Hojn'  ('ircmnfcrence 
accoi'diiif4  to  Tablt'  III. 

Kclntive 
Circuiiiferencc  of 
Rope  as  per 
Tal>le  IV. 

liesultant  Pulley  and 
Drmi)  Diuincter 
nssnininM 
Fif!.  6  =  100. 

5 

4 

140 

80 

n 

7 

100 

100 

7 

s 

]()() 

111 

s 

9.', 

70 

95 

9 

]| 

57 

5)0 

JO 

川 

70 

100 

ii 

1  1 

57 

90 

The  noticeable  feature  in  the  last  table  is  that  whether 
two,  four,  or  six  falls  are  adopted  the  diameter  of  the  drum 
and  pulleys  should  reinain  about  the  same,  if  the  ropes  are  to 
have  equal  durability  (compare  Figs.  8  and  9  with  Fig.  6).  A 
recent  text- book  upon  the  subject  of  crane  design  states  (as  an 
advantage  of  a  large  number  of  falls  of  rope)  that  the  pro- 
portionately larger  pulleys  and  barrel  will  ensure  long  life  for 
tlie  ropes,  but  the  author  hopes  that  he  has  made  it  clear  that 
very  large  proportions  are  necessary  to  ensure  a  reasonable 
life  for  ropes  on  cranes  with  many  falls  of  rope.  Reference 
to  Fig.  No.  7  and  Fig.  No.  10  in  Table  V.  shows  the  increase 
that  should  be  mJiie  in  the  diameter  of  the  drum  and  pulleys 
if  a  reverse  bend  occurs  in  the  run  of  the  rope. 

Another  important  detail  in  crane  design  may  now  be 
referred  to.  In  Fig.  6，  as  already  mentioned,  the  ropes  make 
two  bends  at  the  lower  pulleys  to  one  at  the  drum,  and  there- 
fore, if  the  lower  pulleys  are  made  of  the  same  diameter  as 
the  drum,  they  will  be  responsible  for  two-thirds  of  the  wear 
and  tear  of  the  rope.  Now  it  is  usually  difficult  to  increase  the 
diameter  of  the  working  barrel  or  drum  of  a  crane  because  to 
do  so  affects  the  ratio  of  the  gearing,  and  also  requires  a  much 
larger  framework  with  a  correspondingly  greatly  increased 
cost  of  manufacture,  but  if  it  is  agreed,  as  a  result  of  Mr. 
Biggart's  experiments,  that  increasing  the  diameter  of  the 
pulley,  over  which  a  loaded  rope  passes,  by  an  amount  equal 
to  twice  the  circumference  of  the  rope  reduces  the  evil  effects 
of  bending  the  rope  round  it  to  one-half,  then  a  simple  means 
of  improving  the  durability  of  crane  ropes  is  immediately  at 
the  disposal  of  the  designer,  namely,  to  increase  the  diameter 
of  the  pulleys  in  the  blocks,  leaving  the  drums  of  the  original 
size,  as  indicated  by  Fig.  12.  This  alteration  can  usually  be 
effected  without  serious  alteration  of  the  design,  and  may  even 
be  carried  out  on  existing  cranes. 

The  result  of  increasing  the  diameier  of  the  pulleys  (as 
shown  by  Fig.  12)  by  an  amount  equal  to  two  circumferences 
of  the  rope,  will  be  that  the  effect  of  the  double  bend  round 
the  lower  pulley  is  halved,  and  the  result  effect  of  the  tTireo 
bends  will  be  equal  to  two  only,  and  the  relative  life  of  the 
rope  will  be  increased  by  50  per  cent. ,  or  ihe  drum  diameter 
might  b&  reduced  by  an  anioiuitr  equal  to  1*2  times  tho  cir- 
cumference of  the  rope  with  a  corresponding  reduction  in  the 
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size  of  the  framework  of  the  crab  or  winch,  while  still  retain- 
ing a  relative  life  for  the  rope  equal  to  Pig.  6.  In  this  case 
the  diameter  of  the  lower  pulleys  would  only  require  to  be 
about  one  circumference  of  the  rope  larger  than  the  original 
size  of  Fig.  6. 

In  making  the  foregoing  comparisons  of  diameters  of  drum 
and  pulleys  with  different  arrangements  of  rope  it  has  been 
assumed  that  the  hook  is  raised  to  the  full  height  available  at 
each  lift.  This,  however,  is  not  the  case  in  actual  practice, 
the  majority  of  loads  not  being  raised  one-half  this  height. 

This  consideration  brings  to  light  another  great  advantage 
of  Fig.  12  as  compared  with  any  of  the  others.  Where,  as  is 
usually  the  case,  the  average  height  of  lift  in  a  shop  does  not 
reach  half  the  maximum  available,  then  that  portion  of  the 
rope  which  passes  under  the  lower  pulley  does  not  reach  the 
upper  drum,  and  accordingly  is  only  subject  to  the  wearing 
nction  of  the  two  bends  at  the  lower  pulley.  If  therefore  the 
effect  of  the  bends  at  the  lower  pulley  is  reduced  to  one-half, 
by  the  proposed  increase  in  diameter  of  the  pulley,  then  the 
actual  life  of  the  rope  will  be  doubled,  instead  of  only  being 
increased  by  50  per  cent,  as  was  first  assumed. 

Where  there  are  more  than  two  falls  of  rope,  as  in  Figs.  8 
and  9,  the  effect  of  increasing  the  diameter  of  the  pulleys  by 
an  amount  equal  to  two  circumferences  of  the  rope  is  also  very 
marked,  reducing  the  effect  of  the  seven  bends  in  Fig.  8  to 


Various  Arrangemf.nts  in  Lifting  Appliaxcks.    (See  Table  I.) 


four  and  a  half,  with  corresponding  increase  in  the  lift  of  the 
ropes.  This  shows  up  the  fault  of  those  designers  who  adopt 
large  drums  (in  order  to  obtain  the  great  length  of  rope 
entailed  by  high  lifts)  and  are  yet  oontent  to  make  the  pulleys 
of  small  sizes,  when  they  could  enormously  increase  the  dura- 
bility of  the  rope  by  the  adoption  of  larger  pulleys  at  little 
extra  cost. 

When  the  rope  makes  a  reverse  bend  at  the  barrel,  as  in 
Figs. 7,  10，  and  11，  the  barrel  ought  to  be  increased  in  diameter 
to  counteract  the  effect  of  the  reverse  bend.  Thus,  if  in  each 
of  these  cases  the  diameter  of  the  drums  were  made  larger  by 
an  amount  equal  to  two  circumferences  of  the  rope,  the  dura- 
bility of  the  rope  would  be  equal  to  Figs.  6,  8，  and  10 
respecrtively. 

Some  continental  makers  point  out,  very  rightly,  the  (Jesir- 
ability  of  making  the  compensating  pulleys  of  reasonable  size. 
The  motion  over  su(,h  pulleys  is  apparently  considered  as 
negligible  by  some  designers  (judging  by  the  forms  of  con- 
struction adopted^,  but  this  point  of  view  overlooks  the  move- 
ment of  the  rope  due  to  the  swinging  of  the  load,  and  tlie 
repeated  bending  of  the  rope  at  the  same  place  over  a  small 


radius  has  an  appreciable  effect  upon  the  durability  of  the 
rope. 

Although  the  deductions  laid  down  here  appear  too  simple 
to  need  elaboration,  a  glance  at  the  designs  of  many  modern 
cranes  shows  that  neither  the  designers,  nor  the  purchasers, 
are  aware  of  the  importance  of  the  principles  involved,  other- 
wise we  should  not  see  modern  cranes  in  this  country  with 
reverse  bends  in  the  ropes,  and  as  many  as  eight  plies  of  rope 
to  carry  the  load  on  cranes  of  only  15  tons  capacity,  while  at 
tlie  recent  Brussels  Exhibition  there  woro  cr;i  ncs  cxliibitcd 
well-kuowti  contiiiput al  ni;ikers  showing  the  same  faults. 

The  author  would  like  to  add  tliat  while  lie  is  aware  of 
many  condit ions  affecting  the  durability  of  ropes  other  tlian 
those  he  has  referred  to,  he  regrets  that  want  of  first-hand 
experience  prevents  liim  from  dealiu^  with  them  as  he  would 
like,  and  he  hopes  that  other  members  will  help  to  make  up 
the  deficiency. 

The  qualities  of  wire  used  vary  considerably,  and  this, 
to^ellier  with  the  heat  treatment  in  lnanufacture  and  the  care 
taken  by  the  makers  in  testing  and  examination ,  are  ques- 
tions that  makers  of  ropes  are  in  a  better  position  to  dis<-uss 
than  users. 

The  "  lay  "  of  the  strands  and  the  lubrication  of  the  rope 
when  in  use  have  each  a  considerable  effect  upon  durability, 
and  some  guidance  on  these  points  may  be  obtained  from  Fig. 
3，  where  "  Lang's  lay  ，  ，  is  shown  to  have  more  than  double 
the  life  of  ropes  of  ordinary  li  ]ay，，，  and  ropes  that  are  oiled 
last  more  than  twice  as  long  as  when  this  precaution  is 
neglected,  as  already  mentioned.  The  superiority  shown  by 
" Lang's  lay  "  naturally  gives  rise  to  tlie  question  as  to  why 
it  is  not  exclusively  used ,  and  the  answer  the  author  has 
obtained  from  rope-makers  is  that  such  ropes  must  be  very 
carefully  handled  to  avoid  "  kinks,"  and  also  they  are  found 
to  be  more  liable  to  "  spin." 


NEW  COAL  DUST  EXPERIMENTS. 

The  Experimental  Plant  at  Eskmeals. 

The  first  report  on  Explosions  in  Mines  by  a  Departmental 
Committee  of  the  Home  Office  describes  the  experimental 
work  which  has  been  already  clone  at  Altofts  Colliery,  Nor- 
manton,  the  effect  of  which  it  says  was  ci  to  demonstrate  con- 
clusively the  fact  that  coal  dust  in  the  complete  absence  of 
fire  damp  or  other  inflammable  gas  is  explosive  when  raised 
as  a  cloud  in  the  air  and  ignited  under  conditions  which  may 
exist  in  a  coal  mine,  and,  moreover,  is  capable  of  producing 
such  destruction  as  is  observed  after  a  colliery  disaster.  In 
the  second  place,  the  experiments  indicated  that  the  admix- 
ture of  increasing  proportions  of  an  incombustible  dust  with 
the  coal  dust  rendered  the  initiation  of  an  explosion  increas- 
ingly difficult  to  accomplish,  and  that  therefore  a  means  of 
preventing  coal  dust  explosions  in  mines  might  possibly  exist 
in  the  treatment  of  the  roads  with  incombustible  dust,  such 
as  stone  dust.  In  the  third  place,  experiments  on  the  mode 
of  propagation  of  coal  dust  explosions  gave  an  indication  of 
the  manner  of  their  development  during  the  initial  stages, 
and  suggested  a  way  for  a  more  complete  study  of  the  pro- 
blem." Not  only  in  this  country,  but  also  on  the  Continent 
and  in  the  United  States  Government  departments,  and  mine- 
owners  had  recognised  the  importance  and  magnitude  of  the 
problem,  and  had  instituted  large-scale  experiments  on  the 
propagation  of  explosions  in  coal  mines.  On  being  approached 
by  the  Mining  Association  the  Royal  Commission  on  Mines 
communicated  a  proposal  to  the  Government,  which 
ultimately  undertook  to  provide  the  necessary  funds  for  ex- 
periments, and  a  Consultation  Committee  was  formed,  the 
first  meeting  being  held  at  the  Home  Office  in  May  of  last 
year.  The  site  at  Altofts  being  no  longer  available,  after 
examination  of  numerous  sites  a  piece  of  land  on  the  sea- 
shore was  chosen  near  Eskmeals,  in  the  county  of  Cumber- 
land, for  the  carrying  out  of  experiments. 

The  chief  features  of  the  apparatus  consist  of  three  steel 
tubes  or  galleries,  in  which  explosions  with  coal  dust  and  gas 
can  be  brought  about  and  tests  made  on  the  effect  of  stone 
dust  in  stopping  them.  The  largest  gallery,  7ft.  6in.  in 
diameter  and  about  800ft.  long,  is  made  of  disused  boilers, 
and  is  the  one  that  was  employed  at  Altofts.    It  has  been 
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],]arod  oast  and  wosi  with  one  end  pointing  seawards,  aiul 
there  is  room  for  its  length  to  he  increased  to  700  yards  in 
a  sti'aigl"  line  if  tliat  course  should  he  fouiul  desiral)le  in  the 
future.  Tt  rests  on  sleepers  laitl  on  the  shingle,  and  care 
has  hern  taken  to  make  the  joints  between  the  different  boiler 
sections  gas- tight  by  means  of  asbestos  ro])0.  At  its  eastern 
end  there  is  an  ； inn  turning  ;it  riglit  angles,  aixl  from  this 
again  a  second  arm  parallel  to  the  main  tul>e  leads  to  the 
fan-house,  which  contains  a  Sirocco  fan,  also  from  Altofts, 
driven  l)y  ho\\  f  rom  a  Robey  seini-])ortal)le  engine  t-apable  oi 
developing  2f>  h.|>.  A  sinafler  gallery,  4(H)l't.  loii^,  made  of 
3ft,  tine  |)ipes  and  supported  on  concrete  pillars,  i*uns  alono- 
s\de  1  ho  ttiain  L'.ullorv,  and  can  he  joined  to  it  at  each  end  by 
curved  tubes.  A  rrangements  have  been  made  for  inserting 
various  diaphragins  and  constrictions  in  its  t'ourse,  and  it, 
can  he  divided  up  into  coin  part  meni-s  (oi*  containing  gas 
mixtures,  so  tliat ,  for  example,  a  gas  explosion  started  in  it. 
can  ho  used  to  initiate  a  coal-dust  explosion  in  ihe  larger 
gallery.  The  firing  station  in  <omiort io»i  witli  these  two  lubes 
stands  on  a  sand-hill  just  to  the  iiortli  of  tliciu,  and  consists  oi* 
two  hfiilpr  shells  ui  .lin.  plate,  |)lace<l  ("id  to  end  and  of  a 
total  length  of  GOft,"  From  this  station  also  an'  controlled 
the  recording  instnunents,  wliicli  are  inouiite'd  in  a  series  of 
huts  between  the  two  galleries.  Records  will  be  taken  of 
pressure  and  velocit  y,  and  t  hero  is  in  eucli  lm(  an  ap])ar;itus 
whirh  will  |)hot()^r;i|>li  I  he  explosion,  ihrougli  ； i  slit  in  tlic 
till"'  *•(:、 屮 red  vv  i  I  li  t  hick  glass,  on  ； i  sensitised  disc  wliich  will 
be  rotate!  at  h  s|>po;I  »|iii<  k(M-  tli;m  that  ol"  tlie  travel  of  the  ex- 
plosion, and  will  tlius  yield  a  mollified  image.  Nearer  the  sea 
there  will  he  an  ohsorvat  ion  stat  ion  comiuaiKling  a  view  of  tho 
mouth  of  the  tube.  A  oas-holder  is  heino  »onst ru<;ted  between 
the  larger  and  smaller  galleries  to  supply  i^as  for  the  expori- 
inents. 

Still  further  to  the  iiortli  there  is  n  third  tube,  Ifb.  in 
diameter  and  ir>(»ft  -  loii^,  in  connection  witli  whicli  there  is 
an  electrically- 山' ivpii  Sinu-co  f:m，  together  with  a  gas-holder 
having  a  rapacity  of  1,500  cub.  tt .  This  fan  is  controlled 
from  the  so-called  "  rliroiiograpli  house,"  wliirli  will  be  used 
for  the  adjustment  and  nieasiuenient  of  the  recording  instru- 
ments>  and  which  will  contain  a  large  dark-room  for  the 
development  tlie  photographic  records.  Tt  is  expected 
that  this  sum  11  "il)e  will  be  ton nd  very  useful  for  experiments 
preliminai-y  to  those  to  be  tried  in  the  larger  tubes,  and, 
doubtless,  in  many  case's  these  experiments  will  be  sufficient 
to  settle  tlie  point  at  issue  without  recourse  to  the  main  tube 
at  all. 

South  of  the  main  tube  are  built  a  number  of  houses  con- 
taining accessory  plant.  Tn  the  power-houso  there  are  two 
semi-portable  Robey  steam  engines  of  25  li.]).  each,  which 
drive  two  dynamos,  generating  current  one  at  100  volts  and 
the  other  at  200  volts,  and  adjoining  it  is  an  accumulator 
room  filled  with  60  chloride  cells.  Another  house  contains 
the  coal  -crushing  plant,  which  is  able  to  furnish  dust  of  three 
different  degrees  of  fineness  ；  the  crusher  itself  is  the  one 
which  was  used  at  Altofts,  -ind  iL  iti  driven  by  a  10  h.p.  semi- 
portable  engine.  The  gas-making  plant  consists  of  two 
horizontal  retorts,  with  two  lime  purifiers,  which  deliver 
into  two  gas-holders,  one  having  a  capacity  of  4,000  cub.  ft. 
and  the  otlier  of  1 ,000  cub.  i't.  The  smaller  gas-holder  is 
intended  to  critch  the  earlier  prrducts  ot  distillation,  which 
resenil)le  pit  gas  in  containing  liti  le  oi  no  hydrogen,  and  it 
can  also  be  iised  for  the  storage  of  other  gases  or  vapours  with 
which  it  may  be  desired  to  experimeiu,  < .(/.,  petrol .  This 
gas-making  plant,  is,  of  course,  conaerted  by  mains  to  the 
two  other  gas-holders  which  serve  the  two  larger  galleries 
and  the  small  tube  respectively.  Close  to  the  retort-house 
t here  is  a  carpenter's  shop  and  mess-roon)  for  the  staff,  which 
inunher  a  dozen,  most  of  them  nie<'lia;iics  skilled  in  different 
blanches,  and  a  building,  ('()i"ai:iiw;  ;»  coinmittee  room , 
secretary's  rooin  and  ofTiceK,  caretaker's  ^ooin,  kitx'lien,  and 
some  living  rooms,  stands  near  by.  Most  of  these  buildings 
are  suhst ant ially  constructed  of  brick  plastered  with  Portland 
cement ,  whicli  is  rendered  waterproof  by  a  special  process, 
； t  licir  roof's  ； Ji-c  ('it  her  slate  or  of  icon  placed  on  boards 
covfied  witli  felt .  They  are  chiefly  ^rouppd  togetlier  towards 
tlie  firing  end  of  the  main  gallery,  whicli  is  not  the  poi»it 
wIhto  bursting  is  likely  to  o"'iii'，  I'i"    for  i heir  protection 


strong  barriers  consisting  of  two  rows  of  sleepers  with  a  couple 
of  feet  of  sand  )>ot  w^cn  tlieni  will  be  erected  where  they  seem 
desirable, 

Menl  ion  may  also  be  made  of  a  lamp-testing  station, 
though  (lie  work  to  he  carried  on  in  it  is  not  on  behalf  of 
tlie  (、）;》!  — l)ust  Kx])losi()iis  Committee.  It  stands  close  to  the 
small  "山 (-， and  it  will  he  devoted  to  tests  designed  to  ascer- 
tain tlie  behaviour  of  (lillVi'cnt  types  of  n»iners，  safety  lamps 
in  current*  of  explosive  gas,  their  light-giving  power,  and 
their  resistance  to  injury  sucli  ； is  "liglit  l>e  tause<l  if  they 
were  dropped  by  tlie  mint'i-. 

A  li^ht  railway  of  20in.  ^auge  connects  the  experimental 
stat  ion  proper  with  tlie  laboratory,  wliich  st  ； m(ls  about 
350  yards  io  the  eastwards  on  the  other  side  of  the  sand 
hills.  It  consists  ot  four  large  rooms,  and  adjoining  it  is  m 
liouse,  (jc<'U]>ied  by  the  cliiof  cliemist,  Mr.  Wheeler,  the  pro- 
vision of  which  was  rendered  possible  through  the  action  of 
tlie  Mining  Association,  who,  on  learning  that  no  part  of  the 
money  placed  at  tlie  committee's  disposal  was  available  for 
liousiiiL',  [ncsented  a  sum  of  £1,500  to  be  used  for  tliat  pur- 
pose. One  of  tlie  rooms  in  the  laboratory  is  used  as  a  store, 
another  is  fitted  up  with  a  lathe,  drilling  machine,  and  other 
tools,  by  t  he  aid  of  whirli  rt'p;iii's  can  he  effected  to  the  instru- 
ments ； while  tlie  other  two  are  equipped  with  a  complete  set 
of  apparatus  for  physical  and  clicniical  ex|>eriments,  particu- 
larly in  connection  with  gas  analysis  and  tlie  phenomena  of 
explosions.  Water,  gas,  and  electricity  are  laid  on,  the  first 
roming  I'rum  t he  village  Hoot lc,  a  few  miles  off,  and  the 
t wo  latter  from  the  experimental  station.  The  electricity 
supply  is  available  in  two  voltages,  100  and  200,  the  latter 
beini^  intended  ior  power  purposes,  though  an  oil-engine  is 
installed  to  work  tlie  niacliine  tools.  The  laboratory  and 
otlier  buildings  are  in  coininunication  by  telephone. 

From  the  foregoing  description  it  will  be  seen,  says  the 
report,  tliat  provision  has  been  made  for  complete  investiga- 
tions into  the  initiation  and  spread  of  coal-dust  explosions, 
whereby  we  hope  to  ascertain  the  means  of  preventing  or 
limiting  tliein.  It  may  therefore  be  some  time  before  we 
are  able  from  our  own  experiments  to  recommend  definite 
precautions.  There  is,  however,  one  point  to  which  it  is 
desirable  to  draw  attention— the  proposal  to  use  an  inert  dust 
as  a  preventative.  Tt  is  difficult  to  state  the  exact  date  of 
the  idea  of  using  stone  dust  as  a  protection  against  coal-dust 
explosions,  and  we  do  not  pretend  to  give  the  complete  his- 
tory of  the  progress  of  thought  upon  the  question.  We  may, 
however,  mention  a  few  instances  in  which  it  was  brought 
prominently  into  notice .  That  an  inert  dust  might  prevent 
the  ignition  of  coal  dust  seems  to  have  been  suggested  by  the 
facts  observed  in  several  mine  explosions,  such  as  that  at 
Seaham  in  1880.  In  our  opinion  further  experiments  upon 
the  action  of  stone  dust  are  essential  before  any  final  recom- 
mendation can  be  made. 

Attention  is  called  to  steps  taken  at  various  collieries  to 
put  the  theory  into  practice,  and  the  committee  express  the 
opinion  that,  even  in  the  present  incomplete  state  of  their 
knowledge  as  to  the  exact  action  of  inert  dust,  those  who  are 
working  and  carrying  coal  along  dry  and  dusty  roads  would 
be  well  advised  to  take  into  consideration  this  means  of 
obviating  danger.  The  committee  add :  ' '  We  do  not,  of 
course,  question  the  utility  of  watering  and  of  keeping  the 
mine  clear  of  dust  or  of  safety  cartridges,  tamping,  and  the 
various  other  remedies  which  it  will  be  our  duty  to  exawnne. 
Moreover,  the  proposal  to  prevent  the  igniti&n  of  coal  dust 
by  admixture  with  an  inert  dust  may  not  be  applicable  in  all 
mines,  but  we  consider  that  the  results  of  the  experiments, 
so  far  as  they  have  gone,  are  sufficiently  striking  to  merit 
serious  attention." 

The  effect  of  dust  upon  health  is  also  dealt  with.  The 
results  of  sundry  experiments  went  to  show  that  dust'  if  of 
slate  or  shale  or  other  argillaceous  substances  was  not  danger- 
ous. On  tlie  other  hand  all  kinds  of  dust  containing  finely 
])ow<lerecl  silica  in  its  crystalline  condition,  such  as  was  found 
iii  Sheffield  grinders'  shops,  were  apt  to  produce  fibrosis  of  the 
lung,  and  tliereby  to  facilitate  the  production  of  tuberculosis. 
1 1  followed  therefore  that  such  dusts  were  likely  to  be 
dangerous. 
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RECENT  DEVELOPMENT  OF  THE  AMERICAN  LOCOMOTIVE.* 

by  george  k.  henderson. 
Size  and  Power. 
Ten  or  twelve  years  ago  the  steam  locomotive  had  assumed  such 
proportions  that  it  was  thought  by  many  engineers  that  the 
limits  of  size  and  capacity  had  beeu  practically  reached.  The 
increase  in  weight  had  been  going  on  steadily  for  years,  but 
with  comparatively  few  advances  that,  at  a  single  bound,  were 
remarkably  in  excess  of  what  had  previously  been  done.  About 
this  time,  however,  a  number  of  circumstances  occurred  which 
made  it  absolutely  imperative  that  more  powerful  locomotives 
be  obtained,  and  these  last  ten  years  have  produced  different 
reasons  for  increasing  the  power  of  the  locomotive,  treading 
fast  one  upon  the  other. 

The  advent  of  large-capacity  freight  cars  has  resulted  in 
a  train  that  could  be  more  easily  handled  with  a  large  ton- 
nage than  it  could  be  in  the  old  cars  of  less  capacity,  as  the 
train  length  is  shorter  and  the  number  of  cars  in  the  train 
considerably  diminished  for  a  given  tonnage,  which  is  a  very 


important  factor  in  connection  with  the  proper  operation  of 
the  brakes  when  descending  grades.  Instead  of  cars  of  30  tons 
capacity,  which  were  the  common  maximum  a  decade  since, 
50-ton  cars  are  now  very  plentiful,  and  even  cars  of  75  or  80 
tons  carrying  capacity  are  being  seriously  considered.  This 
means  that  for  a  train  of  the  same  number  of  cars  double  the 
tonnage  can  be  hauled  and  a  more  powerful  locomotive  can 
be  ^couoniically  used. 

The  introduction  of  steel  passenger  equipment,  with  a 
view  to  eliminating  many  of  the  horrors  of  fire  and  collision, 
also  c^ils  for  more  powerful  locomotives,  as  the  weight  of  these 
cars  has  been  very  considerably  increased.  In  olden  times  a 
60-ton  car  was  considered  a  very  heavy  vehicle,  but  nowadays 
75  tons  is  not  at  all  abnormal,  and  a  weight  of  90  tons  has  been 
reached. 

The  agitation  for  increase  in  wages  of  all  men  connected 
with  the  transportation  department  of  railroads  has  been 
more  or  less  generally  successful,  and  in  order  to  offset,  to 
some  extent,  tliese  increased  expend itures,  reduction  in  operat- 
ing expense  has  been  necessary.  This  is  brought  about  very 
largely  by  the  increased  capacity  of  the  locomotive.  As  an 
example  of  what  can  be  done  in  this  line,  some  years  ago  a 
road  with  wliich  the  writer  was  connected  found,  by  the  pur- 
chase of  some  passenger  locomotives  of  considerably  greater 
power  than  heretofore  used,  that  eacli  of  these  engines  in  the 
first  year  during  which  they  were  operated  saved  $5,000  in 
n' 山": i"g  the  expense  incidental  to  double-heading  trains  and 
riimiing  two  sections,  where  the  necessary  cars  could  be 
handled  by  one  of  the  new  engines. 

The  increase  in  traffic  chic  to  the  natural  increase  in  popu- 
l;'lif 川， whidi  has  for  the  Uiiited  States  ； miomited  to  20  por 
cent,  in  tlie  last  ten  years,  li^s  in  nwiny  cases  called  for  either 
double-tracking,  large  additions  for  side  tracks,  or  other  pro- 

*  Paper  presented  at  a  uicetiu«  of  tho  Franklin  Institute,  April  17th,  1912. 


visioiis  for  liamlliu^  aw  increased  movement  of  "川 n;'"'e  over 
and  above  wliat  could  be  arranged  with  the  old  faciliti^f?.  Willi 
an  increase  in  the  power  of  the  engine  ib  is  possible  not  only 
to  handle  tonnage  more  cheaply,  but  to  handle  a  larger 
amount  without  any  additional  efforts  in  Uie  way  of  (lispatcli- 
iug  or  interference  with  other  trains  ；  for  instarx-e,  ii'  we 
could  double  the  train  load,  we  (川】 （I  j>ractically  move  twice 
th-e  amount  of  tonnage  without  increasing  llic  nuinbcr  oi' 
meet  orders  or  delaying  trains  in  the  opposite  direction.  On 
this  account  alone  the  large  locomotive  has  been  invaluable 
in  enabling  the  companies  to  increase  very  greatly  their  ton 
ii  age  without  having  to  make  large  expenditures  For  improve- 
ment in  tracking  facilities,  greater  nuiiiber  of  sidings,  exti'a 
track,  &c.，  and  this  lias  been  no  small  part  of  the  burden 
removed,  although  we  do  not  hear  as  niuch  said  about  this 
l>art  of  the  operating  problem  as  some  of  the  others  which  we 
have  mentioned. 

The  more  recent  decision  of  the  Interstate  Connnercf; (―、 山 卜 
mission  that  the  railroads  should  economise  instead  of  increas- 
ing their  rates  calls  for  an  additional  efFort  in  this  line,  and 
tliese  cumulative  experiences,  coming  closely  one  upon  the 


other,  within  the  past  decade  have  brought  about  a  locomo- 
tive of  size  and  power  wliich  was  not  even  dreamed  of  ten 
years  ago. 

The  electric  locomotive  has  made  its  appearance,  and  lias 
done  very  good  work  in  certain  localities,  and  in  order  to 
compete  with  such  an  engine,  which  has  the  output  of  a  large 
stationary  power-house  behind  it,  the  steam  locomotive  has 
had  to  increase  its  capacity  for  exerting  power.  For  years 
the  clearance  or  height  aud  width  possible  for  locomotives, 
owing  to  the  outline's  of  tunnels,  heights  of  bridges,  proximity 
of  station  platforms,  buildings,  &c.，  has  prevented  any  con- 
siderable increase  in  tliese  two  directions,  so  that  the  remain- 
ing dimension,  viz.,  that  of  length,  was  the  one  direction  in 
which  increases  could  be  made.  This  has  brought  about, 
naturally,  engines  of  long  wheel  base  with  long  boilers,  and, 
while  a  few  years  ago  tubes  of  16ft.  length  were  considered 
as  quite  long  enough  for  good  design,  we  now  find  them 
extended  to  as  imu'li  as  25ft.  ，  and  the  end  is  probably  not 
yet.  Of  course,  tliese  increases  in  size  mean  increase  in  weight, 
which,  while  it  is  a  natural  consequence  of  the  increase  in 
power,  is  also  necessary  to  provide  sufficient  adhesion  to  make 
use  of  this  increase  in  power.  This,  however,  means  necessity 
for  heavier  track  and  bridges,  and,  in  order  to  reduce  the 
load  on  track  and  bridges  as  much  as  possible,  the  extension 
of  this  weight  into  increased  length  has  helped  to  keep  down 
the  weight  per  lineal  foot.  This,  however,  is  increasing,  as, 
while  a  few  years  ago  25  tons  was  thought  to  be  a  very  large 
weight  on  one  pair  of  drivers,  30  tons  is  now  very  frequently 
considered,  and  is,  in  fact,  already  exceeded  iu  a  few  cases. 

The  question  of  longer  boilers  and  longer  engines  leads  us 
to  a  good  many  complications  which  have  heretofore  been 
avoided.  While  boiler  flues  have  been  used  up  to  25ft.  iu 
length,  this  is  about  the  limit  at  which  the  mills  are  able  to 
roll  them,  and  besides,  it  is  considered  wise  not  to  increase  the 


162 


THE   MECHANICAL  KNGINKER, 


[August  9,  1912 


lengths  too  greatly  without  having  experience  of  gradual 
extensions.  The  new  lengths  of  locomotives  in  many  cases 
require,  for  structural  reasons,  if  nothing  el&e,  a  barrel  as 
great  as  53ft.,  and,  in  order  to  fill  up  this  space,  there  have 
been  various  means  adopted  to  supplement  the  length  of  the 
flues.  Combustion  chambers  extending  from  the  firebox  for- 
ward, a  distance  of  5ft.  or  6ft.,  have  been  introduced,  and 
the  amount  of  boiler  has  been  utilised  for  feed-water  heaters, 
relieat'ers,  superheaters,  and  other  devices,  all  of  which  tend 
toward  economical  operation  and  make  good  use  of  the  extra 
length  of  boiler  shell.  These  different  devices  will  be  referred 
to  nior©  in  detail  later  on,  but  the  reasons  for  their  existenct1 
and  for  having  space  to  apply  them,  which  we  did  not  have 
some  years  ago,  should  be  comsiderecl  at  the  present  time. 

The  lengthen of  the  boiler  and  the  engine  means  tliat 
flexible  wheel  bases  must  be  introduced.  The  favourite  type 
of  long,  rigid  wheel  base  engine  has  generally  been  the  con- 
solidation, consisting  of  one  pair  of  truck  wheels  and  four 
pairs  of  driving  wheels ；  to  this,  later  on,  a  trailing  truck  was 
added  giving  us  the  2 ― 8 ― 2，  or  Mikado,  type   of  engine. 


ten-wheel  engine  was  ImiU'  witli  a  deep  firebox  between  the 
frainos  and  between  the  middle  and  re  a  r  driving  axles,  but, 
with  the  increase'  in  diniensions  necessary  for  lnorlern  loco - 
motives,  this  space  was  too  imi('h  restricted,  and  the  firebox 
was  raised  entirely  above  the  rear  drivers.  For  the  low 
wheels  in  freight  service  this  answered  well  enough,  but  when 
it  came'  to  passenger  engines  with  wheels  from  70in.  to  80in . 
diam.  the  boiler  was  raised  very  high,  and  there  was 
little  depth  of  firebox  possible.  The  addition  of  t lie  trailing 
truck  to  this  type  of  engine,  therefore,  allowed  a  deep  fire 
box,  and  also  a  wide  one'  by  extending  tlie  boiler  backwards 
until  the  firebox  was  entirely  in  the  rear  of  the  driving  wheels. 
This  is  illustrated  by  Fig.  1 . 

The  Pacific  type  of  locomotive  may  also  be,  in  a  measure, 
considered  tlie  logical  development  of  the  At] antic  type  of 
online,  which  first  made  its  appearance  about  15  years  ago. 
The  original  engine  of  this  wheal  arran^einent  was  constructed 
for  the  Atlantic  Coast  Line  in  1895,  and  was  simply  a  ten- 
wheel  engine  with  the  rear  cjriver  changed  to  a  trailing  wheel 
in  order  to  give  room  for  a  deep  and  longer  firebox,  which 


Fig.  2. ― Mikado  Tvpe  Locomotive. 


There  were  several  reasons  for  the  introduction  of  this  type; 
probably  the  first  one  was  to  provide  an  engine  which  could 
b&  backed  around  curves  and  switches  as  easily  as  run  forward. 
Consolidation  engines  have  been  in  the  past  very  largely  used 
as  helper  locomotives,  and,  after  helping  a  train  up  a  moun- 
tain for  ten  or  twenty  miles,  it  was  often  desirable  to  back 
them  down  hill  to  be  ready  for  the  next  ascent.  If  the  road 
was  crooked,  derailments  were  likely  to  occur  when  having 
only  a  driving  wheel  to  negotiate  curves.  The  trailing  truck, 
therefore,  was  originally  introduced  to  enable  these  engines 
to  operate  with  equal  satisfaction  around  sharp  curves  in 
either  a  forward  or  backward  direction.  The  construction  of 
boiler  was  kept  very  similar  bo  the  Consolidation  engine ;  that 
is,  the  firebox  was  above  the  rear  drivers  and  the  rear  truck 
was  purely  for  guiding  purposes. 

With  the  desire  for  additional  heating  surface  requisite  for 
maintaining  higher  speeds,  it  was  found  that  advantage  could 
be  taken  of  the  trailing  truck  to  bring  the  firebox  entirely  back 
of  the  drivers,  and  thereby  make  it  deeper,  as  the  truck  wheel 
was  so  much  lower  than  the  drivers.  This  gave  longer  tubes 
and  a  better  firebox  for  the  proper  coinbustioii  of  fuel ,  and 
tlie  increase  in  firebox  volume  and  heating  surface  has  been 
considered  so  es&ential  that  nowadays  the  Mikado  engine'  is 
used  for  road  service,  principally  on  account  of  the  large 
boiler  capacity  which  can  be  obtained  thereby. 

In  the  same  way  that  the  Consolidation  locomotive  was 
developed  into  the  Mikado  type,  the  Pacific  locomotive  was 
the  outcome  of  the  ten -wheel  engine.    In  the  olden  times  the 


could  not  be  obtained  with  the  regular  high  driving  axle  at 
the  rear.  The  particular  object  to  be  obtained  in  this  case 
was  an  increa&e  in  steaming  power  to  haul  at  greater  speed 
heavy  trains  which  were  needed  for  carrying  the  passenger 
traffic*  at  that  time.  This  engine,  it  will  be  noted,  was  not 
provided  with  a  trailing  truck,  but  tlie  trailing  wheels  were 
simply  placed  in  pedestals,  and  located  at  about  t he  same 
place  where  the  third  pair  of  drivers  would  have  been  in  a 
ten -wheel  type  of  locomotive.  In  this  case  it  was  not  a  (jiiest  ion 
of  adhesion  so  much  as  the  possibilities  of  sustained  horse- 
power at  high  speeds,  and,  as  the  tractive  force  of  a  locomo- 
tive always  diminishes  as  the  speed  increases,  the  maxiniuin 
adhesion  is  never  used,  except  in  starting  and  at  very  slow 
speeds.  , 

Tlio  Pacific  type  of  laconiotive  has  become  particularly 
popular  for  high-speed  freight  and  heavy  passenger  service, 
and  might  now  almost  be  considered  the  standard  type  of 
passenger  locomotive  used  in  this  country  for  heavy  trains  at 
high  speeds'.  For  steep  grades  the  Mikado  type  of  engine  has 
been  used  very  successfully  in  passenger  service,  particularly 
on  the  Union  Pacific  Railroad,  by  making  tlie  driving  wlieels 
sufficiently  large  for  tlie  purpose  intended  and  keeping  the 
firebox  over  the  rear  truck,  as  shown  by  Fig.  2.. 

It.  has  been  a  general  axiom  in  locomotive  construction 
that  the  diameter  of  the  driving  wheels  in  inches  should  be  as 
great  as  the  maximum  speed  in  mile's  per  hour  at  which  the 
engine  is  intended  to  z*un3  this  resulting  in  a  speed  rotation 
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of  336  revs,  per  minute  when  the  speed  above  mentioned  is 
attained. 

In  1903  the  Santa  Fe  type  of  engine,  which  is  a  2 ― 10 ~ 2 
】o(、omotive，  was  introduced,  and  which  was  really  a  Mikado 
engine  with  an  extra  pair  of  drivers  inserted  in  the  rigid 
wheel  base.  While  it  is  the  practice  in  this  country  to  use 
flanged  tyres  on  all  the  drivers  of  Consolidation  locomotives 
and  those  having  a  less  number  of  driving  wheels,  yet  when 
it  came  to  the  five  pairs  of  drivers  the  flange  was  omitted 
from  the  middle  wheel.  It  had  been  the  custom  to  use  bald 
tyres  on  Consolidation  locomotives,  but  experience  later 
demonstrated  that  by  placing  the  tyres  of  the  front  and  back 
wheels  closer  together  than  the  middle  wheels  the  tyre  wear 
was  more  uniformly  distributed  over  the  different  wheels,  and 
there  was  no  difficulty  in  passing  curves  of  fairly  sharp  radius. 
At  the  present  time  a  locomotive  of  the  2 ― 10 一 2  type  with 
30in.  by  32in.  cylinders  is  being  built,  reviving  the  Santa  Fe 
type  of  nine  years  ago.  These  latter  engines  will  be  used  on 
the  Chicago,  Burlington,  and  Quincy  Railroad. 

It  seems,  however,  as  if  this  was  the  greatest  aggregation 
of  driving  wheels  that  could  be  used  in  a  rigid  wheel  base, 
and  when  it  is  desired  to  use  more  than  ten  driving  wheels  it 


low-pressure  cylinders,  anrl  finally  to  tlie  exhaust.  The 
various  heaters  of  which  we  havo  above,  spoken  are  ut  iliscrl  m 
some  cases,  first,  to  superheat  the  steam  before  passing  to  the 
high-pressure  cylinders,  and,  secondly,  to  reheat  the  steam  in 
its  passage  from  the  high  to  the  low  pressure  cylinders.  The 
feed-water  heater  at  the  front  end  has  been  used  to  abstract 
heat  from  the  gases  during  their  last  passage  in  the  hoil('r，  so 
as  to  increase  the  temperature  of  tlie  water  and  bring  it  prac- 
tically up  to  a  boiling  point  (at  boiler  pressure)  before  bein^ 
delivered  into  the  boiler  proper.  These  various  combinations 
of  heaters  and  compound  cylinders,  of  course,  very  consider- 
ably reduce  the  fuel  consumption,  which  is  an  extremely  im- 
portant factor,  now  that  the  boilers  have  assumed  such 
enormous  size.  It  has  be&n  found  by  experience  that  an 
ordinary  fireman  cannot,  as  a  regular  performance,  put  in  the 
firebox  more  than  from  5，0001bs.  to  6,0001bs.  of  coal  an  hour, 
and,  while  for  a  short  period  some  good  men  can  exceed  tliis 
rate,  yet,  ordinarily,  it  is  unwise  to  expect  him  to  handle 
more  than  this  amount  of  fuel.  The  compound  principle  gene- 
rally effects  an  economy  of  about  20  per  cent.,  and  as  super- 
heaters, reheaters,  feed-water  heaters,  &c'.，  may  give  as  much 
more,  it  is  plain  that  these'  devices  have  enabled  us  to  get  more 


Fig.  3.— Mali 

is  necessary  to  go  into  the  Articulated  type  of  locomotive.  The 
particular  style  most  used  in  this  country  at  the  present  time 
is  termed  the  Mallet,"  as  it  was  originally  proposed  by 
M.  A.  Mallet,  of  Paris.  In  this  device  there  are  four  cylin- 
flers,  ea<-h  pair  operating  a  set  of  driving  wheels  in  individual 
frames,  the  two  sets  being  connected  together  by  a  hinged 
joint.  This  enables  an  engine  with  six,  eight,  or  even  ten 
pairs  of  driving  wheels  to  pass  curves  with  no  more  resistance 
than  engines  heretofore  employed. 

There  have  been  two  ways  of  connecting  the  boiler  to  such 
engines  and  frames,  the  original  methnrl  being  to  have  the 
boiler  with  a  rigid  shell  firmly  attached  to  the  rear  engine  and 
to  allow  the  front,  or  low-pressure  section,  to  oscillate  and 
slide  transversely  under  the  front  end  of  the  boiler,  connection 
being  made  by  means  of  flexible  steam  pipes  (see  Fig.  3). 
Sometimes,  however,  the  overhang  of  the  boiler  is  too  great  on 
sharp  curves,  and  then  recourse  is  had  to  the  flexible  boiler, 
or  one  with  the  "  accordion  ，，  joint,  as  it  is  called.  In  this 
case  both  sections  of  the  boiler  are  secured  rigidly  to  their 
respective  frames,  but  the  accordion  joint  allows  the  boiler 
to  bend  when  passing  curves.  This  is  illustrated  by  Figs.  4 
5,  the  latter  showing  an  enlarged  view  of  the  joint  in  the 
boiler. 

In  both  these  types  of  Mallet  locomotives  the  rear  wheels 
are  operated  by  high-pressure  cylinders  receiving  steam  direct 
from  the  boiler,  and  tliis  steam ,  after  passing  the  high-pres- 
sure cylinders,  goes  through  an  intermediate  receiver  into  the 


Locomotive, 

power  out  of  a  locomotive  fired  by  a  single  fireman  than 
would  be  possible  with  ordinary  simple  expansion  engines 
without  the  devices  referred  to. 

The  limit  of  physical  endurance  of  the  fireman  has  recently 
b&e'n  recognised  as  the  actual  limiting  factor  in  the  develop- 
ment of  power  by  a  large  locomotive,  as  it  is  found  that  loco- 
motives with  increasing  size  do  not  develop  ordinarily  horse- 
power in  proportion  to  that  size.  Repeated  tests  of  locomo- 
tives on  testing  plants  and  also  in  actual  service  indicate  that 
1  h.p.  can  ordinarily  be  obtained  by  from  2  sq.  ft.  or  3  sq.  ft. 
of  heating  surface,  the  former  value  being  susceptible  of 
attainment  with  compound  locomotives  and  those  equipped 
with  a  special  economical  device,  while  the  latter  figure  applies 
to  the  ordinary  saturated  locomotive  without  the  devices  above 
mentioned.  Under  ordinary  conditions  the  saturated  strain 
locomotive  will  develop  a  horse-power  with  about  41bs.  to  51bs. 
of  coal  per  hour,  and  for  1 ,000  h.p.  there  would  be  very 
nearly  as  much  coal  required  as  could  be  placed  by  an  ordinary 
fireman.  With  compound  engines,  superheaters,  &c.，  of 
course,  the  capacity  of  the  fireman  in  horse-power  can  be  very 
considerably  increased,  as  above  noted,  but.  it  is  a  fact  that 
even  locomotives  with  5,000  sq.  ft.  or  6,000  sq.  ft.  of  heating 
surface  often  deliver  only  about  1,200  h.p.  or  1,500  h.p. 
This  limitation  of  the  steaming  capacity,  due  to  tlie  human 
element  of  the  fireman,  has  brought  about  the  investigation 
and  introduction  of  mechanical  stokers,  of  which  more  will  be 
said  anon,  but  it  is  here  mentioued  in  order  to  account  for  the 
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extreme  sizes  of  locomotives  that  have  been  proposed,  as  well 
as  some  actually  under  construction.  Of  course,  the  same 
limitations  do  not  apply  to  locomotives  which  burn  oil,  as 
there  is  no  difficulty  in  getting  sufficient  oil  in  the  firebox  for 
practically  any  reasonable  rate  of  combustion ,  and  some  of 
the  largest  engines  heretofore  built  have  been  arranged  to 
burn  liquid  fuel.  This  is  notably  true  of  the  south-western 
part  of  this  country,  where  the  oil  fields  in  Texas  and  C'ali- 


lield  in  rigid  boxes  and  operated  from  one  ])air  of  cylinders, 
tlic  wheels  can  slide  and  swivel  to  adjust  themselves  to  dif- 
ferent degrees  of  curvature.  We  understand  that  these 
engines  】iave  given  good  service  in  certain  localities  in  Europe, 
but  we  do  not  think  that  any  of  them  have  been  introduced 
into  this  country. 

ADJUNCTS  AND  DETAILS. 

It  is  probably  true  that  cast  steel  is  more  closely  connected 


Fig.  1.— Flexible  Boileii,  Mallkt  Locomotive. 


fornia  furnish  a  fuel  that,  in  addition  to  overcoming  the 
limits  of  physical  endurance  of  the  fireman,  also  enables  steam 
to  be  generated  at  a  cost  considerably  below  that  for  coal. 
This  is  illustrated  by  the  Southern  Pacific  locomotive  in 
Fig.  6. 

Following  these  lines  of  increase,  locomotives  of  more  than 
two  sections  have  been  proposed  in  some  cases  in  which  the 
successive  engines  have  received  the  steam  in  sequence,  so  as 
to  form  in  effect  a  triple-expansion  engine,  and  in  other  cases 
in  which  the  steam  has  an  expansive  ratio  of  2  obtained  by 
exhausting  from  one  pair  of  cylinders  into  two  others.  In 
order  to  keep  down  the  length  of  the  engine  within  reasonable 
limits,  the  tender  can  be  made  to  do  its  share  of  the  work, 
and,  without  increasing  the  length,  and  only  slightly  the 
weight  and  expense,  a  locomotive  can  be  constructed  having 
about  50  per  cent,  more  hauling  capacity  than  a  heavy  Mallet 
type  of  locomotive  as  now  in  use. 

The  Mallet  locomotive  is  no  experiment,  as  many  hundreds 
of  them  are  in  us&  in  this  country,  but  the  triplex  Mallets  are 
still  a  problem  for  speculation  and  production.  The  first  com- 
pound locomotive  built  by  the  Baldwin  Locomotive  Works 
was  constructed  in  1889，  and,  while  the  compound  type  of 
locomotive  for  a  few  years  after  this  was  very  strenuously 
sought  on  account  of  its  fuel  economy,  it  was  found  that  there 
were  other  objections  which,  in  many  cases,  overcame  the 
benefits  of  reduced  fuel  consumption.  With  the  introduction 
of  the  Mallet  locomotive,  however,  the  compound  feature  is 
of  great  importance,  first,  as  it  reduces  the  amount  of  fuel 
needed  to  produce  a  given  amount  of  power,  thereby  enabling 
a  large  locomotive  to  be  successfully  handled  by  an  ordinary 
fireman,  and,  secondly,  that  the  pressure  of  steam  passing 
through  the  flexible  joints  is  only  about  one-third  of  the  boiler 
pressure,  thereby  reducing  the  difficulty  of  keeping  these 
joints  tight.  When  this  type  of  engine  was  first  placed  in 
service  it  was  feared  that  these  ball  joints  would  cause  con- 
siderable difficulty,  and,  while  some  trouble  lias  been  found, 
this  is  being  largely  overcome  as  the  round-house  men  become 
more  familiar  with  the  engines  and  expert  in  the  packing  of 
these  joints. 

There  has  been  a  typo  of  locomotive  int  rod  need  by  the 
Borsig  Company  of  Germany  in  whicl]  1  here  ； ire  flexible 
wheels,  these  being  mounted  on  tubular  shafts  through  which 
the  driving  axle  passes,  so  that,  while  the  axles  themselves  aru 


with  the  development  of  the  large  locomotive  than  any  other 
single  item  entering  into  locomotive  construction,  and  the 
possibility  of  being  able  to  get  large  castings  in  this  material 
lias  proved  a  very  iin porta nt  factor  in  the  advancement  of  this 
proposition.  Some  years  ago  steel  castings  were  produced 
only  in  very  small  sizes  by  means  of  crucible  furnaces,  and 
such  things  as  steel  driving  wheels,  frames,  foot-plates,  &c.， 


Fig.  5.— "Ac'Cobdion  "  Joint. 

were  unknown.  Willi  the  large  number  of  open-hearth  steel 
plants  making  steel  castings  of  high-grade  material  now  in 
this  country,  there  has  been  a  great,  impetus  given  to  the 
reduction  of  w-eighi  ami  iiicrcise  of  strength  by  substituting 
sbeel  (•njstin^s  for  iron  castings,  and,  in  many  cases,  for  iron 
forgingy.    In  the   former  category  probably  driving  whe«l 
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centres  have  been  the  most  conspicuous  examples,  as  ev^n 
10  or  15  years  ago  the  axles  and  crankpins  af  locomotives  were 
assuming  such  proportions  that,  it  made  it  difficult  to  obtain 
the  proper  strength  with  an  iron  casting.  As  the  main  driving 
wheel  is  subjected  to  a  far  greater  stress  than  the  other  driv- 
ing wheels,  steel  was  first  substituted  in  the  main  driving 
wheel  only,  but  nowadays,  when  it  is  desirable  to  get  the 
boiler  as  large  as  possible  and  thereby  keep  the  other  parts 
as  light  as  possible,  east  steel  is  used  in  many  cases  in  all  the 
wheels  of  a  locomotive.  It  has  now  even  become  difficult  to 
get  along  with  cast  steel ,  as,  with  the  increased  size  of  axles 
and  pins  and  the  inadvisability  of  increasing  the  stroke,  we 
have  got  to  such  a  point  where  there  remains  only  5in.  or 
6in.  of  metal  between  the  axle  and  the  pin  fits,  and  when  we 
consider  that  these  are  forced  in  with  pressures  from  100  tons 
to  200  tons  it  will  be  understood  how  difficult  it  is  to  produce 
a  steel  casting  that  will  satisfactorily  withstand  forcing  stresses 
and  also  those  due  to  operation. 

At  first  there  was  much  difficulty  in  making  driving- 
wheels,  as  the  rim  would  set  in  the  mould  long  before  |he  hub 
and  fractured  spokes  would  occur.  This  was  overcome  by 
separating  the  rim  into  sections  so  that  the  spokes  could  pull 
the  rim  towards  the  centre  as  cooling  progressed.    Later,  liow- 


that  there  is  less  fitting  and  less  opportunity  for  parts  to 
become  loose  ami  work  upon  each  other  when  the  engine  is  in 
operation.  Many  of  the  more  complicated  forcings,  such  as 
equaliser  beams,  t'rarne  braces,  and  parts  that  have  been  made 
in  the  blacksmit  li  shop,  are  now  constructed  of  cast  steel,  often 
reducing  the  weight  and  at  the  same  time  the  cost  of  manu- 
facture. 

In  this  country  open-hearth  steel  is  used  almost  exclusively 
for  this  material,  but  in  Europe  Bessemer  steel  with  a  com- 
paratively liigh  j)hospliorus  content  is  mucli  in  vogue.  This 
makes,  a  smoother  casting,  as  the  phosphorus  adds  to  the 
fluidity  of  the  metal  when  being  poured,  but  Americans  are 
rather  opposed  to  the  use  of  Bessemer  steel  in  inij)ortant  struc- 
tures on  account  of  its  known  liability  to  segregation  and  to 
crack  under  sudden  strains.  The  open-hearth  steel  used  for 
locomotive  castings  is  both  acid  and  basic,  the  former,  of 
cour&e,  requiring  a  higlier  grade  of  pig  to  be  used  in  its 
production.  The  great  difficulty  with  steel  castings  at  the 
present  time  is  the  tendency  for  piping  and  blow-holes  to  dimi- 
nish the  strength  of  a  section  at  some  part  where  it  is  impos- 
sible' of  detection  before  rupture,  and,  while  this  difficulty  is 
being-  gradually  reduced,  largely  by  the-  careful  study  of 
proper  design  and  the  introduction  of  large  sinking  heads  in 


Fig.  6.— Oil-burning  Mallet  Locomotivk. 


ever,  the  steel  works  found  that  they  could  cast  these  rims 
solid  by  uncovering  the  hub  and  arrange  to  cool  that  portion 
more  rapidly,  so  as  to  promote  uniform  contraction  through- 
out the  casting. 

Foot-plates  have  been  another  very  important  example  of 
the  use  of  steel  instead  of  iron  castings.  In  olden  times  the 
foot-plate  was  often  made  unusually  massive  in  order  to  add 
adhesive  weight  to  the  engine,  but  the  great  desire  to  produce 
boilers  of  maximum  capacity  has  led  to  the  use  of  foot-plates 
of  cast  steel,  thereby  reducing  the  weight  very  materially,  and 
allowing  for  greater  boiler  capacity.  In  such  castings  as  these 
the  weight  of  the  piece  in  steel  would  be  anywhere  from  one- 
half  to  one-third  of  what  it  Avould  be  in  cast  iron,  and  when 
this  praftice  is  followed  through  the  different  parts  of  the 
engine  the  great  saving  of  weight  is  at  once  apparent. 

Boiler  supports,  guide  yokes,  frame  separators,  and,  in 
the  Mallet  type  of  locomotive,  saddles  connecting  the  frames 
and  the  cylinders,  are  now  made  of  steel  castings,  and  this 
metal  is  very  much  superior  to  iron  in  standing  impact,  and 
even  the  effects  of  an  unexpected  collision. 

Tn  ttie  replacement  of  forgings,  cast  steel  has  also  rendered 
an  important  service  ；  the  most  notable  example  of  this  is  in 
locomotive  frames.  For  years  these  were  made  of  iron  worked 
under  the  steam  hammer,  and,  as  the  frames  were  of  large  sec- 
tions, it  was  very  difficult  to  properly  weld  the  pedestals  and 
braces  together.  When  the  sections  were  not  over  4in.  in 
thickness  there  was  little  difficulty,  but  even  then  it  was  found 
that  the  welds,  in  spite  of  the  best  care,  had  often  been  imper- 
fectly formed,  and  would,  in  service,  pull  apart.  With  5in. 
frames,  which  are  now  common,  and  6in.  frames,  which  are 
being  introduced,  this  work  would  be  very  difficult,  but  cast 
steel  permits  the  use  of  a  section  of  almost  any  size.  Then, 
too,  the  braces  and  all  the  parts  are  cast  Ln  one  solid  piece,  so 


moulding,  yet  it  must  still  be  contended  with  and  prevents  us 
from  using  as  】i]'gli  a  fibre  stress  as  we  should  if  we  could  get 
rid  of  these  objectionable  features.  Such  steel  has  a  tensile 
strength  of  from  60，0001bs.  to  80，0001bs,，  which  is  fully 
double  what  can  be  obtained  from  cast  iron,  and,  on  account 
of  its  ductility  and  resistance  to  stand  blows,  it  is  superior  to 
cast  iron  in  even  greater  proportion  than  its  increase  in 
strength. 

As  yet  little  has  been  done  in  the  use  of  cast  steel  cylinders 
in  locomotives,  although  some  few  have  been  in  service.  As 
there  is  a  tendency  toward  three-part  cylinders— that  is,  a 
central  saddle  with  a  separate  cylinder  bolted  at  each  side ~ 
the  feasibility  of  using  steel  cylinders  has  been  greatly 
enhanced.  Of  course,  such  cylinders  have  bushings  of  cast 
iron  for  both  the  piston  and  the  valve,  and,  as  the  latter  is 
nearly  always  of  the  piston  type,  the  construction  of  a  cylinder 
of  cast  steel  is  not  especially  difficult.  The  recent  practice  of 
using  outside  steam  pipes  materially  assists  in  this  problem . 

Following  the  introduction  of  steel  castings  for  frames, 
driving  wheels,  driving  boxes,  &c.，  alloy  steel  has  also  made 
its  appearance  in  locomotive  construction,  and  chrome  vana- 
dium or  chrome  titanium  is  frequently  possible  for  the  parts 
involving  heavy  stresses.  The  latter  adds  very  little  to  the 
cost  of  steel  per  ton,  and  is  thought  by  some  to  be  practically 
as  efficient  as  the  high-prioerl  vanadium  steel.  Nevertheless, 
there  is  difficulty  being  experienced  with  both  of  these  alloys, 
and  when  we  consider  that  even  the  heaviest  sections  that  we 
are  able  to  produce  now  are  hardly  strong  enough  to  stand  such 
enormous  piston  loads,  which  in  some  cases  reach  to  140,0001bs. 
or  150，0001bs.，  the  necessity  for  refinement  in  this  line  is 
apparent. 

There  has  been  little  attempt  bo  make  such  parts  as  con- 
necting rods,  parallel  rods,  etc.,  of  steel  castings,  and  the  few 
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attempts  that  have  been  made  in  this  line  have  not  been 
crowned  with  sufficient  success  to  warrant  extension  in  these 
particular  details.  Crank  axles  are  seldom  used  in  this 
country,  but  it  has  been  found  that  the  crank- webs  in  a  built- 
up  axle  have  given  very  good  service  when  made  of  cast  steel , 
but  the  forces  in  such  a  structure  produce,  principally,  bend- 
ing and  torsion  where  steel  castings  are  particularly  satisfac- 
tory. In  connecting  rods,  however,  there  is  so  much  tension 
and  compression  that  it  does  not  seem  wise  to  run  the  risk  of 
using  a  metal  that  may  have  a  blowhole  or  pipe  at  some 
critical  part,  and  only  high-grade  hannnered  steel  is  used,  as 
a  rule,  in  these  forgings. 

While  the  Walschaerts  valve  motion  has  been  recognised 
for  many  years  as  a  suitable  means  for  operating  the  valves  on 
a  locomotive,  and  has  been  used  largely  in  Europe,  it  is  only 
recently  that  its  application  to  locomotives  in  this  country  has 
been  worked  out  on  a  large  scale.  There  have  been  many 
essays  written  upon  the  relative  advantages  of  the  Stephenson, 
which  has  been  universally  used,  and  the  Walschaerts  valve 
motion,  so  far  as  the  movement  of  the  valve  itself  is  con- 
cerned, scime  claiming  the  Walschaerts  gear  with  its  constant 
lead  was  a  great  benefit,  while  others  claim  that  the  Stephen- 
son motion  with  its  increasing  lead  for  early  cut-offs  is  most 
desirable.  Personally,  we  are  inclined  to  agree  with  the  latter 
theory.  It  is  well  known  that  a  locomotive  with  a  large 
amount  of  lead  is  very  slow  in  starting,  whereas  one  with  a 
small  or  blind  lead  will  be  particularly  active  in  getting  under 
way  and  being  reversed.  With  the  constant  lead  of  the  Wal- 
schaerts motion  it  is  necessary  to  settle  upon  some  amount 
that  will  be  satisfactory  under  ordinary  running  conditions, 
and  this  often  produces  a  locomotive  that  is  noticeably  tardy 
in  handling.  In  the  Stephenson  motion  it  is  perfectly  feasible, 
if  desired,  to  set  the  valves  line  and  line  when  the  reverse 
lever  is  in  the  corner,  and  have  from  ^in.  to  |in.  lead  when 
working  at  early  cut-offs.  This  in  itself  constitutes  a  con- 
siderable advantage  ；  however,  it  has  been  found  by  practical 
demonstration  in  road  tests  that  there  is  no  essential  diffe- 
rence in  either  fuel  economy  or  economy  of  train  operation 
between  the  two  methods  of  distribution,  and  for  all  practical 
purposes  we  can  generally  assume  that  the  steam  distribution 
and  economy  will  be  the  same  in  both . 

What,  then,  has  given  the  impetus  to  the  Walschaerts  gear 
within  fhe  last  decade,  if  ther&  is  no  advantage  to  the  valve 
movement,  and,  in  fact,  the  possibility  of  a  disadvantage  ？ 
The  answer  is  that  it  is  simply  caused  by  structural  reasons. 
The  Stephenson  motion,  with  its  inside  links,  while  being  well 
protected  from  damage  by  a  side-swipe,  has  the  disadvantage 
of  requiring  eccentrics,  which,  with  the  modern  proportions  of 
driving  axles,  have  assumed  very  large  dimensions,  so  large, 
in  fact,  tli at  there  is  continual  trouble  in  trying  to  keep  them 
lubricated,  as  the  weight  and  speed  of  the  running  surfaces 
have  been  increased  with  the  enlargement  of  the  axles.  There 
is  also  considerable  difficulty  in  suspending  the  link  centrally, 
and,  while  it  could  be  done,  it  was  rather  a  troublesome  and 
expensive  arrangement.  Perhaps  the  greatest  incentive  to 
remove  the  valve  motion  from  under  the  barrel  of  the  boiler 
was  the  fact  that  the  heavy  engines  with  long  frames  required 
cross-bracing,  and  when  the  eccentrics  and  rods  are  removed 
we  have  splendid  opportunities  for  connecting  together  the 
frames  with  ample  cross-braces.  The  increased  weights  have 
called  for  wider  frames  and  long  journals,  so  that  there  is  very 
little  space  left  in  which  to  place  a  satisfactory  inside  link 
motion . 

The  Walschaerts  gear  overcomes  both  of  these  difficulties, 
permitting  not  only  a  very  comprehensive  system  of  cross- 
bracing,  if  desired,  but  also  eliminates  the  eccentrics  and 
places  the  motion  where  it  is  very  accessible.  It  has  been 
claimed  that  the  Walschaerts  valve  gear  has  fewer  pieces  and 
weighs  less  than  the  Stephenson,  but  when  we  consider  the 
supports  necessary  to  carry  and  suspend  the  various  parts  of 
the  Walschaerts  gear  there  is  a  great  deal  of  weight  and 
expense  which,  while  it  is  not  a  part  directly  of  the  valve 
gear,  yet  is  necessary  to  support  the  same.  This  results  in  an 
increas&d  coast  for  the  Walschaerts  as  compared  with  the 
Stephenson  valve  gear.  In  many  cases  these  supports  can  be 
worked  in  as  part  of  or  an  exiension  of  the  cross-bracing  of 
the  frames  and  boiler,  and  produce  a  very  simple  and  strong 
structure,  and,  taking  everything  into  consideration,  the 
change  in  valve  gear  has  resulted  in  a  very  much  better  braced 


engine  than  was  possible  with  the  old  Stephenson  motion. 
There  is.no  question,  therefore,  but  that  this  valve  motion  is 
here  to  stay,  in  spite  of  the  fact  that  many  people  consider 
the  actual  movement  of  the  valve  not  as  satisfactory  as  with 
the  Stephenson  arrangement. 

With  the  large  and  heavy  valves  that  must  be  moved  in 
the  modern  locomotive  the  force  necessary  to  operate  the 
reverse  lever  has  considerably  increased.  With  articulated 
locomotives,  which  have  two  or  more  shifting  valve  motions, 
the  work  to  be  done'  is  doubled  or  trebled  ；  therefore,  w©  are 
prepared  to  understand  the  second  advent  of  power-reversing 
gears.  It  has  probably  been  30  years  since  the  first  steam 
reversing  gear  was  used  in  this  country,  after  a  few  years'  use 
of  which  on  a  very  small  number  of  locomotives  it  was  aban- 
doned. In  those  days  the  valves  were  small,  and  there  was  no 
difficulty  in  handling  them  very  satisfactorily  with  the  revers- 
ing lever.  Now,  however,  the  conditions  are  entirely  different, 
and,  in  addition  to  the  heavy  weights  to  be  moved,  the  wide 
firebox  prevents  in  many  cases  a  good  practical  application  of 
the  time-honoured  reverse  lever.  In  some  cases  it  has  been 
necessary  to  use  a  power  reverse  simply  because  a  satisfactory 
hand  reverse  lever  could  not  be  worked  in  with  the  type  of 
boiler  used.  These  considerations  are  of  sufficient  importance 
to  necessitate  the  complication  of  the  power  reverse  gear,  so 
that  it  is  not  likely  that  it  will  be  relegated  to  oblivion,  as 
was  the  attempt  made  many  years  ago. 

{To  he  co nt  in  tied.) 


THE  ASSOCIATION  OF  CONSULTING  ENGINEERS. 

The  first  meeting  of  the  duly  elected  members  of  the  Associa- 
tion was  held  at  the  Institution  of  Electrical  Engineers  on 
Monday,  July  22nd,  Mr.  G.  Midgley  Taylor,  M.Inst. C.E., 
presiding.  The  Chairman  said  the  business  of  the  present  meet- 
ing was  to  receive  the  rules  presented  at  the  meeting  held  in 
January  and  the  report  and  proposals  of  the  Provisional 
Committee,  and  to  elect  the  first  committee  of  the  Association. 
In  making  the  following  remarks  he  wanted  members  to 
understand  that  he  was  not  speaking  for  himself  alone  but 
from  a  document  prepared  by  the  committee  and  with  which 
the  committee  were  in  absolute  and  full  accord.  They  were 
only  following  the  lead  of  the  United  States  and  Germany 
in  the  formation  of  an  Association  of  Consulting  Engineers 
to  look  after  their  own  interests.  If  they  could  not  look  after 
their  own  interests  better  than  anybody  else  he  would  be 
surprised.  In  the  formation  of  an  association  of  this  nature 
it  was  only  natural  that  certain  questions  should  arise,  and 
one  of  the  most  important  that  had  arisen  was,  What  is  a 
consulting  engineer  ？  The  committee  had  devoted  consider- 
able attention  to  the  matter,  and  had,  after  consultation 
with  their  legal  advisers,  adopted  the  following  definition  ： ― 

" A  consulting  engineer  is  a  person  possessing  the  neces- 
sary qualifications  to  practise  in  one  or  more  of  the  various 
branches  of  engineering,  who  devotes  himself  to  advising  the 
public  on  engineering  matters  or  to  the  designing  and  super- 
vising the  construction  of  engineering  works,  and  for  such 
purpose  occupies  his  own  office  and  employs  his  own  staff, 
and  is  not  directly  or  indirectly  concerned  or  interested  in 
commercial  or  manufacturing  interests  such  as  would  tend 
to  influence  his  exercise  of  independent  professional  judgment 
in  the  matters  upon  which  he  advises." 

The  next  question  which  had  been  asked  was,  Why  was 
it  necessary  to  form  a  new  association  when  there  were  such 
ancient  and  honourable  institutions  as  the  Institutions  of 
Civil,  Electrical  and  Mechanical  Engineers?  Ali  the  mem- 
bers present  were  connected  with  one  or  other  of  those 
honourable  bodies,  and  they  would  remain  loyal  to  them  ； 
but  it  was  felt  there  was  a  necessity  for  the  formation  of  a 
society  specially  devoted  to  the  small  proportion  of  consulting 
engineers  who  belonged  to  the  vast  numbers  of  those  various 
institutions.  The  committee  thought  that  probably  not  five 
per  cent,  of  the  members  of  the  three  important  institutions 
in  question  complied  with  the  definition  of  a  consulting 
engineer  that  the  committee  had  already  laid  down,  and  that 
there  had,  up  till  now,  been  no  source  from  which  any  one 
could  obtain  definite  information  as  to  who  was  an  inde- 
pendent consulting  engineer  and  who  was  not.  The 
Association,  subject  to  the  rules  being  amended,  would  be 
composed  of  those  members  of  the  three  institutions  on  whom 
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the  rules  of  professional  conduct  drawn  up  by  the  Institution 
of  Civil  Engineers,  and  since  accepted  by  the  Institution  of 
Electrical  Engineers,  were  always  binding,  as  distinguished 
from  those  members  who  were  only  bound  by  them  when 
acting  in  a  consultative  capacity.  The  Association  did  not 
suggest  that  any  duly  qualified  engineer  should  not  be  con- 
sulted on  any  engineering  matter  on  which  lie  was  an  expert  ； 
but  they  did  say  that  it  should  be  possible  to  distinguish 
the  independent  consulting"  engineer  from  the  expert  who 
might  be  closely  identified  with  manufacturing  or  contracting 
interests.  The  objects  of  the  Association  were  set  out  in  the 
Articles  of  Association,  and  they  were,  briefly,  to  uphold  the 
standard  of  professional  conduct  and  to  promote  the  profes- 
sional interests,  rights,  powers,  and  privileges  of  consulting 
engineers.  Those  objects  were  equally  in  the  interests  of  the 
public  and  of  consulting  engineers,  and  could  obviously  best 
be  promoted  by  the  creation  of  such  an  association  as  this. 
Since  the  meeting  in  January  last  the  committee  had  again 
reviewed  the  rules  which  had  now  been  put  into  legal  form 
by  the  honorary  solicitor,  Mr.  F.  W.  Wright  (of  Messrs. 
Faithfull  &  Owen),  to  whom  the  best  thanks  of  the  Associa- 
tion were  due.  The  Articles  of  Association  and  the  rules, 
as  proposed  by  the  committee,  were  in  the  members'  hands, 
including*  the  alterations  of  the  original  rules,  which  the 
committee  now  asked  the  members  to  approve,  and  which 
were  as  follows  ：  (1)  That  the  subscription  be  raised  from 
one  guinea  to  two  guineas.  (2)  Corporate  membership  of 
the  Institution  of  Civil  Engineers  or  full  membership  of  the 
Institutions  of  Electrical  or  Mechanical  Engineers  be 
accepted  as  evidence  of  technical  qualifications  for  member- 
ship of  the  Association.  (3)  That  members  be  entitled  and 
requested  to  use  the  abbreviation  M.Cons.E.  when  stating 
their  qualifications.  (4)  That  the  committee  be  increased  to 
18，  of  whom  not  more  than  12  shall  be  London  members. 

The  Treasurer  would  tell  the  members  that  the  Association 
could  not  make  both  ends  meet  and  become  useful ― by  cir- 
cularising members  in  regard  to  things  current  and  probably 
by  having  some  quarterly  communications ― if  the  subscrip- 
tion were  only  a  guinea  a  year.  With  regard  to  the  altera- 
tion of  the  rule  which  provided  that  corporate  members  of 
the  Institution  of  Civil  Engineers  only  should  be  admitted, 
the  committee,  after  mature  deliberation,  tliought  they 
should  throw  their  ranks  open  not  only  to  corporate 
members  of  the  Institution  of  Civil  Engineers  but  also  to  full 
members,  both  of  the  Electrical  and  Mechanical  Institutions. 
The  President-Elect  of  the  Electrical  Institution,  one  of  the 
most  eminent  men  in  his  profession,  was  not  a  member  of  the 
Institution  of  Civil  Engineers,  and  therefore,  although 
anxious  to  join,  would  have  been  ineligible  under  the  rule 
in  its  original  form.  After  the  rules  had  been  finally 
approved  by  the  meeting,  the  earliest  opportunity  would  be 
taken  to  submit  the  Memorandum  and  Articles  of  Association 
for  the  approval  of  the  Board  of  Trade  and  to  register  the 
Association,  after  which  the  final  rules  and  list  of  members 
would  be  printed  and  circulated  amongst  the  members,  and 
Government  Departments  and  engineering1  and  public  bodies 
will  be  notified  of  the  formation  of  the  Association.  It  was 
felt  that  the  Association,  as  the  only  body  representing  con- 
sulting engineers,  would  form  a  useful  channel  through  which 
the  opinions  of  consulting  engineers  could  be  ascertained  and 
with  whom  bodies  representing  other  engineering  interests 
could  usefully  confer.  It  was  hoped  that  all  members  would 
assist  the  Association  by  reporting  for  the  consideration  of 
the  committee  any  matter  affecting  consulting  engineers 
wliieli,  in  their  opinion,  could  be  usefully  dealt  with,  and 
also  by  inducing  all  eligible  consulting  engineers,  who  had 
not  yet  done  so,  to  ioin  the  Association.  He  formally  moved 
that  tlie  Memorandum  and  Articles  of  Association,  including 
the  alterations  and  additions  which  had  been  referred  to, 
should  be  approved  and  adopted.  In  the  document  in  the 
mf'rMlteiV  hands  the  proposed  rules  were  included  and  in 
addition  to  tlie  specific  alterations  he  had  mentioned  there 
were  a  number  of  new  rules  and  a  number  of  slight  verbal 
alterations  which  liad  been  put  in  by  the  honorary  solicitor, 
on  the  advice  of  counsel,  but  they  were  merely  formal. 

The  Honorary  Treasurer  (Mr.  S.  R.  Lowcock)  said  he  did 
not  think  it  was  likely  tliat  the  Association  could  ever  become 
a  very  large  body,  as  the  number  of  engineers  who  were 
eligible  under  these  rules  was,  as  the  Chairman  had  already 
j>ointed  out,  limited.    With  a  comparatively  small  member- 


ship, and  an  annual  subscription  of  only  one  guinea,  1  lu; 
Association  would  be  always  in  difficulties,  and  could  not  be 
effective  in  the  way  he  was  sure  they  all  desired  and  intended. 
Although  it  was  not  an  association  for  profit,  to  enable  it  to 
be  carried  on  properly,  they  must  not  only  make  both  ends 
meet,  but  must  have  a  small  margin. 

In  addition  to  the  annual  expenses,  the  preliminary  ex- 
penses, registration,  printing  the  Memorandum  and  Articles 
of  Association,  and  list  of  members  had  to  be  provided  for, 
and  from  the  estimates  he  had  made,  he  was  quite  sure  it 
was  not  possible  to  conduct  the  business  of  the  Association 
properly  with  an  annual  subscription  of  less  than  two  guineas. 

Mr.  Charles  Bright  congratulated  the  committee  on  tlie 
care  with  which  they  had  considered  the  whole  subject,  but 
he  thought  a  subscription  of  one  guinea  should  be  sufficient 
for  an  association  of  that  kind.  He  did  not  wish  his  remarks 
taken  in  any  spirit  of  animosity. 

Mr.  W.  Fairley  said  he  had  rather  expected  the  subscrip- 
tion would  be  raised  above  two  guineas,  because  there  must- 
be  an  ordinary  paid  secretary  in  addition  to  the  honorary 
secretary. 

The  Chairman  said  he  trusted  the  meeting  would  approve 
of  the  proposal  to  increase  the  subscription.  If  they  got  a 
large  membership  they  could,  if  tliought  advisable,  reduce 
the  subscription  back  to  a  guinea. 

Tlie  meeting  then  approved  the  alteration  and  the  addition 
(with  regard  to  the  use  of  the  abbreviation  "M.Cons.E.") 
set  out  above. 

The  Chairman  then  moved,  and  Mr.  W.  R.  Cooper 
seconded,  a  resolution  that  the  Memorandum  and  Articles  of 
Association  and  the  rules  as  amended  and  as  printed  in  the 
document  before  the  meeting  be  received  and  adopted. 
Before  putting  the  resolution  to  the  meeting-  the  Chairman 
invited  discussion  on  any  points  members  might  raise.  After 
replying  to  questions  by  Mr.  M.  G.  Weekes  and  Mr.  J.  H. 
Blizzard,  the  Chairman  put  the  motion,  which  was  duly 
carried. 

With  regard  to  the  constitution  of  the  committee,  the 
Chairman  remarked  that  the  committee  were  anxious  to  have 
a  certain  continuity  of  action  for  tlie  first  year  and  they  issued 
amongst  themselves  balloting  papers  for  the  London  members, 
with  the  result  that  the  12  names  printed  in  the  Articles  of 
Association  received  the  majority  of  the  votes.  The  hon. 
secretary  and  hon.  treasurer  were  also,  ex-officio,  members  of 
the  committee.  In  accordance  with  the  rules,  one-third  of 
the  committee  retired  every  year.  The  committee  were  not 
empowered  to  recommend  names  for  filling  up  the  four  vacan- 
cies so  created,  and  those  who  retired  were  not  eligible,  under 
the  rules,  for  re-election,  but  it  was  open  for  any  member  of 
the  Association  to  propose  a  member  of  the  committee,  and 
they  would  be  balloted  for  at  the  general  meeting.  With 
regard  to  the  country  members,  the  selection  was  one  that 
required  careful  consideration,  and  the  committee  asked  that, 
in  the  first  instance,  the  election  should  be  made  by  the  12 
London  members,  whose  election  he  invited  some  member  to 
move.  The  suggested  committee  included  representatives  of 
civil,  electrical  and  mechanical  engineering. 

Mr.  J.  H.  Blizzard  proposed  that  the  members  suggested 
by  the  committee  (Messrs.  John  Sydney  Alford,  Henry  Percy 
Boulnois,  William  Tregarthen  Douglass,  Baldwin  Latham, 
Ernest  Lawson  Mansergh,  William  Morris  Mordey,  William 
Henry  Patchell,  Henry  Rofe,  John  F.  C.  Snell,  Edmund 
Herbert  Stevenson,  James  Swinburne  and  G.  Midgley  Taylor) 
be  the  London  members  of  the  committee  for  this  year. 

Mr.  A.  A.  Campbell  Swinton  seconded,  and  the  motion 
was  duly  carried. 

The  Chairman  then  proposed  that  the  list  of  country 
members  of  the  committee  be  left  vacant  for  the  present,  on 
the  understanding  that  the  committee  would  fill  the  list  up 
with  the  best  names  they  could  find  for  the  provincial  towns, 
but  he  invited  suggestions  from  members.  The  committee 
felt  that  upon  the  country  members  would  largely  depend 
the  amount  of  support  the  Association  would  receive  from 
the  various  provinces  they  represented. 

Mr.  Weekes  seconded,  and  tlie  motion  was  duly  carried. 

Votes  of  thanks  to  the  Institution  of  Electrical  Engineers 
(for  the  use  of  their  rooms),  to  the  hon.  secretary  (Mr.  A.  H. 
Dykes),  to  the  hon.  solicitor  (Mr.  F.  W.  Wright),  and  to  the 
chairman  (Mr.  G.  Midgley  Taylor)  closed  the  proceedings. 
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THE  TESTING  OF  MOULDING  SANDS.- 

BY  ALFRED  B.  SEARLE. 

Whenever  a  material  is  used  which  occurs  in  a  natural  state, 
it  is  usually  subject  to  variations  in  cliaracter  which  may  utterly 
spoil  it  for  tlie  purposes  for  which  it  is  employed.  The  sands 
used  by  moulders  ought,  therefore,  to  be  tested  in  some  way  in 
order  to  minimise  the  losses  which  would  otherwise  result  from 
the  use  of  unsuitable  sand.  The  necessity  for  some  form  of 
testing  is  recognised  in  an  indefinite  manner  every  】noulder， 
and  some  of  the  "  tests  "  applied  in  the  shops  are  of  value, 
though  very  crude  and  limited  in  scope.  On  the  otlior  liaiid, 
moulders  have  generally  failed  to  recognise  1  ho  noccssity  for 
more  complete  knowledge  of  tlio  sands  they  use,  and  many  of 
them  are,  in  consequence,  】mvmg  】um('  dearly  ior  their  saiuls 
than  would  be  the  case  if  tliey  were  tested  properly.  One  par- 
ticularly striking  example  or('unv(l  Tecently  in  the  experience 
of  the  writer,  in  which  a  firm  were  purchasing  sand  from  140  miles 
distance  when  a  sand  more  suitable  for  tlieir  purpose,  but  of  a 
less  attractive  appearance,  could  be  obtained  from  a  pit  close 
to  the  works.  In  this  instance  a  certain  amount  of  prejudice 
existed,  for  the  foreman  moulder  was  accustomecl  to  a  pailicular 
sand  and  did  not  see  fit  to  change  wlien  ho  enf  crc<l  flu*  (Muploymont 
of  another  firm.  It  was  only  wlien  tiio  cluiractcristics  of  tlio 
two  sands  had  been  closely  compared  that  th"ir  pr;i(  li('al  kl("itity 
was  proved  and  they  woi-e  used  witli.  success  on  u  ('<mm"'r(.i;il 
scale. 

The  lack  of  information  on  tlie  subject  of  testino;  makes  it 
difficult  to  lay  down  a  complete  series  of  tests,  for  tlie  iv(|uiivm("its 
of  different  shops  differ  very  greatly  and  the  idiosyncrasies  of 
different  moulders  must  also  be  considered.  For  insl  ;")('(、，  in 
one  shop  in  which  the  writer  is  interested,  tliree  different  moulders 
used  three  different  sands,  and  could  not,  for  a  long  time,  1)C 
persuaded  to  change.  Even  that  most  cruel  test  of  all ― the 
secret  substitution  of  one  sand  for  another ― failed  to  overcome 
the  difficulty  as  soon  as  the  substitution  was  discovered,  though 
during  the  three  months  it  remained  unknown  no  noteworthy 
troubles  occuiTecl. 

Tlie  cliief  measurable  characteristics  of  moulding  sands  are 
(a)  refractoriness,  (6)  porosity,  (c)  permeability,  (d)  fineness,  and 
(e)  strength  when  formed  into  a  mould.  It  will  be  observed  tliat 
these  are  all  physical  properties,  yet  they  are,  to  some  extent, 
dependent  upon  the  chemical  composition  of  the  sand,  and  this 
must  therefore  be  taken  into  consideration. 

( ，/"'mi('(d  (' imposition. 一 To  a  large  extent  this  has  been 
misunderstood,  and  analyses  of  sands  liave  therefore  been  made 
on  lines  which  are  not  to  the  best  interests  of  the  moulder.  For 
example,  the  composition  of  a  typical  moulding  sand  will  usually 
be  reported  as  follows  ： ― 

Per  cent. 

Silica   84-13 

- Alumina   9«42 

Iron  oxide    4*41 

Lime   1.73 

Alkalies    0.31 


Total  100.00 

In  the  first  place  it  will  be  observed  that  tlie  analysis  adds  up 
to  precisely  100*00,  a  feat  of  skill  almost  impossible  even  to  tlie 
al)lost  analyst,  and  an  almost  certain  sign  that'  some  constituent 
has  been  "  estimated  by  difference. "  This  is  a  convenient  way 
of  stating  that  the  analyst  has  been  too  lazy,  too  busy,  or  too 
ill-paid  to  make  a  proper  analysis,  and  has  determined  the  silica, 
alumina,  iron  oxide  and  lime,  and  lias  then  found  that  0-31  per 
cent,  of  material  remains  unaccounted  for.  He  therefore  describes 
this  "  ditfcreiice  "  as  "  alkalies,"  and  soothes  his  conscience  with 
the  tliou^lit  tli at  so  small  a  porconta^e  of  any  ingredient  can 
make  no  jippi-cciable  difference  in  the  value  of  tlie  sand.  This 
met  hod  of  working  is  all  the  more  usual  because  tlie  labour 
a.f  lending  an  actual  determination  of  the  alkalies  is  equal  to  that 
required  for  all  the  other  constituents  put  togetlior. 

For  some  purposes,  such  as  glass-making,  an  accurate  know- 
ledge of  t  he  proportion  of  alkalies  is  unimportant  providing  that 
the  sand  is  otluM-wiso  pure  ；   but  for  moulding,  tlio  presence  of 
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lime,  magnesia,  and  alkalies ― even  in  small  quantities ― has  a 
notable  effect  on  the  heat  resistance  of  the  sand,  and  tlieir  pro- 
portions should  be  ascertained  with  great  exactitude.  It  is,  as 
a  matter  of  fact,  less  important  to  know  the  proportion  of  silica 
than  of  alkalies,  and  if  so  complete  an  analysis  cannot  be  obtained 
on  account  of  the  cost  or  labour  involved,  it  is  better  to  treat  the 
sample  with  hydrofluoric  acid  until  all  the  silica  has  been  driven 
off  and  to  analyse  the  residue,  than  it  is  to  make  a  guess  at  the 
proportion  of  alkalies,  as  is  so  frequently  done. 

A  further  serious  defect  of  the  ordinary  method  of  reporting 
the  results  of  an  analysis  in  the  form  given  above  is  that  it  docs 
not  give  tlie  information  required  by  moulders. 

Sands  are  essentially  composed  of  three  groups  of  substances, 
(a)  quartz,  (b)  clay,  and  (c)  other  minerals.  Of  these  the  quartz 
is  1  lie  main  constituent,  its  grains  being  bound  together  by  the 
clay  ；  the  "  other  minerals  "  may  be  regarded  as  impurities. 
The  quartz  (if  pure)  is  composed  entirely  of  silica,  but  all  tlto 
silica,  in  (a  sand  is  not  in  this  form.  Some  of  it  occurs  in  com- 
bination witli  alumina  in  tlie  form  of  clay  and  the  remainder  in 
combination  with  lime,  magnesia,  iron,  and  "  alkalies  "  formino; 
"other  minerals,"  the  nature  of  which  must  be  determined  (if 
iiocessary)  l>y  a  careful  microscopica]  examination. 

Many  attempts  have  been  made  to  resolve  saiuls  into  tlieir 
consf itucnts,  ([iiartz,  clay,  and  other  minerals,  but  no  chomicnl 
jnctkod  yet  devised  lias  proved  satisfactory.  Bischof  and  Se^er, 
some  30  years  ago,  devised  what  is  known  as  a  "  method  of  rational 
aiiidysis/'  in  which  the  material  is  treated  "with  boiling  sulphuric 
acid  and  tlien  with  caustic  soda.  These  investigators  tliou^ht 
that  tlio  clay  alone  would  l)e  dissolved  by  this  t  reatmotit,  but  it 
lias  sinco  been  proved  conclusively  tliai  tlio  method  is  quite 
unreliable  except  for  relatively  pure  china  clay ― a  material  of 
little  or  no  interest  to  moulders. 

If  <(  rational  analysis ,J  gave  correct  results  these  would 
a<>reo  with  tlie  results  of  an  ordinary  or  ultimate  analysis  whicli 
is  known  to  be  obtained  by  correct  methods.  In  actual  practice, 
however,  the  two  results  differ  so  largely  that  it  is  very  unwise  to 
place  any  reliance  on  the  results  of  rational  analysis. 

In  a  Paper  by  Mr.  J.  Shaw  in  the  April,  1910，  issue  of  tlio 
" Foundry  Trade  Journal,"  both  ultimate  and  "  rational  ，， 
analyses  of  a  number  of  sands  are  given,  though  the  former  are 
far  from  complete.  In  none  of  the  analyses  given  by  Mr.  Shaw 
do  the  results  of  the  two  methods  tally,  and  a  careful  comparison 
will  sliow  such  serious  discrepancies  in  the  "  rational  analyses  ,y 
as  to  necessitate  their  being  abandoned. 

Some  idea  of  the  mineralogical  composition  of  a  sand  may  be 
u-iined  by  assuming  that  the  alkalies,  lime,  and  magnesia  are 
all  in  the  form  of  felspar,  and  then  calculating  the  proportion  of 
alumina  and  silica  corresponding  to  this  assumed  felspar.  Any 
excess  of  alumina  may  then  be  calculated  to  "  clay  "  (A1203. 
2  Si02.  2  H20),  the  silica  corresponding  to  this  deducted  from 
the  silica  not  in  the  form  of  felspar,  and  the  remaining  silica  may 
then  be  assumed  to  be  quartz.  This  method ~ due  to  Fresenius 
- ~ gives  results  which  are  no  less  accurate  than  the  "  rational 
analysis/5  but  they  are  subject  to  the  serious  objection  that 
felspars  do  not  contain  magnesia  and  that  in  some  sands  the 
bases  are  present  as  mica  and  other  minerals.  Hence  the  only 
method  which  is  at  all  reliable  consists  in  a  careful  microscopical 
examination  of  the  sand  and  in  deducing  from  this  the  proportion 
of  tlie  different  minerals  present.  Needless  to  say,  this  is  a  very 
arduous  task  and  one  beyond  the  skill  of  any  but  an  expert. 

The  basis  and  chief  constituent  of  sand  is  one  of  several 
forms  of  silica.  It  is  seldom  pure  in  moulding  sands  and  the 
presence  of  iron  oxide,  lime,  and  other  substances  materially 
detracts  from  its  value.  Broadly  speaking,  the  more  pure 
quartz  a  moulding  sand  contains  the  higher  will  be  its  value. 

" Other  minerals  ，，  is  a  large  term,  and  includes  the  small 
grains  of  almost  every  kind  of  rock,  but  particularly  of  rocks  of 
igneous  origin.  In  moulding  sands  it  is  extremely  difficult  to 
identify  the  various  minerals  present  and  this  identification  is, 
in  consequence,  seldom  attempted. 

There  is,  unfortunately,  a  strong  tendency  on  the  part  of 
some  foundrymen  to  assume  what  is  convenient  rather  than  to 
investigate  whether  such  assumptions  are  correct.  This  is 
particularly  noticeable  wlien  a  disrussion  arises  on  the  mineral 
constituents  of  sands.  It  is  only  mifdt'ading  to  assume  that  the 
^roator  parf  of  "  othor  minerals  "  in  sand  are  ('omposwl  of  felspar, 
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and  a  number  of  erroneous  conclusions  liave  in  cojisequence  hvcn 
made  with  regard  to  moulding  sands. 

Comparisons  of  the  proportion  of  alumina  in  various  samples, 
though  very  common,  are  particularly  misleading,  as  the  alumina 
is  a  constituent  of  many  minerals  occurring  in  sands,  and  the 
extent  to  whicli  it  is  present  gives  no  idea  whatever  of  the  amount 
of  the  mineral  of  which  it  forms  a  part. 

It  is  in  consequence  of  these  difficulties  that  the  greatest 
caution  is  needed  before  an  opinion  as  to  a  sand  can  be  Hglitly 
expressed,  and  it  is  quite  true  to  state  that,  at  the  present  time, 
tliere  is  no  simple  means  of  ascertaining  the  true  composition  of  a 
sand  or  loam  ；  expert  knowledge  of  micrography,  as  well  as  of 
analysis  is  essential. 

Clay  is  an  almost  invariable  constituent  of  British  sands, 
although  in  some  of  them  it  must  be  present  in  very  small  pro- 
portions. Some  idea  of  the  amount  may  be  gained  by  shaking 
up  the  sand  with  20  times  its  weight  of  water  in  a  tall  glass 
cylinder  and  noting  the  amount  of  matter  remaining  in  suspension 
after  one  minute.  The  test  is  vitiated  by  the  extremely  fine 
sand  present,  some  of  which  will  remain  in  suspension  for  an 
hour  or  more. 

One  of  the  most  valuable  characteristics  of  clays  is  their 
plasticity,  but,  unfortunately,  no  one  has  yet  succeeded  in 
measuring  this  property  in  a  really  satisfactory  manner  when 
the  clay  is  mixed  with  a  large  proportion  of  sand.  So  little  is 
known  of  plasticity  that  it  is  by  no  means  clear  that  it  has  any 
connection  whatever  with  the  composition  of  the  material. 
Two  clays  may  have  the  same  chemical  composition,  yet  their 
relative  plasticities  may  be  widely  different. 

It  was  thought  at  one  time  that  the  power  possessed  by  clay 
of  binding  or  absorbing  certain  aniline  dyes  might  provide  a  mean 
for  determining  the  proportion  of  clay  present,  but  more  careful 
experiments  have  shown  that  this  method  gives  very  irregular 
results  with  different  sands,  though  useful  in  checking  the  clay- 
content  of  different  batches  of  the  same  sand.  Further  investi- 
gations are  now  being  made  in  this  direction. 

The  writer  has  examined  many  sands  for  various  purposes 
and  has  found  that  a  carefully  arranged  system  of  washing  is 
the  simplest  means  of  separating  the  clay  from  the  other  con- 
stituents. This  may  be  most  readily  carried  out  by  stirring  a 
convenient  quantity  of  sand  with  water  in  a  small  tank  containing 
paddles.  The  overflow  from  this  tank  is  received  at  the  bottom 
of  a  larger  conical  tube  in  which  the  water  flows  at  the  rate  of 
0.43in.  per  minute.  This  is  sufficient  to  carry  away  all  the 
clay  together  with  a  little  of  the  finest  sand.  The  product  is 
ii over  pure,  and  usually  contains  half  its  weight  of  sand,  but  this 
is  the  purest  product  at  present  obtainable.  To  obtain  the 
best  results  very  small  quantities  of  sand  must  be  employed, 
and  a  Schoene's  elutriating  funnel  used.  Various  processes  of 
sedimentation  have  also  been  tried,  but  are  less  satisfactory. 
Unfortunately,  no  means  of  definitely  separating  the  extremely 
fine  grains  of  sand  from  those  of  the  clay  have  yet  been  discovered, 
as  their  specific  gravities  are  almost  identical,  and  no  chemical 
reagent  is  known  which  will  attack  either  the  clay  or  tlie  sand 
witliout  interfering  with  the  other.  The  errors  of  "  rational 
analysis  "  have  already  been  pointed  out. 

The  colour  of  moulding  sands  is  unimportant,  except  as  a 
rough  guide  to  the  form  in  which  tlie  iron  is  present,  red  sands 
indicating  free  ferric  oxide.  This  oxide  is  understood  to  assist 
in  putting  a  good  "  skin  "  on  castings,  but  it  lias  the  serious 
disadvantage  of  being  reduced  by  the  coal  or  coke  dust  mixed 
with  the  sand,  thereby  forming  fusible  ferrous  silicates  which 
bind  the  sand  grains  into  lumps,  and  when  sufficient  of  these 
are  present,  rendering  it  "  dead  ，，  and  useless.  Various  oxidants 
are  used  to  prevent  the  occurrence  of  tins  reduction  or  to  "  revive  ，， 
the  sand  in  which  it  occurs  ；  it  is,  however,  better  to  use  sand 
containing  less  iron  oxide  and  never  to  use  that  which  contains 
more  than  5  or  6  per  cent. 

Refractoriness  or  resistance  to  heat  in  a  sand  depends  on  the 
proportion  of  ''  other  minerals  ，'  present  and  on  the  fineness  of 
the  grains  of  quartz,  &c.  Sand  is  usually  so  refractory  that  a 
flin'ct  test  of  its  heat-resisting  powers  is  of  little  value.  The 
writer  prefers  to  separate  the  sand  into  two  portions  by  means  of 
a  No.  150  or  No.  200  sieve,  and  to  test  the  heat  resistance  of  the 
miterial  which  passes  through  the  sieve.  In  this  way,  the  coarser 
rcfraotory  particles  are  removed,  and  the  finer  and  more  fusible 
on(、s  arc  isolated,  so  that  their  presence  and  effects  are  more 


Tiia.rkcd.  As  it  is  not  the  almoluto  refractoriness  that  is  re(|iiir('(l， 
but  only  tin1  t(、n<l('nry  of  the  sand  to  vitrify  or  fuse;  in  placc.s, 
this  separation  of  the  more  fusible  constituents  is  of  value. 

The  fine  material  (or  if  pi'dorrod  the  original  sample)  is  mixed 
with  a  little  dextrine  and  w;i.t'(、r,  and  is  moulded  into  a  .small 
pyramid  about  2^in.  high,  with  a  triangular  base  with  fjin.  sides. 
This  pyramid  is  heated  is  ;t  test  funiiice  "long  with  S<'<icr  ('ones, 
and  the  number  of  the  latter  corn'spondin^  in  l)('l"i,vi。u  r  wit  li 
the  test  piece  is  taken  as  the  refractoriiK^s  of  the  sanijjlc. 

The  porosity  of  a  moulding  sand  is  of  sinallcj-  importaiu-c  than 
is  generally  supposed.  It  is  not  the  number  or  size  of  the  porc- 
s paces  botAvoen  the  solid  grains  of  the  sand,  as  received,  t lutt 
matter,  but  the  facilities  for  the  escape  of  ^ises  offered  by  the 
sand  when  made  into  a  mould.  A  sample  of  sand  may  be  very 
porous  when  -placed  in  a'  test  glass  or  cup,  but  it  may  bo  very 
unsuitable  for  moulding  because,  when  rammed  to  form  a  moukl, 
the  gases  cannot  escape.  The  writer  has  made  numerous  com- 
parisons, but  has  been  unable  to  trace  any  direct  connection 
between  the  porosity  of  sands  "  as  received  "  and  their  suitability 
for  moulding.  He  therefore  regards  a  porosity  test  as  of  minor 
importance. 

The  permeability  to  gases  of  a  mould  made  of  sand,  on  the 
contrary,  is  of  great  importance,  and  no  tests  of  moulding  sands 
can  be  complete  without  it.  Unless  the  gases  formed  during 
casting  can  escape  with  sufficient  rapidity,  "  scabs  ，，  are  formed, 
and  defective  castings  are  produced.  The  permeability  of  a 
mould  depends  partly  on  the  shape  of  the  casting  and  on  the  skill 
of  the  moulder,  as  well  as  on  the  sand  mixture  used,  and  in  any  test 
of  this  property  due  importance  must  be  attached  to  the  "  per- 
sonal element."  The  writer  has  obtained  the  best  results  in  the 
following  manner  ： 一 

A  mould  case  is  used  which  consists  of  a  circular  metal  box 
3in.  diam.  and  l^in.  deep,  with,  the  bottom  cut  out  and  replaced 
by  wire  gauze  of  any  convenient  mesh.  On  the  bottom  of  this 
case  a  sheet  of  thin  porous  blotting-paper  is  laid  and  the  case  is 
filled  with  sand  to  be  tested,  care  being  taken  to  ram  it  in  a  manner 
as  similar  as  possible  to  that  employed  when  an  ordinary  casting 
is  to  be  made.  The  sand  or  sand  mixture  should  be  precisely  lin. 
thick.  In  order  to  preserve  the  conditions  of  normal  ramming 
the  writer  frequently  places  the  empty  test  case  in  a  larger  mould 
in  course  of  formation,  and  removes  it  when  filled,  the  space  left 
in  the  larger  mould  being  afterwards  repaired.  The  case  is  filled 
by  laying  on  a  second  sheet  of  paper,  and  by  inserting  a  flanged 
pipe,  the  whole  being  then  clamped  firmly,  but  without  breaking 
the  structure  of  the  sand.  Water  is  poured  into  the  flanged 
tube  to  a  height  of  40in.  and  the  appliance  is  suspended  above  a 
glass  receiver  or  measure.  The  time  taken  for  100  c.c.  of  water  to 
flow  through  the  sand  into  the  receiver  is  a  measure  of  the  per- 
meability. In  exact  experiments  the  level  of  the  water  in  the 
flanged  tube  must  be  kept  constant. 

If  care  is  taken  in  making  the  test,  results  from  similar  sands 
are  very  constant,  but  test  blocks  made  by  different  moulders 
differ  so  greatly  that  no  comparison  is  possible.  Hence  in  testing 
fresh  deliveries  of  sand  it  is  important  that  all  the  test  pieces  shall 
be  made  by  the  same  moulder.  At  the  present  stage  this  test  is  of 
value  in  works  for  the  manager's  own  use,  but  not  for  comparison 
with  the  results  obtained  by  others  ；  the  differences  caused  by 
unconscious  variations  in  manipulation  are  too  great.  In  a 
modification  of  this  test  the  writer  endeavoured  to  substitute  air 
in  place  of  water,  but  the  variations  in  the  amount  of  air  penetrat- 
ing through  the  same  block  at  different  times  as  well  as  with 
different  tests  of  the  same  sand  made  the  use  of  air  appear  to 
be  impracticable.  Further  experiments  are,  however,  being 
made  in  this  direction. 

The  fineness  or  size  of  grains  of  sand  used  for  moulding  has  never 
been  standardised  and  equally  good  results  have  been  obtained  witli 
sands  of  most  divergent  characteristics  in  this  respect.  In  com- 
paring the  fineness  of  different  samples  of  sand,  the  writer  has 
found  an  adaptation  of  Jackson's  u  surface  factor  '，  is  convenient, 
providing  the  material  is  not  too  coarse.  The  •writer  has  for  more 
than  10  years  used  a  series  of  sieves  with  10，  25.  .¥),  100.  and  200 
holes  per  linear  inch. 

Since  the  standardisation  of  sieves  by  the  Institute  of  Mining 
and  Metallurgy,  it  is  best  to  use  standard  sieves  ;  these  are  made 
by  N.  Greening  &  Son,  Warrington.  The  sizes  of  the  apertures 
of  the  sieves  are  given  in  a  subsequent  table. 
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The  sand  is  mixed  with  water,  woll  shaken  for  half  an  hoi"'  or 
more  in  a  mochanical  agitator  and  then  run  on  to  each  of  the  sieves 
in  turn.  Each  sieve  is  then  washed  with  a  powerful  "  rose  ，'  of 
water  so  as  to  ensure  all  the  sand  finer  than  the  mesh  running  on 
to  the  next  finer  sieve.  The  contents  of  the  various  sieves  aro 
then  dried  and  weighed.  The  material  whicli  passes  through 
the  finest  sieve  contains  all  the  clay  together  with  an  equal  weight 
or  more  of  sand.  This  mixture  is  placed  in  a  Schoene's  elutria- 
ting tube,  and  water  is  passed  through  it'  at  the  rate  of  0'43in. 
per  minute.  In  this  way  a  further  portion  of  very  fine  sand 
remains  in  the  vessel,  the  clay  witli  some  sand  being  washed  out 
by  the  water.  This  clayey  portion  is  collected,  dried,  and 
analysed  ；  its  composition  will  give  n,  fair  idea  of  tho  proportion 
of  clay  present. 

The  surface  factor  is  found  by  multiplying  the  weight  of  each 
fraction  separated  in  this  manner  by  an  "p|)r(>priat(、  factor,  and 
adding  all  these  numerical  product's  together.  The  factors  for 
multiplying  are  shown  in  the  followino  tal>lo,  from  tlio  writer's 
'' Clayworkers'  Handbook  ，， ： 一 


Sieve. 

Diameter  of 
particles. 

Nature. 

Factor. 

A 

Above  0  •  5in  

Stones  .... 

Nil. 

B 

Between  sieves  Nos.  1 

Above  0*()r>in.  to 

(Jravol  , ... 

027 

and  10. 

0-5in. 

C 

Between  sieves  Nos.  10 

Above  0-01  in.  in 

Course 

()-05in. 

sand. 

D 

Between  sieves  Nos.  50 

Above  0-005in.  to 

Medium 

132 

and  100. 

0-Olin. 

sand. 

E 

Bet  ween  sieves  Nos.  100 

Above  0-0025in.  to 

Fine  sand. 

22- fi 

and  200. 

0-005in. 

F 

Between  sieves  Nos.  200 

Above  0-0004in.  to 

Silt  

53- 0 

and  washing. 

0-0025in. 

G 

Washed  out  by  a  stream 

Below  0-0004in. 

Clay  and 

359-0 

0-43in.  per  minute. 

dust. 

If  the  weight  of  eacli  fraction  be  represented  by  tho  lottois 
in  the  first  column  in  the  above  table,  the  surface  factor  is 

0-27B  +  2-6C  +  13-2D  +  22-6E  +  53-9F  +  359G. 

The  finer  the  sand,  the  higher  will  be  the  surface  factor.  As 
the  factor  for  stones  is  nil  the  weight  of  stones  present  does  not 
enter  into  the  calculation  except  in  so  far  as  it  reduces  the  total 
forming  the  surface  factor. 

The  use  of  this  factor  in  comparing  several  well-known 
moulding  sands  is  exemplified  in  the  following  table,  in  which  tho 
letters  indicate  the  proportion  of  each  of  the  grades,  as  above  ： 一 


Sand. 

A. 

B. 

C. 

D. 

E. 

r. 

G. 

Surface 
factor. 

Medium  Erith   

Coarse  Mansfield  . . . . 

0-01 

003 

0-74 
0-22 

W  W  OV  — 

05  C5  O  CO 

0-34 
3-92 
18-42 
18-93 

寸 CO  to 

lO 丄、 寸 CD 

2717 
22-21 
3-81 
6-08 

»o 卜 卜 w 

(N ②寸々 
i— t  r-H 

By  means  of  this  surface  factor  a  single  expression  is  used 
for  the  fineness  of  a  sample  of  sand  and  a  ready  method  of  com- 
parison is  obtained.  The  difference  in  texture  between  the  fine 
and  coarse  Mansfield  sands  is  well  shown  in  the  table,  the  Erith 
sand  corresponding  with  the  former  and  the  Stourbridge  with 
the  latter. 

The  sharpness  of  sand  cannot  be  expressed  numerically,  but  a 
careful  microscopical  examination  will  usually  enable  the  relative 
angularity  of  the  grains  of  two  samples  to  be  determined  in  a 
few  minutes. 

The  strength  of  sand  when  in  tlie  form  of  a  mould  is  another 
property  for  which  no  satisfactory  method  of  measurement  has 
been  found.  The  measurement  of  the  tensile  strength  of  test 
pieces  made  with  fixed  weights  of  sand,  water,  and  dextrine  has 
not  proved  satisfactory,  and  the  sand,  as  actually  used  by 
moulders,  has  so  little  compressive  or  tensile  strength  that  the 
errors  of  experiment  are  so  great  as  to  destroy  the  value  of  the 
results.  The  writer  has  ascertained  the  maximum  weight  whicli 
ran  be  carried  by  a  cube  of  sand  of  2in,  sides,  the  weight  being 
applied  in  the  form  of  a  light  aluminium  cylinder  with  a  large  base. 
Water  or  mercury  is  run  into  tho  cylinder  until  tlie  cube  of  sand 
loses  its  shape.    So  far  tlie  results,  though  interesting,  are  far 


from  constant  with  different,  batches  of  tho  same  sand,  though 
consocutivo  cubes  made  from  a  small  samplo  yield  con.slant 
results. 

Dead  sand,  is  that  which  has  been  mixed  with  coal  dust,  has 
)>oon  used  a  number  of  times  by  the  moulders  and  】ias  lost  its 
valuable  properties.  Dead  sand,  is  deficient  in  plastic  clay,  as 
may  readily  be  seen  by  examining  the  finest  portions  removable 
from  the  material  by  a  slow  stream  of  water.  It  also  contains 
a  larger  proportion  of  sand,  grains  which  have  been  fastened 
together  by  the  fusible  silicates^produced  by  the  reaction  of  tlie 
coal  dust  on  the  iron  oxide  and  silica  in  the  material.  Dead 
sand  has  a  very  low  surface  factor ― in  the  specimens  examined 
by  the  writer  this  varied  from  437  to  1,025 ― and  as  it  does  not 
pay  to  grind  it  and  so  increase  the  surface  factor,  dead  sand 
can  only  be  used  to  a  very  limited  extent  along  with  new  sand. 

In  spite  of  tlie  difficulties  experienced  in  testing  sands  and 
in  formulating  satisfactory  conclusions  from  1  ho  results  of  sucli 
tests,  their  value  is  unquestionable,  and  as  users  of  moulding 
sands  accustom  themselves  more  and  more  to  the  study  of  the 
properties  of  the  sands  they  use,  the  greater  will  be  the  progress 
made  in  obtaining  satisfactory  castings.  In  Germany,  where 
the  use  of  artificial  mixtures  of  various  sands  is  common,  the 
writer  lias  found  an  increasing  tendency  to  detailed  standardisa- 
tion of  the  different  sands  employed  ；  in  this  country,  on  the 
contriiry,  moulders  are  blessed  with  natural  sands  of  sufficient ly 
suitable  composition  and  physical  properties,  and  there  is  less 
inducement  to  improve  these  natural  materials.  Nevertheless, 
a  careful  study  of  the  tests  suggested  in  this  paper,  combined  with 
that  of  actual  castings  produced  from  known  sands  and  mixtures, 
has  convinced  the  writer  that  tlie  use  of  such  improved  sands  is 
one  of  the  great  needs  of  the  industry  at  the  present  time. 
The  chief  difficulty  is  that  the  most  effective  tests  are  beyond  tho 
capability  of  the  ordinary  foreman,  whilst  those  who  have  the 
ability  for  carrying  them  out  do  not  have  access  to  a  sufficient 
number  of  foundries  to  be  able  to  draw  general  conclusion h. 
It  would  be  well  if  this  Association  could  undertake  a  general 
investigation  into  the  matter. 


THE  INSTITUTE  OF  METALS. 

Next  month  the  annual  autumn  meeting  of  the  Institute  of 
Metals  will  be  held  in  London  for  the  first  time  since  the 
Institute's  formation  in  1908.  In  that  year  the  Institute  met 
in  Birmingham  ；  in  subsequent  years  meetings  were  held  in 
Manchester,  Glasgow,  and  Newcastle-upon-Tyne.  This  year 
it  is  London's  turn  to  welcome  the  members  of  this,  the 
youngest,  but  certainly  not  the  least  virile,  of  our  scientific 
institutions.  Arrangements  for  the  meeting  to  be  held  on 
September  25th  and  26th  are  in  the  hands  of  an  executive 
committee  composed  of  the  London  members  of  the  Council 
of  the  Institute,  who  have  drafted  an  attractive  programme. 
The  meeting,  for  which  ten  papers  have  been  prepared,  will 
open  at  10-30  a.m.  on  Wednesday,  September  25th,  and  will 
be  held  at  the  Institution  of  Electrical  Engineers,  Victoria 
Embankment,  W.C.  During  the  morning  a  series  of  papers 
will  be  read  and  discussed,  Prof.  W.  Gowland,  F.R.S., 
Assoc.  R.S.M.,  president,  being  in  the  chair.  In  the  after- 
noon members  will  proceed  either  to  the  works  of  Messrs. 
Fraser  &  Chalmers,  Ltd.,  Erith,  or  to  the  National  Physical 
Laboratory,  both  of  which  will  be  op^n  to  their  inspection. 
In  the  evening  there  will  be  a  reception  by  the  President 
of  the  members  and  their  ladies,  which  will  take  place  at 
the  Royal  United  Service  Institution,  Whitehall,  S.W.  On 
Thursday,  September  26th,  papers  will  be  read  and  discussed 
at  the  morning  session  of  the  Institute  at  the  Institution  of 
Electrical  Engineers,  and  in  the  afternoon  alternative  excur- 
sions will  take  place,  one  being  to  Woolwich  Arsenal  by 
special  steamer  from  the  Embankment,  and  the  other  being  a 
visit  to  the  Brooklands  motor  racecourse  and  aviation  ground, 
special  motors  being  provided  for  the  conveyance  of  the  party. 
Weather  permitting,  aeroplane  competitions  will  take  place 
for  the  Institute  of  Metals  aviation  prize.  Anyone  desiring 
of  taking  part  in  the  meeting  should  communicate  with  the 
secretary,  Mr.  G.  Shaw  Scott,  M.Sc,  Caxton  House,  West- 
minster. S.W. 
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THE  INNER  STRUCTURE  OF  SIMPLE  METALS  * 

BY  SIK  J,  ALFRED  EWING,  K.C.B.,  LL.D.,  F.K.S. 

(Continued  from  pa(je  149.) 

The  crystalline  constitution  of  the  grains,  tlien,  survives 
severe  straining.  How  does  it  do  so?  That  is  a  question 
Dr.  Rosenhain  and  I  set  ourselves  to  auswer.  We  tested 
specimens  of  metal  by  straining  them  actually  under  the  lens 
of  the  microscope  and  observing  what  happened  during  the 
process.  The  specimen  was  a  thin  strip  of  sheet  metal,  whicli 
was  strained  in  such  a  manner  that  the  same  crystals  were 
kept  in  view  the  whole  time.    In  Fig.  1  we  had  a  specimen 


of  lead  in  which  one  got  a  beautifully  smooth  surface,  and 
then  severe  straining  brought  out  the  slip  bauds  or  slip  lines. 
I  compared  the  action  just  now  to  that  which  occurs  in  a 
pack  of  cards,  but  the  comparison  is  a  very  incomplete  one. 
In  order  to  admit  of  the  changes  of  form  that  are  brou^lit 
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Fig.  13.— Lead  apteii  Straining,  with  Sup  Bands  shown  by  Oblique 
Lighting.      Rlagnitied  100  diameters. 

about  by  straining,  one  must  have  slips  not  only  on  one 
system  of  planes,  but  oil  several  systems ― on  three  systems  at 
least  in  each  grain  in  order  to  get  such  complete  distortion 
as  may  occur.  It  will  be  noticed  in  Fig.  11  that  in  some  of 
the  grains  four  distinct  systems  of  slip  lines  are  visible. 
These  have  been  carefully  traced,  and  it  has  been  found  that 
they  represent  slips  on  the  four  octahedral  planes  of  the  cubic 
crystals  of  which  the  lead  is  composed. 

The  process  which  I  have  attempted  to  describe  may  be 
illustrated  by  a  very  rough  diagram  (Fig.  12).  This  is  an 
imaginary  section  through  a  couple  of  crystal  grains.  The 
line  at  the  top  represents  the  polished  surface  which  we  are 
looking  at  from  above  in  the  microscope,  AC  being  part  of 
the  surface  of  one  crystal  grain,  and  CB  that  of  another. 
The  dotted  lines  represent  the  manner  in  which  the  layers 
of  brickbats  are  disposed  in  the  two  crystals.  Now,  imagine 
that  straining  takes  place  so  as  to  stretch  the  whole  thing 


Fig. 】2. 

one  layer  on  those  of  the  adjacent  layer  within  each  grain. 
The  result  is  that  on  the  polished  and  etched  surface  little 
steps  are  formed  by  the  slipping,  apd  it  is  these  little  steps 
that  constitute  the  black  lines  you  are  now  looking  at.  They 
are  narrow  bands  rather  than  lines  ；  Dr.  Rosenhaiji  and  1， 
wlien  first  we  discovered  them,  called  them  u  slip  bands." 卞 

Perhaj)s  you  will  realise  the  nature  of  these  lines  better 
by  looking  at  another  specimen  of  strained  metal.  Fig.  11 
hIiowh    under    a    power    of     60    diameters    ； t  specimen 


•  Lecture  delivered  before  tbe  Insiitntc  of  Rfctals,  May,  1912. 
T  Kwin«  and  Kosenhain,  'VPfocewliims  of  tlic  Uoyal  Society,"  Vol.  LXV.  v.  I 
•  Philosophical  Traubactions,,rVol.  CXCIII..  1899,  p.  353. 


Fig.  1-1.— Same  Surface  as  Fig.  13,  but  with  Diukction  of  Lighting  Altered 
to  Show  Slip  Bands  on  a  Neighbouring  Grain. 

in  the  direction  AB  ；  the  result  is  that  every  here  and  there 
in  the  crystal  CB  slips  will  take  place  (as  at  c,  (/，  and  e), 
the  part  to  the  right  slipping  down  relatively  to  the  part  to 
the  left.  Similarly  in  the  crystal  AB  slips  take  place  at 
a  and  /'，  the  part  to  the  left  slipping  down  relatively  to  the 
part  to  tho  right.  In  consequence  of  that  you  get  a  number 
of  steps  formed  ou  the  polished  surface.    Oue  such  step  has 


FIG.  11.— IiKAD  AFTER  STRAINING,  SHOWING  SLIP  BANDS. 

Magnified  about  60  diauieters. 

of  iron  lightly  etdied.  This  was  subsequently  strained  by 
tension,  but  the  photograph  of  Fig.  1  was  taken  before  the 
straining  began.  In  Fig.  10  we  have  identically  the  same 
grains  after  a  slight  amount  of  straining ― enough  to  carry 
it  beyond  the  elastic  limit,  but  not  much  beyond.  If  we  com- 
pare those  two  accurately  by  applying  compasses  and  measur- 
ing the  lengths  of  the  grains,  it  will  be  found  that  in  Fig.  10 
each  grain  has  become  a  little  stretched  in  one  direction  and 
a  little  shortened  in  the  transverse  direction.  But  that  is 
not  1  he  main  difference.  The  main  difference  produced  by 
the  straining  is  that  over  the  surface  of  each  grain  a  lumber 
of  curious  black  lines  have  appeared,  almost  like  the  crevasses 
of  a  glacier,  lines  which  are  substantially  straight  and  sub- 
stantially parallel.  It  is  in  virtue  of  these  lines  that  the 
plastic  strain  of  the  crystal  grain  has  happened.  These  lines 
mean  not  that  crevasses  are  formed,  for  there  is  uo  rupture 
of  continuity,  but  that  there  lias  been  shearing  at  a  corre- 
sponding number  of  internal  surfaces,  that  tlie  crystal  grain 
lias  behaved  as  a  pack  of  cards  behaves  when  you  try  to  make 
it,  alter  its  form.  The  pack  of  cards  becomes  strained  by  the 
slipping  of  one  card  on  the  other,  of  each  layer  on  its  neigh- 
bour. In  precisely  the  same  way  the  crystals  of  metal 
become  strained  by  the  slipping  of  the  little  brickbats  of 
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been  formed  at  a,  another  at  h  parallel  to  it,  and  so  on. 
When  you  look  at  the  surface  through  the  microscope,  throw- 
ing the  light  directly  down  upon  it,  the  light  which  falls  on 
those  parts  of  the  surface  between  tlie  places  where  slip  has 
occurred  is  reflected  up  again  into  the  microscope,  and  those 


Fig.  15.— Slip  Bands  in  Strained  Lead.       Magnified  l.CUU  diamelovs. 


parts  accordingly  appear  bright,  but  the  light  which  falls 
upon  any  one  of  the  little  sloping  steps  is  reflected  away, 
and  therefore  each  step  appears  in  the  microscope  as  a  narrow 
dark  band. 

Clear  proof  that  the  slip  lines  are  really  little  steps  was 
furnished  by  testing  the  effect  of  oblique  illumination.  It 
will  be  obvious  that,  if  the  theory  is  correct,  it  should  be 
possible,  by  throwing  the  light  from  the  side,  to  get  the  little 
step  which  was  dark  in  the  first  instance  to  shine  up  brightly. 
We  have  only  to  choose  an  appropriate  direction  from  which 
the  light  should  come  in  order  that  the  step  may  reflect  it  up 
into  the  microscope.  That  has  been  done  in  this  slide.  Here 
are  illustrations  of  what  Dr.  Rosenhain  and  I  found  when  we 
made  that  experiment.  In  Fig.  13  we  have  several  grains 
of  a  strained  specimen  of  lead  illuminated  by  light  falling 
very  obliquely  from  one  side.  The  light  is  so  placed  that 
some  of  the  slip  lines  or  slip  bands  are  bright,  through 
reflection  from  the  little  steps  up  into  the  microscope.  The 
light  is  falling  on  all  the  grains  alike,  but  only  one  is  visible, 


Fk;.  IG.-  Skction  ov  GohX)  Nuggi-'.t,  \Vj;st  Australia. 
Magnified  Vr>  diamotcTs  (Livorsicl^c). 

because  none  of  the  slip  lines  on  the  others  are  favourably 
sit  uated  for  reflection  into  the  microscope.  Now  we  shift 
round  the  direction  of  the  illuminntion  (Fig.  14) :  another 
crystal  has  its  slip  lines  brilliantly  illuminated,  and  at  the 
same  time  the  one  thai.  Iiad  its  lines  illuminated  before  has 
now  IxM'oinc  d;i]'k. 

Fiy.  15  is  a  pliolo^rjipli  of  the  system  of  slip  lines  on  a 
small  part  of  a  single  lead  crystal  under  a  magniJication 


of  1,000  diameters.  You  can  see  that  the  slips  have  pro- 
cured small  differences  of  level,  and  it  is  apparent  that  they 
have  taken  place  successively  in  the  different  planes,  so  as 
to  result  in  a  compound  system  of  steps. 

Dr.  Rosenhain  gave  subsequently  a  further  demonstration 
by  obtaining  a  transverse  section  of  the  steps  formed  by  slip- 
ping. To  do  this  he  strained  a  piece  of  iron  to  form  the 
lines,  and  then  deposited  a  thick  layer  of  copper  upon  it  by 
an  electrolytic  process  ；  finally  he  cut  a  transverse  section 
through  both  the  iron  and  the  copper  covering,  and  polished 
that  for  microscopic  examination.  Under  a  high  power  it 
was  seen  that  the  surface  between  the  two  metals  had  upon  it 
a  munber  of  little  definite  parallel  steps,  which  corresponded 
to  the  slip  lines  produced  by  straining  the  iron.* 

We  conclude,  then,  that  the  plastic  yielding  of  metals 
under  strain  is  due  to  slips  occurring  on  the  gliding  planes 
of  the  crystal  grains.  This  notion  gives  a  key  to  plasticity 
in  metals.  It  is  not  going  too  far  to  say  that  any  amount 
of  distortion  can  be  accounted  for  by  slips  of  this  kind  with- 
out requiring  the  continuity  of  the  crystalline  structure  to 
be  interrupted. 

I  do  not  say  that  there  is  not  some  disturbance  of  the 
particles  in  and  close  to  the  plane  of  slipping.  Dr.  Beilby 
lias  suggested  that  in  the  process  of  slipping  a  thin  amorphous 
layer  is  formed  as  one  part  of  the  crystal  slips  upon  another. 


Fig.  17. ― Copper,  showing  Slip  Bands  in  Twinned  Crystal. 
Magnified  1,000  diameters. 

The  idea  is  consistent  with  the  observed  fact  that  when  you 
have  a  frequently  repeated  succession  of  slips  backwards  and 
forwards  you  get  a  deterioration  of  the  material  which  may 
ultimately  result  in  fracture.  This  is  the  well-known  fatigue 
of  strength,  caused  by  repetitions  of  straining,  an  immensely 
interesting  matter  about  which  the  microscope  tells  us  much, 
but  to  discuss  it  would  take  us  too  far  to-night. 十 

A  point  of  fundamental  importance  in  relation  to  the 
crystalline  structure  of  metals  is  the  frequent  presence  o'f 
what  are  called  twin  forms.  Twinning  sometimes  results  as 
a  direct  effect  of  straining.  Much  more  commonly  it  is  found 
in  a  metal  that  has  been  strained  and  then  annealed.  It  does 
not  occur  in  all  metals.  It  is  conspicuously  absent  in  forged 
iron  under  ordinary  conditions!  but  in  gold,  copper,  silver, 
or  lead  you  often  find  it  when  the  metal  is  in  the  wrought 
state. 

Perhaps  the  most  intelligible  way  to  explain  what  is  meant 
by  twinning  is  to  ask  yon  to  think  of  the  process  of  crystal 
building  by  the  piling  up  of  layers  of  ('  brickbats  ，，  or  struc- 
tural units  one  upon  the  other.  Suppose  that  after  you  have 
reached  a  particular  layer  the  units  which  are  going  to  be 
deposited  to  form  the  next  layer  are  not  laid  down  parallel 

*  W.  Kosenbain,  "Journal  of  the  I  von  and  Steel  Institute,"  Vol.  LXX.,  1906  ； 
also  "  Procecdin^fl  of  the  Royal  Society,"  Vol.  LXXIV.,  1905. 

t Sue.  Ewinti  and  Hmnfnsy,  "On  tltc  l^racturti  of  M* tals  under  liepcatt'^ 
Alternations  of  Slruss,"  '  '  Tliilosophical  Transactions,"  1903,  Vol.  CO. 

X  Namely,  in  a-iron :  iu  y-iron  it  is  i'requont. 
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with  those  that  have  gone  before,  but  tliat  every  one  is  turned 
through  a  definite  angle,  let  us  say  180°,  about  an  axis  per- 
pendicular to  the  layer,  before  it  is  laid  down.  If  you 
imagine  that  to  happen,  you  will  have  a  case  of  what  is  called 
twin  formation  ；  the  part  above  the  plane  will  be  in  twin 
relation  to  the  part  below  it.    Very  often  this  happens  for  a 


Fig.  IS. 


Fig. 


certain  number  of  layers,  and  then  there  is  a  reversion  to  the 
original  form,  and  in  consequence  of  that  the  surface  of  a 
cross-section,  as  we  see  it  in  the  microscope,  exhibits  parallel 
boundaries,  between  which  there  is  a  band  showing  an 
entirely  different  texture  from  the  material  on  either  side, 
dark  while  the  rest  is  light,  or  it  may  be  light  while  the  rest 
is  dark.  Whenever  this  characteristic  appears  it  is  to  be 
recognised  as  due  to  twinning.  Sometimes  you  find  a  series 
of  parallel  bands,  each  of  which  is  a  twin  to  its  next  neigh- 
bour. 

By  way  of  illustration,  I  reproduce  in  Fig.  16  a  photo- 
graph, published  some  years  ago  by  Prof.  Liversidge,*  show- 
ing in  section  an  Australian  gold  nugget  in  its  native  state . 
Here  the  grains  are  comparatively  large,  and  several  of  them 
are  characterised  by  the  presence  of  twins.  On  one  of  the 
grains  you  see  a  beautiful  example  where  the  twin  does  not 
extend  across  the  whole  grain,  but  is  isolated  on  all  sides. 
The  photograph  as  reproduced  is  only  a  little  larger  than  the 
natural  size. 

When  we  strain  a  twin  piece  we  get  a  very  interesting 
m ；，" ifestation  of  its  twin  character  by  finding  that  there  is  a 
su'l'leii  change  in  the  direction  of  the  slip  lines.  Instead  of 
running  straight  across  the  crystal  parallel  to  one  another, 
they  suffer  a  sharp  change  of  direction  where  they  pass  into 
the  twin-band,  and  then  revert,  with  equal  sharpness,  to  tlieir 
original  direction,  where  they  pass  out  of  it.  Fig.  17  is  an 
example  of  twins  in  wrought  copper  which  has  been  strained 


Fig.  20. 

so  as  to  develop  the  slip  lines  :  notice  the  sudden  change  in 
tlieir  direction  as  tliey  pass  across  the  planes  on  whicli 
twinning  has  occurred.  When  there  is  a  succession  of 
parallel  twin  bands  you  get  an  appearance  that  recalls  the 
herring-bone  pattern  of  a  parquet  floor. 

I  have  mentioned  this  subject  of  twinning  at  some  lengtli, 

*A.  Livf-rHi^l^-.  "  Tin.  CryKUUinc  StrucLuro  of  Gold  unci  Plabinuiu  Nu^cts  and 
Oold  Inyots,"  "Journal  of  tht-  Cheuiioal  Society,"  18U7. 


because  it  seems  to  me  to  have  an  important  bearing  on  any 
conjecture  we  may  frame  as  to  tlie  mainie r  in  wliicli  \ 
structure  of  the  crystal  is  made  up.  What  little  time  remains 
must  be  devoted  to  speculative  consideration  of  the  inner 
nature  of  the  structure ― to  what  Kelvin  has  called  the  mole- 
cular tactics  of  the  crystal.  We  have  seen  that  the  crystal 
grains  of  metal,  like  any  other  crystals,  are  composed  of  units 
— units  of  finite  size  which  are  arranged  in  a  perfectly  regular 
manner.  The  structural  units  are  set  in  rows,  the  rows  ars 
set  in  layers,  and  the  layers  are  piled  on  top  of  one  another. 
We  have,  as  I  have  said,  a  "  homogeneous  assemblage/'  like 
the  well-drilled  flowers  on  a  mid-Victorian  wall-])aper,  or  like 
what  soldiers  on  parade  would  be  if  all  soldiers  were  precisely 
alike  and  were  spaced  with  perfect  exactness.  What  are 
these  structural  units  ？  We  do  not  know  whether  they  are 
the  molecules  of  the  metal  or  whether  they  are  aggregations 
of  molecules,  and,  so  far  as  the  present  enquiry  is  concerned, 
I  do  not  think  it  very  much  matters.  Even  if  they  are  the 
molecules,  there  can  be  no  doubt  that  they  themselves  possess 
a  somewhat  complex  structure.  We  may  picture  to  qurselves 
each  unit  as  having  within  itself  a  quality  of  direction  so  that 
it  can  be  oriented  in  a  definite  way.  We  do  not  think  of  it 
simply  as  a  uniform  sphere  without  directional  quality.  It 
may  be  regarded  as  having  externally  the  form  of  a  sphere  ； 
in  any  case  that  is  a  convenient  way  of  geometrically  repre- 
senting the  fact  that  in  crystals  of  the  types  with  whicli  we 
are  now  concerned  the  units  are  spaced  in  regular  rows  at  a 
uniform  distance  apart.  Whatever  be  the  real  nature  of  the 
structural  units,  their  spacing  relatively  to  one  another  is 
that  which  would  be  assumed  by  equal  spheres  in  contact. 
Moreover,  we  have  to  think  of  the  particles  as  being  capable 
of  turning  ；  in  that  respect  also  they  behave   like  spheres. 


Fig.  '21. 

We  accordingly  represent  the  homogeneous  assemblage  of  par- 
ticles by  means  of  balls  in  contact  with  one  another.  The 
question  then  arises,  how  may  we  pile  spheres  in  contact  with 
one  another  so  as  to  build  up  structures  that  will  possess  those 
types  of  symmetry  whicli  we  observe'  in  metal  crystals  ？ 

Before  attempting  to  answer  that  question,  I  wish  you  to 
realise  that  the  symmetry  whicli  is  tli(、  fumlamental  charac- 
teristit^  of  crystalline  structure  is  not  symmetry  of  external 
form  but  of  internal  grouping,  namely,  of  the  arrangeinent- 
of  the  structural  units  amongst  themselves.  Symmetry  of 
external  form  may,  under  favourable  conditions,  result  from 
symmetry  of  internal  arrangement  ；  but  you  may  have  the 
latter,  which  is  the  essential  thing,  without  the  former,  as, 
for  example,  in  the  grains  of  a  metal  where  the  external  form 
is  interfered  with  by  the  simultaneous  growth  of  neighbouring 
grains.  It  is  symmetry  in  the  assemblage  of  the  structural 
units  tliat  distinguishes  a  piece  which  is  crystalline  from  one 
tli at  is  anior])hous  or  non-crystalline.  And  it  is  through 
difTerences  in  the  kind  of  symmetry  under  which  the  units 
may  be  assembled  that  we  distinguish  one  type  of  crystal 
from  another.  Thus,  for  instance,  you  may  assemble  balls  in 
contact  with  one  another  in  more  than  one  way,  and  certain 
of  these  assemblages,  as  we  shall  see  presently,  satisfy  the 
condition  of  complete  cubic  syimuetry,  possessing  13  axes 
and  9  planes  of  syninietry,  and  so  constituting  the  most 
syiniiictrical  assemblage    which    it    is    possible  to  produce. 
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Another  somewhat  different  mode  of  assembling  the  balls  in 
contact  gives  symmetry  of  the  hexagonal  type. 

These,  the  cubic  and  the  hexagonal,  are  the  two  syst*.'ins 
of  crystallisation  with  which  we  are  particularly  concerned. 
Nearly  all  the  metals  belong  to  one  or  the  other;  and  most 
to  the  cubic  system .  As  Osmond  and  Cartaud  have  shown, 
iron  in  each  of  its  three  allotropic  forms  is  cubic,*  and  so 
are  gold,  silver,  copper,  lead,  platinum,  iridium,  osmium, 
mercury,  chromium,  nickel,  and  other  metals  wliich  are  less 
common.  Among  hexagonal  metals  are  zinc,  cadmium,  and 
magnesium.  • 


Fig.  '2'2, 


Consider  first  the  grouping  that  will  give  cubic  symmetry, 
which  is  the  highest  degree  of  symmetry  that  any  crystal  can 
possess. 

There  are  three  possible  ways,  and  three  only,  in  whicli 
particles  】nay  be  piled  so  as  to  possess  this  synnnetiy. 
Imagine  yourself  to  be  piling  balls,  such  as  these  ]>ing-|xnii; 
balls  upon  the  table,  and  to  aim  at  securing  the  symmetry  of 
a  cube.  The  first  and  simplest  way  is  to  pile  theni  so  that 
each  ball  is  in  contact  with  six  neighbours.  Take,  for  in- 
stance, a  layer  of  balls  put  together  as  in  Fig.  18，  and  put 
another  exactly  similar  layer  over  it,  ball  upon  ball,  and 
another  layer  over  that,  and  so  on.  You  get  in  that  way  the 
simplest  mode  of  piling  with  cubic  symmetry,  and  also  the 
most  open  mode  you  can  possibly  have.  In  this  case,  when 
you  extend  the  group  indefinitely,  you  find  that  each  ball 
is  in  contact  witli  six  others.  Or  you  may  take  a  more  inti- 
mate mode  of  piling,  in  which  each  ball  is  in  contact  with 
eight  others.  Here,  is  an  example  of  it  (Fig.  19),  where  for 
the  sake  of  clearness  I  have  painted  half  the  whole  number 
of  balls  red,  and  left  the  others  white.  When  you  come  to 
look  at  this  model  you  will  see  that  inside  the  eight  red  balls 
there  is  one  white  ball,  and  inside  the  eight  white  balls  there 
is  one  red  ball  ；  and  similarly  if  we  went  on  piling  tliem  we 
should  find  that  every  red  ball  had  eight  white  ones  touching 
it,  and  every  white  ball  had  eight  red  ones  touching  it.  In 
this  mode  of  piling,  whicli  also  satisfies  cubic  symmetry,  you 
have  each  ball  in  contact  with  eight  others. 

Now  we  come  to  another  mode  much  more  interesting  than 
either  of  those,  the  mode  which  yields  the  closest  packing  we 
can  get  with  spherical  balls,  in  which  each  ball  is  in  contact 
with  twelve  others.  Suppose  that  you  take  one  ball  A  (Fig. 
20)  and  place  four  balls  in  contact  with  it,  as  shown  in  the 
figure,  and  take  four  others  as  at  B  and  lay  those  four  on 
top  of  the  first  group  in  such  a  manner  that  all  four  come 
into  contact  with  the  ball  A.  Then  take  another  four  (C) 
and  put  them  below  the  first  group,  so  that  they  also  all  come 
into  contact  with  the  ball  A.  You  will  have  a  pile  resembling 
a  mulberry,  as  at  D，  in  which  the  ball  in  the  centre  is  in  con- 
tact with  twelve. 

You  in  ay  get  precisely  the  same  result  in  a  different 
juaimer,  whicli  is  illustrated  in  Fig.  21，  namely,  by  placing 
the  balls  in  layers  in  (C  triangular  order,"  so  that  the  centres 

； my  three  contiguous  ball's  in  the  layer  are  at  the  corners 
of  an  equilateral  triangle,  and  then  laying  these  layers  on  top 
of  one  another  so  that  each  ball  in  any  on©  layer  rests  in 
the  hollow  made  by  three  balls  of  the  layer  below.  Take  the 
lirst  h;ill，  and  put  six  around  it  as  in  the  central  upper  group 
in  Fig.  21.  Take  three  otliers,  forming  an  equilateral  triangle, 
； put  iliein  below  the  six,  so  that  they  all  touch  the  central 
l)all  of  the  first  ^roup.  Then  take  three  others,  and  lay  tliem 
un  top  so  that  they  too  shall  all  toucli  tha  cent ral  l)all.  You 
will  observe  tliat  tlierc  are  two  possible  )>ositio!)s  in  whicli  you 

' V.  Osmond  und  (I.  Cartaud,  "  An  nates  tk'H  MincH,"  Vol.  LXXI., 讀;. 


can  place  tliem  to  do  that.  You  can  place  them  so  that  they 
lie  parallel  to  the  position  thoy  occupy  in  the  figure,  or  you 
can  turn  the  three  on  top  round  through  180°,  so  that  each 
of  them  lies  exactly  vis-a-vis  to  one  of  the  three  balls  which 
make  up  the  bottom  layer.  That  is  a  very  important  distinc- 
tion. If  we  pile  up  our  mulberry ― which  is  precisely  the  same 
mulberry  as  we  had  in  the  previous  case ― by  placing  the  three 
layers  in  the  manner  indicated  in  the  upper  part  of  the  dia- 
gram, we  get  the  condition  of  cubic  symmetry  satisfied.  I 
think  this  was  first  explicitly  shown  by  Mr.  Barlow,  in  one 
of  the  earliest  of  his  important  studies  of  the  geometry  of 
crystal  symmetry.* 

From  one  of  his  papers  I  take  the  next  diagram  (Fig.  22) 
to  show  definitely  liow  we  get  the  form  of  the  cube  and  also 
the  form  of  octahedron  by  piling  balls  in  such  a  way  as  to 
have  closest  packing.  Here  we  have  layers  of  closely  packed 
balls  arrjin^ed  in  triangular  order,  laid,  as  you  see,  in  a 
sloping  position  one  against  another,  and  we  get  the  cube,  as 
in  the  figure  on  the  left.  By  omitting  those  balls  which  would 
otherwise  form  a  corner  of  the  cube,  as  in  the  figure  on  the 
right,  we  exhibit  a  layer  parallel  to  a  face  of  the  octahedron. 
( Hiscrve  that  it  is  on  the  octahedral  plant's  tliat  the  balls  lio 
most  closely  ；  it  is  on  them  that  they  lie  in  triangular  order. 
It  is  on  the  octahedral  planes  in  the  cubic  】netals  that  slipping 
cccurs,  and  it  is  on  these  same  planes  that  twinning  occurs. 

Fig.  23  represents  our  two  mulberries  again,  with  the  dif- 
ference I  iiulicatefl  just  now,  which  we  get  by  selecting  one  or 
other  of  the  two  alternative  positions  for  the  third  layer.  If 
we  place  the  third  layer  immediately  vis-a-vis  to  the  first 
layer,  as  in  the  group  to  the  right,  we  get  hexagonal  sym- 
metry. If  we  place  it  as  in  the  group  to  the  left,  we  have  a 
hoinogeiieous  assemblage  possessing  cubic  symmetry.  The 
closeness  of  packing  is  equal  in  both  cases.  This  distinction  of 
course  holds  however  much  we  extend  the  group  by  adding 
more  balls  in  each  layer,  and  by  adding  more  layers  ；  in  the 
hexagonal  system  the  balls  are  vis-a-vis  in  the  first,  third, 
fifth  layer,  and  also  in  the  second,  fourth,  sixth  layer,  and  so 
un.  You  will  appreciate  the  distinction  readily  if  you  pile 
actual  balls  :  when  you  come  to  place  one  layer  over  another, 


Fig.  -23. 

you  find  that  there  are  two  possible  situations  for  the  balls. 
By  choosing  always  those  places  that  are  not  vis-a-vis  to  th© 
balls  in  the  last  layer  but  one,  you  get  an  assemblage  with 
cubic  symmetry. 

{To  be  continued.) 
*  W.  Barlow.  "  Nature,"  December  -iOLb,  1883. 


Accident  at  Barrow  Ironworks:  Three  Men  Fatally  "Gassed." ― 

At  Barrow  Iron  and  Steel  Works  a  serious  accident  happened 
last  week-end.  A  gang  of  】nen  were  engaged  in  clearing  the 
gas  tubes  leading  from  the  blast  furnaces  to  the  boilers  on 
the  steel  works  side.  This  work  is  done  periodically,  and  has 
to  be  carried  out  with  oare.  Four  】nen  were  at  one  tube 
raking  the  dust  out  with  long  rakes  when  three  of  them 
were  "gassed."  Two  of  tlaem  died  shortly  afterwards,  and  the 
third  died  on  Monday.  It  s&ems  that  one  of  the  men  who 
was  nob  used  to  the  work  entered  the  pipe  unknown  to  the 
otlier  men,  who  had  gone  for  a  new  rake.  When  tliey  found 
bo 】ay  helpless  in  the  pipe  they  went  to  】iis  rescue,  and  were 
in  turn  overcome.  They  were  evtMitually  nil  Ijrou^ht  out  aud 
urlidcial  respiration  was  tried  and  oxygen  Mjtplicd,  but  with- 
out avail. 
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THE  EDUCATION  OF  THE  FOUNDRY  APPRENTICE, 

BY  J.  W.  HORNE,  B,S('.  (EDIN.),  A.TNST.(  1：. 

Ix  the  dav.s  wlion  trade  guilds  were  in  existence  (I Itli  to  the  Kith 
i-onturv),  the  term  "apprenticeship  "  signified  not  only  practical 
training  in  a  particular  trade,  but  also  training  of  character  and 
intelligence,  without  which  it  is  impossible  to  l)ecome  a  really 
etiicient  craftsnuiii.  In  those  days,  duiing  the  period  of  appren- 
ticeship a  youth  received  such  an  education  as  trained  liim  how 
to  live,  while  at  the  same  time  fitting  him  to  become  an  intelligent 
woi  knian  capable  of  earning  sufficient  to  provide  for  the  necessities 
of  lift'.  It  is  not  the  purpose  of  this  paper  to  trace  the  changes 
which  have  taken  place  in  the  intervening  centuries.  Anyone 
who  is  interested  in  the  subject  will  find  considerable  food  for 
reflection  in  the  contents  of  a  book  on  the  subject  by  Reginald 
A.  Bvav.  He  defines  an  apprenticeship  system  worthy  of  tlio 
name  as  having  to  satisfy  three  conditions  ： ― 

" (1)  Adequate  supervision  for  boys  up  to  18  years  ；  super- 
vision must  take  into  account  conduct  and  physical 
development. 

(2)  ^【usi  offer  opportunities  of  training  both  general  and 
special  ；    that  is,  the  training  of  tlie  citizen,  and  tlie 
training  of  the  workman. 
" (3)  Provision   of  a   suitable   opening   on   completion  of 
apprenticeship." 

This  system  is  ideal,  and  if  ever  considered  is  bound  to  lead  to 
considerable  controversy,  but  no  one  will  deny  that  every  effort 
should  be  put  forward.  No  system  of  industrial  education  of 
the  apprentice  can  be  effective  unless  it  gives  him  the  capacity 
foi-  becoming  an  intelligent  workman,  a  healthy  citizen,  and  a 
good  neighbour.  The  main  purpose  of  this  paper  is  to  awaken 
an  interest  in  the  training  of  foundry  apprentices  in  this  country, 
and  to  give  in  concentrated  form  some  account  of  how  the 
<|U**stion  is  being  tackled  in  other  countries  from  which  infoi'matioii 
can  be  obtained  ；  to  open  up  the  whole  question  by  discussion 
and  to  afford  the  members  an  opportunity  of  giving  a  definite 
l^ad  to  the  Council  of  tliis  Association  as  to  what  action  should 
I"'  takon  in  order  that  foundry  apprentices  may  receive  an 
industrial  education  fitting  them  to  become  not  only  intelligent 
moulders  but  also  healthy  citizens  of  the  Empire. 

The  problem  of  the  more  efficient  education,  of  the  engineering 
mechanic  lias  during  late  years  had  the  serious  consideration 
"， many  industrial  firms,  with  tlie  result  tliat  considerable  progress 
has  been  uiadn.  But  so  far  as  information  can  be  obtained,  no 
'iivar  flevelopment  has  taken  place  in  improving  the  educational 
standard  attained  by  the  foundry  apprentice,  though  the  problem 
lias  not  been  neglected  by  foundry  employers.  Perhaps  the 
main  ivasou  why  development  in  their  case  is,  and  has  been, 
so  slow,  is  associated  with  the  fact  that  as  a  trade  moulding  is 
"、'ii''rallv  held  in  low  estimation.  Though  not  the  most  mechani- 
cal of  tlie  trades,  it  must  be  remembered  that  a  mould,  to  give  a 
■Hound  casting,  requires  more  than  the  mere  force  necessary  to 
lain  rhf  sand.  There  are  a  hundred  and  one  tilings  tlie  moulder 
must  know  and  consider.  Moulders  may  have  themselves  to 
blame  for  this  condition  of  affairs  ；  in  the  first  place,  because 
t  Ii*t*'  is  only  an  inconsiderable  number  of  them  who  have  clone, 
or  aiv  doing,  anything  to  increase  the  esteem  in  which  the  public 
hold  tlif  trade,  l>y  increasing  their  respect  for  themselves  ；  whilo 
in  tlif  second  place,  practically  comparatively  few  moulders  put 
themselves  about  to  study  the  underlying  principles  involved  in 
tlie  moulders'  art,  or  do  anything  to  raise  its  status  in  the  mechani- 
cal world.  There  can  be  no  question  that  foundry  work  requires 
a  considerable  display  of  mechanical  ability  as  well  as  a  sound 
knowledge  of  the  physical  properties  and  composition  of  materials 
Whereas  to-day  in  most  industries  machinery  is  taking 
tli''  placf  of  mechanical  skill  of  the  individual,  this  cannot  be  said 
ol  H'f'  toundry,  as  no  great  advance  has  been  made  in  dispensing 
with  hand  moulding.  Great  mechanical  ability  is  required  to 
m"k?  a  man  a  reliable  and  good  moulder.  To  prove  this  to  the 
world  should  he  tho  aim  of  every  moulder,  commanding  thereby 
iiicn'asHl  respect  for  his  trade.  One  effect  of  the  low  estimation 
i"  whirh  tho  triulc  is  It  old  by  other  tradesmen  and  engineers  in 
t/f'm'ral  has  always  l)oon  evident  in  the  poor  supply  of  apprentices 

•  Vdver  rf&ti  at  th**  】'".iti8h  Fonndryrneii's  Association  Auoual  (Convention, 
Cardiff,  AtmuHt,  1912. 


with  a  standard  of  intelligence  equal  to  that  of  those  ontorin*; 
other  trades,  especially  onginocrin^;.  While  the  w  of  tlio 
apprentice  entering  as  a  fitter  or  turner  lius  Ixumi  misal  almost 
liCiuMull y  to  16,  witli  a  resulting  ； i<ivanta»c,  tlie  starting  age  for 
tlie  foundry  is  14.  This  moans  tliat  tin1  lx>y  sturfs  haiHlicappcd 
with  a  less  developed  intclligciicc  and  at  an  when  factory 
life  will  have  a  greater  deteriorating  ('ii('('t.  No  doubt  inucli  can 
1"'  done  by  inducing  these  foundry  l>oys  to  attend  evenin (； 
continuation  classes  ；  but  the  "(>od  tlerivcd  from  tlicm  can  onlv 
bo  limited  after  a  strenuous  day  iti  tl"'  shop.  Perhaps  t  licre  is 
no  department  in  an  engineering  works  in  which  屮 miti"'s 
can  be  kept  so  constantly  employed. 

The  conclusions  to  be  drawn  from  tlie  above,  with  regard  to 
lack  of  progress  in  intelligent  and  industrial  education  anions; 
foundry  apprentices,  is  that  it  is  due  to  the  early  ago  at  wliicli 
they  leave  school  to  enter  an  apprenticeship.  Strenuous  shop 
work  and  want  of  sufficiently  developed  intelli^nce  at  scliool 
prevents  real  progress  at  continuation  classes.  The  first  impor- 
tant duty,  then,  which  would  appear  to  devolve  upon  the  Council 
and  Members  of  tliis  Association  is  to  consider  how  best  to  raise 
the  standard  of  the  trade  in  tlie  eyes  of  the  public,  so  that  tlie 
apprentices  entering  the  foundry  may  be,  as  regards  intelligonco, 
equal  to,  if  not  better  than  those  entering  other  trades. 

In  Germany  great  attention  has  been  and  is  being  paid  to  the 
industrial  education  of  the  foundry  apprentice.  Genorallv,  the 
scheme  follows  on  the  lines  laid  down  at  tfip  beginning  oi'  tlie 
paper.  In  its  industrial  life  it  is  recognised  tjiat  one  of  the  】nost 
important  requisites  for  the  flourishing  of  an  enterprise  is  a 
capable  staff  of  workmen,  the  training  of  whom  is  one  of  the 
most  important  tasks  of  a  manufacturing  establishment,  while  at 
the  same  time  it  renders  a  social  service  to  the  country.  Many  of 
the  large  employers  maintain  apprentice  schools  within  the 
factory,  schools  which  are  of  an  intellectual  and  not  of  a  manual 
character.  Apprentices  therefore  obtain  a  training  in  manual 
dexterity  and  skill  under  strictly  apprenticeship  conditions, 
along  with  intellectual  work  closely  related  to  the  shop  work. 
The  advantages  of  an  employers'  apprentice  school  are  the  saving 
of  time  going  to  and  from  school  and  the  releasing  of  einplovors 
from  the  duty  of  supervising  apprentices  outside  of  shop  hours. 
For  those  apprentices  whose  employers  are  unable  to  run  an 
apprentice  school,  facilities  on  tlie  same  lines  are  provided  by 
the  municipalities.  Ludwig,  Loewe,  &  Co"  of  Berlin,  were 
the  pioneers  in  the  formation  of  an  apprentice  school  some 
10  years  ago.  A  short  account  of  their  scheme  will  be  of  con- 
siderable value  and  interest. 

The  Ludwig,  Loewe,  &  Co.  Apprenticeship  System. 
Apprenticeship  extends  over  a  period  of  four  years. 

Practical  Worl\ 
Moulders. 
Sand  cores,  nine  months. 
Loam  cores,  six  months. 
Sand  moulding,  twelve  months. 
Carpentry,  three  months. 
Large  sand  moulding,  seventeen  months. 
Testing  and  trimming,  one  month. 

Loam  Moulders. 

Loam  cores,  six  months. 

Carpentry,  two  months. 

Small  loam  moulding,  twelve  months. 

Large  loam  moulding,  twenty-seven  months. 

Testing  and  trimming,  one  month. 

School  Worl  . 

Two  afternoons  a  week ~ one  from  two  to  six  and  the  other 
from  four  to  six,  extending  over  the  whole  period  of  four  years. 

First  Year. ― General  intelligence,  two  hours :  The  legal 
relations  of  the  employers  and  employes  ；  the  rights  and  duties 
of  working  men  ；  the  history  of  Trade  Guilds  ；  the  relationship 
of  apprentices  to  the  Guilds  ；  accident  and  sickness  insurances  ； 
Patent  and  Trade-mark  law  ；  citizenship  ；  reading  and  corre- 
spondence. Drawing,  two  hours.  (Instruction  in  this  subject  is 
specialised  for  foundry  work.)    Arithmetic,  &c.，  two  hours. 

Second  Year. ― Workshop,  two  hours :  Construction  of  a 
foundry  ；    general  arrangement  ；    descriptions  of  the  cupola, 
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inachinea,  &c.  ；  lighting  and.  heating  ；  safety  appliances  ；  rules 
ior  the  provontion  of  accident  ；  hygiene  ；  comradeship;  courtesy, 
order  and  ])oace  ；  payment  of,  and  claim  for,  wages.  Drawing, 
two  hours.  (Model  drawing  specially  related  to  foundry  work.) 
Arithmetic,  two  horn's:  Exercises  in  lighting  and  heating; 
transport  of  raw  materials  ；  costing. 

Third  Year. ― Raw  materials,  two  hours  :  Materials  of  con- 
struction ； their  production,  classes,  and  properties  ；  forging  and 
rolling.  &c.  ；  properties  and  manufacture  of  copper,  tin,  zinc, 
and  their  alloys.    Arithmetic  and  geometry,  two  hours.  Special 
r('IVr<"i('(、  to  the  foundry,  aiul  model  drawing. 

Fourth  Year. ― Foundry  education :  Description  of  the 
various  fouiuhy  tools  ；  moulding  ；  casting  ；  cupola  practice,  &c. 
Citizcnsliip,  one  kouv  :  Constitution  of  tlxe  State  and  Empire  ； 
ImjK'rial  r(>v ("置 s  and  oxpeiulitures  ；  the  riglits  and  duties  of 
citizens,  &c.  Drawing,  two  hours.  (Special  reference  to  foundry 
work.) 

This  short  excerpt  from  the  syllabus  indicates  that,  while  a 
considerable  part  of  the  time  is  occupied  with  work  directly 
connected  with  the  practical  side  of  the  foundry,  the  most 
important  side  of  the  education  is  the  development  of  the  true 
idea  of  citizensliip  and  general  intelligence. 

The  American  Foundrymen's  Association,  a  number  of  years 
ago,  appointed  a  committee  to  handle  the  question  of  industrial 
odiu-ation.  The  chairman  of  this  committee  is  Mr.  P.  Kivuz- 
pointner,  with  whom  this  movement  is  an  earnest  life  work.  He 
reports  that  the  National  Government  must  come  to  the  relief 
of  tlie  industries  in  the  matter  of  industrial  schools,  since  it  is 
seen  more  and  more  that  the  industrial  education  of  all  the 
workers ― and  not  only  a  few  of  the  best  ones ― has  become  a 
necessity  to  preserve  the  industrial  standing  of  the  nation.  The 
States  of  New  York  and  Massachusetts  have  made  a  beginning ― 
mention  in  the  case  of  Cincinnati  will  be  made  later. 

To  make  any  plan  of  industrial  education  effective  there 
must  be  earnest  good-will  and  co-operation  of  educators,  the 
manufacturers  and  business  men,  and  the  workmen  themselves 
through  their  trade  unions.  This  industrial  education  must  bo 
used  not  only  as  a  means  of  imparting  mechanical  skill,  but  also 
to  raise  the  ideals  of  citizenship  and  act  as  a  socialising  agency. 

As  an  introduction  to  this  paper,  industrial  intelligence  was 
defined.  It  will  be  advisable  here  to  expand  it  to  the  ideals  of 
Mr.  Kreuzpointner,  who  says  ： ― 

" The  sum  and  substance  of  industrial  intelligence,  which 
should  be  one  of  the  most  valuable  achievements  of  a  broad 
industrial  education,  gives  a  man  the  power  to  see  beyond  the 
immediate  performance  of  the  operation  at  which  he  is  engaged 
for  the  time  being,  the  power  to  see  the  relation  of  his  skill  and 
t]»o  results  of  his  work  to  the  success  or  failure  of  himself  and  his 
follow  workmen  ；  the  power  to  see  the  intimate  connection  and 
interdependence  between  his  careful  or  careless,  his  intelligent 
or  unintelligent,  honest  or  dishonest  action,  and  his  personal 
welfare,  the  welfare  of  those  depending  upon  him,  and  the  welfare 
of  the  community  at  large.  Industrial  intelligence  includes  some 
knowledge  of  materials  ；  ideas  of  their  production  and  cost  ； 
ideas  of  the  organisation  of  a  modern  industry  ；  ideas  of  the 
nature  and  extent  of  the  business  of  the  country,  and  a  sense  of 
duty  and  responsibility  as  a  mechanic  as  well  as  a  citizen.  An 
education  is  of  little  value  when  rated  only  by  a  purely  commercial 
standard/' 

0r，  to  quote  the  words  of  Mr.  Thomas  Burt :  "  I  doubt 
whether  the  people  of  England  have  a  sufficiently  high  conception 
of  what  education  really  means.  The  general  idea  of  getting  on 
is  to  make  a  fortune.  That  is  a  poor  conception.  Would  they 
bo  willing  to  be  millionaires  if  their  intellect  had  to  be  dwarfed 
； nul  tlioir  souls  blighted  ？ ，， 

Tlio  foregoing  quotation  from  Mr.  Krouzpointner's  report 
<roos  to  show  that  the  Americans  are  going  on  the  lines  of  Ludwio  . 
Loowo,  &  Co.  In  an  address  to  the  National  Education  Associa- 
tion Convention,  San  Francisco,  in  1911,  Mr.  Kreuzpointner 
pointed  out  tho  aims  and  tendencies  of  industrial  education  in 
Kuro|)c,  roferi'in^  spocially  to  (;('im:my,  ； is  tlio  result  probably 
of  a  visit  to  Dr.  G.  Kerscliensteiner,  superintendent  of  the  schools 
of  Mimic-]],  wlioso  roorganised  schools  are  justly  attracting  the 
attention  of  the  industrial  and  educational  world. 

M('ii1i(m  li;is  bcon  rrm 山' r<，r(ling  tho  system  wliicli  has  lately 
l)oon  put  into  operation  at  the  University  of  Cincinnati  for  the 


production  of  foundrymcn.    The  system  is,  hi  icily,  ;is  follows  ： 一 

(1)  Careful  selection  of  liigli  ji,vej'ii*>o  quality  of  raw  mnlci  ial 
by  University  and  shop. 

(2)  Students  work  at  the  Univorsity  iiiul  shop  on  altcrnalo 
weeks. 

(3)  Students  grouped  in  pairs  ；  mombors  altomatr  with  oach 
other  in  shop  and  University  ；  hot'li  sliop  and  c];issro(  ins  ； uv 
thus  always  manned. 

(4)  Student  does  sumo  class  of  work  ； is  a  ro^ular  iippn'idi( (', 
and  under  same  shop  discipline.  If  expelled  from  the  sliop,  he 
ceases  to  bo  a  stud(knt  of  tlie  Univorsity. 

(5)  The  student  is  paid  for  bis  work  in  tlio  sliops, 

((')) A  shops'  schodulo  is  arran^ocl  botwocn  iho  University 
； ind  sliop  aiithoritios,  and  in  afcoT'danco  with  this  a,  si udcut  is 
moved  forward  through  tho  various  dopaitments  of  1  h、  shop. 

(7)  Students'  school  work  is  identical  in  standard  with  that 
given  in  all  lii^li-^rade  engineering  scliools.  Tlio  sliop  iiistriK-tion 
and  certain  laboratory  courses,  which  would  bo  )>ut  ； i  (hi])lic;i.tioii, 
or  rather,  a  poor  imitation  of  the  exporieiur  tlio  boys  arc  wttiiiii 
in  the  shop,  are  omitted. 

(S)  The  course  is  five  years  in  length. 

In  the  opinion  of  Mr.  Porter,  who  has  charge  of  this  work, 
the  most  interesting  and  valuable  feature  of  this  coni-sc  is  tlio 
shop  co-ordination  work  which  has  for  its  object  tlie  tnkiii^  of 
the  blinders  off  the  boy,  helping  him  to  see  tho  real  meaning'  of 
the  operations  going  on  about  him  in  the  shops,  and  giving  him 
an  excellent  benefit  from  shop  experience  ；  for  example,  if  ho 
has  been  on  the  cupola  platform,  the  subject  of  pig  iron  may  bo 
taken  up,  while  at  another  time,  the  theory  of  tho  cupola  may  1"、 
explained,  and  so  on.  An  effort  is  also  made  to  introduce  tlio 
student  to  the  best  literature  of  the  foundry.  The  great  value 
of  this  feature  of  the  work  enables  the  student  to  hotter  undor- 
stand  shop  methods  and  processes,  but  it  stimulates  his  interest 
in  his  work  and  helps  to  cultivate  in  him  habits  of  observation. 
About  a  dozen  of  the  leading  foundries  of  Cincinnati  and  vicinity 
are  giving  their  cordial  co-operation  to  this  scheme. 

The  Foundrymen's  Association  of  France  encourage  tho 
raising  of  the  standard  of  foundrymen  by  offering  money  prizes 
for  papers  dealing  with  foundry  problems  ；  but  no  definite  infor- 
mation can  be  obtained  to  show  that  the  French  educiition 
authorities  or  employers  are  doing  anything  to  systomatiso  the 
industrial  education  and  production  of  foundrymen. 


YELLOW  BRASS  MIXTURES.* 

BY  ERWIN  S.  SPERRY. 

Yellow  brass  mixtures  are  used  in  brass  foundry  work  for 
two  reasons : — 

(1)  They  are  cheaper  than  the  red  mixtures. 

(2)  They  have  a  true  brass  colour. 

The  fact  that  the  yellow  brasses  are  cheaper  than  the  red 
ones  is  responsible  for  their  extensive  use.  While  yellow 
brass  is  now  extensively  used  for  ornamental  work,  the  cheap- 
ness is  the  main  reason  for  its  wide  employment. 

As  a  usual  rule,  brass  founders  do  not  like  to  cast  yellow 
brass,  and  prefer  to  make  composition  castings.  Go  to  a 
brass  founder  with  a  pattern  to  be  cast  in  brass  and  ask  him 
which  he  would  recommend,  and  he  will  tell  you  in  ninety- 
nine  cases  out  of  a  hundred  that  composition  is  the  best  for 
your  purpose.  He  knows  that  he  can  always  obtain  a  good 
clean  casting  of  composition,  while  with  yellow  brass  he  is  apt 
to  have  dirty,  drossy  castings  that  will  have  a  bad  appearance. 
Yellow  brass  is  much  inferior  to  composition  as  a  casting 
mixture,  on  account  of  the  large  amount  of  zinc  it  contains. 
The  use  of  aluminium,  however,  has  changed  this  condition 
somewhat  and  castings  of  yellow  brass  can  now  be  made,  by 
the  addition  of  a  little  aluminium,  which  would  never  be 
attempted  without  it. 

Use  of  Aluminium. ― Aluminium  has  worked  wonders 
in  the  making  of  yellow  brass  castings.  Before  its  value  was 
known,  or  before  aluminium  was  anything  but  a  curiosity, 
yellow  brass  was  far  less  extensively  used  than  at  the  present 
time  on  account  of  the  difficulty  of  making  clean  castings. 
Even  then  the  amount  of  zinc  in  the  yellow  brass  mixture 
had  to  be  kept  as  low  as  possible  to  avoid  dirty  castings. 

*  From  "  The  Brass  World." 
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Some  classes  of  work  could  not-  be  made  at  all  and  no  brass 
founder  would  ever  have  thought  of  using  as  much  zinc  in 
yellow  brass  as  can  now  be  employed  when  a  little  aluminium 
is  added. 

The  advantages  of  aluminium  in  yellow  brass  sand  castings 
are  as  follows  ： — 

(1)  It  removes  the  oxides  from  the  metal  ajid  causes  it  to 
run  free  and  fill  all  portions  of  the  mould. 

(2)  It  obviates  the  formation  of  pin-holes  in  the  castings. 

(3)  It  allows  the  castings  to  be  poured  flat  on  account  of 
the  greater  fluidity  of  the  brass  when  melted. 

(4)  It  gives  a  good  surface  to  the  castings  and  the  sand 
does  not  adliere  to  it. 

(5)  It  allows  a  much  greater  amount  of  zinc  to  be  used 
in  the  mixture,  thus  greatly  cheapening  it. 

(G)  It  allows  the  brass  to  be  poured  at  a  much  lower  tem- 
j^rrature  and  reduces  the  loss  of  zinc  by  volatilisation. 

The  amount  of  aluminium  necessary  for  producing  all 
these  advantages  is  so  small  that  it  can  scarcely  be  considered. 
It  cannot  be  considered  as  an  ingredient  in  the  mixture  and 
is  really  a  deoxidising  material.  The  amount  of  aluminium 
employed  must  be  quite  small,  otherwise  difficulty  will  arise 
in  the  way  of  shrinkage.  The  more  aluminium  is  used,  the 
greater  the  shrinkage  of  the  brass  castings,  and  nothing  is 
to  be  gained  by  the  use  of  a  considerable  quantity.  A  small 
quantity  will  do  the  work  as  well  as  a  larger  amount,  and 
at  the  same  time  the  shrinkage  is  less.  With  the  amount 
ordinarily  used,  the  shrinkage  of  the  brass  is  not  increased. 
The  amount  of  aluminium  to  be  used  in  making  yellow  brass 
castings  (provided,  of  course,  it  can  be  used  at  all)  is  as 
follows :  ~ - 

Yellow  Brass    lOOlbs. 

Aluminium    loz. 

This  quantity,  it  will  be  appreciated,  is  very  small,  and 
even  】ess  can  be  employed.  It  can  be  added  after  the  crucible 
has  been  skimmed  and  is  ready  to  pour,  or  while  it  is  in  the 
fire.  The  amount  of  aluminium  used  is  so  very  small  that 
rare  must  be  taken  to  see  that  it  actually  enters  the  molten 
metal  and  is  not  left  in  the  dross  on  the  top. 

Aluminium  cannot  be  used  for  all  kinds  of  yellow  brass 
work,  and  for  plumbers'  brass  goods,  cocks,  valves,  gas-fixtures 
or  similar  work  to  stand  pressure  it  cannot  be  employed.  It 
causes  them  to  leak  under  pressure.  But  for  other  classes 
of  work ,  such  as  saddlery  hardware,  automobile  castings  and 
the  ordinary  run  of  yellow  brass  work  it  will  be  found  in- 
valuable. To  be  sure  it  produces  dirty  castings  if  the 
brass  is  poured  too  hot,  but  with  care  and  judgment,  more 
good  castings  can  be  obtained  with  aluminium  than  without 
it.  When  a  casting  witli  aluminium  in  it  is  good,  it  cannot 
be  equalled,  and  the  dirt  or  dross  is  usually  on  the  outside 
where  it  can  be  readily  seen  and  the  castings  rejected.  The 
castings  will  run  sharp  and  true  and  a  greater  number  of 
pieces  can  be  put  upon  a  gate.  If  aluminium  is  not  used 
in  the  yellow  brass  mixture,  it  will  usually  be  found  that  the 
mould  will  have  to  be  poured  on  end  with  the  clamps  on  it, 
or  after  a  manner  practised  before  the  advent  of  aluminium. 
Wlien  a  little  aluminium  is  used  in  the  brass,  however,  the 
work  may  be  poured  flat  and  without  forcing  into  the  mould 
or  pouring  it  smoking  hot. 

When  to  use  aluminium  and  when  to  avoid  it  will  have  to 
rest  with  the  brass  moulder,  but  it  should  be  borne  in  mind 
tli^t  it  should  never  be  used  in  work  to  stand  pressure,  even 
though  it  be  light. 

Use  of  Lead. ― The  majority  of  yellow  brass  castings 
have  some  machine  work  clone  upon  them,  or  are  polished  and 
b\iffed.  For  this  reason,  it  is  necessary  to  use  lead  in  the 
yellow  brass  and  there  are  very  few  brass  castings  now 
made  which  do  not  contain  it.  In  fact,  it  is  the  exception 
rather  than  the  rule.  Lead  also  has  another  purpose  in  that 
it  tends  to  make  the  brass  run  free  and  sharp  and  castings 
are  less  apt  to  leak  under  pressure  when  it  is  present. 

The  amount  of  lead  used  must  be  small,  and  much  over 
3  per  cent,  is  not  advisable  or  the  castings  will  be  weak  and 
the  lead  is  apt  to  "  sweat  "  out  or  segregate.  The  amount' 
of  lead  may  be  increased  to  4  per  cent,  without  doing  much 
harm,  but  if  allowed  to  go  over  this  quantity  trouble  is  apt 
to  follow.  With  less  than  3  per  cent,  of  lead,  the  brass 
does  not  cut  as  freely  as  desired.  Tt  has  been  found  l)y 
experiment  tliat  about  3  per  cent,  is  right  for  ordinary  worlc. 


Gas  Cocks  and  Fixtures. 一 One  of  the  largest  usos  of 
yellow  brass  at  the  present  time  is  tho  inanufaot-ure  of  gas- 
cocks  and  gas  fixtures.  The  requirements  of  this  class  of 
work  are  as  follows  : — 

(1)  It  must  be  as  cheap  as  possible. 

(2)  It  must  have  a  suitable  yellow  brass  colour. 

(3)  It  must  cut  freely. 

Too  much  zinc  cannot  be  used  in  tlie  mixturo  or  it  will 
have  a  reddish  shade  tliat  is  undesirable.  The  colour  must 
be  that  of  yellow  brass.  As  the  work  is  dono  upon  nutoimLt'u- 
machinery,  the  brass  must  cut  well.  Tlie  following  is  the 
mixture  extensively  employed  for  this  class  of  work  ： 
Gas  Cock  Mixtures. 


Copper    GGlbs.  or  GGO  grams. 

Zinc    311bs.  or  310  grams. 

Lead    31bs.  or    30  grams. 


Total    lOOlbs.  or  1,000  grams. 


Aluminium  should  not  be  used  in  this  mixture. 

Fine  Ornamental  Castings.  ― While  the  great  propor- 
tion of  art  metal  work  is  cast  in  bronze,  as  tliis  is  suited 
for  the  work  far  better  than  yellow  brass,  it  is  frequently 
necessary  to  make  higli-grade  yellow  brass  castings  for  ； irt 
work  and  a  suitable  mixture  is  necessary.  The  cost'  of  tlio 
mixture  in  such  a  case  is  of  no  importance,  and  casting 
qualities  are  of  more  account  than  anything  else.  The  fol- 
lowing mixtures  will  be  found  very  suitable  for  tlie  ln^Iiost 
grade  of  work  : — 

Mixture  for  Fine  Ornamental  Castings, 


Copper    751bs.  or  750  grams. 

Zinc    221bs.  or  220  grams. 

Tin    21bs.  or    20  grams. 

Lead    lib.    or    10  grams. 


Total    lOOlbs.  or  1,000  grams. 


In  the  preceding  mixture  for  ornamental  brass  castings, 
the  tin  is  necessary  to  strengthen  and  harden  tlie  metal.  So 
little  zinc  is  used  that  the  mixture  is  quite  soft  without  it. 
Tf，  however,  a  soft  mixture  is  desired,  then  lib.  of  tin  instead 
of  21bs.  may  be  used.  The  little  lead  is  used  to  allow  chasing, 
cutting,  and  polishing  to  be  done  on  the  brass  readily,  but 
there  is  not  enough  to  cause  trouble  in  casting  or  in  dipping. 
The  colour  of  the  mixture  is  greenish-yellow  and  this  is  really 
the  most  pleasing  of  all  the  brass-mixtures. 

Aluminium  should  not  be  used  in  this  mixture  as  it  is 
unnecessary.  There  is  so  little  zinc  in  the  mixture  that  no 
difficulty  will  be  experienced  in  casting  it. 

Ordinary  Ornamental  Castings. ― For  ordinary  work  of 
an  ornamental  nature,  it  is  unnecessary  to  use  as  expensive 
a  mixture  as  the  preceding  one  and  tlie  following  may  be 
employed  : — 

Mixture  for  Ordinary  Ornamental  Castings. 

Copper    661bs.  or  660  grams. 

Zinc    331bs.  or  330  grams. 

Lead    lib.    or    10  grams. 

Tlie  lead  is  kept  low  in  the  mixture  in  order  to  produ-'e 
a  good  dipping  brass.  Most  ornamental  castings  are  dipped 
in  an  acid  dip  to  brighten  them,  and  if  much  lead  is  present 
it  causes  trouble  and  it  is  impossible  to  obtain  a  bright  sur- 
face on  them.  A  little  lead  is  desirable,  however,  as  it  allows 
machine  work  and  polishing  to  be  done  without  difficulty. 

Aluminium  can  be  used  in  this  mixture  if  desired,  but  as 
a  usual  rule  it  is  unnecessary,  particularly  if  the  work  is 
quite  small  and  is  poured  "  on  end."  Large  work  can  be  cast 
with  aluminium  in  the  mixture,  and  the  brass  founder  can 
readily  determine  when  it  is  best  to  use  it.  Aluminium  does 
not  affect  the  dipping  qualities  of  the  brass. 


Enquiry  into  Mine  Fires.— The  Home  Secretary  has 
appointed  a  Committee  to  enquire  into  the  circumstances  in 
which  spontaneous  combustion  of  coal  occurs  in  mines,  its 
causes,  and  the  means  of  preventing  it  or  of  dealing  with  it 
when  it  has  arisen.  The  Committee  consists  of  Mr.  R.  A.  S, 
Redmayne  (chief  inspector  of  mines),  chairman,  Sir  Arthur 
Markham,  Mr.  C.  E.  Rhodes,  Mr.  Frank  Rigby,  and  Mr. 
I  lorhort  Smith. 
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THE  UTILISATION  OF  PEAT  FOR  POWER  PURPOSES.* 

BY  MR.  H.  V,  PEGG. 

Tjie  question  of  the  utilisation  of  peat  fuel  for  power  purposes 
has  received  a  large  amount  of  attention  from  engineers  for  many 
years  past.  Efforts  in  tliis  direction  have  mostly  taken  tlie  shape 
of  some  form  of  preparation  of  peat  fuel  in  order  primarily  to 
rid  of  the  supera)>uiula)it  moisture  in  the  fuel.  Very  large  sums 
of  money  have  been  spent  on  poat-pivparin^  inacliiiuMV  with 
generally  very  inadequattk  results  ；  hence  it  Ikis  always  appealed 
to  the  author  tliat,  in  order  to  l)ring  the  utilisation  of  pout 
to  a  commercial  level,  tl"'  first  (  (tnsidcratioii  would  tlio  utilisa- 
tion of  the  peat  as  fur  us  possible  in  tKo  condition  in  whicli  it 
leaves  the  boglands  without  any  preliininary  and  expensive 
macliino  treatment. 

The  author  had  the  opportunity  about  seven  years  ago  of 
pxperimenting  witli  air-dried  liand-cut  poat  fired  into  a  sj)ocial 
form  of  gas  producer.  With  all  gas  produces  using  hituniiiious 
fuel,  the  main  trouble  is  to  get  rid  of  the  tarry  by-product.  In 
this  instance  the  gas  producer  was  ai-ranged  to  worlc  intermit- 
tently, tliore  being  periods  of  "  blowing  ,、  during  which  the  fuel 
in  the  producer  was  urged  to  incandescence,  and  periods  of  gas 
making  during  which  the  tarry  by-products  were  passed  tlirougli 
the  incandescent  fuel  wliere  they  wnv  split  up  into  gas.  The 
fliief  difficulty  experienced  with  this  plant  was  the  high  thermal 
value  of  the  gas  generated,  about  330  B.Th.U.  Owing  to  the 
high  and  varying  percentage  of  hydrogen  in  the  gas,  it  proved 
unsuitable  for  use  in  the  works  gas  engine  ；  and  although  the 
plant  was  runnino-  more  or  less  continuously  for  10  days  driving 
the  whole  works,  very  considerable  trouble  was  experienced,  not 
only  in  tlie  engine,  but  also  in  the  plant,  o\vin<>-  to  the  varying 
moisture  content  of  the  peat,  the  producer  plant  heing  (ltvi(l*"llv 
sensitive  in  regard  to  this  latter  point. 

From  the  experience  then  gained  it  appeared  evident  that  it 
would  be  wiser  to  extract  the  tar  from  the  gas  rather  tlian  to  try 
to  utilise  tlie  same  by  converting  it  into  gas，  and ,  further,  that  the 
producor  must  be  comparatively  non-sensitive  to  the  amount  of 
moisture  in  the"  peat  fuel.  Some  two  years  ago  the  author 
discussed  tlie  question  of  the  utilisation  of  air-dried  peat  fuel  with 
Mr.  Hamilton  Robb,  of  Portadown,  who,  having  large  supplies  of 
such  fuel  convenient  to  his  factory  at  Portadown,  was  strongly  of 
opinion  tliat  it  should  be  possible  to  utilise  sucli  fuel  in  order  to 
generate  the  power  required  in  the  factory.  As  the  result  of 
various  tests  run  with  experimental  plant  at  the  works  of  Messrs. 
Crossley  Brothers,  Openshaw,  a  special  plant  was  eventually 
manufactured  by  tlieni  under  their  designs  and  patents  and  to  tlie 
author's  specification.  This  plant,  which  has  been  running  since 
last  September,  has  been  so  often  dealt  with  in  the  daily  and 
technical  Press  that  there  is  no  need  for  the  author  to  dwell  upon 
the  details  of  the  plant,  but  he  proposes  to  make  a  few  remarks  in 
regard  to  the  difficulties  experienced. 

Air-dried  peat  is  not  a  very  convenient  fuel  to  fire  into  the 
producer,  and  as  it  was  uncertain  whether  it  would  be  possible 
to  burn  the  fuel  direct  in  the  form  in  which  it  came  from  the 
boglands,  provision  was  originally  made  in  the  plant  to  deal  with 
peat  fuel  prepared  by  being  reduced  in  size  to  blocks  of  about 
5in.  cube,  but  it  was  found  possible  to  dispense  with  the  pre- 
liminary treatment,  and  the  construction  of  the  plant  was  thereby 
considerably  simplified. 

As  regards  the  general  running  of  the  plant,  last  October  it 
was  subjected  to  a  test  run  of  six  hours'  duration  with  a  load  of 
250  b.h.p.,  the  peat  consumption  per  brake  horse-power  averaging 
2-551bs.,  the  peat  fuel  containing  18*08  per  cent,  of  water  ；  this 
was  with  both  producers  running,  although  the  load  was  con- 
siderably below  the  total  capacity  of  the  plant.  When  necessary, 
it  lias  been  found  that  the  above  load  can  be  safely  carried  with 
either  producer  working  singly,  and  tlie  plant  has  run  under 
these  conditions  for  several  days. 

It  will  be  noted  that  the  percentage  of  moisture  in  the  fuel 
during  the  above  test  was  unusually  low.  This  was  owing  to  the 
unusually  dry  summer  of  Will.  During  November  and  especially 
Docombor  last  tho  fuel  fed  to  tlie  plant  was  extremely  wot,  as  tlio 
rainfall  in  those  months  was  very  heavy  and  the  fuel  supply  was, 
and  is,  entirely  exposed  to  the  weather.     The  plant,  liowcvcr. 

" i'Hper  read  at  the  Belfast  meoting  of  the  Institution  of  Mechanical  Engineers, 
July,  1912. 


worked  just  as  well  with  sodden  poat  as  it  d id  with  tho  drior 
poat,  the  only  (litt'('ivii('<>  hoing  tho  amount  of  fuel  coiisunuHl. 
Tlie  amount  of  water  in  this  "  sodden  jxuit  ''  vuricd  considcraMv 
from  day  to  day,  and  tlie  exact  p<irccnta*»'o  was  not  an'iv('(l  at  ； 
as  near  as  could  he  ostinuitcd,  it  was  at  least  70  per  cent. 

Tlie  scpaiation  of  the  tar  from  tho  gas  was  the  cliicf  <liHicult  v 
to  bo  overcoino  ；  it  was  fomul  far  l>('tt<'r  to  rely  on  an  ample  water 
spray  tlirough  whifli  tlie  *ras  passed  ral  ln'i-  thutt  any  form  of  a 
coke  as  tlio  coke  rapidly  liecame  closed  witli  tar.  The 

main  portion  of  tl"'  tar  was  tlirown  out  into  a  tar  sump  l>y  a 
contrifu^al  I ar  extractor  ；  but  unless  tlie  jiascs  were  subjected  to 
a  tliorou^ii  wasliin*i  and  cooling  by  the  water  spray  above  referred 
to,  it  was  foinid  tliat  a  certain  proportion  of  tar  *>ot  past  I  lie 
extractor,  collected  in  tl"'  gas  imiins,  and  finally  found  its  way  into 
the  gas  engines.  It  was  a  mutter  cxp^rinicnt  as  to  the  precise 
amount  of  water  sprayed  into  the  cooler  which  was  necosKury  in 
order  to  cusun'  that  the  tar  vapour  should  be  sufficiently  con- 
densed Ix'fore  lvacliing  tlio  ccntriiugal  extractor,  so  as  to  cnal)h' 
flu*  extractor  to  effect  tlie  needful  scpuration.  As  now  arranged, 
the  proportion  of  tar  in  \ \w  ^us  aftci'  passing  the  cxtnu  tor  is 
small,  and  the  engine  valves  do  not  \van(  cleaning  out  more  than 
once  a  week. 

When  ii ist  started,  the  plant  g('i"'mllv，  and  especially  tho 
produces,  rec|uired  a  thorough  d'aiiinu  once  a  week  ；  at  tho 
|)i'*'sciit  dat t*  the  plant  can  1"'  run  if  necessary  for  three  、v('('l、s 
without  cleaning,  though  tlie  wecld v  cloiiniup  pcnoially  takes 
place  <as  a  matter  of  policy.  This  result  lias  been  ohtainecl  owing 
to  the  increased  amount  of  washing  water  used,  which  now 
amounts  to  about  7  gallons  per  brake  horse-power  ]>er  hour.  Tlie 
proportion  of  tar  recovered  is  about  5  j>or  cent,  of  tlie  wei*>lit  of 
fuel  consumed,  and  during  the  initial  stages  of  tlie  running  of  the 
plant  a  certain  amount  ol.  this  tar  was  sold  to  tar-felt  manufac- 
turers at  a  price  of  35s.  per  ton,  but  sales  in  this  direction  feased 
owing  to  an,  at  present,  ineradicable  pyroliglieous  odour  whicli 
persistently  clings,  not  only  to  the  tar  itself,  but  to  all  the  various 
oils  distilled  therefrom. 

Experiments  have  also  been  made  with  the  tar  in  oil-burnin" 
boilers,  but  owing  to  the  very  high  percentage  of  water  in  tho  tar 
― up  to  50  per  cent. ― and  the  large  quantity  of  solid  Tnattcr  also 
present,  a  very  large  amount  of  preliminary  treatment  is  nocessarv. 
For  a  considerable  period  the  tar  at  Portadown  was  used  mixed 
with  coal  and  burnt  under  a  Stirling  boiler  ；  the  precise  heating 
value  of  the  tar  so  consumed  has  not,  however,  been  ascertained. 
At  the  present  time  the  whole  factory  at  Portadown  is  run  entirely 
on  peat  fuel,  the  consumption  being  about  44  tons  per  week,  of 
which  the  producer  plant  takes  about  22  tons.  The  nature  of  tho 
peat  varies  considerably  ；  with  good  black  heavy  peat  the  weekly 
consumption  for  all  purposes  drops  as  low  as  *>5  tons  ；  and  with 
light  top  peat  from  the  surface  of  the  boglands  the  consumption 
rises  to  54  tons.  It  is  also  interesting  to  note  that  the  quality  of 
the  peat  is  reflected  in  the  carrying  capacity  of  the  barges  whic  h 
bring  a  load  of  35  tons  with  heavy  peat  and  24  tons  light  peat. 
The  peat  is  unloaded  from  the  barges  and  conveyed  to  the  pro- 
ducer platform  and  boiler  house  by  a  transporter.  Clinker 
troubles  are  not  often  experienced,  and  only  when  burning  the 
inferior  grade  of  peat,  the  presence  of  sand  in  the  fuel  causing 
the  trouble. 

The  author  is  indebted  to  Mr.  W.  A.  Mullen,  manager  at  the 
factory  of  Messrs.  Hamilton  Robb,  Ltd.,  for  the  following  figures 
in  regard  to  the  cost  of  fuel,  these  figures  being  given  on  June 
12th  last  :— 

Cost  of  running  Factory  on  Coal,  per  week ― 

£  s.  d. 

8|  tons  of  Anthracite  at  35s   14  17  G 

19  tons  of  Steam  Coal  at  17s   10    P,  0 

£31    0  6 

Cost  of  running  Factory  on  Peal,  per  iveeh 一 

Say  up  to  50  tons  of  Poat  at  Os   15   0  0 

Weekly  saving   £10    0  G 

Allowing  for  IHs.  for  extra  lal)our,  tho  not  wookly  saving  figures 
out  at  £1").  ")s.  (>d. 

Tho  author  would  horo  rofor  to  tlio  lottor  in  "  Engineering  M 
of  Jnnuaiy  2<Jtli  last,  in  whicli  tlio  goiuM'al  manager  of  tlie  Powoj- 
Gas  Corporation,  Ltd.,  gives  some  very  intorosting  particulars  in 
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n'-aid  to  pisit  plants,  more  especially  an  ammonia  recovery  plant 
working  in  t \\c  South  of  England.    It  would  be  of  great  interest 
if  some  ti-itinvs  ;is  to  tin1  "'(".king  costs  of  this  plant  could  be  laid 
l„.{oi(«  this  ni(M'tin«:.    It  will  be  noted  that  plant  is  worked  with 
.uunionia  rocovorv.  which  would  moan  a  very  much  l;u'g(、r  plant 
than  that  at  Portadown.    The  amount  of  tlu、  nitrogen  in  the 
South  of  England  peat  is  apparontlj'  high,  and  would  appeiir  to  be 
considerablv  more  than  in  the  poat  used  at  Portadown,  analysis 
of  which  is  appended  hereto,  together  Avith  analysis  of  the  refuse 
tar  and  gas  from  the  producer. 
Analysis  of  Tak  made  by  Messrs.  Totton  and  Hawthorne. 
San/p/c  nf  Tar  No.  2. 
The  sample  was  ^rov  when  received,  but  very  quickly  turned 
black.    On  distillation  it  yielded  ： ― 

IVr  cont. 

(1)  Water    37 '2 

(2)  Light  oils  (distilling  below  230°  C.)  ••  5-8 

(3)  Middle  oils  (distilling  at  230。- 270。  C.)  8-3 
圜 Heavv  oils  (distilling  above  270°  C.)  •,    23 -2 

(o)  Coke    17-8 

(*>)  Loss    7  7 

loo  o 

Much  frothing  occurred  until  the  water  was  distilled  off. 
Towards  the  end  the  temperature  went  higher  than  a  mercury 
therniometer   will   record  C.).    The   different  fractions 

obtained  were  as  follows  ： ― 

(1)  Water  faintly  acid  to  litmus.  Phenol  could  uot  be 
detected. 

(2)  Light  oils  (below  230°  C.)  became  rapidly  dark  red  in 
colour.    Specific  gravity  of  crude  liquid  0-9.30. 

(3)  Middle  oils  (2：]0°-270°  C.)  became  dark  red.  Specific 
gravity  of  crude  liquid  0  -944. 

(4)  Heavy  oils  (above  270°  C.)  on  standing,  crystals  of  paraffin 
\\dx  separated  out  to  the  extent  of  5  *42  \wv  cent,  of  the 
fntrtion  (  =1  '2(；  per  cent,  of  the  original  tar).  The  specific 
uiavity  of  the  liquid  portion  of  this  fraction  was  0  -90(). 

Analysis  of  Sample  of  Pkat. 
(Received  on  September  14th,  from  Mr.  Hamilton  Robb, 
Portadown.) 

Proximate  Analysis. 

Per  cent. 

Water   18  98 

Volatile  matter    ,V>  '  1 7 

Fixed  carbon    24  -70 

Ash    110 


10U0U 

Ultimate  Analysis. 

Per  cent. 

Carbon   44-60 

Hydrogen   5-42 

Nitrogen    0-97 

Ash   110 

Moisture    18-98 

Oxygen  (by  difference) …：  28  li'; 

10U-0U 

An  alysis  of  Avekage  Sample  of  Gas  during  a  10-hours'  Trial. 
Moisture  in  Fuel  20  per  crttf. 

C03    10-() 

CO   21  (J 

H。   l;J0 

CH4  '•   3  7 

Total  conihustible    ')7  -  7  per  cent. 

Calorific  value  (calculated  from  analysis)  144  *0  B.Th.U. 


Bulkheads  and  Boats  on  Ships  ：  Board  of  Trade  Enquiry.  —  The 

first  official  result  of  Lord  Mersey's  entj^uiry  into  the  loss  of 
the  "Titanic"'  is  represented  by  the  appointment  of  a 】5()artl  of 
T""l*'  Depart moiital  Comntittrr  to  en(|iiir(>  into  t lir  wliolo 
(jiirst ion  of  boat -Inuiicjliint;  at  sc;t.  The  d ifliculty  of  how  to 
wire  ； ul('f|i"i"'  boat  ； i<-cominod ?itiou  is  also  to  bo  taken  in 
hand  by  the  Board  of  Trade. 


THE  PRODUCTION  OF  THE  "BRUSH-BRASS"  FINISH. 

The  ' 1  brush-brass  "  finish  now  so  extensively  uhchI  upon  solid 
brass  and  brass-plated  soft-metal  goods  is,  says  "  The  Jirass 
Worl(l，，，  a  simple  finish  to  produ<  e,  though  many  platers  ；' n'' 
apt  to  make  hard  work  of  it，  and  even  with  a  large  amount 
of  labour  are  unable  to  obtain  (juite  sMtisfactory  results. 

The  method  of  producing  the  "  bnish-brass  ''  (inisli  is  \  hv 
same  for  plated  or  cast  brass,  although  perhaps  a  little  modi- 
fication may  be  required  for  special  patterns  or  flcsi^ns. 
Strictly  speaking,  the  finish  is  simply  tlie  jjrodwetion  of  iimi 卜 
merable  fine  scratches  upon  the  surface,  all  running  in  Um' 
same  direction.  If  these  scratches  are  not  unit onn  aiul  somr' 
are  deeper  than  others,  then  the  effect  is  not  good.  Tf  they  do 
not  run  in  the  same  direction  the  job  will  appear  boU'hy  ，， : 
and  if  they  are  too  coarse  the  effect  is  not  satisfactory.  Thr 
whole  thing  in  a  "  nutshell,"  therefore,  is  to  scratch  the  sur- 
face by  any  convenient  means. 

The  production  of  the  fine  scatches  upon  the  surface  of  the 
brass  work  may  be  accomplished  in  several  different  ways. 
One  of  the  early  methods  was1  by  the'  use  of  emery  paste  and  a 
bristle  or  tampico  wheel.  This  produces  good  results,  to  be 
sure,  but  it  leaves  the  surface  greasy,  and  cleaning  is  then 
necessary,  which  is  apt  to  stain  the  surface  to  some  extent. 
The  grease  in  emery  paste  is  hard  to  remove  as  it  contains 
mineral  oils,  so  that  this  method  is  not  to  be  recommended 
unless  absolutely  necessary. 

Another  method  is  to  use  a  rapidly  revolving  steel  scratch 
brush,  but  this  produces  a  satin-finish  effect  with  a  lustre  that 
is  undesirable.  Various  types  of  abrasives  and  wheels  have 
been  tried,  but  the  most  satisfactory  method  has  been  found  to 
be  the  use  of  pumice  ground  to  a  suitable  fineness  and  used 
wet  upon  a  brass  scratch-brush  revolving  slowly.  The  use  of 
oil  or  grease  in  producing  the  finish  is  not  to  be  reconnnended, 
as  it  necessitates  subsequent  cleaning  with  its  extra  cost  aiul 
dangers  of  abrading  or  staining  the  surface. 

The  grade  of  ground  pumice  to  be  used  will  depend  upon 
the  character  of  the  work.  Sonie  manufacturers  prefer  a 
finish  that  is  quite  "  scratchy  "  while  others  desire  one  that 
shows  the  scratches  to  a  very  slight  effect.  The  different  effects 
can  readily  be  obtained  by  varying  the  grade  of  pumice.  The 
grade  ordinarily  used ,  however,  for  the  production  of  a  good 
" brush-brass  "  finish  is  No.  '01. 

In  producing  a  satisfactory  "  brush-brass  "  finish,  the  first 
thing  to  do  is  to  obtain  a  surface  on  the  article.  The  matter 
is  exactly  the  same  as  though  the  article  is  to  be  buffed  to  a 
high  colour."  Every  plater  knows  that  it  is  useless  to  buff 
a  piece  of  brass  until  all  the  scratches,  dents, and  pits  have  been 
taken  out.  In  other  words,  the  brass  must  be  surfaced,  at 
least,  and  brought  almost  to  a  "  colour."  Th 3  objer-t  is  to 
obtain  a  base  for  producing  the  "  brush-brass  "  finish,  so  that 
there  will  be  no  scratches  in  it  deeper  than  those  desired.  This 
instruction,  however,  applies  only  to  solid  brass  work,  as  plated 
work  is  usually  ready  for  applying  the  finish  after  it  has  been 
plated. 

When  the  brass  has  been  surfaced  and  brought  to  a  con- 
rlition  that  i&  free  from  scratches,  the  "  brush-brass  ''  finish 
may  be  applied.  Use  a  small  scrati'li-brusli  running  rather 
slow,  say  about  300  revs,  per  minute.  Apply  the  pumice  and 
water  to  the  wheel,  aiul  hold  the  work  against  the  wheel  until 
the  desired  effect  has  been  produced.  Tlie  successful  produc- 
tion of  the  finish  lies  partially  in  having  the  scratch  marks  run 
evenly  and  in  the  same  direction.  They  should  run  length- 
wise of  the  article,  as  a  general  rule,  and  the  best  effect  will 
be  obtained  when  such  is  the  case. 

When  the  article  has  been  finished  by  the  treatment  with 
the  pumice  and  scratch-brush,  it  is  read)'  for  lacquei  nig.  The 
fact  that  nothing  but  water  (and  no  oil  or  grease)  has  been 
used,  renders  it  easy  to  larquer  tlie  article.  All  that 
is  necessary  to  do  is  to  wash  it  off,  dry,  and  lar- 
quer  iu  the  regular  manner.  If,  however,  a  large 
nuniber  of  pieces  are  carried  through  at  a  time,  con- 
siderable tiitie  may  elapse  before  tlie  lacquering  can 
be  done  ;  and  when  such  is  the  case,  it  frequently  happens  that 
tlie  surface  becomes  stained  or  sii^litlv  tarnished  before  it  can 
be  hifquered.  This  ran  usuallv  removed  by  a  muriatir  ari'l 
clip,  or  if  not  by  a  cynnidc  dip.  The  muriatic  arid  is  to  be 
recoinniended,  as  it  does  not  cause  spotting-out,  while  t-yauide 
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frequently  will.    The  muriatic  acid  will  usually  remove  any 

slight  stain.    Use  the  following  :— 

Water    2  gallons 

Muriatic  acid    1  gallon 

If,  however,  this  does  not  remove  the  stain，  then  use  lib. 
of  cyanide  dissolved  in  1  gallon  of  water.  Tliis,  however,  is 
more  apt  to  cause  spotting  out  by  entering  the  pores  or  joints 
of  the  article  and  afterwards  working  out.  For  this  reason 
the  muriatic  acid  is  to  be  preferred  whenever  it  is  possible  to 
use  it. 

Care  must  be  used  in  rinsing  aud  drying  the  article  after 
liuisbiiig  to  avoid  abrasion  or  staining.  Then  apply  a  coat 
of  suitable  lacquer.  Lacquer  manufacturers  now  make  a 
special  grade  of  Jacquer  for  this  class  of  work,  and  when  used 
it  will  produce  the  best  effect.  The  use  of  a  lacquer  not 
adapted  for  the  work  may  ruin  what  is  otherwise  a  good  job. 


SMOKE  ABATEMENT  EXHIBITION  AT  GLASGOW. 

A  second  smoke  abatement  exhibitiou  organised  by 
the  Corporation  of  Glasgow  will  be  held  at  Glasgow 
from  Friday,  September  20th,  till  Saturday,  October 
12th.  The  main  features  will  be  similar  to  those 
of  two  years  ago,  but  the  display  of  appliances  will  bo 
more  varied  aud  will  make  a  wider  and  more  general  appeal. 
The  purpose  of  the  exhibition  is  to  bring  in  a  practical  and 
interesting  fashion  to  the  notice  of  the  citizens  the  most 
scientific  device®  in  connection  with  smokeless  heating  and 
lighting,  embracing  every  up-to-date  method  and  ooutrivanoe 
for  the  complete  combustion  of  solid  fuel,  and  also  the  most 
modern  developments  in  heating,  cooking,  lighting,  and  ven- 
tilation by  means  of  gas  and  electricity  for  doiiLestic,  business, 
and  manufacturing  purposes.  The  exhibition,  as  has  been 
stated,  is  organised  by  the  Corporation  and  under  the  auspices 
of  the  British  Electrical  and  Allied  Ma  n  u  f  actu  rer  s ' 
Association,  the  Coal  Smoke  Abatement  Society,  the 
Snioke  Abatement  League  of  Great  Britain,  and  the 
Glasgow  and  West  of  Scotland  Branch  of  the  Smoke 
Abatement  League.  Arrangements  have  been  mad©  for 
lectures  which  will  be  given  daily  on  subjects  applicable  to  the 
aims  and  objects  of  the  exhibition,  and  these  along  with  a 
series  of  demonstrations  and  competitions,  promise  to  be 
popular  features.  The  processes  which  will  be  demonstrated 
include  paper-bag  cookery,  sweet  making,  sick-room  cooking, 
bread  making,  cooking,  baking,  fancy  bread  making,  boiler 
furnace  firing,  and  stoking.  Efforts  will  be  directed  to  giving 
the  exhibition  publicity  beyond  Glasgow,  and  the'  Corporation 
will,  it  is  expected,  invite  a  large  number  of  representatives 
of  public  bodies  throughout  Great  Britain  to  pay  visits. 


Journal  of  the  Municipal  School  of  Technology,  Manchester. ― 

The  fifth  annual  volume  of  the  Journal  of  the  Municipal 
School  of  Technology,  Manchester,  just  issued,  is  more  than 
usually  interesting.  As  a  record  of  investigations  undertaken 
or  published  by  members  of  the  teaching  staff  and  students 
of  the  school  during  the  past  year,  it  covers,  naturally,  a 
wide  rauge  of  subjects,  but  several  of  them  are  of  special 
interest  to  engineers.  The  most  lengthy  of  them  is  a  repro- 
duction of  a  paper  read  by  Prof.  J.  T.  Nicolson  before  the 
Institution  of  Shipbuilders  of  Scotland  on  the  effect  of  high 
velocity  of  flue  ga&es  on  boiler  economy,  a  subject  to  whidi 
Dr.  Nicolson  has  paid  a  great  deal  of  attention,  and  the  pros 
and  cons  of  which，  from  a  commercial  point  of  view,  have 
b&en  much  discussed.  Two  other  contributions  are  also  par- 
ticularly interesting  at  the  present  time  in  view  of  the  atten- 
tion being  paid  to  the  question  of  power  transmission  in  tex- 
tile mills,  one  by  T.  M.  Ritchie  "on  the  application  of  a  fly- 
wlieel  to  a  mule  couiitersliait,"  and  the  other  by  J.  Gorton, 
" on  testing  of  power  consumed  in  driving  looms."  A  third 
paper,  by  W.  Meyers,  "  on  the  examination  and  testing  of 
cloth, "  deals  very  exhaustively  with  a  subject  which  should 
be  of  special  interest  to  textile  men.  These  do  not  by  any 
means  exhaust  the  range  of  matters  dealt  with,  and  which 
roam  over  the  electrical,  inetallur^ic  il,  and  ])liysical  fields, 
； I  ml  1'iiniish  evidence  of  ilio  high  HttainmenUs  of  Uic  teaching 
si  ;ilT  of  what  easily  ranks  aa  the  first  teclnialogical  school  in 
Ibis  country 


HOT  WEATHER  TRAIN  DERAILMENT  AND  ITS  LESSONS. 

The  official  report  by  Major  Pringle  on  the  tler;i  il 
ment  of  a  train  which  occurred  between  Whitetable 
and  Favershani  on  the  22nd  June  last,  aliribules  the 
accident  to  "  rail  creeping,"  as  a  consequence  of 
excessive  heat  and  the  lack  of  adequate  expansion 
spaces,  as  evidenced  by  the  fact  that  when  replacing  tlie  r",i'l 
it  was  found  necessary  to  shorten  a  pair  of  rails  by  4^ in.  The 
report  says :  It  is  unlikely  that  any  noticeable  horizontal 
deformation  of  the  road  had  taken  place  before  the  train 
reached  this  spot,  but  the  rails  must  have  been  in  a  high  state 
of  compression  :  possibly  some  vertical  deformation  or  hump- 
ing of  the  track  had  actually  taken  place.  The  movement  or 
weight  of  the  engine  would  be  sufficient,  especially  with  light 
and  insufficient  top  ballast,  to  "  spring  "  the  track  out  of  line. 
The  deformation  would  be  increased  by  the  following  veliick's. 
The  irregularities  in  line,  which  the  bogies  of  the  last  four 
coaches  faithfully  followed,  at  the  cost  of  bufferlocking,  were 
too  great  for  the  6-wheeled  brake  van  in  the  rear,  with  a 
wheel-base  of  19^ft.  to  negotiate,  and  the  derailment  of  the 
vehicle  resulted.  The  accident,  it  is  added,  affords  a  good 
illustration  of  the  greater  freedom  fr'— >m  liability  to  derail- 
ment of  bogie  vehicles,  when  compared  with  six-wheeled 
vehicles,  and  strengtliens  also  the  contention  that  the  best 
position  for  six-wheeled  stock,  when  it  is  found  n 僚 ssary  to 
marshal  them  with  bogie  stock  in  an  express  train,  is  at 
the  end  of  the  train. 


INDUSTRIAL  AND  TRADE  NOTES- 

The  "Titanic"  Enquiry.  —  Tho  total  cost  <>t:  the  Tit;mir '' 
enquiry  will  probably  be  considerably  over  £40,000. 

Sherardising.  —  This  process,  we  arc  ini'onncclj  is  niakin<j;  rapid 
progress  in  the  United  States,  wluuo  tliorc  arc  sonic  3J  plants  at 
work,  and  is  being  extensively  used  l).y  tlie  ("、i"'r;il  Electric  Com 
pany  for  line  material.  A  committee  of  the  Franklin  Institute  of 
the  State  of  Pennsylvania  have  recently  made  a  report  ou  the  pro 
(.<■.、,、.  ； uid  ha  ve  ； nvar(】（、(l  the  inventor,  Mr.  Co\vj>er  Coles,  the  J  oh" 
Scott  Legacy  medal  and  premium. 

Clyde  Shipbuilding  for  July.—Tli(、  Clyde  .shipbuikling  output 
during  July  is  large,  the  total  of  over  40,000  tons  having  been  only 
three  times  previously  exceeded.  As  compared  with  the  corre 
spoiuling  months  of  last  year  there  is  an  increase  of  G/XX)  tons. 
The  total  of  330,000  tons  falls' short  of  the  corivsponding  total  of 
last  year  by  fully  10,000  tons.  Very  little  new  work  luis  Ijccmi 
placed  during  the  month,  and  orders  are  expected  to  be  fewer,  in 
view  of  the  increasing  cost  of  production. 

Copper   Production  in  Japan.— The  Belgian  Consul  at  Yokoliaina 

reports  that  the  total  production  of  copper  in  Japan  in  1911 
amounted  to  51,708  tons,  valued  at  20,938,000  yen  (yen  =  2s.  OJd.), 
being  an  increase  of  2,562  tons  in  quantity  and  l，il9，000  yen  in 
value  over  the  production  in  1910，  and  an  increase  of  13,734  tojis 
as  compared  with  1909.  More  than  half  the  copper  is  got  from  the 
three  principal  mines,  viz.,  Ashio,  Besshi,  and  Kosaka.  The  Hiclate 
mine  is  also  making  great  progress,  and  turned  out  5,074  tons  last 
year,  or  more  than  seven  times  the  quantity  turned  out  by  this 
mine  in  1907. 

Wages   in  the   Midland  Iron  Trade. ― The  report  of  the  Midland 

Iron  aud  Steel  Wages  Board,  the  body  wliich  controls  these  indus 
tries  in  Staffordshire1,  \Vorcostersliire%  Sliropshire,  South  Wales, 
Ijancashire,  and  Yorkshire,  sliows  the  total  output  of  17  selected 
firms  for  May  and  June  to  be  43^500  tons,  an  increase  of  no  loss 
than  22,()(J0  ton's  over  the  preceding  two  months.  The  average  not 
selling  price  of  £7.  4s.  9(1.  represents  an  advance,  of  4s.  4d.  per 
ton.  Under  the  sliding  scale  puddlers'  wages  are  advanced  l>y 
3d.  to  9s.  Gd.  per  ton  from  August.  AVhen  the  extra  bonus  of  Gd. , 
xoceiitly  agreed  to,  comes  into  force,  they  will  receive  10s.  per 
ton. 

Steel  Trust  Earnings.  一  The  statement  ot  earnings  of  tlie  United 
States  vStecl  Corpoi'ation  for  the  (iu;u'tt'r  onded  Juno  30tli  is 
follows :  Earnings  during  month  of  Anril  $7,5093(XX)J  during  Mny 
$8,847,000,  during  June  $8,746,000.  Total  earnings  after  deduct 
ing  all  expenses  incident  to  operations,  $25^102,000  ；  net  earnings 
for  quarter,  $18,429,(300  ；  surplus  net  increase  for  the  quarter, 
^12,715,000.  The  dividends  (m  tlx1  comnioii  and  prefori-ed  stocks 
(■mitin，u、  iiticluui^cd,  r(、sp(、（'ti v('l,v  1  \  and  1;；  p('rr(、iit.  Hahmcc 

oi'  sin-plus  lor  tlio  (|Uiut(M-,  ^-">(),(H1U.  Tl"'  figures  lor  tlir  (pi;u't('r 
ended  March  are  as  follows:  Total  earnings,  $17,827,000;  net 
earnings,  $12,108,000. 
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Prosperity  of  the  Uganda  Railway. ― To  those  who  opposed  tl"' 
construction  ot  the  Uganda  railway  scheme  its  present  prosperous 
state  must  be  disconcertiiig'  It  was  declared  to  be  a  waste  of 
public  nioiioy.  Pessimists  predicted  that  13  millions  would  even- 
tually Hiul  its  way  to  the  scrap  heap.  Yet  we  are  now  told  that 
th.-  working  of  the  line  is  producing  a  profit  of  £13'5，(KMJ  a  year, 
and  tlie  expenditure  of  further  sums  is  asked  for  to  increase  its 
etticioncy.  Cotton,  tobacco,  rubber,  and  wool  are  all  named 
amongst  tlio  products  exported,  and  the  time  is  probal)ly  not  dis- 
tant who ii  ovory  trace  of  debt  will  be  wiped  off  and  a  goodly  profit 
finds  its  w  ay  to  the  British  exchequer. 

A  Circular  ― A  new  form  of  file  in  the  shape  of  a  circular 
tlisc.  with  a  series  of  annuli  with  file  teeth  the  slope  of  which  inclines 
in  opposite  directions  in  any  two  adjacent  annuli  has  been  put 
on  the  market  by  the  Have's  File  Company,  of  Detroit,  Michigan. 
It  i、  intended  for  filing  solder,  aluminium,  Babbitt,  and  other  soft 
niotals.  The  disc  when  used  is  mounted  like  an  emery  wheel,  but 
is  revolved  at  a  much  slower  speed.  About  200  revs,  per  minute 
are  employed  for  a  disc  14in.  diaui.  The  file,  it  is  said,  does  not 
clog  on  account  of  the  manner  in  u  hicb.  the  teeth  are  cut  and  the 
tool  should  find  a  frequent  use  in  brass  foundries  and  other  estal)- 
lislmnMits  tor  filing  soft  metals  and  upon  work  that  has  previously 
been  done  by  hand. 

A  Diesel  Oil  Engine  Ship. ― A  preliminary  trial  trip  was  carried 
out  last  week  of  the  Diesel  oil  engine  ship  "  Eavestone,"  owned  by 
Messrs.  F  urn  ess,  Withy,  &  Co.,  Ltd.  The  engine  with  which  she 
is  fitted  has  been  supplied  by  Messrs.  Richardsons,  Westgarth,  and 
Co..  ot  Middlesbrough,  under  joint  license  from  Messrs.  Carels 
FiJmcs,  ot  Ghent,  and  the  Diesel  Engine  Company,  Ltd.,  of 
London.  The  engine  has  four  cylinders,  each  20in.  diani.  by  3(5in. 
stroke,  and  at  115  revs,  per  minute  develops  over  850  b.h.p.  Tlio 
vessel  lias  a  single  screw  and  is  276ft.  in  length  by  40ft.  Gin,  hi 
beam,  with  a  dead-w  eight  capacity  of  about  3.600  tons  and  displaco- 
nu^iit  of  4.400  tons.  As  compared  with  a  sister  ship  driven  by 
bteam  (.Migino-5,  the  extra  space  available  for  cargo  on  a  30  days' 
trip  amounts,  it  is  stated,  to  400  tons. 

All-Ceylon  Agricultural  Exhibition. ― Messrs.  David  Britl^o  iS:  Co., 
rul)l»er  machinists,  have  attained  several  successes  at  this  exhi- 
bition (luring  the  past  month  with  their  improved  preparation 
】na('liiii(、r> -，  viz.  :  Cup  and  gold  medal  for  thick  blanket  fine  aml>er 
cr('pt、，  l>eing  the  best  rubber  in  the  show,  awarded  to  the  Pamba- 
^ania  Estate  ；  silver  modal  for  scrap  rubber  in  crepe  form  awarded 
to  the  Tala^alla  Estate  ；  silver  medal  for  crepe  rubber  to  the  Troy 
Kstato.  AH  tlie  toreKoin^  nil 山 er  was  made  in  Messrs.  David 
Bridy  t 、-  Co.'s  niilis.  I ndependent  of  the  above  awards,  they  were 
aw  ardtnl  two  diplomas  de  Grands  Prix,  Brussels  International 
Exhibition,  1D1U,  for  rul>ber  preparation  machinery  and  driving 
HH'clianisiii  in  arldition  to  awards  at  the  Coomassie  Agricultural 
Sliow  and  at  the  Mexican  Exhiljition,  Crystal  Palace,  in  1908. 

Sirocco  Induced  Draught  for  Boilers. ^ Messrs.  Davidson  iV  Co., 
litd..  Sirocco  Kn^incorin^  Works,  Belfast,  have  issued  an  interest- 
ing ； uul  insti'Mftive  pamphlet  descriptive  of  the  Sirocco  system  of 
iiidurcd  draught  for  steam  boilers.  The  pamplilet  discusses  the 
rclnti\  o  costs  and  advantages  ot  induced  and  natural  c*hiiniu\v 
tlr;m^lit  :\)u\  also  tk'sc-ribos  a  number  of  plants  which  the  firm  has 
iii>t;illf(l  on  tins  .system  and  the  conveniences  and  economies  that 

r  reaped  in  consoqvuMice.      There  are  many  cases  u  hcic 

iu(l，i(('(l  draught  could  be  applied  with  great  advantage,  and  tlie 
piitnplilot  is  one  which  may  be  commended  to  the  notice  of  steam 
umms  who  arc  experiencing  any  of  the  ninny  difficulties,  such  as 
smoke  emission,  inaWility  to  keep  up  steam  pressure,  iVc,  which 
spring  out  ot  lack  ot  hoilei-  pow or*.  Induced  drau^lit  provides  in 
inn ii.v  cn.sos  the  clicnpost  and  simplest  way  of  getting  out  of  those 
troubles. 

Self  propelled  Tramcars  for  London.  一  The  Highways  Comniibtec 
ol  tlie  Ijondon  County  Council,  having  given  coiisiderjition  to  the 
(jii'  stion  of  the  arrai)(;ornents  to  be  made  for  thv  w oikin^  of  the 
tramw  ay  from  West  J  ndia  Docks  to  Cassland  J^oad,  Hnckney, 
stato  that  their  attention  has  been  directed  to  the  arran^emoiits  in 
force  in  ('("t;""  places  ior  tlio  working  ot  vehicles  by  means  of  an 
iiitciiial  conibustion  engino,  directly  coupled  to  an  electric  gene- 
rator, driving  throu^li  motors  witli  electric  control.  The  results 
of  tlie  working  a\  tliis  system  as  reported  to  tiieni  are  sucli  that 
they  think  it  w  ould  1，（，  dcsiraljle  to  carry  out  an  fxpei  iinoiit  with 
a  view  to  flctci-miniii^  "  lictl""'  it  would  be  practice l>le  to  w  ovk 
this  particular  route  liv  means  of  tramcars  equippcMl  in  this 
nianiici'.  With  tliis  object  they  suggest  that  arran^enients  should 
hv  miulc  tor  tliivc  ol  tlie  existing  lior.se  cars  to  ho  altered  and 
equippcci  lor  seH  propulsion  at  a  cast  of  £2,400. 

Coal  Mines  Act  ：  Approved    Schools  and   Authorities. 一 The  Home 
Sc(  rctji ry  h;is  given  notic"   that   he  lias   approved  the  following 
iiflclitioiuil  milling  schools  and  authoiitics  for  the  pui'posc  ol'  ^r;nit 
iiiy  ccr  tifi*-;itcs  to  fir('，"（、n，  cxiunincrs,  and  (l('puti<'s  m"l('r  tlie  pro 
visions  ot  Section  lo  (1)  Ch)  of  the  Coal  Mitiob  Act,  1(J11  :  Binning 


hatn  University  5  Derbyshire  Education  ('('mmittc,  *、•（'、、 ('； ihtl" 
Education  Coiinnittce,  Hotlierluuu  Education  Coniiiiittco,  Stoke  uji 
Trent  Education  Couiinittee,  »S  wan  sea  Local  Kducation  Authority, 
Wrox  ham ― Chester  Street  School;  Ca  iinartli<Mishir (！  Kdiicntion 
Committee.  A  complete  list  of  the  approved  schools,  institutions, 
and  authorities  will  be  found  appended  to  the  Home  Office  nu'ino 
raiuluni  as  to  firemen's3  &c"  certificates.  All  applications  for 
inforinatiou  us  to  the  examiniitioiis  to  l^c  lickl  for  the  purpose  ()i 
the  grant  of  certificates  should  be  addressed  to  tlie  appiovetl  mining 
schools 7  institutions,  and  authorities,  and  not  to  tlie  Home  Office. 

Trade  Unions  and  Labour  Agreements. ― "The  Parli;unri)tary  Com- 
inittee  of  the  Trade  Union  Congress,  at  a  meeting  hold  at  its  offices, 
considered  the  question  of  labour  disputes  whicli  is  now  bciiif^ 
onquired  into  by  the  Industrial  Conimission,  It  adopted  the  follow 
ing  resolutions  on  the  subject :  "That  this  Parliamentary  Com 
mittee  hereby  declares  that  any  well-considered  plan  to  stivngtlicn 
and  bring  into  more  general  operation  trade  agreements  duly  rati- 
fied between  recognised  leaders  of  employers  and  workmen  will  ha 
l»eneficial  and  reduce  tlie  number  of  irregular  disputes.' '  "  In  con- 
nection with  the  Transport  Workers'  dispute  tlie  comniittc*; 
expresses  great  regret  at  the  breakdown  of  negotiations  for  tlu: 
settlement  of  the  dispute ^  and  congratulates  tlie  men  on  refusing  to 
surrender  unconditionally.  "Whilst  hoping  that  a  resumption  of 
negotiations  may  take  place,  the  committee  calls  on  all  trado 
unionists  throughout  the  country  not  to  allow  the  men  to  be  beaten 
for  want  of  funds." 

Cleveland  Iron  Workers'  Wages. ― The  official  ascortaiiinicnt  of 
production  and  prices  in  the  Cleveland  district  for  May  and  Juno 
shows  that  the  output  was  12,543  tons,  and  tlie  net  average  selling 
price  of  rails,  bars,  plates ；  and  angles  £G.  13s.  0  84(1.  The  produc 
tion  is  the  best  for  18  months  past,  and  although  in  the  preceding 
two  months  the  output  was  very  small,  due  to  the  coal  trade  strike, 
the  making  up  of  arrears  does  not  altogether  account  for  this 
increase  nor  for  the  enhanced  values  realised.  There  has  been  u 
health}*  genuine  demand  for  finished  iron,  and  prices  have  gone 
ahead  in  consequence.  Compared  with  the  corresponding  months 
of  last  year  the  output  is  3,700  tons  better  and  the  net  selling  price 
7s.  (3d.  advance.  Under  the  sliding  scale  arrangement  there  will 
be  an  advance  of  3d.  per  toil  on  puddling  and  2 J  per  cent,  on  all 
other  forge  and  mill  Avages,  to  take  effect  from  July  29th.  This  is 
the  second  advance  this  year,  the  previous  one  being  made  on  the 
Jaiiiiary  and  February  ascertainment. 

Admiralty  Changes. ― The  Admiralty  announces  that  the  iol 
lowing  appointments  have  I)eon  made  and  will  take  effect  from 
August  1st,  on  the  retirement  of  Sir  Philip  Watts  from  the 
office  of  director  of  naval  construction,  and  of  Sir  William  Edwarrl 
Smith  from  that  of  superintendent  of  construction  accounts  and 
contract  work  viz. :  As  director  of  naval  construction,  Mr.  E.  H. 
'I\mi nyson  D'Eyncourt,  naval  architect  to  the  firm  of  Messrs.  >Sir 
W.  G.  Armstrong,  Whitwoi'th,  &  Co.，  Ltd.  As  superintendent  of 
constructioii  accounts  and  contract  work,  Mr.  William  Henry 
Whiting,  assistant  director  of  naval  construction.  As  assistant 
director  of  naval  construction,  Mi'.  Willi  a  m  John  Berry,  chief  (on 
structor  H.M.  dockyard,  Malta .  Sir  Philip  Watts  will  be  retained 
a.s  adviser  on  naval  construction  to  the  Board.  Mr.  D'Eyncourt, 
tlio  new  director,  has  been  a  prominent  official  of  Elswick  shipyard 
for  a  good  many  years.  He  has  a  high  reputation  as  a  na  \  al 
architect,  and  has  had  charge  of  very  responsible  work  in  warship 
l.mikling. 

Suez  Canal  Traffic. ― The  navigation  returns  of  the  Suez  Canal 
tor  tlie  yea rs  1DU9-11  show  increasing  prosperity.  The  number  of 
vessels  that  passed  through  the  canal  in  the  years  1909,  1910,  and 
1  *)1 1  rcspcctix'elv  、vt"'t、  -1 .239,  4,-5'33,  and  1,9(39  ；  their  gross  tonnage 
was  21/>00,847,  *23,0o4,9(H,  and  2.—)，"7，8:)3  tons  ；  the  net  tonnage 
lo,4()7,-V27,  l(i,:)81，898，  and  18,32-1,794  tons,  and  the  transit  receipts 
£4,777,927,  £5,166,199,  and  £5,337,116.  The  net  tonnage  for  last 
year  showed  an  increase  of  1,74*2,890  ovei;  191 U.  This  effected  au 
incivase  in  the  gross  receipts  w  hic-li  in  1911  amounted  to  the 
lushest  sum  e\-or  reached.  Tlit、  niunbpr  oi'  British  ships  which 
passed  tlirou^li  the  canal  last  vea r  、vas  3,(18!),  as  coni])iired  with 
2,778  in  1910  and  2,oGl  in  the  year  before.  British  tonnage 
increased  from  10,423,010  in  1910  to  11.715.1)47  last  year.,  and 
German  from  2/>03,749  to  2，79(U)"3  tons.  The  percentage  of 
Jit  itisli  vessels  and  their  net  tonnage  increase  in  1911  in  compari- 
son with  1910,  being  (32.2  and  (U  respectively,  as  against  (31*3  and 
G2-(J  in  HJ1U  and  OU-4  and  G2*3  in  "亂 

Commercial  Intelligence  Branch  of  the  Board  of  Trade. ― The  Coiumcr- 
t-inl  Intelligence  Branch  of  the  】io;ud  ot  Trade  rlosirc.s  to  point 
out  to  British  manufiu'ttu'ers  and  merchants  、vl'o  may  wish  to 
obtain  information  in  regard  to  trade  matters,  including  tlio  names 
of  importers  and  of  possible  a^onts,  in  iorei^n  countries,  that  it 
is  desirable  that  application  should  lirst  hv  m;ulo  to  tli(、  C'ominer 
(ial  Intrlligoncr  BriHitli,  73,  H;isin«il)nll  Str(、('t,  I'midmi,  KC. 
l)ot'oro  (onnimnicatioiis  are  atkl rc^srd  to  H.M.  Consular  officers 
abroad.      By  the  adoption  of  tliis  course  nnich  delay  would  be 
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avoided  by  the  enquirer  in  those  cases  in  which  the  Intelligence 
Brancli  is  already  in  possession  of  the  required  information.  P:n 
tic, ilar  attention  is  draw"  to  tho  ；" 1  vis;il"lity,  when  comnnuii 
('atiiig  witli  British  Consular  officers,  n\  addressing  such  officer's  liy 
tl"、ir  otticiiil  desi^nntions  and  not  hy  their  nn mes,  in  order  to 
avoid  possible  dolay.  Tho  adoption  of  tlu»  latter  courst*  is  lialtlo 
to  involve  c-onsideral)lc  iiu-onveiiience  and  delay  to  ciuiuirers, 
owlnis,  to  possible  changes  in  the  Consular  staff. 

Royal  Commission  on  Oil  Fuel.— The  King  luis  Immmi  plo;"e(l  to 
iipprovo  of  tht'  appoiiitmeiit  of  a  lloyal  Commission  to  in\  «\sti^ato 
iuid  report  on  the  supply  of  oil  fuel  for  the  Navy.  T\w  terms  of 
relVnMice  are  as  follows :  "To  report  on  thv  moans  of  supply  ;im<1 
storage  of  liquid  tuol  in  pcaco  and  war,  ； uid  its  application  to 
warship  engines,  whether  indirectly  or  l>y  intoriini  (<>ml>ustio".'， 
Tl"、  following  will  be  meml)ers  of  the  Commission  :  Admiral  oF  tlic 
Fleet  the  T.ord  Fisher  of  Kilverstone,  G.C.B.,  C'.M.G.,  (； .C.V.O. 
(fluiirnian)  ；  the  Right  Hon.  Goor^e  liamhert,  M.P.  ；  Sir  Bovorton 
lU>(lnoo(!?  Hart.  ；  Sir  Philip  Watts,  K.C.H.,  F.H.S.  ；  Kn-ineor  Vico- 
Adiniral  Sir  Henry  John  Oram,  K.C.B.,  K.Il.S.  ；  Vice-Admiral  Sir 
John  〗{u.slnvoi'th  Jellicoe,  K.C.B.,  K.C.V.O.  ；  Sir  William 
Mattliews,  K.C.M.G.  ；  Sir  Thomas  Henrv  Holhirid,  K.C.I.K., 
K.H.S.  ；  Sir  Thomas  Kdua»d  Thorpe,  C.B.,  F.R.S.  ；  Aloxaiuh^r 
C'rai^ie,  M.V.O.  ；  Huniplney  Owen  Jonos,  M.A.  ；  Alfred  Fernaiule/, 
Yarrou  .  The  following  n re  the  joint  soci-eturies  :  Captain  】）l"lip 
Wylie  Dumas,  C.V.O. ，  R.N.  ；  Engineer  Lieutenant  Charks  John 
Hawkes  R.N.  ；  John  Harper  Narbeth,  M.V.O. ，  Royal  Corps  of 
■Naval  Constructors. 

Criticism  of  Mines  Regulations. ―  Severe  criticism  of  the  new  CojiI 
Mines  (Regulations)  Act  was  offered  at  the  annual  meeting  at 
Newport  of  the  South  Wales  and  Monmouthsbire  Brancli  of  the 
National  Association  of  Colliery  Managers.  In  his  presidential 
address  I\I r.  Jacob  Ray,  who  has  had  ； i  w  ide  experience  in  some  of 
the  biggest  pits  in  South  Wales,  dealt  witli  tlie  new  rules  in  rtw'd 
to  pit  ventilation.  Tlie  new  Act3  he  remarked,  insisted  that  all 
ventilation  should  l>e  reversible.  Commenting  on  this,  he  said 
that  in  his  mining  experience  cases  had  come  to  his  knowledge 
where  there  had  been  found  fire  a  week  after  an  explosion,  and 
had  the  air  current  been  reversed  the  gas  would  liave  \>vvn 
brought  back  to  the  fire  witli  terrible  results.  He  would  hesitate 
very  much  before  taking  the  responsibility  of  reversing  the  air 
vu rrent.  Yet  it  was  the  law.  A  nuniUer  of  delegates  from  various 
parts  of  the  coalfield  complained  of  the  clause  in  the  Act  doing 
away  with  riders.  Mr.  John  Evans  said  the  complaints  Avore  bitter 
and  general.  Mr.  Llewellyn ?  a  colliery  manager  of  Pontypool,  said 
the  night  men  in  his  district  refused  to  work  without  a  rider  on 
the  main  road,  and  they  >vere  quite  right. 

Big  Bridge  Contract. ― The  largest  bridge  contract  which  hns 
been  placed  in  Great  Britain  since  that  for  the  Forth  Bridge,  has 
just  been  secured  by  British  engineers,  despite  severe  competition 
from  Belgium,  Germany,  and  American  firms  allied  with  the 
United  States  Steel  Trust.  The  contract  comprises  the  whole  of 
the  steel  work  required  h\  the  new  railway  and  road  bridge  to 
carry  the  Eastern  Bengal  State  Raihvuy  over  the  lower  Ganges. 
The  Ijridge,  exclusive  of  approaches  will  consist  of  15  main  spans, 
each  no  less  than  3o9  feet  in  length  and  .52  feet  in  depth  at  the 
centre,  and  weighing  1，300  tons  each .  The  foundations  tor  the 
masonrv  piers  upon  、vl、i('li  the  lo  spans  "ill  rest,  are  to  he  carried 
loUt't.  below  the  l»ed  of  the  Ganges^  in  order  to  guard  against  the 
deep  soour  of  tlie  river.  The  contract  has  been  divided  between 
Messrs.  Braithwaite  &  Kirk,  Ltd.,  of  West  Bronnvich,  who  are  to 
supply  six  of  the  spans,  ； uul  thp  Cleveland  Bridge  and  Engimw- 
iug  Compiiny,  l't(l.，  of  Darlington,  who  have  the  order  for  the 
reinainin^;  nine  spans,  the  first  of  which  is  to  he  shipped  to  the  site 
before  the  end  of  the  vea r.  The  work  is  Itein^;  carried  out  to  the 
debi^ns  of  Sir  Alexander  Rondel,  consulting  engineer  to  tlie  hulia 
Office,  ami,  before  completion  tlie  schenie  will  involve  an  expendi- 
ture of  al)out  one  ； uul  a  quarter  million  sterling. 

The  Werry  Engine. ― A  oOft.  pinnace,  to  he  attached  to  the 
cruiser  "  Australia, M  and  driven  l>y  an  engine  invented  hy  Mr. 
、V  C.  Worry,  has  l»een  tried  on  the  Thames.  Both  the  engine  and 
the  pinnaco  ha\e  hwn  l»iult  by  the  Tlianics  Ironworks.  The 
engine  is  of  tho  compoimd  type  Avith  the  t、vo  cylinders  placed  hori- 
zontally In'twoen,  atul  ；， t  right  angles  to,  the  twin  shafts.  The 
cvlinders  are  cloul>lo ended  and  douMt*  acting,  and  consequently 
tliey  a  re  pro\  ided  、vitli  throe  inlets  and  tluoo  exhaust  ports.  They 
measure  oiin.  and  l')\in.  diatn.  l  espoctiN  t'ly,  、vith  a  4  in.  stroke. 
The  two  shaits  arc  coupled  together  hy  an  intermediate  shaft 
working  on  ol  ^o;iriii<i,  witli  tlie  ohjt'ct  oi  koepin^  the  two 
pistuiis  of  oach  cylindor  in  tinio,  1'iit  this  shaft  also  ser\es  to  dri\e 
tlie  ;iir  and  fet'd  pumps.  Tli(>  strain  pressure  (Miiploved  is  18">lhs., 
； iitd  f  lu*  sp(H'(l  o(  tlio  ot^inr  is  I ,( )l ll )  iv、  s.  per  minute.  No  actual 
figures  .steam  <'()iisuiii))tioii  ;•，'（'  aviiil;,'""  :  it  is  claimed,  liwvt'vri', 
t  lir  rngii"'  is  ccoiioiMicitl  ；， s  (-(jmpiircd  w  ith  the  ordinary 
single  piston  (',vliii(k'i'  and  that  t\w  cost  of  constructioii  is  mtuli  le.ss 
per  horse  power.     It  is  stated  iliat  plans  have  already  been  pre 


pared  for  engines  of  (38,000  h.p.,  and  that  the  principle  can  l,e 
adapted  to  interna 卜 conibustiou  engi"('、 

The  Commission    on  the  Eight  Hours  Work  Day.— Tlie  t  li;is 

i,lst  ，"、  P"l»lisliod  on  Saturday  of  the  Spcciitl  CV)ininission  n|)poiiit<*(i 
|'.V  the  International  Association  tor  I^aliour  Legislation  to  川， iiir(' 
nito  the  hours  of  lalmur  in  continuous  industries,  and  their  ivpui  t, 
"  ill  he  pr*'s<Mit<Hl  tor  consideration  to  tlie  annual  ddogatC  mooting 
()t  tlie  association  itt  Zuricli  noxt  month.  In  tia(k>s  working  ,|:l、 
;in(I  "ight  the  report  states,  the  (|iiestion  of  n^asonahlo  Icisuro  is 
vital,  since  tlie  24  luturs  of  vavh  da\  are  npt  to  1"'  divided  into  tw  o 
shifts  of  12  hours,  tuH-essitatiiiy;  a  spoil  of  24  hours  work  wlion  the 
n,i<>"  cliaii^c  I'roni  tlio  dny  to  tlio  night  shift  or  vice  v<M-sa.  The 
Commission  claim  to  luivo  pro\(»d  that  a  reduction  of  hours  ('； hi  Im> 
"cononii (； illv  profit;""".  Nevortholoss,  such  is  th<»  toar  of  f'orri^h 
cr>mp<>tition,  t\wy  stat(、  tliat  a  ^<mhmiiI  introduction  oi  tlie  ('iji?it 
hour  day  is  unlikely  without  thv  backing  of  an  international  w('<' 
m("'t，  l)y  whicli  tlio  same  standard  may  ho  introduced  si"mlt:'m' 
o"sl.v  in  nil  ('ompetiiig  States.  The  Commissi""  unh<\sitatiiml\  con 
山' nms  the  prevailing  system  of  12-hour  shifts,  ； uul  山 >finit(、l'v 
rccoimiHMKl.s  tlie  adoption  of  an  international  tr<»atv  to  enforce  thr 
(、iglit  hour  da.\  in  continuous  industries,  ('.specially  in  tl，（'  iron  ； m<l 
ste"l  tnules.  In  cases  w  lioro  throo  eight  lioiir  shifts  are  difficult  t(， 
； m';i"w  for  tcclinical  reasons,  as  in  tho  glass  industry,  the  (\>m 
mission  icconimends  that  a  correspondinji;  maximum  wock  shotitf! 
I»e  enforced. 

Egyptian  Oil  Fields.— The  tollouing  information  relative  to  the 
petroleum  industries  in  K^ypt  is  from  tho  roport  hy  tlie  British 
Pro-Consul  ； it  Si"'z;  shortly  to  hv  issued.  During  1911  tli(、  work 
cxplorntion  in  the  Egyptian  oil  fields  was  ptislird  t'or、v;u'(l  with 
"I"" 乂 v.  Thr  rmc  :'，'(、;'  which  ； i ppea rs  to  liavo  proved  to  l»o  pro 
ductive  on  n  comnicrcial  scalo  is  that  comp rising  the  peninsula  oF 
Jenisa.  Nine  wells  have  i>een  completed  in  tliis  area,  most  of 
tl"'m  yioldin^  oil  of  good  quality,  and  in  quantities  highly  satis- 
factory ； othvv  wells  ； uv  heu\ir  sunk,  tanks  oi  lar^c  capn 
('itv  :ir(、  bollix  enacted,  <uul  all  prepii rations  made  to  m,\ vkvt 
the  crude  product  at  anv  early  d:\tr.  K\plor;itory  work  is  in  pro- 
icrvss  at  Zoitia,  hy  ； i  company  whiclt  li;is  also  ('； "'ri(、(l  on  work  ！) y 
"i<':ms  of  l>orin^s  at  Ras  H;iliar  to  tlio  nortli  of  Jonisa,  Has  】>l"l', 
； m(l  on  Giiysoon  Island.  Another  conipiiny  luis  contimied  its  、、  oi'k 
on  the  Island  of  Juhai,  around  tlie  north  eiul  of  which  strong 
evidences  of  oil  occur  in  the  sea.  Eiir'om'nging  indications  have 
also  I)een  met  witli  from  time  to  time  during  I'oring  operations  on 
th,'  island.  On  the  m;unl;uid  to  the  south  of  Jemsa  some  work 
lias  l>een  dont*  whilst  on  tho  opposite  side  of  the  Gulf  of  Suez,  r>n 
tli"  coiist  of  Sinai,  indications  of  oil  have  boon  nwt  u  ith  in  bor  ings 
at  Abu  Zeninia.  Meniiwliile  the  work  of  prospecting  is  bein^  car 
r"、(l  further  afield,  ； i nd  at  an  eiirly  flute  iurtlier  development  will 
prohably  be  underta ken. 

Automatic  Telephones. ― Tlie  Automatic  1Vlej)hone  Manufactur 
ing  Compn ny.  of  Liverpool,  pm'  a  demonstration  in  the  Gen<ir;il 
Post-office,  St.  Ma rtin's-le  Grand,  of  an  automatic  teleplione 
exchange  \vi»ich  they  havo  recently  fitted  up  there.  The  excluui^e, 
which  is  on  the  Strmv^r  system,  has  hv^n  in  operation  for  some 
three  weeks,  and  is  being  nsed  for  telopiionin^  between  tlie  difFe 
rent  depa rtments  as  w  el!  as  for  connDiuiiration  out.sido.  AI>out 
3-50  linos,  involving  ()、.（"'  twice  as  many  telephones  ； ire  eoiiiiected 
with  the  ； mtomatif  oxclnni^e.  The  mode  of  operntion  brieHy  is 
as  follows  ；  Each  telephone  is  pro\  idefl  with  a  small  dial  lia\  in^ 
10  holes,  mi  m  lie  red  1  to  10,  near  its  circumference.  When  the 
sul)scril>er  wn nts  to  call  up  ；，  certain  number ― say  43o ~ he  puts  a 
finger  in  Xo.  4  liole  and  rotates  tho  dial  to  the  right  «is  far  as  it 
、、- ill  ^o.  Tl"、  flinl,  on  l>(、ing  relonscd,  spins  hack  to  its  original 
position .  and  in  -so  doin<:  sets  the  coimoctors  and  other  apparatus 
of  tlie  telephone  switcli hoard  in  motion  for  that  number.  The 
.sul»8cril>er  repeats  tlie  operation  for  3  and  tluMi  lor  o.  As  »oon  as 
this  is  done  the  l>olI  of  siilnicriher  43o  rin^s  and  the  oonnectioii  fur 
speaking  is  complete.  If  the  mini  her  is  on<in^ed  the  usual  buzz  is 
hea rd.  A  c;i  11  ('； m  l>o  made  in  four  seconds.  If  tliis  system  comes 
into  general  use  it  will  dispense  w  ith  tlio  services  of  an  enormous 
number  oi'  telephone  operators.  It  is  stated  that  the  system  is 
hir^cly  employed  in  AnuMicn ,  and  tliat  an  installation  for  G,8UU 
lines  has  l»ecMi  ordered  for  Leeds. 

New  Russian  Patents  and  Trade  marks  Law. ― Tlie  Board  of  Trade 
a  re  in  iwt"pt,  through  tlu>  Koieigii  Office,  of  the  text  and  transla- 
tion of  a  law  for  tlie  protection  of  patent  rights  and  tr;i de marks, 
a\  liicli  has  l)oon  roceutly  approved  l»y  tlie  t、v()  Iogislati\  e  cliambers 
in  1? ussia.  Tlie  la、、  provides  that :  Subjects  of  thoso  foreign  States 
wliicli  hi\\e  concluded  with  Russia  n^ioomt'iits  respecting  the 
tntitiuil  protection  of  industrial  property  on  the  principle  of 
priority,  wlio  shall  lia\ e  applied  in  due  form  iti  one  oi'  these  States 
ior  (〃）  a  coi't ilicntf1  to  a  trade m;vrk,  shall  enjoy  for  a  period  of 
foui'  mout/lis  I rom  tlie  date  of  sucli  application  ;i  preiVrenti;iI  l  i^lit 
to  rt'rt、iv(、  for  sucli  tr;ule  mark  a  N|xkciHo(!  cortificjitr  ；  (h)  the  ^rant 
(" ； i  paiont  tor  ；' n  in\ cntioii  or  toclinical  i，"pi'm."m,"it,  shall  enjoy 
for  a  period  ot  12  mouths  t rom  the  date  ot  sucli  application  a 
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proterential  l  ight  to  receive  tlie  patent  tloinandod  ；  (r)  the  pro 
toctiou  ot  a n  industrial  design  or  model,  shall  enjoy  for  a  pori<Ml 
v\  tour  mouths  from  the  date  of  such  application  pivtor(Miti;il 
rights  within  which  to  complete  notification  of  such  design  or 
model  to  tlie  Department  of  Indiustry.  Persons  who  ； m'  not  suU 
jects  of  foreign  States  wliicli  luue  ooncluded  with  Russia  a^roo- 
uients  respecting  the  mutual  protection  of  industrial  property  on 
the  principle  ot  priority  shall  enjoy  tho  privileges  specifiod  al>ovo 
only  if  this  is  specially  provided  for  in  the  a^reenuMits  aforesaid. 
In  this  case  tlie  above  specified  privileges  will  l>e  a pplk-ablo  within 
tho  limits  and  on  the  conditions  laid  down  hy  these  agiwmt'nts. 

A  Large  Travelling  Crane. ― Tho  Shaw  Electric  Crane  Company, 
M  uskogon.  Mich.,  U.S.,  lias  instil  Hod  i，i  ono  of  tho  shops  of  tho 
Pennsylvania  Railroad  what  is  claimed  to  be  the  largest  electric 
travelling  crane  over  built.  The  crane  has  a  lifting  capacity  of 
"200  tons.  It  is  fitted  Avith  two  trolleys,  each  of  which  has  haiullcd 
a  tt>t  load  of  1:30  tons,  making  tho  total  test  load  of  the  machino 
200  tons.  Each  trolley  is  equipped  with  a  10-ton  auxiliaiy  hoist. 
The  spun  of  the  crane  is  74it.  (iin.,  and  the  lift  25 ft.  4in.  Tho 
speed  of  the  main  hoist,  at  full  load,  is  7  J  ft.  per  niinuto  ；  of  tl"、 
trolley,  UHltt.  per  minute,  and  of  the  bridge  2(K>ft.  per  miiuit(\ 
The  full  load  speed  of  the  auxiliary  hoist  is  22ft.  per  j"imit,、.  Tlu' 
t  i  ;nio  is  equipped  with  3 -phase,  Gn-cycle,  220  volts,  General  Electric 
motors.    The  motor  sizes  and  sueeds  are  as  follows : —— 


Hoist  power. 


Main  hoist    82 

Auxiliary    22 

Trollev  traverse    22 

Bridge    82 


lie  vs.  per 
uiin. 
485 
050 
050 
480 


Tho  bridge  consists  of  two  Jioa vy  box  girders,  each  of  which  is 
mounted  on  a  cast-steel  truck  beam.  Each  bea ni  has  two  wheels 
and  the  entire  load  is  distributed  on  ciglit  wheels.  The  t、vo  box 
girders  are  jointed  near  the  top  by  a  flexible  steel  member  、、  liich 
ensures  the  distribution  of  the  load  equally  on  the  eight  w  liools. 
These  are  double  flanged,  steel-tyred,  and  3Gin.  diani.  The  dopth 
of  each  girder  at  the  centre  is  about  80i n . 

World's  Railway  Mileage.  —  The  world's  raihvay  niilcn^o  in  U)ll, 
； if  ( oi din^  to  the  annual  compilation  ot  the  k'Arclii\  tur  Eiseiibulm 
、ve!?en，  '  w  as  as  follows  ： ― 

Old  World.  New  World. 

Europe    207,488     North  America    283,303 

Asia    03,341     SoutK  America    J3,(>38 

Africa    22,9Uo     Australasia    ll),27o 


293;734 
The  world  


.640,158 


The  increase  in  tho  past  decade  was  14iJ,092  miles,  against  1U;,J21 
miles  in  the  preceding  decade,  and  ] -32,170  miles  in  the  decade 
jji cfr<lin^  that.  J ii  the  (eighties,  it  will  be  recalled,  railway  Imild 
i，ig  in  the  「，iit,— 'd  States  was  particularly  hoa\  y  aiul  this  jio  山 t 
helped  very  lar^rly  to  make  the  world's  increase  in  that  decade 
thr  record .  Figures  of  this  sort,  a\ liilo  interesting  and  use* fill 
along  certain  linos,  no  longer  serve  to  show  the  actual  iron  and 
stwl  consumption  of  the  railways,  their  actual  traffic,  or  their 
capacity.  In  the  United  States,  for  instance,  the  mileage  of  rail- 
v<Ki<\  lias  of  late  heen  increasing  with  relative  slowness,  but  the 
at  tu;i I  traffic  and  tlie  carrying  capacity  have  l>ee»  increasing  quite 
ritpiflly.  In  tlie  early  days  of  railroading  consumption  of  iron 
an<l  steel  w as  duo  chiefly  to  the  building  of  new  lino.  To  (l:',v  it 
is  chirHy 山 "、 to  two  things  :  (1)  Increasing  the  capacity  of  exist- 
ing inilon^c  I iy  (louMo  tracking,  with  some  third  and  i'ourtli  tnick 
li]^,  and  \>y  adding  to  rolling  stock,  with  such  block  signalling  as 
is  nocofisa ry  to  permit  the  increased  density  of  traffic  ；  (2)  roplace 
incut  of  u orn out  or  ol»solote  mattM'ial,  due  to  rail  and  rolling 
stock  n^pliiccniont.  loplacoinoiit  of  bridges  and  viaduets  by  licju  irr 
structures,  <&c. 


in  Engineering  Contracis. ― The  judgment  recently 
delivered  by  the  House  of  Lords  in  the  case  of  the  British  Wostin^- 
houso  Company  versus  the  Underground  Electric  Railways  Com- 
pa  ii \ ,  London,  is  of  great  iniportanco  to  tMiginoei'Sj  as  it  scriousiv 
affects  the  question  of  giiaranteed  periorniaiicos  to  which  they  arc 
often  parties  in  contracts  for  work.  'I'lio  cliioi  facts  Avhich  led  up 
to  tho  action  in  (iuestioii  n ro  as  iollo«  s :  Several  years  ago  tho 
British  Wo^tinghouse  Coni])imy  supplied  a  iiuuibcr  of  large  turbo- 
^'(•im  iii tors  to  tho  Lots  Road  Station  of  tho  Railw  ay  Company, 
« hich  tailod  to  comply  with  their  guarantee,  and  at'tei*  some  time 
the  J^ailwiiy  Company  replawd  tlioni  l)y  niacliinos  oi'  iinotlicr 
(li'sigii.  I'lics*'  r'ff('(tf'fl  a  ^rciit  saving  over  those  first  installed, 
iiiul  the  ji.v  Cf)mi>:m  v  (-hiinicfl  (ianui*;o.s  due  to  tlie  inefficioncy 

oi  thv  first  niacliinos  and  tho  cost  of  ropla(;('ni('"t.  Their  claim  was 
liii'l  *>*'torc  an  a rl>itriitor3  and  m  as  uplickl  in  the  courts  until  the 
present  judgnicut  was  rojichcfl.  Tli"  llou^o  oi  Lords  ； uisu rrs  tho 
questions  of  Ijiw  stuted  hy  tho  iiibitrator  soinewhat  difFerently  irom 


the  lowoc  courts,  and  its  judgment  sul)st;inii;illy  ； is  follows  :  In 
mldition  to  ""、  tacts  (mtlincd  i",ov(，  it  w  ;is  liiiiUr'l  licit  in  the 
iii"、r 、  ；， I  bctw  (hmi  tho  iiistnllntion  of  tlx'  first  iind  second  sets  ol' 
iiwuhines  tl"'  art  of  turbine  m:i m"';i(:tm<'  1i;k!  ；" lv:ii'(('(l  so  iluit  it 
l>(、 ('； um'  a  it'Msonablo  business  pmposal  lor  tli(，  Railway  C-ompMiiv  to 
ropl;icc  tho  early  niachiiu^s  I'v  nioic  modern  ones,  exen  though  tlie 
first  machines  had  fully  complied  with  the  contract  conditioun. 
Tho  Houso  of  Lords,  tli("H("v,  concliulcd  that  ilu*  Hailw  n  v  Com 
pany  should  in  anv  on  so  ha\o  installed  the  sccoiul  macliitios  w  lien 
tl"、.y  (li(l，  and  that  tli('，vi'("('  the  cost  ()t  such  iiistalliition  could  not 
1、(>  chargcul  a^;iin.st  tlx*  Hritisli  Wcstin^housc  ('ompjinx  as  suppliois 
of  the  first  nuichinos,  hut  that  tlu\v  、v('r(、  bound  to  pay  tl»<*  (l;m"ws 
incurred  to  tl"、  oxtont  of  tlie  l';iiliir(>  oi'  tlicir  inacliincs  to  fulfil 
tho  contriut  coiKiitions  (luring  tlu、  period  tlicy  u cr**  ;ictu;illy  ； it 
work.  Put  ijito  gonoi'iil  t(、rms,  thv  Lord  Cli;mc(、ll(>r  stntrd  iliat  oim* 
<I;hh;i^c<1  In  a  lnoach  of  ；'  h;» i^ain  to  .supply  wluit  ('(>ntr;"U 
to  g<、t  was  to  1)0  pl;H'(、（l,  ii .s  f ii r  ;is  money  could  do  it.  in  ； is 
situation  iis  it'  the  contract  had  Itocii  p，、ri('r""'(l.  Tli(>  i 'm(l:i ，i"'，it;i I 
principlt*  \\  us  c-oinponsatioii  for  p(»cnni;i i  y  loss  incurred  liy  the 
l"  i';'('h  ；  but  this  basic*  principle  w  ns  ((ualificd  hy  a  .second,  w  liich 
imposed  on  a  plaintiff  tho  duty  of  taking  all  iv;，'s("iah】r  st<»ps  to 
miti^nte  tli(、  loss  consoqiHMit  o，）  tli(、  IuhvicIi,  and  (l(、l»;iriv(l  liim  h'om 
claiming:  ； m.v  part  oi  tl'(、  daina^o  which  、v"s  d\w  to  his  iH'^U'ct  to 
take  such  steps.  In  short,  one  cannot  ninke  inoiu»y  out  ol'  a  hroaeli 
of  contractj  but  can  only  recover  tor  unavoidal)lc  loss. 

Shipbuilding  and  Engineering  Apprentices. ― On  Tlmrsday  htst  、、'  i'l、， 
iit    Carlisle,  the   Shipbuilding    Kuiplovors'    FV(l<";ition    mot  tho 
Shipyard  Htniuling  Conniiittoo  uinlei*  the  National  .、gr('"i'"'，it  to 
discuss  tho  \ox<h1  quostion  of  the  card  system,  introduced  I'.v  t lir 
Boik、rmak(、rs，  Society  for  the  purpose  ot  organising  tlicii-  ； ippn'n 
tices.    In  tlie  year  1!,U1  an  a^reeiiUMit  was  t!ra wn  up  and  approved 
h\  the  employers  and  the  representatives  of  the  B"ilcr"i;'k(、rs， 
Society.    By  this  means  registration  of  approntices  at  the  various 
shipyards  in  the  federated  area  was  obtained.     Tho  a^reenieiit 
was  tor  six  yea rs,  after  、vlii('li  there  was  to  be  six  months'  n()ti(v 
on  eithor  side  to  terminate  it.    The  agreement  remained  uJidis 
turl)ed  for  nearly  ten  years,  when  the  employers  hocame  dissatis- 
fied with  certain  portions,  and  gave  notice  to  ond  it.    Tho  docn 
ment  passed  out  of  existence,  wo  undorstandj  in  November  ot  last 
year.     Negotiations  followed    lor    an  amended  agreeineiit,  but 
delay  arose  in  reference  to  age  limitation,  the  employers  (k'siriiig 
that  riveters  mi^lit  commence  iin  appronticoship  at  any  a^e  from 
1(3  to  2o  years.      The  Society  declined  to  entertain   this  pro 
posal  and  in  February  last  there  being  no  agreement  for  a  seer 
taining  how  many  apprentices  were  coming  into  the  trade,  the 
BoilormaUors'  Society  issued  apprentice  ca rds,  and  made1  arrange 
incuts  for  organising  the  apprentice  iron  workers  into  their  union. 
A  material  fact  in  this  propaganda  was  that  for  a  weekly  sub 
scription  of  3d.  the  apprentices  were  entitled  to  unoniploymeiit 
benefit.    This  、vas  interpreted  by  the  employers  as  a  violation  of 
tho  National  Agreement,  inasmuch  as  it  might  have  an  important 
effect  should  a  dispute  arise  in  any  shipyard.    The  reply  of  the 
Society  、vas  that  the  organisation  of  the  apprentices  was  a  legiti- 
mate action  on  their  part,  and  that  it  could  not  be  construed  us 
a  movement  otlior  than  of  a  pacific  nature.    It  was  assertod  that 
the  apprentices  would  work  precisely  as  they  had  done  in  the  past, 
but  that,  Avhen  they  were  unable  to  work  because  of  a  dispute  of 
their  own  Society  or  of  any  other  shipyard  trade  union  they  woxild 
receive  unemployinent  benefit.  This  means  that  if  the  journoynK'ii 
were  idle  because  of  some  trouble,  the  apprentices  would  contiimo 
to  work  as  long  as  jobs  could  bo  found  tor  them,  bwt^  Avhen  they 
also  came  to  a  standstill  in  the  yard,  they  would  l>o  entitled  to  tli(' 
Ijenefit  alluded  to.    At  the  conierenee  tho  Eniployoi.s'  Federation 
reiterated  their  obj(i(;tion  to  the  card  system,  and  tirgod  its  aboli 
tion.    The  feeling  that  it  should  be  discontinued  lias  prevailed  all 
alon^,  but  «onie  employers  were  inclined  to  Ijc  satisfied  if  the  terms 
used  on  tlie  cards  were  modified  in  .such  a  way  a.s  to  .show  tliat  the 
movement  is  not  inimical  to  their  interests.      The  confci*ciue 
ended  without  any  agroeinont  hcin^;  arrived  at,  and  the  matter, 
tlierefore,  stands  "here  it  did  when  the  employers  framed  their 
(Miiphatic  protest  at  Edinburgh  in  February.      On  that  occasion 
the  cinplo\  ei's  pointotl  out     that  an  apprentice  is  not  to  belong 
to  any  trade  society,  except  for  the  purposes  of  bt、m、ht.  nor  is  ho 
to  bo  interfered  with  in  anv  way  hy  any  trade  society.'1  Tho 
H)il(、rni;ikiMs'  Society  took  up  the  position,  it  is  stated,  that  tho 
； igr<HMiicnt  w  as  at  that  tm"，  out  of  operation,  and  that,  thcrrturc, 
it  could  not  l>car  upon  tlioir  action.      On  tho  other  liand,  the 
iMiiployt'i's  regarded  the  agreement  as  i»oin<:  oU.sorved  a\ hilc  nego 
tiations  wore  in  progress  i'or  an  a"i(Mi(k)d  a^rooniont.    The  nuttter 
is  one  between  the  employep  and  tho  Boilermakers'  Society,  and 
altliou^h  the  Standing  Con"nittc(、  uiulor  tlu»  National  AfzroonicMit 
A\or<>  present  thoy  took  part  in  the  discussion.      The  machinery 
under  the  National  Agreement  is  now  exhausted,  and  it  is  not  oasy 
to  sco  what  tho  next  dovolopinont  will  l>c.  tliou^h  it  is  not  likely 
it  w  ill  Ite  allowed  to  pro\  oke  scriuus  trouble  or  disturb  the  present 
boom  in  shii)building. 


184 


THE    MECHANICAL  ENGINEER. 


[August  9，  1912 


NEW  PATENTS. 

Specifications  oj  the  jolloxving  are  now  published y  and  xvc  shall 
I"  ('leased  to  jorxvard  copies  post  free  on  receipt  of  lOd.  Address 
" Mechanical  Engineer,^  53 3  New  Bailey  Street t  Manchester. 

MECHANICAL  I9H. 

lk'at  regulating  (l(、vi('(、s  ioi*  railway  ('； m'i;w  aiul  otlier  s"':i  m 
licatin^;  apparatus.    (J.  I).  Motors  A:  ('".,  and  I  a*  Clair.    1  1 17. 

Sio;un  g(、ii(、rator  and  other  funiacos.  (h't^ory,  and  Direct  Gas 
Kuol,  Ltd.  11508. 

( 'asl i niacli inos.    Sos.s.    I  81  Mil). 

Driving  iind  stopping  (k'、.i('(、s  lor  higli  spoinl  nnicliincs.  Domit'. 


Slido  oi>ei*iitinjj;  nu'cluuiism  for  turret  hUu's.     Potter.    I  HiOJ . 
K 八; ipoi'atiiig  and  c'oii('(、iitr;iting  ai)parntus.  Duim. 
Reciprocating  convoyors  or  s(T(、t、ns.     Norton.    1()(J!)  1 . 
Hotary  piston  pumps.    Young.    J (il  I  1 . 

Ai)p;u*atus  suitiil)le  for  lioatin^  or  cooling  pm'|)os<\s.    MjuIov,'  and 

I'ulsomctcr  l^n^inocrin^;  C'otnpany.    ] *>2!)!). 
SiiliniivriiH'  -signalliiig   apparatus.     Sulnnariiio   Signal  Company. 

and  Kvans.  J(i372. 
Drilling  or  boring;  tools.    Tivgl()、vii  tVr  Noble.  Ki38'). 
St (、； mi  .supei  luMters.  J)eiUio,    Ki42  I . 
( 'oin  t'ioed  vciuliiijj;  nuicli iiH\s.     Hnnis.    1  (>V2(>. 

Steam  .suporlicaters  for  locomotives  and  olhor  boilers.    Hol)in.soii . 
16686. 

Apparatus  lor  (liscoimcclin^  iuln'S  Irom  headers  ol'  sit^nn  su]xm" 

heuters.    Ilohinson.  Ki(i87. 
Fluid-]) ressure  (Mi^ines      M atlicr  ct    JMatt,    Ltd.,  aiul  C'liorlton . 

16773  and  |6780. 

Production  of  wheels  and  si  in  i  la  r  disc-like  Ixxlios.    Midland  Hail- 
way  Ca rriit^e  nnd  AVn^on  Company,  and  Curral.    1  (>7iH. 
Kriction  gearing.    Diotorit'li.    17n<)  1. 

I?<»i;irtv  i'uol  supports  lor  gn's  pi'othitnu's.    Koll(M'.  173'i8. 
Haulage  clips  for  rope  haulage  railways.     Jiluiulell  A'    I lonislov. 
17458. 

Automatic  centrifugal  clutclies.  J^rank  AVi^gleswortii  A:  Co.  1 8597. 
Valve  for  air  and  gas  compressors.    Titterton.  18973. 
Safety-clutcli  niechanism  for  elevator  or  lift  apparatus.  Atkinson. 
19209. 

B  r  ak  i  n  g  ap  p  a  r  at  us  for  rail  、v  a  v  wagons.     Clo  、、  c  r   A:    M  a  rrio  tt . 
19596. 

Sa foty  apparatus  for  mining  ca^cs.  入 Valtmi.  19933. 
Controlling  the  air  supply  to  luitural  draught  i  urn  aces.  Graze 

brook  &  Grazebrook.  20046. 
Metal-cutting,  stamping,  and  drawing  presses.    Grifliths  &  Grii' 

fiths.  20064. 

Valve  nlechanism  for  pneuiiuitic  tools.    Allison.    20280. - 
Ignition  devices  for  gas  and  oil  engines.    Newman.  2041)3. 
Spark  separator  for  locomotives.    FitzHugli,  Cuiiiiingham,  aijd 
Reid.  20566. 

Devices  for  consuming  smoke  and  regulating  draught  in  furaucca. 

Galli.  21339. 
Steam  separators  or  dryers.    Verity.  21937. 
Load  extension  indicator.    Dalby.  22184. 
Ash  ojectors  for  ships.    Ti'e 、、- ent  &  Proctor.  2*2222. 
Mcclninical  stokers.    Wied  &  Vesteseu.  22875. 
Means  for  preventing  the  overheating  of  the  twliaust  valves  of 

interna  1  combustion  engines.    TjikIIow.  24001. 
Gear  lor  the  prevention  of  over-winding  and  controlling  the  speed 

ot  liauling  engines.    John  Reginald  Shaw.  24896. 
\'ah  ti  and  valve  gear  for  4  stroke-cycle  internal  combustiuu  on 

gii"、s.     Swootzer.  252(J1. 
Starting  device  for  internal-conibustion  on^iiics.      Monvillc  jukI 

Alenville.  25487. 
SttNini  online  valves.    Morley.    2-5(i(J4 . 
J'iNtons  for  gab  compressors.    Alews.  2G110. 
Valves.    Tyler  &  Bidehmiii.  2(>oS(>. 
C'tMitriFugal  blowers.    Baiunaini.    '2(i(il S. 
Hot  w  ator  lioatinji;  apparatus.    Holhula y.  27(394. 
Adjusting  d(、、  i(:('s  tor  rotai  v  ^liiidin^  machines.      Ludwig,  Loen c, 

' and  Co.  28018. 
K  ivcting    tools.      Rubton,    Procter,    iV:    Co.,    ； uul  AVaddington. 

28037. 

Appar;it  us  to]-  Uip  licaiin^;  oi  water.    Wilson.  28!»!Ki. 
Belt  fasteners.    Bristol.  29103. 

Chucks  for  Itorin^;  and  drilling  niachiiies.    S、vi ，山， u'ir，.  ,. 

1912. 


I)ri\  inK  cliains.    1 1  ill,  a nrl  Co、  (、iiti',v  I'liain  Company. 

1\  c  conti'ol  and  r(*\  oi  si n^;  "i(、（'li;u'i-"f".  Kind.  187. 
Automiitic  couplings  for  tr;i in  pi|K、s.  '  lijin^hus.  221 4. 
'J1v])()m*;i|)liic;il  line  (  ； t.slinn;  】n;"'liiin^     Linotype  and 

Ltd.  2518. 
Pimipjs.    Roh.son  cV:  Swank.  25(i8. 


102. 


('Oinpicsst'il  ;iir-(listril)utin^  uca r  for  pulsometers.    Bornin^;.  2853. 

;>  lid  otlicr  I  urnaces.  Willis. 
Wliwl  ； nxlc  Ucarin^s  tor  road  vd'icles.    I\1  urray.  1813. 
I>ackiii<j;  rii^s  tor  pistons  and  valves.    Ranki".  4!，1". 
Stcamintr 山'、 for  liakcrs'  ovens.    Scliick.  .r>|K>!). 
Steam  gci"'r;itor  lurnaces.    Kitclion,  and  Von  Hcrnutli.  .r>9H!，. 
Two  st]-ok<1  cycle  mt''rii:il  (•(>" 山 ustioii  iMi^inos.  Von  Schmidt.  (i27.'5. 
Smoke  box  doors  of  stoani  Konorators.    IVrkins  &  Taylor.  (;:"!', 

Uotl\  I  V   l»lo\\  (M'S.      (j! ]'(HM1.  ()()H(). 

Aj)par;itus  for  operating  ^as  valv (、- s  hy  variations  of  i\w  ^as  pres 

siiiv.    Khrieli  &  (firm  of). 

A uiom;»tic  <-;i r  coiipliiig  (lev i (vs.  、V()("'iil( 入 v.    858  ( . 


r()n 山 ii-sUoii  en 


、'： ilvt、  ^ears  of 

lilies.    Sulzor.  (J:)2fi. 
Dc\  ices  tor  ； n  iostin^  tlit、  motion  ot  pit  ca^os  when  the  hauling 

rope  lucaks.    Alcock.  W>!). 
Salcty  (lcvi(  (、s  ior  lifts.     I  nnnin. 
Tui  Im)  cnil  ri  t  n^;il  pump  units. 
I3<)2!). 


1  ].r)HI). 
(；. &  J. 


Weir,  litd.,  and  Peter 


'lit 


ELECTRICAL,  1911. 

amps.  Deutwclir 
. 13758. 


(； a.s^lnliliclit    Akt.  Ges. 


Sinitli 
16532. 


Klcct  l  ie  m(':m 
細 I. 

F^lectric  uccuinulalor. 
Klccti  ic  lii'ts.  Scott. 
KltH'tric  switching  (levirrs.     H  ； i  tlield.     1  7*28(1. 
Kh^'tric  powrr  triuisniission  <i('vi(  <'s.    I〈  l,'i'is('lmi"lt  .    1 8' I  - 
l^lcciricjil    ignition   appa  r;ii  us   lor   i  ntfnial  comlmstioii  ou^tnes. 

Midgh'V  &  V;uulorvrll.    2 J  I  II. 
Electric  fuse.    Hall.  22844. 

Ijou^i   t  ul)iil;i i*  metallic  filament    electric    lamps.      An^old  and 

l，o.v"t(、r.  2125U. 
l^lecirically  operated  valves  for  gas  conduits.    Thiein.  2!J1JH. 

1912. 

ManutaciHr*1  of  electric  incaiidescoiit  lainps.     Douisclio  (la^^Iuli 

lirl't  Akt.  Os.  871. 
Cooling  ;u  r;M)^<Mn<*iit  for  dyiiamos.    Siemens  Bros.  Dvnaiuo  "Works, 

Ltd.  3106. 

JOloctrical  warp  st(»p motions  lor  looms.    Sciiat/.  3114. 

A ppaiatus  for  rtu-ordiiig  consumption  of  electrical  energy.  Gotts 

chalk.  4791.  - 
Press  button  olectrif  'su  it('li('s.    \\  iNcliliuseii  &  Hopko.  77!,'、. 


METAL  QUOTATIONS. 

TUESDAY,  AUGUST  Hth. 

Aluminium  ingot   80/-  per  cut . 

，，         wire,  according  to  sizes,  &c  from  102/-  " 

，，        sheets        ，，           ，，   ，  120/-  ，, 

Antimony                                           £28/-/-  to  £28/10/-  per  ton. 

Brass,  rolled   per  Jb. 

，，    tubes  (brazed)    1  l^d. ，， 

，，       ，，     (solid  drawn)   Djd.  ,, 

，，       ，，     wire   8gd.  ，， 

Copper,  Standard   £78/5/-  per  ton. 

Iron,  Cleveland   59/10i  ，， 

，， Scotch   65/10i  ，， 

Lead,  English    £19/10/—  ，， 

,， Foreign  (soft)    £19/15/-  ，， 

Mica  (in  original  cases),  small   6d，  to  ,3/-  per  lb. 

，,           ,，           ,，       medium   3/6  to  6/—  ，， 

，，           ，，           ，，       large   7/6  to  11/- ，， 

Quicksilver   £8/5/-  per  bottle 

Silver   27|d.  per  oz. 

Spelter    £26/—/-  per  ton. 

Tin,  block   £204/-/-  ，， 

Tin  plates   14/7〗  ，， 

Zinc  sheets  (Silesian)   £29/5/-  ，， 

„          (Stettin  ；  Vieille  Montague)   £29/7/6  „ 


"'r,、 ， 


Lloyd's  Register  Scholarships  Examination.  —The  examination 
lor  the  Lloyd's  Register  Scholarhips  of  £50  j)(、r 
annum,  tenable  for  two  years,  given  under  the  aus- 
pices of  the  Institute  of  Marine  Engineers,  was  held  on 
July  8th  and  9th,  the  exainination  centres  being  at  London, 
Glasgow,  and  Newcastle  -  on  -  Ty  n  e .  Through  the  courtesy  of 
the  Conunittee  of  Lloyd's  Register  of  Shipping  two  scholar- 
ships have  been  awarded  this  year,  llio  successful  candidates 
being  Mr.  Ian  Garvie,  Mansfield,  Go u rock  (apprentice  with 
Messrs.  Scott  &  Co.，  Greenock),  and  Mr.  Archie  Allan,  22, 
Hrislee  Avenue,  Tyiiemouth  (apprentice  with  Messrs.  R.  &  W. 
Hawthorn,  Leslie,  &  Co.，  Ltd.,  St.  Peter's  Works,  Newcastle- 
on-Tyne).  Full  particulars  of  these  examinations,  which  are 
open  to  apprentice  engineers,  may  be  obtained  from  the  Secre- 
tary, Institute  of  Marine  Engineers,  58,  Romford  Koa(l， 
81  ra (lord,  JjOihIoii,  E. 
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FLEXIBLE 


METALLIC  TUBING 


UNRIVALLED  FOR  ALL  PURPOSES. 


Steam,  Highest  Pressures,  Oil  Pumping, 
Air,  Gas,  &c. 


THE 

UNITED  FLEXIBLE  METALLIC  TUBING  CO.,  Ltd. 
Works  :  PONDERS  END,  MIDDLESEX. 
Head  Office 

112,  QUEEN  VICTORIA  STREET,  LONDON,  E.C. 


The  man  stood  on  the  boiler  top,  whence  all  but  he  had  flown, 

For  one  and  then  another  of  the  blessed  joints  had  blown  ； 

'Twae  there  we  found  him  swearing,  when  we  took  him  underhand, 

Kow  a  smile  he's  always  wearing,  he's  found  '•  NONLEAK  "  will  stand. 


WHY  NOT  WEAR  A  SMILE P 

NONLEAK  JQI  COMPOUND 

Will  Put  a  Stop  to  Leaking  Joints  &  Blow-outs. 

BBITISH  UAUl 


FBEB  PROM  LEAD! 

IMPROVES  WITH  AGE  I 
TEBTINO  BAMFLES.  WILL  NBVEB  BLOW  OUT,  8OAI4E,  OR  KOT. 

J.  E.  TURNER  &  C0.，  Ltd.,  ^ 隱 e"，  br^^ 品， R^d"s. 


Second  and  Greatly  Enlarged  Edition. 

The  Testing  of  Engines, 
Boilers,  &  Auxiliary  Machinery. 

A  Treatise  on  the  Construction  and  Use  of  the  Instruments 
and  Methods  Employed  in  the  Testing  of  Prime  Movers  in 
the  Laboratory  and  Workshop         ::       ::       ::       ::  :: 

By  W.  W.  F.  PULLEN, 

Wkitworth  Scholar  ；  Membtr  of  the  Institution  of  Mechanical  Engineers  ； 
Associate  Member  of  the  Institution  of  Civil  Engitte$rs. 

Price  13/-  post  free. 

CONTENTS.— Tables  and  other  Data.  Mechanical  Aids  to  Calculation.  Measure- 
ment of  Pressure.  Mcasnrement  of  Temperatiire.  Measurement  of  Speed. 
Measurement  of  Power  Output.  Measurement  of  Power  Input  with  Dynamometer. 
Measurement  of  Power  Input  with  Indicator.  Indicator  Kigs  and  Accessories. 
Hints  on  the  Management  of  Indicators.  Analysis  of  the  Steam  Engine  Indicator 
Diagram.  Other  Features  of  Steam  Engine  Diagrams.  The  Adjustment  of  the 
Slide  Valve.  Internal-combustion  Engine  Diagrams.  Testing  Indicator  Springs. 
Measurement  ot  the  Quality  of  Steam.  Measurement  of  Quantity  of  Steam  and 
Water.  The  Testing  of  Steam  EDginee.  Fuel  Testing.  The  Analysis  of  Flue 
Oases.  Boiler  Testing.  The  Testing  of  Auxiliary  Machinery.  The  Testing  of 
Internal-combustion  Engines. 

The  Scientific  Publwhing  Co.,  53,  Now  Bailey  Street,  Manchester* 


Vol.  30，  No.  760. 


Edited  by 
WILLIAM    H.  FOWLER, 
Wh.  Sc.,  M.Inst.C.E. 
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Tank  Locomotives  with  Radial  Axles. 

Two  Board  of  Trade'  reports  that  have  been  issued  on  railway 
accidents  arising  from  train  derailment's  raise  again  the  ques- 
tion of  safety  of  tank  engine's'  with  radial  axle's.  The 
accidents  occurred  within  a  few  days  of  each  other  ；  one  which 
occurred  on  the  Dublin  and  South-eastern,  Railway  was  com- 
paratively trivial,  but  the'  other,  which  occurred  on  the 
Lancashire  and  Yorkshire'  Railway  at  Hebden  Bridge  on  June 
15th,  was  particularly  disastrous,  four  passengers  being  killed 
and  60  injured,  in  addition  to  the  driver,  fireman,  and  guard. 
In  both  cases  the'  engines  were'  of  the'  4 -wheeled  coupled  tank 
type  fitted  with  a  leading  and  trailing  pair  of  wheels,  and  in 
both  accidents  the  derailment  took  place  while  going  round 
a  curve.  In  the  case  of  the  Irish  accident  the  speed  was  low —— 
probably  not  much  in  excess  of  10  miles  per  hour ― but  there 
were  facing  points  where  the'  accident  occurred  and  the 
curve  was  a  sharp  one,  the  radius  being  only  475ft. ，  and  to 
tho  combination  of  these'  two  things  with  a  slightly  worn  tyre 
Lieut. -Col.  Don  op  attributes  the  derailment  in  question.  In 
thei  report  on  the  Hebden  Bridge  accident,  Lieut. -Col.  Druitt 
discusses  tho  relationship  between  the  type  of  engine  and  the 
risk  of  derailment  more  fully.  It  is  not  the  first  time-  it  has 
been  raised.  Some  years  ago,  in  consequeuce  of  the  fre- 
quency of  derailments  of  tank  engines,  the  Board  of  Trade 
requested  the  Associated  Railway  Companies  to  enquire  iuto 
the'  behaviour  of  engines  under  different  conditions  of  speed, 
but  the'  enquiry  did  not  lead  to  any  very  satisfactory  result. 
The'  Associated  Companies  reporting  in  February,  1906，  said 
" th©  derailnxeiits  recorded  by  the'  Board  of  Trade'  during  the 
previous  20  years  were'  becoming  fewer,  and  that  there  was 
nothing  to'  indicate  that  there  was  any  greater  danger  with 
a  tank  engine  than  with  a  tender  engine,  and  they  did  not 
consider  there  could  be  any  advantage  in  any  further  inves- 
tigation of  the  matter  at  that  time.'*  The  point,  however, 
more  particularly  raised  by  the-  derailment  in  question  is 
whether  tank  engines  with  leading  and  trailing  axles  are  suit- 
able' for  high-speed  trains,  and  wo  thiuk  most  engineers  who 
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have  s(  ndiod  t  he  inalttM'  will  ；] gree  with  Col.  Druitt  iliey  are 
not?  and  that  a  leading  bogie'  is  far  preferable  to  a  single 
riwivelling  pair  of  wheels.  The  danger  of  the  latter  is  that 
the  swivelling  centre  may  by  some'  unforeseen  cause  stick  in 
its  lateral  guides  and  by  so  doing  greatly  increase  Uie'  length 
of  the  whoel  base.  In  tli€'  case  under  consideration,  for 
instance,  such  a  contingency  would  increase  it  from  8ft.  Tin. 
to  16ft.  5^in.,  and  though  engines  are  built  with  this  amount 
of  fixed  wheel  base,  it  is  admitted  they  are  not  suitable  for 
high-speed  passenger  trains.  Investigation  did  not  reveal  in 
the  Hobclen  Bridge  accident  contributing  circuiiistances  in  the 
shape  of  a  worn  iyre  and  sharp  curvature,  such  as  were 
disclosed  on  the  Dublin  line.  The1  curve'  was  a  moderate  one 
(1,980ft.  radius),  but  on  the  other  liand  tlio  speed  was  much 
greater,  and  ihougli  it  cannot  be'  stated  precisely,  it  was 
probably  over  50  miles  per  hour,  and  for  this  type'  of  engine 
this  was  t'oo  liigh,  even  on  a  moderate  curve,  although  it  might 
be  permissible  with  a  bogie.  The  reasons  that  militate'  against 
a  radial  axlo  are'  too  technical  to  enter  into  here,  though  they 
are  well  known  and  have  b©&n  fully  discussed  by  writers  on  1 1 i e 
subject,^'  and  it  is  to'  be  trusted  t  lie  Ilebden  Bridge  accident 
will  serve  to  impress  its  characteristic  weakness  on  the  minds 
of  lot'oniolive  m'e'n，  especially  when  high  speeds  and  curves 
have  to  he  negotiated. 

Premium  Bonus  Systems  in  the  States. 

Ridiculous  ellorts  to  interfere  with  works'  organisations  are 
evidently  not  confined  to  this  side  the  Atlantic,  nor  is  iho 
'' premium  bonus  "  system,  of  whose  reputed  merits  so  imicli 
was  heard  some  two  or  three  years  ago,  regarded  in  American 
shops  with  such  unmixed  approval  as  some  of  us  were  led  to 
believe,  judging  from  the  text  of  a  Bill  which  has  recently 
been  reported  to  the  United  States  Senate.  Tlie  avowed 
object  of  this  extraordinary  measure  is  "to  regulate  the 
method  of  direi'ting  tlie  work  of  Government  employes/ '  and 
is  apparently  a  consequence  of  the,  report, of  a  Special  Com- 
mittee of  the  House  of  Representatives  on  the  Taylor  and 
other  systems  of  managenieut  in  Government  workshops.  That 
Committee  took  exception  to  any  form  of  premium  payment 
which  depended  for  its  working  on  time  measurement,  on  the 
ground  that  the  workman  "  considers  such  a  procedure  an 
indignity  which  recognises  him  as  being  a  beast  of  burthen 
or  a  machine."  This  attitude  of  the  ultra-trade  unionist  mind 
towards  any  approach  to  payment  by  results  with  wliich 
British  employers  have  in  many  ways  been  made  painfully 
familiar  this  last  year  or  two  is  evidently  spreading,  for  t-he 
means  of  repression  proposed  in  this  Bill  should  satisfy  the 
most  ardent  cravings  of  the  extreme  Socialist.  The  iext,  as 
given  by  the'    Iron  Age，，，  is  as  follows  ： ― 

" 13e  it  enacted  by  the  Sen  ate  and  House  of  Representatives 
of  the  United  States  of  America  in  Congress  assembled,  That  it 
shall  l>e  milawiu]  i.oi'  any  officer,  niiinagei'，  superintendent,  fore- 
man, or  other  person  having  charge  of  the  work  of  any  employe 
of  the  United  States  GoAcrnnieiit  to  make  or  cause  to  be  nnicle 
M  i tli  ;i  stop  w  a tcli  or  other  time-measuring  device  a  time  study 
of  the  movements  between  the  starting  and  completion  of  any 
of  any  stu  li  employ  6.  No  prcmiiun  or  bonus  or  cash  reward 
bliall  I'e  paid  to  any  emi)lovvo,  except  for  suggestions  resulting  in 
iiiiproNcmont  or  economy  in  the  operation  of  the  plant  in  which 
he  is  cniplov ed.' ' 

The  drastic  j)eii allies  which  would  be  iiiflk't'tnl  if  the 
Bill  were  to  become  law  are  (juite  in  keeping  with  the  cool 
j)resmn])tion  of  tlie  text,  for  section  2  would  enact  ： ― 

" Tliot  any  violations  of  the  provisions  of  this  Act  shall  be 
(l<'('iin'(l  ； i  misdoniejuiour,  and  shall  )>c  ])iinislic(l  by  a  fim、.  of  not 
inore  i han  $-7)0  or  l>y  imprisonment  of  not  more  than  six  niontlis, 
at  the  discretion  of  the  court.' 1 

*  b«c  "  Jjocoinotivo  Practice  "  by  C.  K.  Wolir.  Scieutiiic  l'liblishinu  (.Jouipanv. 


A  strict  interpretation  of  the  above  clauses,  if  they 
bevani©  law,  would  render  it  as  illegal  to  make  a  time 
obse<rvaiioii  without  the  workman's  knowledge  as  with  it, 
even  a  glance  at  the  shop  clock  at  the  beginning  and  end  of  a 
job  would  be  fraught  with  risk.  Indeed,  it  would  require  very 
1  iitLe  stretch  to  make  the  use  of  a  shop  clock  illegal,  or,  in 
fact,  to  impose  any  restrictions  on  starting  or  stopping.  By 
such  easy  legislative  grades  may  we  reach  the  millennium  ！  It 
would  be  an  insult  to  American  coininon  sense  to  suppose  that 
such  a  preposterous  proposal  can  pass  over  the  counter,  but 
tliat  it  should  be  put  forward  is  evidence  of  the  extent  to  which 
this  kind  of  social  poison  has  entered  the  iniiuls  of  an  ignorant 
section  of  American  workmen,  and  suggest s  that  the  epidemic 
of  labour  troubles  wliich  it  has  created  here  is  likely,  before 
long,  to  break  out  on  the  other  side  of  the  Atlantic. 


AUTO-ROLLING  TANKS  FOR  SHIPS. 

One  of  the  greatest  difficulties  in  the  navy  of  accurate  gun 
practice"  on  warships  is  the  rolling  in  bad  weatlier, 
and  a  great  deal  of  ingenuity  has  boen  devoted  to 
reducing  this  trouble  as  much  as  possible.  One-  of 
the  methods  employed  has  been  to  increase  the  spread 
of  the  bilge  keels,  but  the  extent  to  which  this  can  be  done 
is  limited  by  the  difficulties  of  docking,  especially  with  the 
steady  increase  in  width  of  ships,  and  on  some  of  the  later 
battleships  and  cruisers  special  auto-rolling  tanks  are  being 
fitted.  The  idea  is,  of  course,  not  new.  Several  German  nier- 
chant  liners  and  Cimarders  have  had  them  for  several  years. 
The  principle  is  simply  that  of  a  mass  of  water  contained 
in  a  tank  of  U  shape  in  cross  section.  By  contracting  the 
water  channel  and  by  introducing  an  ingenious  arrangeinent 
of  baffle  plates  the  motion  of  the  tank  water  is  deferred  when 
the  vessels  tends  to  roll,  and  is  in  this  way  opposed  to  the 
action  of  the  sea.  In  the  battle  cruiser  "Tiger,"  now  under 
construction,  three  of  these  tanks  will  be  installed.  The 
largest,  just  forward  of  the  first  boiler-room,  will  extend 
from  the  underside  of  the  lower  deck  on  the  one  side  across 
the  top  of  the  inner  bottom  to  the  underside  of  the  lower 
deck  on  the  other  side,  and  this  tank  will  probably  be  sub- 
divided by  a  bulkhead  in  order  that  one  or  both  may  be 
operated  as  required.  Tlie  other  two  tanks  will  be  situated 
in  the  way  of  the  engine-rooms,  and  above  the  lower  deck, 
risiug  at  the  sides  to  the  underside  of  the  upper  deck. 


Experiences  with  Steel  Trolley  Wire. — The  use  of  steel  trolley 
wire,  on  electric  railways  is  i*eferred  to  in  an  article  in  a  rercut 
issue  of  tlie  "  Electric  Railway  Journal."  Our  contemporary 
states  that  it  has  not  been  employed  for  a  sufficient  length  of 
time  to  determine  its  relative,  life  aud  behaviour  in  service  as 
compared  with  copper  wire.  The'  metal  used  is，  in  fact,  not 
steel,  but  a  very  high-grade'  iron  low  in  carbon  and  phosphorus 
and  hence  not  subject  to  active'  corrosion.  The  tensile  strength 
of  a  No.  0000  round  si&el  wire  is  about  G5,0001bs.  per  square 
iiuli,  ay  compared  with  59,U001bs.  for  hard-drawn  cupper  wire. 
No  difficulty  has  been  experienced  with  steel  wire'  in  making 
splices  or  welds  not  exceeding  Un.  in  length  and  having  a 
tensile  strength  of  80  per  cent,  of  the'  wire  on  either  sid&  of 
the  splice.  The  steel  wire  is  easily  coiled  an  reels,  wliich  arc 
of  slightly  larger  diameter  than  those  used  for  copper  wire, 
and  it  coiues  off  the  reel  straight  and  true  if  it  is  not  kinked 
in  unwinding.  . 
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BOOK  REVIEWS. 

Boiler  Explosions,  Collapses,  and  Mishaps :  Being  a  summary 
of  the  causes  of  boiler  explosions,  and  recoiniiiendations 
for  their  preventiou  contained  in  the  reports  of  the  Board 
of  Trade  from  1882  to  1911，  by  E.  J.  Rimmer,  B.Sc" 
Assoc. M. Inst. C.E.,  barrister-at-law,  with  an  introduc- 
tion by  A.  A.  Hudson,  K.C.  London  :  Constable  &  Co. ； 
8Mu.  by  5Ain.  :  135  pp.  ；  price  4s.  6d.  net. 

it-  is  not  easy  to  see  wliere  this  book  will  find  any  large 
section  of  readers.  It  is  not  an  engineering  work  except  in  the 
second-hand  sense  that  it  contains  copious  extracts  from  in- 
striKtious  which  have  been  issued  from  time  to  time  by  the 
Chief  Engineers  of  the  various  boiler  inspecting  and  insuring 
companies,  and  those  to  whom  such  information  might  be  of 
value  will  in  the  great  majority  of  cases  already  have  it  by 
them  first  hand.  Those  who  need  legal  information  about 
their  duties  and  responsibilities  under  the  Boiler  Explosions 
Act  are,  as  a  rule,  indifferent  until  trouble  overtakes  them, 
and  it  is  too  late.  A  solicitor  who  has  to  work  up  evidence  in 
defence  of  a  careless  or  negligent  client  may  find  the  book  of 
assistance,  aud  possibly  it  is  him  the  author  has  mainly  in 
view.  He  will  no  doubt  find  iu  the  book  a  useful  summary  of 
the  scope  of  the  Act  and  of  the  consequences  likely  to  spring 
from  a  neglect  of  it,  and  if  he  can*  out  of  such  knowledge,  aid 
a  client  to  evade  the  unpleasant  results  which  a  lynx-eyed 
Board  of  Trade  Commissioner  is  likely  to  lay  upon  him,  well, 
he  will  be  clever. 

*  *  * 

Bulletin  of  the  Charts  of  the  Elements  Metallic  and  Non- 
metallic.  Second  edition,  1912.  Map  form  ；  9in.  by  6 in. ； 
unmounted  in  paper  binding,  3s.  6d.  ；  map  form,  inouufced 
on  linen  to  hang  on  wall,  8s.  6d. 

The  chart  gives  a  descriptive  bird's-eye  view  or  map  of 
every  metal  and  non-metal  which  is  known  to  exist,  eitker  com- 
bined or  free,  in  nature,  showing  all  the  most  important  pro- 
perties and  constants  which  each  possesses.  Each  metal  or 
non-metal  occupies  a  separate  section,  and  these  sections  are 
arranged  upon  a  new  plan,  based  upon  the  "  Periodic  Law  " 
of  the  Russian  chemist,  Mendeleeff.  Thus,  not  only  are  the 
properties  actually  given  available  to  the  reader,  but  some 
idea  may  also  be  gleaned  of  the  probable  nature  of  the  pro- 
perties not  yet  known.  The  whole  chart  forms,  therefore,  a 
classification  of  the  metals  and  non-metals  which  must  prove 
useful  to  all  classes  of  workers ~ from  the  pure  scientist  to  the 
business  man,  and  to  everyone  engaged  in  experiment  or 
i'c>e9rch  of  any  kind,  whether  he  be  chemist,  metallurgist, 
tMigineer,  electrician,  physicist,  naturalist,  manufacturer,  or 
student  of  elementary  chemistry.  The  chart  is  specially 
written  for  those  not  versed  in  chemistry  and  unacquainted 
with  the  periodic  law  of  the  elements,  and  it  gives  a  concise 
explanation  of  the  principles  upon  which  the  chart  is  founded, 
and  a  description  of  the  methods  by  which  it  may  be  brought 
into  practical  use. 

*  #  * 

The  Effects  of  Cold  Weather  upon  Train  Resistance  and  Tonnage 
Rating,  by  Edward  C.  Schmidt  and  F.  W.  Marquis. 
Bulletin  No.  59  of  the  Engineering  Experiment  Station 
of  the  University  of  Illinois.  Loudon  :  Chapman  &  Hall, 
Ltd.  ；  24  pp.  ；  price  Is.  8d. 

Those  concerned  with  train  operation  have  always  been 
'>  wnre  that  the  resistance  ofTered  by  railway  trains  is  greater  in 
cold  weather  than  it  is  in  ordinary  sunnner  temperatures.  This 
bulletin  presents  the  results  of  tests  made  to  deterinine  the 
amount  of  tliis  increase  in  resistance.  The  tests  show  that  even 
i"  moderately  cold  weather  there  is  a  very  definite  increase  in 
tr;""  resistance  over  the  resistance  which  prevails  at  air  tem- 
peratures above  30°  to  40°.  This  increased  retiistanco  is  chielly 
to  the  lower  temperatures  of  the  car  journals,  and  the 
bulletin  indicates  how  slov/ly  this  journal  temperature 
increases  after  the  train  is  set  in  motion,  so  that  in  cold 
weather  the  train  may  have  progressed  12  or  15  miles  from  its 
starting  point  before  its  resistance  has  reached  its  minimum 
value.  The  bulletin  shows  how  great  an  influence  these  facts 
m"y  Iiavo  upon  the  rating  of  IocoimmI  ives  during  cold  weather, 
and  it  illustrates  incidentally  how  the  offect  of  heavy  grades 


may  operate  to  disguise  the  increased  resintance  due  to  air 
temperature.  The  bulletin  [n-eseuis  ?ilso  a  suminary  of  1  im 
practice  of  American  railroads  in  reducing  their  ordina ry 
tonnago  ratings  during  cold  weather. 


Iron  and  Steel  Constructional  Work.  A  concise  handbook  with 
examples  for  practical  application.  By  Karl  Schindler,  trans- 
lated from  the  German  and  adapted  to  English  practice,  by 
Chas.  Salter.  London  ：  Scott,  Greenwood,  &  Son.  7{in.  by 
4fin.，  136  pp.    Price  3s.  6d.  net. 

The  Journal  of  the  Textile  Institute.    Edited  by  T.  W.  Fox  and 

J.  Hiibner.    Vol.  III.,  No.  1.    Manchester  :  14,  Cross  Street. 

Iron  and  Steel  Institute.  Carnegie  Scholarship  Memoirs.  Vol. 
IV.,  1912. 

Board  of  Education  Reports  for  the  Year 刚, on  the  Geological 
Survey,  the  Geological  Museum,  and  the  Science  Museum. 
Published  by  H.M.  Stationery  Office.    Price  9d, 


EHRHARDT  PROCESS  FOR  PRODUCING  TUBES  FROM  BLANKS 
BY  DRIFTING, 

A  patent  recently  granted  to'  H.  Elirliardt,  20，  Reichsstrasse, 
Diisseldorf,  Germany,  relates  to  a  method  of  producing  tubes 
or  pipes  by  drifting  with  the  aid  of  a  mandrel  which  is  forced 
through  a  short  tubular  blank  or  work  suspended  by  means  of 
a  marginal  collar  or  thickened  portion  at  one  of  its  ends.  It 
lias  already  been  proposed  to  produce  tubes  from  a  short  tubu- 
lar blank  or  billet  supported  in  this  manner  and  without 
additional  support  during  the  drifting  action,  but  in  this  case 
during  the  expanding  action  a  back  support  is  required,  or 
else  two  mandrels  are  required  acting  on  the  billet  in  opposite 
directions,  so  that  after  the  initial  operation  of  expanding  and 
securing  the  ring  billet  in  the  die  has  been  completed  one  of 
the  mandrels  is  moved  out  of  action  by  the  other,  which  latter 
alone  continues  to  draw  out  the  ring  billet  into  tubular  form. 
In  contra-distinction  to  these  known  methods  the  one  under 
notice  consists  in  using  a  tubular  blank  suspended  iu  a  matrix 
by  means  of  a  marginal  collar  or  thickened  portion  at  one  of 
its  ends,  and  employing  a  single  mandrel  so  dimensioned  as  to 
first  act  initially  with  au  expanding  effect  whereby  the  outer 
material  of  the  blank  is  forced  against  the  matrix  walls  and 


Ehuhardt  Piiocess  ion  Producing  Tubes. 

the  blank  is  thereby  held  in  position  without  any  additional 
support  while  the  drifting  operation  is  proceeding  with  the 
aid  of  the  same  mandrel. 

Referring  to  the  illustration,  A  inclicates  the  tubular  blank 
or  its  original  thickness.  B  is  the  part  of  the  blank  after  its 
preliminary  expansion,  and  C  is  the  fiuislied  or  actual  pipe 
portion  thereof.  The  mandrel  is  provided  with  a  preliminary 
or  expanding  Lead  D,  and  with  a  final  or  drifting  head  E. 
These  two  heads  are  connected  by  a  short  stem,  and  the 
expanding  bead  D  is  provided  with  a  guide  portion  F.  This 
mandrel  has  the  object  to  first  expand  and  firmly  press  the 
material  of  the  blank  against  the  matrix  walls  by  means  of  the 
expanding  head  E,  thereby  producing  a  strong  frictioual  grip 
which  prevents  the  pipe  portions  C  from  being  torn  awaiy  from 
the  wall  of  the  matrix  by  the  action  of  the  drifting  head  E. 
As  therefore  the  outer  material  of  the  blank  firmly  adheres  to 
the  matrix  wall  the  tube  is  completed  solely  by  the  displace- 
ment of  the  inner  material  of  the  blank  by  the  drifting  head. 
The  guide  portion  F  is  provided  with  recessed  faces,  so  that 
only  the  remaining  concentrical  portion  is  caused  to  bear 
agaiust  the  blank  so  as  not  to  cool  it  too  much. 
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THE  INNER  STRUCTURE  OF  SIMPLE  METALS  * 
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(Conchtded  from  page  174,) 

Confining  our  attention  for  the  present  to  thei  cubic  systein, 
there  are,  as  we  have  seen,  three  possible  modes  of  piling  ；  first, 
the  most  open  piling  with  each  spherical  unit  touching  six 
others  ；  second,  the  medium-close  piling  with  each  unit  touch- 
ing eight  others  ；  and  lastly  the  closest  mode,  with  each  unit 
touching  twelve. 

Now  we  come  to  a  highly  interesting  question.  Assuming 
that  the  structural  units  of  the  crystal  behave   like  spheres 


Fig.  24. 

piled  in  one  of  these  various  modes,  what  niuiual  forces  do 
they  exert  on  one  another  to  make  them  fall  into  place  and 
remain  in  place  ？  Can  we  think  of  them  as  having  polarity, 
in  virtue  of  which  each  assumes  its  proper  orientation  and 
position  ？  And  if  there  are  such  polar  forces  among  the 
structural  units  of  the  crystal,  do  they  assist  us  to  explain 
any  of  the  known  physical  properties  of  the  substance  ？ 

In  an  address  to  the  Engineering  Section  of  the  British 
Association  at  York,  in  1906，  I  attempted  to  suggest  answers 
to  these  questions,  on  the  supposition  that  the  units  were 
grouped  in  the  first  or  most  open  mode  of  piling.  I  showed 
that  we  should  get  that  mode  of  piling  if  we  supposed  each 
unit  to  have  three  rectangular  axes  with  opposite  poks  at 
their  extremities,  making  six  poles  in  all,  three  positive  and 
three  negative. 十  Some  of  the  consequences  were  illustrated  by 
means  of  a  model,  in  which  the  interactions  of  such  units  were 
shown,  the  units  in  the  model  being  composed  of  crossed  mag- 
netised bars,  free  to  turn  on  fixed  needle  points  as  pivots.  If 
there  is  any  such  polarity  in  the  units  of  a  crystal,  it  is  no 
doubt  electric,  not  magnetic ― we  may  think  of  the  unit  as 
containing  within  itself  a  group  of  electrons ― but  it  is  con- 


Fig.  25. 

venient  to  make  use  of  magnets  in  the  construction  of  a  model. 
They  give  us  mutual  forces  of  the  same  general  character  as 
we  get  with  electrons,  namely,  attraction  between  unlike  poles 
and  repulsion  between  like  poles. 

A  model  arranged  in  that  way  shows  how,  as  one  after 
； mot  her  molecule  or  unit  is  brought  up,  it  takes  its  place  as  a 
nn'iiiber  of  Uie'  hoiiio^eneous  assemblage,  assuming  the  proper 
orientation  as  it  settles  down.  You  】nay  disturb  the  assem- 
blage by  forcing  any  one  member  to  turn  round  a  bit,  and  then 
letting  it  go,  when  you  s&e  waves  of  disturbance  passing  from 
unit  to  unit .    A  violent  disturbance  may  set  many  of  the 

' 化' ire  delivered  l)eforo  the  InHtituto  of  Metals,  May,  1912. 
t  British  Association  report,  J 90(i.   l'rcsidonlial  tuldi'uss  Lo  tlic  Eiigiricci'ing  Section. 


units  spinning,  and  when  tbey  settle  down  again  you  same- 
times  find  that  they  are  not  all  homogeneously  grouped,  but 
some  have  taken  up  a  position  of  less  stability.  They  have 
formed  what  may  be  called  a  dissenting  group,  the  】"eml)ers 
of  which  keep  one  another  in  countenance,  though  they  are 
not  in  complete  harmony  with  their  environment.  If  we  set 
them  oscillating,  so  as  t'o  imitate  the  effect  of  raising  the  tem- 
perature, we  may  find  this  less  stable  group  break  up  and  fall 
into  line  with  their  neighbours.  Something  of  this  kind  occurs 
in  tbe  annealing  of  a  metal .  One  might  say  that  nature  copies 
the  methods  of  the  mediaeval  Church  in  bringing  dissenters  to 
reason  by  the  application  of  heat. 

There  are  other  points  on  which  such  a  model  throws  light. 
We  can  use  it,  for  instance,  to  show  what  happens  when  slip- 
ping occurs,  and  this  we  may  illustrate'  by  the  single-layer 
model  now  in  the  lantern.  Suppose  that  one 
portion  of  the  crystal  slides  past  another  portion,  we 
imitate  that  action  by  causing  one  group  of  the 
pivoted  particles  to  slide  past  another  group.  Notice 
the  effect.  Across  the  plane  of  sliding  the  polar  forces  con- 
tinue to  act,  causing  first  a  quasi-elastic  turning  ；  but  when  a 
certain  very  limited  range  of  movement  is  exceeded  there  is 
dissipation  of  energy  through  the  original  bonds  being  broken 
and  new  bonds  established,  with  oscillation  of  the  particles. 
The  mo'del  exhibits  well  the  essential  difference  between  elastic 
and  plastic  strain,  and  shows  how  it  is  that  work  has  to  be 
expended  irrecoverably  in  making  a  plastic  strain  occur. 

In  this  model  we  have  obtained  the  mechanical  forces  which 
the  particles  have  to  exert  upon  one  another  by  the  device  of 
supposing  positive  and  negative  polarity  within  each  unit.  It 
would  do  equally  well  to  take  an  equal  number  of  positive  and 
negative  units ― that  is,  a  number  of  units  in  which  all  the  six 
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Fig.  26. 

poles  are  positive  and  an  equal  liuinber  in  which  all  the 
six  poles  are  negative.  If  we  jumble  these  up  together,  but 
give  them  freedom  to  assume  their  most  stable  grouping ,  they 
will  necessarily  take  up  the  same  configuration  as  in  this 
model,  namely,  the  most  open  mode  of  piling  with  cubic 
symmetry. 

Again,  if  instead  of  six-pole  units  we  were  to  take  eight- 
pole  units,  keeping  equal  numbers  of  positive  and  negative 
units,  but  letting  each  unit  have  eight  poles  of  the  same  name, 
we  should  find  them  assume  the  second  mode  of  piling,  the 
mode  illustrated  by  red  and  white  balls  in  Fig.  19. 

But  I  am  more  interested  in  the  question  ：  What  sort  of 
polarity  must  we  postulate  in  order  to  get  the  closest  mod©  of 
packing  ？  There  seem  inany  grounds  for  believing  that  it  is 
the  closest  mode  of  packing  rather  than  the  open  modes  which 
the  crystal  units  actually  assume.  It  is  true  that  Prof. 
Sollas*  favours  the  idea  of  open  packing  for  metals  crystallis- 
ing in  the  cubic  system  ；  and  Kelvin  accepted  as  probable 
alternatives  all  three  mode's,  tli'e  close,  the  medium,  and  the 
open  ； 十  but  Mr.  Barlow  and  Prof.  Pope,  in  much  of  tlioir 
rec&nt  work,  have  given  what  seem  strong  grounds  for  think- 
ing that  in  general  crystalline  constitution  is  that  of  closest 
packing.^  However  tliat  may  b&,  let  us  face  the  problem  of 
what  arrangement  of  poles  could  produce  closest  packing.  The 
first   models   I    tried    were    tetraliedra   with  four  poles. 

•  W.  J.  Sollas  "  On  the  Intimate  Structure  of  Crystals."  Proceedings  of  tho 
Royal  Society,  Vol.  LIII.,  1898. 

t  See  especially  his  "  Molecular  Dynamics  of  a  Crystal."  Baltimore  Lectures  t 
page  672. 

1  W.  Barlow  and  W.  J.  Pope,  "  Tlio  Relation  buiw (^！ u  the  ('rystalline  Form  and 
the  Chemical  Constitutitm  of  Simplo  Inoih'aniu  Subatanccs."  "  Journal  of  the 
Chemical  Society,"  Vol.  XCI.,  1907. 
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These,  and  also  the  other  models  which  have  still 
to  be  brought  under  your  notice,  are  magnetic 
models.  They  are  built  up  by  taking  a  central  boss, 
which  may  conveniently  be  a  steel  ball,  screwing  rods  of  equal 
length  into  it,  with  a  small  steel  ball  upon  the  outer  end 
of  each  rod.  Then  the  rods  are  magnetised,  so  that  all  the 
outer  balls  become  poles  of  the  same  name,  while  the  central 
boss  forms  a  pole  of  the  opposite  name.  In  the  first  model 
(Fig.  24)  there  are  four  rods  and  four  circumferential  poles, 
forming  the  corners  of  a  regular  tetrahedron  ；  all  these  are 
south  poles,  while  the  central  ball  is  the  north  pole.    There  is 


Fig.  27. 

also  a  pivot  hole  drilled  in  the  central  boss,  and  the  base  board 
carries  needle  centres,  which  are  equilaterally  spaced  in  tri- 
angular order,  and  on  these  the  little  four-pole  magnets  are 
balanced,  so  that  they  turn  freely  under  the  mutual  repulsion 
of  the  external  poles. 

They  assume  the  configuration  shown  in  Fig.  24，  which  is 
in  fact  a  photograph  of  a  single  layer  of  such  pivoted  units 
after  it  has  come  to  rest.  It  is  a  very  regular  configuration, 
but  it  is  not  consistent  with  cubic  symmetry,  because  the  faces 
of  the  pivoted  tetrahedra  do  not  place  themselves  so  as  to  be 
similarly  related  to  the  four  octahedral  planes  of  the  system , 
of  which  the  table  top  is  one. 

Suppose,  however,  that  we  introduce  a  new  element,  modi- 
fying the  equilibrium.  Let  each  structural  unit  be  associate*! 
with  what  I  shall  call  provisionally  a  "  cementing  corpuscle," 
namely,  an  isolated  pole,  opposite  in  sign  to  the  circumferen- 
tial poles  of  the  units.  If  they  are  electrons,  it  is  an  electron 
of  the  opposite  kind.  Think  of  this  ''  corpuscle  "  as  finding 
its  habitat  in  one  of  the  interstices  between  the  closely-packed 
spheres.  As  soon  as  we  accept  this  idea  we  find  there  is  no 
difficulty  in  getting  the  units  to  pile  up  into  most  satisfactory 
crystals,  by  placing  themselves  unit  by  unit  and  layer  upon 
layer,  so  that  they  satisfy  the  condition  of  cubic  symmetry. 

Fig.  25  shows  a  small  group  of  pivoted  four-pole  units, 
forming  a  single  】ayer，  in  the  positions  which  they  assume 


Fig.  28. 

under  the  influence  of  the  t£  cementing  corpuscles."  These 
bodies  are  visible  in  the  figure  as  isolated  poles  in  the  inter- 
spaces, and  towards  them  the  arms  of  the  tetrahedra  point. 
In  the  magnetic  model  shown  in  this  photograph  these  isolated 
poles  are  obtained  by  using  long  wire  magnets,  of  which  they 
are  the  upper  ends,  the  remainder  being  below  the  table. 

In  the  model  the  pivots  are  at  the  corners  of  equilateral 
triangles,  so  as  to  simulate  the  conditions  of  closest  packing. 
A  more  complete  model,  with  two  layers,  is  shown  in  Fig.  26, 
the  upper  layer  being  supported  on  a  glass  plate.  The  pivots 
are  omitted,  but  the  pieces  are  placed  in  the  positions  of  equi- 


librium which  they  would  take  up  under  the  influence  of  the 
corpuscles.  The  corpuscles  themselves  are  not  represented  in 
the  model,  but  you  are  to  imagine  that  they  are.  Each 
corpuscle  (in  an  extended  assemblage  of  the  type  shown  in 
Fig.  26)  occupies  the  centre  of  a  tetrahedral  cluster  of  four 
poles  contributed  by  four  neighbouring  units,  the  corpuscle 
being,  of  course,  opposite  in  sign  from  the  poles,  and  causing 
the  poks  to  point  towards  it. 

The  whole  group  in  Fig.  26  may  be  regarded  as  repre- 
senting the  middle  and  top  layer  of  one  of  the  ^mulberries  ，， 
of  Fig.  23.  You  can  imagine  a  bottom,  layer  to  exist,  and 
if  its  units  are  not  in  the  position  vis-a-vis  to  the  units  of  the 
top  layer,  but  in  the  alternative  position,  we  have  an  assem- 
blage possessing  cubic  symmetry. 

Now  return  for  a  moment  to  the  model  with  balls.  I 
want  you  to  think  of  what  happens  when  twinning-  occurs. 
Twinning  will  occur  on  this  plane  if  the  top  layer  be  turned 
round  through  180°  ；  and  that  means  that  the  balls  occupy 
the  alternative  hollows  in  the  layer  of  balls  below  them. 

Here  (Fig.  27)  we  have  them  so  grouped  in  the  magnetic, 
or  rather  the  polar,  model.  The  two  layers  are  now  in 
twin  relation  with  one  another.  The  three  units  on  the  top 
are  each  turned  round  through  60°  (which  is  equivalent  to 
a  turning  of  them  through  180°),  and  are  shifted  into  the 
other  set  of  hollows  ；  and  those  two  movements,  the  turning 
and  shifting,  cause  the  poles  to  engage  again  with  the  cor- 
puscles. The  interesting  point  about  this  particular  case  is 
that  they  are  just  as  stable  in  the  new  position  as  they  were 
before.  Therefore  this  model,  to  my  mind,  lias  the  serious 
objection  that  it  makes  twinning  far  too  easy.  It  appears 
to  be  an  even  chance  in  this  case  when  any  layer  is  deposited 


Fig.  29. 

whether  it  is  deposited  in  the  regular  cubic  form  or  in  the 
twin  form. 

A  few*  words  of  explanation  may  be  required  here  to  pre- 
vent a  possible  misunderstanding.  In  speaking  of  Fig.  23 
I  said  that  if  we  turned  the  top  layer  round  through  180°, 
as  in  the  right-hand  figure,  we  passed  from  cubic  to  hexagonal 
piling.  Now,  you  observe,  I  also  say  that  the  turning  of 
the  top  layer  round  means  the  beginning  of  the  formation 
of  a  twin.  To  reconcile  these  two  statements,  you  must  think 
of  what  happens  when  we  go  on  to  place  other  layers  above 
the  three.  If  in  placing  a  fourth,  fifth,  sixth  layer,  and  so  on, 
we  follow  the  same  rule  as  in  the  right-hand  mulberry  of 
Fig.  23,  putting  the  balls  in  each  layer  vis-a-vis  with  those 
in  the  layer  next  but  one  below,  we  get  a  hexagonal  crystal . 
If,  on  the  other  hand,  the  change  from  regular  cubic  piling 
occurs  at  one  plane  only,  and  after  the  changed  layer  has 
been  laid  down  the  succeeding  layers  are  piled  cubically  with 
respect  to  it,  we  have  a  twin  structure  in  which  the  plane  at 
which  the  change  occurs  is  a  junction  plane  connecting  two 
portions  which  are  in  twin  relation  to  one  another,  each  of 
which  possesses  the  symmetry  of  the  cubic  system.  It  may 
help  to  make  the  point  clearer  if  I  add  that  we  may  regard 
hexagonal  piling  as  equivalent  to  cubic  piling  with  twiniiiug 
on  every  layer. 

Pass  now  to  this  other  model  (Fig.  28),  where  each  struc- 
tural unit  has  six  poles,  situated  at  the  ends  of  three 
rectangular  axes,  or,  in  other  words,  at  the  six  corners  of  a 
regular  octahedron.    Imagine  as  before  that  the  poles  are  all 
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of  the  same  sign  in  all  the  units,  and  that  there  are  corpuscles 
of  opposite  sign  in  the  interstices  between  the  units  ―  one 
corpuscle  per  unit.  The  units  group  themselves  in  closest- 
packed  cubic  order  as  in  the  figure,  each  corpuscle  engaging 
six  poles,  which  form  an  octahedral  cluster  around  it.  There 
is  only  one  corpuscle  required  per  structural  unit.  If  we 
attempt  to  change  the  upper  layer  into  the  position  for  twin- 
ning, by  turning  the  units  in  that  layer  through  180°,  and 
shifting  them  over  to  the  unoccupied  hollows  of  the  layer 
below,  we  shall  find  that  we  leave  three  balls  unengaged. 
The  "  cementing  corpuscle  ，，  then  engages  with  only  tliree 


Fig.  20. 

poles  at  the  twin  surface,  leaving  three  poles  with  their 
affinity  for  a  corpuscle  unsatisfied,  and  therefore  T  should  say 
that  with  this  six-pole  model  twinning  is  unlikely  to  occur. 

Finally,  consider  a 】nodel  in  which  each  unit  has  eight 
poles  situated  at  the  corners  of  a  cube  (Fig.  29).  In  this  case 
the  central  boss  is  shaped  as  a  cube,  instead  of  a  ball,  simply 
for  convenience  of  construction.  Fig.  29  shows  a  single  layer 
of  such  units  ；  Fig.  30  shows  two  layers,  the  upper  layer  con- 
sisting of  three  units.  They  are  in  closest-packed  cubic  group- 
ing. To  hold  them  in  this  position  requires  two  corpuscles  per 
unit  instead  of  one,  and,  as  before,  you  are  to  imagine  the 


Fig.  31. 

corpuscles  to  be  present  though  they  are  omitted  in  tlie 
model.  Each  corpuscle  engages  with  four  poles,  which  form 
a  tetrahedral  cluster  around  it.  If  we  attempt  to  pass  to 
the  twin  formation  by  turning  and  shifting  the  units  of  one 
layer  as  before,  we  get  that  formation  with  three  balls  satisfy- 
ing their  affinity  for  the  corpuscle  and  only  one  disengaged. 
Consequently  we  have  here  what  seems  to  me  an  exceedingly 
possible  form  so  far  as  twinning  is  concerned,  inasmuch  as  the 
twin  formation,  although  less  likely  to  occur,  is  not  very 
much  less  likely.  The  stability  is  not  so  very  different  in  t,lie 
two  cases. 


Fig.  31  shows  the  same  group  as  Fig.  30,  but  with  tlio 
three  units  which  constitute  the  upper  layer  turned  and 
shifted  into  the  twin  position.  It  is  to  be  feared  that  these 
models  are  scarcely  comprehensible  when  displayed  in  photo- 
graphic pictures.  They  should  be  seen  at  close  quarters,  with 
two  eyes,  and  the  units  should  be  handled,  to  have  their 
grouping  properly  appreciated. 

Some  one  may  be  inclined  to  ask,  how  can  you  imagine 
hexagonal  formation  to  occur  ？  We  may,  as  I  have  said, 
regard  hexagonal  formation  as  cubic  formation  with  twinning 
on  every  layer  ("perpendicular  to  the  axis  of  hexagonal  sym- 
metry). But  that  does  not  help  us  if  we  wish  to  conceive 
of  a  polarity  in  the  structural  units  which  will  compel  them 
to  adopt  hexagonal  piling.  One  may  obtain  that  by  talcing  a 
model  in  which  each  unit  has  five  poles,  two  at  opposite  ends 
of  an  axis  and  the  other  three  ranged  round  the  equatorial 
plane  at  angles  of  120°  apart.  With  such  units  as  these,  ana 
with  one  "  cementing  corpuscle"  per  unit,  you  can  build  up 
of  necessity  nothing  else  than  the  hexagonal  closest-piled 
structure. 

These  points  require  more  illustration  than  can  be  given  in 
the  limited  time  of  a  lecture  and  without  handling  the  actual 
models.  I  have  not  been  able  to  do  more  than  indicate  tlie 
scope  of  the  speculations.  They  make  no  claim  to  form,  a 
theory  or  even  part  of  a  theory  of  the  constitution  of  matter. 
Tliey  are  rather  an  attempt  to  hint  at  directions  one  may 
pursue  in  search  of  a  solution  to  the  problem  ；  one  might 
compare  them  to  sign-posts  on  open  moorland  seen  in  a  fog. 
They  do  not  satisfy  our  intellectual  curiosity  ；  I  shall  think 
they  have  served  their  purpose  if  they  stimulaie  it.  In 
studying  molecular  structure,  we  find  ourselves  in  the  case 
described  by  the  Persian  philosopher-poet  who  frequented  the 
doctors ― 

" And  heard  great  argument 
About  it  and  about,  and  evermore 
Came  out  at  the  same  door  as  in  I  went," 
It  is  a  study  that  disappoints  and  baffles,  but  even  if  one 
feels  there  is  no  achievement,  its  fascination  remains.  We 
may  never  succeed  in  removing  or  penetrating  the  veil,  but 
we  are  not  likely  to  abandon  the  effort.    As  the  caged  beast 
goes  on  beating  against  his  bars,  so  man  will  continue  to 
strain  after  knowledge  which,  for  all  that  he  can  tell,  may 
bo  for  ever  out  of  reach. 


EXPLOSION  OF  AIR  RECEIVER  DUE  TO  OIL 

BY  FRANK  RICHARDS. 

A  small  air  receiver  connected  with  a  portable  gasoline 
engine  driven  air  compressor,  employed  on  street  gas-pipe 
work,  exploded  on  June  24th,  near  the  entrance  to  Green- 
wood Cemetery,  Brooklyn.  The  occurrence  exhibited  a  num- 
ber of  interesting  features  illustrative  of  the  conditions  under 
which  such  accidents  may  occur.  There  seems  to  liave  been 
no  sudden  and  enormous  increase  of  pressure,  such  as  would 
be  caused  by  the  ignition  of  an  explosive  mixture  composed 
of  volatilised  constituents  of  the  oil  combined  in  suitable 
proportion  with  the  compressed  air  ；  the  normal  working 
pressure  which  the  receiver  usually  carried  was  probably  not 
much  if  at  all  exceeded  ；  nevertheless  it  seems  to  have  been 
ultimately  a  simple  pressure  explosion,  but  accompanied  by 
abnormal  conditions  which  provided  the  opportunity. 

The  receiver  was  suspended  horizontally  under  the  frame 
which  carries  the  gasoline  engine  and  the  compressor.  It 
was  6ft.  long  and  2ft.  diam.，  with  dished  heads  ；  the  convex 
side  of  the  head  was  outward  at  one  end  and  .  the  concave 
side  outward  at  the  other  end,  which  is  the  too  common  prac- 
tice, just  for  convenience  in  riveting  in  the  last  head,  and 
for  no  other  good  reason .  The  air  entered  the  receiver  from 
the  compressor  about  2ft.  from  one  end  and  half  way  up,  and 
was  taken  out  at  the  other  side  just  opposite  the  inlet  (see 
Fig.  1).  A  pop  safety  valve  on  the  pipe  from  the  compressor 
was  set  at  liOlbs"  and  the  usual  working  pressure  was  about 
lOOlbs. 

As  disclosed  after  the  explosion,  the  entire  interior  surface 
of  the  receiver  was  covered  apparently  with  all  the  oil  it 
could  carry.  If  the  operator  had  been  told  to  use  all  the  oil 
he  could,  instead  of  as  little  as  possible,  the  surface  could 
not  have  been  more  oily.  From  time  to  time  all  the  oil  and 
water  which  might  have  collected  at   the   bottom   of  the 
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receiver  should  have  been  drained  ofT  ；  this  may  or  may  not 
have  been  done,  but  evidently  it  would  not  have  nm(le  the 
surfaces  clean,  nor  have  freed  them  from  the  gunnned  or 
thickened  oil  with  which  they  were  coated. 

The  inner  surface,  A,  Fig.  1，  of  the  head  which  blew  out, 
however,  was  dry  and  absolutely  clean,  and  its  colour  and 
condition  showed  that  it  had  been  red  hot.  Evidently  a  local 
tire  had  raged,  perhaps  only  for  a  minute  or  so,  on  this 
(then  oil-coated)  surface,  burning  the  oil  off  and  suddenly 
heating  the  plate  ；  the  fire  did  not  have  time  to  spread  to  the 
;id  jaoent  surface  of  the  shell  tvhen  the  explosion  occurred. 

In  the  explosion  several  curious  things  happened  wliicli 
it  is  worth  while  to  note  carefully.    The  head  became  so  hot 


Fift,  l.— Horizontal  Section  through  Beceiveb. 

tliat,  as  it  was  under  about  all  the  air  pressure  it  could 
stand,  the  dishing  of  the  head  was  suddenly  reversed,  and  the 
originally  convex  surface  became  concave,  as  shown  in  Fig.  2, 
this  being  a  view  of  the  inner  surface.  That  this  is  the  inner 
surface  of  the  head  is  corroborated  by  the  lip  at  the  edge  of 
the  sheet.  The  ridge  which  is  dented  across  the  face  was 
evidently  caused  by  something  against  which  the  head  struck 
as  it  flew  off. 

It  is  easy  to  imagine  that  this  reversal  of  the  dishing  of 
the  head  took  place  with  a  considerable  snap,  the  shock  and 
momentum,  in  addition  to  the  aggregated  air  pressure  of 
45,0001bs.,  being  sufficient  to  cause  the  head  to  let  go.  When 
it  did,  not  a  single  rivet  was  sheared.  It  will  be  noticed 
from  Fig.  2  that  when  the  reversal  of  the  dishing  occurred, 
the  rivet-carrying  lip  of  the  head  was  bent  outward  all  the 
way  around,  so  that  the  opposite  sides,  instead  of  being 
parallel,  stood  off  30°  to  45°  from  the  normal  position,  and 
the  end  of  the  sheet  to  which  they  were  attached  (see  Fig.  3) 
bent  outward  in  the  same  way.  There  were  80 妥 in.  rivets, 
and  when  the  lip  was  bent  out  their  heads  were  pulled  off, 
dropping  outside  the  shell,  and  then  the  rivets  pulled  out  of 
the  holes.  The  fracture  of  the  rivets  was  square  across 
under  the  heads  and  flush  with  the  outside  of  the  shell.  Of 
the  80  rivets,  three  retained  their  heads,  and  those  tore 
notches  out  of  the  shell. 

When  the  head  flew  off,  the  body  of  the  receiver  was 
driven  in  the  opposite  direction,  but  could  go  only  a  few 
inches  when  it  struck  the  axle  of  the  machine,  which 
dented  the  head.  Other  than  this  the  shell  seems  to 
have  received  no  damage. 

Undoubtedly  receivers  have  often  taken  fire  inter- 
nally, as  indicated  in  this  case,  but  having  a  sufficient 
factor  of  safety,  in  spite  of  the  heating  of  the  metal,  they 
have  been  able  to  withstand  the  stress  and  no  accident 
has  resulted. 

The  interesting  question  is  as  to  the  conditions 
causing,  or  accompanying,  these  ignitions  of  the  oily 
surfaces,  and  usually  more  or  less  mystery  is  made  of 
this  phenomenon  when  it  occurs.  Compare  the  oil 
tempering  of  steel  springs.  The  spring  is  first  heated  in 
the  fire  to  a  bright  red  and  then  plunged  into  oil  and 
cooled.  This  leaves  it  hard  and  brittle,  and  it  is 
drawn  to  the  proper  temper  by  "  blazing  off."  To  do 
this,  the  spring,  while  dripping  with  oil,  is  held  over  the 
fire,  which  must  be  without  flame,  and  is  slowly  and 
carefully  heated  until  the  oil  on  the  spring  bursts  into  flame. 
The  oil  is  not  ignited  by  the  fire,  the  flame  merely  appearing 
when  the  spring  reaches  the  right  temperature.  The  oil  will 
keep  burning  until  consumed,  or  the  spring,  while  blazing, 
may  be  dipped  into  the  oil  and  tlie  flame  will  go  out,  but  if 
quickly  withdrawn  the  flame  will  appear  again.  At  a  certain 
temperature  oil  will  ignite  spontaneously,  and  this  tempera- 
ture is  so  fixed,  differing,  however,  for  different  oils,  that  it 
has  been  taken  for  generations  as  an  index  of  the  heat 
required  for  the  tempering  of  springs,  swords,  &c. 

Precisely  the  same  thing  that  happens  in  the  oil-tempering 
of  springs  will  happen  to  the  oil-coated  surfaces  of  air  reser- 
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voirs,  pipes,  &c"  when  they  get  hot  enough.  The  oil  will 
take  fire  of  itself  without  any  spark,  flamo,  or  other  ex- 
traneous source  of  ignition.  The  oil-covered  steel  spring, 
when  the  oil  upon  it  takes  fire  in  the  open  air,  is  below  a 
visible  red  heat,  and  that  begins  at  about  700°  Fall.  In  the 
air  receiver  under  consideration,  the  temperature  due  to  com- 
pression may  have  been  aa  high  as  500。.  With  air  at  60° 
when  compression  begins,  the  theoretical  terminal  tempera- 
ture, after  adiabatic  compression  to  1051bs.,  is  496°.  This 
compressor  was  running  in  bright  sunshine  on  a  hot  d;iy,  ； m<\ 
the  intake  air  passed  close  to  the  already  heated  air  receiver 
before  entering  the  cylinder,  so  that  its  tenipoi-at m  e  at  t  hf 
beginning  of  compression  was  presumably  above  1  aurl  its 
terminal  temperature  above  500°.  There  being  nothing  at 
the  end  of  the  receiver  to  cause  any  active  movement  of  the 
air  in  contact  with  the  oily  surface,  may  liave  offered  sjjecial 
opportunity  for  the  atoms  of  carbon  and  oxygen  to  unit^. 
Furthermore,  since  the  air  was  compressed  to  eight  atmo- 
spheres the  oil  was  exposed  to  eight  times  the  amount  of 
oxygen  that  it  would  have  at  atmospheric  pressure.  This 
may  partly  account  for  the  spontaneous  ignition"  of  the  oil  at 
a  lower  temperature  and  its  burning  more  fiercely  after 
ignition. 

An  account  of  an  ignition  of  this  character  recently 
appeared  in  "  Mines  and  Minerals/'  and  was  reprinted  in 
"Compressed  Air  Magazine, u  June,  1912.  No  damaging 
explosion  occurred,  however.  It  was  in  connection  with  a 
4-stage  compressor  employed  for  charging  locomotives.  The 
ignition  took  place  after  the  fourth  stage  of  the  compression, 
when  the  air  was  at  a  pressure  of  65  atmospheres,  and  a 
recording  thermometer,  which  was  attached  and  in  operation, 
showed  that  the  ignition  took  place  at  270°,  which  seems  to 
corroborate  the  assumption  that  the  higher  the  pressure  the 
lower  will  be  the  temperature  at  which  spontaneous  ignition 
will  occur. 

This  discussion  distinctly  avoids  any  consideration  of  the 
more  disastrous  class  of  compressed-air  explosions  caused  by 
the  ignition  of  an  explosive  mixture  of  air  with  some  of  the 
volatilised  constituents  of  the  oil,  as  there  seems  to  have  been 
nothing  of  that  in  this  case. — "  Power." 


Fig.  2. 


-Insidk  Face  of  Head  after  Explosion.   Fig.  3.— Showing  Flaring  End  op 
Shell  with  Rivets  pulled  out. 

Oil  Fuel  for  Marine  Purposes. ― There  seems  to  exist  a  general 
opinion  that  the  relative  advantage  of  this  country  will  be 
changed  materially  for  the  worse  by  the  adoption  of  oil  for 
marine  propulsion  owing  to  the  fact  that  great  oilfields  do  not 
exist  so  far  as  is  now  known  in  this  country.  This  is  not  the 
view  held  in  the  best  informed  naval  circles.  It  is,  of  course, 
recognised  that  there  will  have  to  be  a  vast  storage  of  oil  in 
this  country,  and  conceivably  great  engineering  works  may 
be  required  to  secure  such  a  supply.  But  the  strategical 
advantage  lies  in  the  fact  that  oil  is  now,  and  in  the  future 
will  be  so  still  more,  always  in  transit  in  tank  vessels  which 
can  be  directed  upon  particular  courses,  and  the  position  of 
each  vessel  reported  by  wireless  telegraphy.  In  this  way  it 
will  be  possible  for  British  vessels  in  all  parts  of  the  world  to 
replenish  tlieir  oil  tanks  at  sea,  whereas  no  such  facilities 
exist  in  tho  case  of  coal. 
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ADJUSTING  DEVICE  FOR  ROTARY  GRINDING  MACHINES. 

We  illustrate  herewith  a  device  for  enabling  the  setting  of  the 
wheels  or  discs  of  grinding  machines  to  be  rapidly  effected,  the 
invention  of  Messrs.  Ludw.  Loewe  &  Co.，  Huttenstrasse 
17-19，  Berlin,  N.W.  The  device  enables  the  grinding  wheel 
or  disc  to  be  set  or  adjusted  at  different  speeds  as  required 
by  a  crank  through  the  medium  of  an  epicyclic  gear,  the  sun 
wheel  of  which  is  adapted  to  be  operated  at  different  speeds 
by  locking  or  releasing  the  epicyclic  gear  as  desired. 

Fig.  1  shows  the  apparatus  in  side  sectional  elevation,  while 
Fig.  2  illustrates  a  detail  in  front  elevation.  A  journal  A  is 
mounted  in  the  frame  of  the  machine  in  such  a  manner  as  to 
be  held  from  rotation,  and  a  gear  wheel  B，  whose  hub  termi- 
nates in  a  sleeve  C'，  is  loosely  mounted  thereon.  A  second 
gear  wheel  D  is  rotatably  mounted  upon  the  sleeve  C，  and  is 
provided  with  pins  E，  which  extend  in  a  direction  parallel  to 
the  axis  of  the  gear  wheel  B  and  are  provided  with  gear  wheels 
F  and  G.  The  gear  wheel  F,  which  is  keyed  to  the  hub  of  the 
wheel  G，  is  in  mesh  with  the  gear  wheel  B，  while  the  wheel 
G  engages  with  a  gear  wheel  H  loosely  mounted  upon  the  pin 
or  journal  A.  To  the  gear  wheel  H  is  keyed  a  gear  wheel  J 
engaging  with  the  gear  wheel  L  secured  to  the  driving  spindle 
K，  through  the  medium  of  which  the  setting  or  adjustment  of 


be  accelerated  the  nut  S  is  slacked  back  while  the  nut  T 
remains  tightened  up,  and  the  crank  N  is  thus  free  to  rotate 
upon  the  sleeve  C,  while  the  latter,  together  with  wheel  B，  is 
fixed  upon  the  pin  A  so  that  it  cannot  rotate  thereon.  The 
wheel  O  is  locked  to  the  crank  P  by  means  of  the  pin  R，  so 
that  it  forms,  as  it  were,  a  driver  or  driving  connection  between 
the  crank  N  and  the  gear  wheel  D. 

When  the  crank  N  is  rotated  by  means  of  its  handle  R  the 
gear  wheel  D  is  driven  by  the  wheel  O  at  the  same  speed,  but 
the  wheel  F  still  rolls  upon  the  fixed  wheel  B.  The  action  of 
the  gear  is  therefore  similar  ^-o  that  described  above,  but  tlie 
speed  is  somewhat  accelerated,  due  to  the  fact  that  the  gear 
wheel  D  is  driven  at  the  same  speed  as  the  crank  N，  and  not 
at  the  much  slower  speed  by  means  of  the  gear  wheel  0，  as 
above  described. 

If  the  grinding  wheel  or  disc  is  to  be  moved  through  a 
greater  distance  still,  then  it  is  advisable  to  still  further 
accelerate  the  movement  of  the  grinding  wheel  support,  and 
for  this  purpose  the  nut  T  is  also  loosened  and  the  crank  N 
is  firmly  connected  to  the  wheel  B  through  the  medium  of  the 
nut  S，  so  that  the  crank  N  drives  the  wheel  B,  and  the  wheel 
0，  acting  as  driver  or  driving  connection ;  drives  the  wheel  D. 
As  the  wheels  D  and  B  are  coupled  together  the  wheel  F  can 
no  longer  roll  upon  the  wheel  B，  but,  on  the  contrary,  it  is 
locked,  so  tliat.  the  wheel  G  rigidly  coiuiected  to  the  wheel  F 
acts  as  a  driver  which,  in  its  turn,  directly  rotates  the  wheels 
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the  grinding  wheel  or  disc  is  effected.  The  hand-operated 
crank  N  is  also  mounted  upon  the  sleeve  C，  and  is  provided 
at  its  end  with  a  gear  wheel  O  which  engages  with  the  wheel 
D  and  is  adapted  to  b&  rotated  through  the  medium  of  the 
crank  P.  The  wheel)  O  can  be  locked  in  any  position  by  a 
spring-controlled  locking  pin  R，  and  the  crank  N  which  is 
loosely  mounted  upon  the  sleeve  C  is  adapted  to  be  clamped 
or  fixed  in  position  on  the  sleeve  C  by  means  of  a  nut  S，  so  that 
the  sleeve  is  driven  by  the  crank  when  the  latter  is  turned. 
The  sleeve  C  in  its  turn  may  be  clamped  in  position  upon  the 
journal  A  by  tightening  a  nut  T,  and  when  required,  both 
the  crank  P  and  the  crank  N  may  be  rotated  by  means  of  the 
index  pin  R，  which  conveniently  takes  the  form  of  a  handle. 

The  operation  of  the-  apparatus  is  as  follows :  If  it  is 
required  to  adjust  or  set  the  grinding  wheel  or  disc  slowly  for 
the  purpose  of  obtaining  a  fine  or  very  minute  adjustment  the 
nuts  S  and  T  are  tightened  up  so  that  the  gear  wheel  B  and  the 
crank  N  are  connected  to  the  stationary  pin  or  journal  in  such 
a  manner  that  they  cannot  rotate.  The  spindle  K  is  then 
driven  by  turning  the  crank  P，  which,  in  its  turn,  rotates  the 
gear  wheel  0，  and  through  the  medium  of  this  latter  and  the 
gear  wheels  D  F  G  H  J  and  L  the  spindle  K，  and  consequently 
the  grinding  wheel  support,  together  with  the  grinding  wheel 
or  disc,  is  moved  up  to  or  away  from  the  work  to  be  ground, 
depending  upon  the  direction  in  which  the  crank  P  is  rotated. 
As  in  this  case  the  gear  wheel  B  is  clamped  in  position  upon 
the  spindle  A  the  gear  wheel  F  rolls  upon  the  wheel  B,  and 
consequently  drives  the  gear  wheel  G. 

I  f  the  setting  operation  of  the  grinding  wheel  or  disc  is  to 


H  and  J.  The  entire-  gear  wheel  connection  thus  forms  a 
united  whole,  so  that  the  wheel  J  has  the  same  rotary  speed 
as  the  crank  N，  and  the  setting  of  the  grinding  wheel  or  disc 
is  thus  effected  more  speedily. 

Assuming  a  crank  shaft  is  to  be  ground  down  on  both  sides 
of  the  crank  to  the  same  diameter,  then ,  after  one  side  of  the 
shaft  has  been  ground  down  to  the  correct  diameter,  the  grind- 
ing wheel  or  disc  support  must  bo  moved  backwards  until  the 
grinding  wheel  or  piece  of  work  is  clear.  Thereupon  the  work 
is  moved  to  such  an  extent  that  the  other  part  of  the  shaft 
comes  opposite-  to  the  grinding  wheel  or  disc.  The  setting 
movement  of  the  grinding  disc  or  wheel  support  can  first  of  all 
be  effected  by  fine  or  coarse  setting  by  turning  the  crank  P, 
arranged  on  the  crank  N，  through  one  revolution  in  the  direc- 
tion indicated  by  the  arrow,  whereupon  it  is  left  to  the  discre- 
tion of  the  operator,  by  turning  the  crank  N  and  locking  the 
crank  P  through  the  medium  of  the  index  pin  taking  the  form 
of  a  handle  R  to  effect  the  moving  back  of  the  grinding  wheel 
or  disc  support  by  means  of  the  coarse  adjusting  or  intermediate 
adjusting  gear  depending  upon  whether  the  nut  T  is  tightened 
or  loosened .  In  order  to  return  the  grinding  disc  to  the  piece 
of  worK，  the  crank  N  is  thereupon  turned  back  through  the 
same  number  of  revolutions  until  the  same  comes  again  into 
contact  with  the  abutment.  If  the  crank  P,  after  the  index 
pin  R  has  been  loosened,  is  again  moved  through  a  whole  revo- 
lution in  the  direction  opposite  to  that  indicated  by  the  arrow , 
then  the  grinding  disc  support  is  by  this  means  moved  forward 
through,  exactly  the  sam&  distance  through  which  it  was  pre- 
viously moved  backwards. 
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POWER  CONSUMED  IN  DRIVING  LOOMS, 

BY  J.  GORTON. 

With  the  object  of  providing  some  definite  particulars  regard- 
ing the  power  consumed  in  the  driving  of  a  fully-equipped 
loom,  it  has  been  thought  advisable  to  carry  out  a  series  of 
experiments  in  this  direction  on  a  number  of  looms  in  the 
weaving  shed  of  the  Manchester  School  of  Technology.  A 
number  of  looms  were  selected  and  suitable  means  provided  for 
driving  these  looms  whereby  the  power  consumed  could  be 
accurately  determined.  Electrical  means  were  resorted  to,  a 
I  h.p.  electrical  motor  being  used.  The  necessary  particulars 
tor  obtaining  the  power  consumed  were  registered  on  a  com- 
bined ammeter  and  voltmeter,  a  recording  ammeter  being 
used  to  show  the  varying  current  during  the  time  the  looms 
were  running.  The  speeds  of  both  motor  and  looms  were 
taken  by  the  aid  of  a  tachometer.  For  one  complete  set  of 
experiments  the  same  warp,  loom  pulley,  and  drum  were  used 
in  all  the  looms  ；  this  was  done  to  clearly  show  up  the  relative 
differences  due  to  loom  construction  and  equipment,  whilst  to 
show  the  differences  duo  to  weave  and  class  of  cloth,  another 
warp  was  placed  in  the  same  loom  and  tests  made.  In  the 
looms  where  warp  stop  motions  were  employed,  tests  were'  made 
to  show  the  effect  of  working  with  the  stop  motion  and  without 
the  stop  motion,  and  again,  looms  titted  with  checking 
mechanism  were  tested  whilst  the  motion  was  in  gear  and 
whilst  the  motion  was  out  of  gear.  To  give  a  clear  idea  of  the 
variations  which  were  observed,  it  will  be  necessary  to  explain 
the  equipment  of  each  loom  fully.  It  might  be  said  that 
altogether  six  different  looms  were  experimented  upon.  These 
we  will  call  A,  B,  C，  D,  E，  F.  In  making  the  following  tests 
care  was  taken  to  secure  uniform  current.  Each  loom  was 
thoroughly  oiled  and  worked  for  not  less  than  two  hours  before 
taking  the  readings.  This  was  done  so  that  all  parts  would  be 
in  good  working  condition  at.  the  time  of  testing.  The  follow- 
ing are  the  particulars  of  the  warp  used  in  making  the  plain 
cloth  tests  in  all  the  looms,  and  will  be  referred  to  as  the 
plain  warp  ： ― 

2,240  ends    34 's  twist. ' 

50  picks    20's  weft. 

78  reed    28^in.  width  in  reed. 

Jjunn  A  . ― 4 1  in .  reed  space.  This  is  a  loom  known  as 
" Pickler's  Ideal  Loom,"  made  by  Butterworth  &  Dickinson, 
Burnley,  fitted  up  for  ordinary  plain  work. 

Power  test  ：  162  picks  per  minute  ；  am,ps.，  1*7  ；  volts,  223  ； 
net  h.p.,  0  3423. 

Loom  B. 一 40in.  reed  space.  Sateen  loom,  made  by  But- 
terworth &  Dickinson.  To  make  this  test  comparable  with  the 
other  the  usual  changes  were  made  to  weave  plain  cloth,  using 
the  plain  warp.  One  test  was  made  with  an  electrical  wire 
warp  stop  motion,  another  test  made  with  the  stop  motion 
taken  out. 

Power  test,  with  warp  stop  motion  :  160  picks  per  minute  ； 
amps.,  175;  volts,  227  ;  net  h.p.,  0*3667.  Without  warp 
stop  motion  ：  161  picks  per  minute  ；  amps.,  1.65  ；  volts,  227  ； 
net  h.p.,  03362. 

I' o<nn  (f . 一 40in.  reed  space .  Another  loom  made  by  But- 
terworth &  Dickinson,  fitted  with  Cow  burn  &  Peck's  drop-box 
(■Iwking  motion,  the  tappets  being  fixed  on  a  countershaft 
driven  from  the  bottom  shaft.  The'  first  test  was  made'  with- 
out using  the  checking  motion ,  but  in  the  second  test  the  box 
motion  was  employed  weaving  a  pattern  requiring  three 
shuttles. 

First  test,  without  checking  :  Picks  per  minute,  150  ； 
amps.,  2*5  ；  volts,  220  ；  net  h.p.,  0*5714. 

Second  test,  with  checking :  Picks  per  minute,  150  ； 
ampa.,  2-5;  volts,  222  ；  net  h.p. ，  0  5781 . 

f^oom  ]). —— 40in.  reed  space.  Makers,  Butterworth  and 
Dickinson,  Burnley.  A  sateen  loom,  five  shafts  of  the  top 
roller  type,  tlie  tappets  being  fitted  on  a  countershaft.  The 
loom  is  also  fitted  up  with  an  electrical  warp  stop  motion  (drop 
wires).  Changes  were  made  to  weave  plain  cloth  and  the  first 
test  made  without  using  the  stop  motion,  then  a  similar  test 
made  with  the  addition  of  the  stop  motion. 

First  test,  without  stop  motion  ：  Picks  per  minute,  159; 
amps.,  19;  volts,  225;  net  h.p.,  0*4072. 

Second  t^st,  with  stop  motion  ：  Picks  per  minute,  156  ； 
amps.,  195  ；  volts,  219;  net  h.p.,  0*4066. 

*  From  the  Journal  of  the  Municipal  School  of  TochnolotJy,  Vol.  V. 


E. ― 41iu.  reed  space.  Maker,  Henry  Livesey,  】31ad 
burn.  Tappet  loom  with  overhead  sliodcling,  stocks  aiul  howls 
underneatli,  weaving  five-end  satin.  To  weave  plain  cloth  in 
this  loam  the  tappet  was  placed  on  the  bottom  shaft  and  a  top 
roller  put  on. 

Picks  per  minute,  158  ；  amps.，  175  ；  volts,  220  ；  net  h.p.， 
0*3502. 

Loom  F. ― British  Northrop  Loom  Company,  Blackburn. 
At  the  time  of  making  the  test  the  cloth  being  woven  was  a 
five-end  twill,  but  of  course,  as  in  the  other  looms,  this  was 
changed  to  weave  plain  cloth.  The  tappets  are  fixed  on  a 
countershaft  driven  from  the  bottom  shaft,  no  warp  stop 
motion  being  used. 

Picks  per  minute,  155  ；  amps.,  1'65;  volts,  217  ；  net  h.p., 
0-3141. 

The  following  table'  shows  the  results  of  the  tests  on  plain 
cloth  ： —— 


Loom. 

Reed  Space. 

Picks. 

Amps. 

Volts. 

Net  H.P. 

Particulars. 

A 

"in. 

162 

17 

223 

0-3123 

B 

40in. 

160 

1-75 

227 

0-3667 

With  stop  motion 

B 

40in. 

161 

1-65 

227 

0-3362 

Without  stop  motion 

C 

40in. 

150 

25 

220 

0.57" 

Without  checking 

C 

40in. 

150 

2-5 

222 

0-5781 

With  ,， 

D 

40in. 

159 

1-9 

225 

0-4072 

Without  stop  motion 

D 

40in. 

156 

1-95 

219 

0-4066 

With        ,，  ，' 

E 

"in. 

158 

1-75 

220 

0-3502 

F 

41m. 

155 

1-65 

217 

0-3141 

Without    ,,  ，， 

After  the  tests  for  plain  cloth  were  taken,  the  looms  were 
changed  on  to  their  own  warps'  and  further  tests  made  with 
the  following  results': — 


Loom  B. ― 40in.  reed  space  ；  35^in.  width  in  reed  ；  2,960 
ends,  2/50's  twist  ；  80  picks  per  inch,  30's  weft.  Weaving 
five-shaft  sateen  with  side  tappets,  cross-rods,  and  Kenyon's 
spring-easing  under  motion. 

Without  warp  stop  motion  ：  Picks  per  minute,  164  ； 
amps"  1.65;  volts,  226  ；  net  h.p.,  0*3340. 

With  stop'  motion  :  Picks  per  minute,  160  ；  amps"  1*65  ； 
volts,  220;  net  h.p.,  0*3207. 

Loom  D . ― 40in.  re&d  space  ；  36in,  width  in  reed  ;  2,900 
ends,  2/50's  twist  ；  82  picks,  30，s  weft.  Weaving  five-end 
sateen ,  roller  top. 

Without  warp  stop  motion  :  Picks  per  minute,  160  ；  amps., 
1*9;  volts,  219;  net  h.p.,  0*3919. 

With  warp  stop  motion  :  Picks  per  minute,  157  ；  amps., 
1'95;  volts,  218;  net  h.p. ，  0-3951. 

Loom  E. ― 41  in,  reed  space  ；  27in.  width  in  reed  ；  3,060 
ends,  34's  twist  ；  60  picks,  16's  weft.  Weaving  five-end  satin, 
overhead  shedding,  stocks  and  bowls  underneatli. 

Picks  per  minute',  160  ；  amps.,  1*65  ；  volts,  220  ；  net  h.p., 
0*3207. 

Loom  F. ― 41in.  reed  space  ；  37in.  width  in  reed  ；  2,600 
ends,  2/40's  twist  ；  70  picks,  24's  weft .  Weaving  five-end 
twill  with  warp  stop  motion,  and  positive  warp  let-off  motion. 

Picks  per  minute,  152  ；  amps"  1'85  ；  volts,  222  ；  net  h.p., 
0.3874. 

I  should  like  to  thank  Prof.  Fox  and  Mr.  Myers  for  their 
kind  advice  in  the'  compilation  of  this  paper,  and  also  Mr.  W. 
H.  Rycroft,  a  former  student  of  this  school,  for  his  assistance 
in  making  the  tests. 

Summary  of  Results. 


Loom . 

Reed  Space. 

Picks. 

Amps. 

Volts. 

Net  H.P. 

Particulars. 

B 

40in. 

164 

1-65 

226 

0  3340 

Without  stop  motion 

B 

40in. 

160 

1  65 

220 

0-3207 

With        ，，  „ 

D 

40in. 

160 

19 

219 

03919 

Without   "  " 

D 

40in. 

157 

l-9i 

218 

03951 

With        ,，  „ 

K 

"in. 

160 

1-65 

220 

0  3207 

Without    ,,  „ 

F 

41in. 

152 

1-85 

222 

0  3874 

With        ，，  ，， 

Fatal  Derrick  Accident. ― A  fatal  accident  occurred  at  the 
Cleveland  dockyard  of  Sir  Raylton  Dixon  &  Co.,  Ltd., 
Middlesbrough,  on  the  8th  inst.  A  number  of  men  were 
engaged  in  removing  the  upright  staging  poles  from  a  vacant 
shipbuilding  berth,  and  in  order  to  pull  the  poles  out  of  the 
ground  a  derrick,  70ft.  high,  was  used.  During  the  opera- 
tions the  guide  rope  of  the  derrick  broke,  and  the  structure 
fell.  One  of  the  men  was  caught  by  the  derrick  and  in- 
stantly killed.  Five  other  workmen  were  struck  by  falling 
material  aud  injured. 
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MODERN  BRASS  FOUNDING.* 

BY  H,  S.  PRIMROSE,  M.I.M. 

In  modern  brass  founding  the  cliief  considerations  to  be'  kept 
in  view  are  economic  working  and  scientific  control.  The 
farmer  is  largely  brought  about  by  the'  adoption  of  various 
labour-saving  devices,  which  reduce1  most  of  tlie  operations  to 
mechanical  repetition,  and  a  systematic  lay-out  of  tlie'  plant 
which  allows  of  the  metal  passing  through  the  various  stages 
of  treatment  in  a  straightforward  direction.  The  control  of 
the  metal  must  be'  complete,  beginning  with  the  raw  mat  erial 
and  tracing  it  through  all  departments  until 矍 ■  ssnt  out  as 
a  finished  product.  This  scientific  cont  rol  sliould  deal  noi  only 
with  the  chemical  composition  but  also  with  the  physical  tests, 
and,  wherever  possible,  with  the  liiicrost nu'turei  in  addition. 
It  must  be  stated  at  the  outset,  in  order  that'  tlie  term  "  brass 
founding  ，，  may  not  be  misumlerstood,  that  i  lie.  ])rincij)les  and 
practice  detailed  in  this  paper  deal  first  of  all  with  what  is 
really  a  bronze,  technically  known  as  Admiralty  gun-ineial, 
and  containing  88  per  cent,  copper,  10  per  cent,  tin,  and  2  per 
cent,  zinc,  according  to  specification.  The  details  of  working 
are,  of  course,  equally  applicable,  witli  tlie  necessary  modifu'a- 


I'ig.  1.— MicitObTRUcxuiiE  OF  Good  Gun-metal.    Maguihed  30  DiauicLcrs. 

lions,  io  the  founding  of  true  brass  containing  only  copper 
and  zinc. 

The  important  point  to  be  consid ered  in  designing  a  brass 
foundry  is  the  provision  of  ample  light  and  ventilation,  and 
this  is  best  accomplished  by  having  high  roofs  copiously  glazed, 
and  provided  with  numerous  openings  through  which  the 
fumes  and  gases  can  escape  readily.  Poor  ventilation  in  brass 
foundries  is  highly  injurious  to  the  health  of  the'  workmen, 
and  the  employer  who  is  interested  in  the  welfare  of  his 
employes  will  give  tlie  subject  of  ventilation  careful  considera- 
tion, and  also  install  good  sanitary  arrangements.  In  many 
of  the  most  up-to-date  foundries'  all  the  eni})loyes  are  provided 
with  lockers,  and  a  sufficient  number  of  wash-basins  are  pro- 
vided for  their  use.  The  expense  of  t hese  arrangements 
quk'kly  repays  itself  by  the  increased  efficiency  of  the  opera- 
tions performed  under  healthful  conditions. 

The  tyj)e-  of  furnaces  to  be  used  will  depend  upon  the  class 
of  】i]etal  employed  and  the  size  of  the  castings  to  be  made. 
For  small  guii-meta】  work  the  ordinary  coke-burning  crucible 
furnace  is  suitable  where  the  output  is  not  large,  but  for  larger 
work  it  is  advisable  to  have  a  reverberatory  furnace  of  con- 
venient size.  The  pot  fires  are  best  arranged  in  a  battery 
1 山 K'e(l  at  floor  level,  in  front  of  vvliidi  n ro  i  lie  asli  pits  covered 
I  y  a  grating  on  which  ih©  inelt'ers  can  stand,  and  belli nd  ihe 
fires  the  individual  flue's  run  into  the  main  flue  coiuie^ted  witli 
the  stack.  The  furnaces  should  be  placed  contiguous  to  the 
metal  store,  moulding  floor,  and  dressing  shop.  At  the  back 
of  the  metal  store'  may  b&  placed  th&  platfonn  at  the  side  of 
tli©  air  furnaces,  in  front  of  whicli  is  arranged  the  moulding 

*  Abstract  of  papov  read  before  the  British  Fouutlvyiin'ii's  AHaociation  Anuual 
Convention,  CardiU,  Au^uhI,  l'Jia. 


floor  and  casting  bed  for  heavy  work.  Th&  drying  stoves  and 
dressing  shop  should  be  located  witliin  short  range  of  the 
furnaces,  and  opposite  them  may  be  situated  a  large  ]i eating 
furnace  for  dealing  with  large  s('ra】）  which  requires  to  be 
broken  before  cliargiug  into  the  air  furnaces. 

Moulding  inadiines'  are  now  almost  universally  used  for 
small  duplicate-  work,  and  are  chiefly  of  th&  stripping-]>late 
variety.  For  heavier  work  plate  jnoulding  is  now  very 
general,  the  pattern  being  made  in  several  parts  whicli  can  be 
fixed  on  the  plates.  The  moulding  boxes  are  lowered  over 
these,  ram  met  I  up，  linished,  and  thoroughly  dried  in  the 
stm'cs.  For  cleaning  u!)  the  mouUls,  compressed  air  is  highly 
advaiita^eous,  and  sliould  wherever  possible  he  led  to  every 
part  of  tlie  foundry  ；  it  is  certainly  nnicli  】nore  efficacious  than 
the  old-fasliioned  bellows.  Tli©  stove  acroinmodation  for 
d rying  large  aiul  small  moulds  must  be  very  extensive.  A 
form  of  double  si ovv  is  iiiaiiuf;utured  which  is  fired  from  the 
side  by  cliar  fires.  Smaller  stoves  】mist  al&o  be  provided  for 
the  drying  of  cores,  the  heating  in  this  case  may  be  done  either 
by  gas  or  char  fires. 

Whilst  as  a  general  rule  it  is  advisable  to  carry  out  the 
casting  of  large  work  in  dry  sand  moulds  it  is  permissible  to 
exerut©  most  of  the  small  work  in  green  sand.  Sands  which 
have  stood  the  "'si  of  long  service  for  tliis  work  are  "  Eritli y} 
and  "  )Sco(<'l)  Ilock,"  the  latter  being  largely  used  for  dry  sand 
work,  the  Eritli  being  highly  suitable  for  green  sand  mould- 
ing. Far  facings,  it  is  customary  to  use  good  blacking  in  tlie 
dry  sait r I  moulds,  but  】uore  often  the  green  sand  work  is  dusted 
with  plimibago  or  terra-flake.  Large  barrel  cores  are  made  up 
of  loam  and  straw,  and  for  small  intricate  cores  a  mixture  of 
finer  sand  with  molasses  and  flour  gives  good  results,  being 
strongly  binding,  porous,  and  easily  removed. 

Each  main  bay  should  b&  & srved  with  at  least  on©  overhead 
ele<-tric  crane,  capable  of  rapidly  lifting  and  transporting  tlie 
heaviest  moulds  to  be  dealt  with,  and  they  can  also  be  made 
to  ]  i  an  die  the  large  ladles  used  for  heavy  casts.  Side  bays  can 
be'  fitted  with  small  overhead  hand  cranes,  as  well  as  hydraulic 
cranes  to  operate  smaller  work  and  aid  in  the  lifting-out 
operation  at  tlie  pot  fires.  For  transporiiiig  】uetal，  small 
moulds  and  (iinshed  castings,  a  narrow-gauge'  tramway  sliould 
be  led  throughout  tlie  shops,  ami  the  bogies  run  on  this  may 
be  made  to  serve  oth-er  useful  purposes.  For  cutting,  riddling 
and  mixing  sancl,  electric  appliances1  are  largely  in  vogue,  and 
possess  special  advantages  in  dealing  with  large  quantities. 

In  working  the  crucible  furnaces,  it  is  convenient  to  have 
ihe  charges  carefully  weighed  out  and  slacked  at  each  fire 
ready  for  charging  and  melting.  By  suitably  arranging  tlie 
draught  &o  as  ta  get  as  complete  combustion  of  the  coke  as 
possible,  a  good  meli&r  is  able  to  take,  off  at  least  four  IGO-lb. 
lieats  from  each  of  nine  furnaces  in  a  working  day  of  9 2  hours, 
and  tho&a  working  with  240-lb.  pots  should  be  able  to  get  out 
at  least  three  liieTts  from  each  of  eight  furnaces  in  tlie  tame 
time. 

There  are  three  important  points  to  be  taken  into  account 
in  good  melting  practice  :  (1)  The'  length  of  time  the  metal  is 
in  1  he  furnace  ；  the  character  of  the  covering  or  flux  ；  and 
(3)  the  teniperature  of  melting  and  casting.  The  time  of  a 
melt  depends  chiefly  on  the  weight  of  the  charge',  and  with  a 
bright  fire  ii  sliould  be  kept  a&  sliorb  as  possible  consistent  with 
the  complete  fusion  and  mixing  of  the  constituents,  as  pro- 
longed " stewing  "  only  tends  to  increased  absorption  of  gas, 
whirh  <-au&3S  blowholes  when  the  metal  solidifies.  One  of  the 
best  coverings  for  rirh  copper  alloys  is  ground  glass,  which 
possesses  t tie  advantages  of  simplicity  and  ('lieapness,  and  this 
is  generally  more  efficacious  in  protecting  the  molten  metal 
1  !i;ni  1 1 1  ( '  "j- ('allpd  "  pHteirt  •'  fluxes.  When  Hit.1  pat^  a  re  drawn 
and  carefully  skimmed,  ih&y  are  covered  witli  a  circular  iron 
lid  with  a  small  pouring  opening,  and  this  waves  most  of  the 
objectionable  zinc  fumes  which  would  otherwise'  be  given  off 
copiously.  The  fuel  use<l  in  melting  is  about  44  per  cent,  of 
1  lir  weiglii  of  metal. 

The  proportions  of  the  charges  for  air  i  uniaros  ； i  weighed 
out  according-  to  the  coni]X)siiion  of  t  he  alloy  rotiuired,  and  the 
inaleriMl  is  coll&cierl  on  tlie  cliarging  ！) latlorm.  Tlie  greater 
part  of  the  cliat^c  mailt"  up  on  iho  inclined  )>ed  of  iln^ 

furnace,  the  fire  is  stalled  in  t  lie  i'orenoon,  and  cliarging  is 
coinpleteil  by  noon.  Witli  a  7-i ons  charge1  the  metal  is  ready 
for  tapping  about  five  in  the  afternoon,  when  the  requisiie  1  in 
is  i\A(]v(\  ； mhI  ； it'"、r  i  horaugli  ml)l)ling;m(l  r('l"';"  i  "g,  the  cliar^e 
is  ready  fur  tapping  in  another  liali'-liour.  It  is  found  ； ulvis- 
ablo  not  io  draw  all  ilu:  metal  off  at  out:  time,  but  io  split 
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the  tap  up  iuto  three  lots  of  about  50  cwts.  each,  rabbling 
between  each  to  minimise  segregation.  Prior  to  casting,  the 
metal  in  the  ladles  should  be  carefully  skimmed  and  covered 
with  a  layer  of  charcoal.  The  fuel  consumption  amounts  to 
about  20  per  cent,  of  the  weight  of  the  charge. 

After  the  castings  have  been  knocked  out  of  the  boxes 
they  are  then  immediately  run  into  the  dressing  shop,  which 


Fig.  2.— MiciiosTRUcTUKK  OP  Gux-aietal,  sihowixg  Dkep-skatkd  Gas  Holes. 
Magnified  60  Diamett  ts. 

should  therefore  be  placed  as  uear  to  the  casting  floor  as 
possible.  In  addition  to  the  ordinary  hand  tools,  very  useful 
littings  are  heavy  sprue  cutters,  handsaws,  pneumatic  chipping 
hammers,  and  grinders.  For  an  easy  method  of  removing 
cores,  and  also  for  imparting  a  splendid  finish  to  the  castings, 
a  sand-blast  plant  is  almost  a  necessity.  This  plant  has  many 
advantages,  and  for  large  outputs  has  almost  completely 
replaced  the  hand-dressing. 

The  large  scrap  from  the  dressing  shop  is  generally  clean, 
and  consists  of  runners  and  fins'  from  the  castings,  the  pouring 
heads  having  been  dealt  with  previously  on  the  casting  floor. 
This  scrap  can  be  sent  back  direct  to  the  metal  store  and  used 
over  again  in  making  up  the  furnace  charges.  It  is  an  impor- 
tant economical  consideration  to  systematically  collect  all  the 
pot  fire  ashes,  crucible  furnace  and  ladle  skimmings,  as  well  as 
the  dust  fi'om  the  dressing  shop.  Riddling  recovers  the  larger 
pieces  of  metal,  but  it  is  advisable,  especially  with  the  furnace 
ashes,  to  crush  these  with  water  in  a  special  forni  of  inclined 
pan  mill  with  heavy  grinding  balls.  The  metal  is  left  in 
nodules  in  the  pans,  whilst  the  finely  powdered  ashes  and 
sniall  metallic  particles  are  washed  over  and  collected  in  a 
settler  for  subsequent  sale.  Such  an  arrangement  is  often 
accountable  for  a  recovery  of  25  per  cent,  of  the  weight  of  the 
aslies  as  valuable  material.  ,  In  cases  where  an  engin&eTing 
shop  is  connected  with  the  foundry,  it  is  highly  advisable  to 
keep  the  borings  and  turnings  as  clear  as  possible  of  iron  and 
steel,  and  further  to  ensure  complete  removal  of  any  chance 
contaiiiiiiations  by  pa&sing  the  metal  through  a  suitable  form 
of  electro-magnetic  separator. 

l?or  the  accurate  control  of  a  brass  foundry  it  is  cKs^ntial 
to  have  a  well-equipped  metallurgical  and  testing  depart  muiit , 
<'S|>fria]ly  when  the  products  have  to  conform  closely  to 
H))o<-ilicatioii.  Accurate  knowledge  of  the  allowances  to  be 
m;i 小'， in  melting  must  be  ascertained,  and  the  aniounl  of 
oxidation  and  volatilisation  losses  under  the  particular  con- 
flHio'is  of  working  must  be  determined  in  order  to  maintain  a 
imiforni  coinposit ion  of  tho  resulting  alloy.  All  wrap  metal 
1 謂 glit  in  should  ha  melted,  cast  into  ingots,  and  stacked  in 
lots  according  to  its  analyses.  The  best  results  are  only 
obtainable  by  making  u，）  the  proportions  of  the'  charge  con- 
stituents from  the  laboratory  analysis,  and  in  order  to  keep  a 
thorough  check  on  the  resulting  melts  it  is  advisable  to  have 
tliese  analysed  also.  All  raw  material,  sucli  as  copper,  tin, 
y」"r，  si-rap,  & (，.，  should  l>e  Ijou^lii  to  analysis,  and  carefully 
clie<  ked  on  delivery  to  ensure  that  it  conforms  to  the  specifica- 


tion. Where  it  is  not  possible  to  pureliase  on  this  basis,  the 
material  ought  to  be  carefully  analysed,  and  ui\kv*\ 
accordingly. 

The  cost  prioe  of  an  alloy  i»  largely  determined  \)y  1  lie  pr"  、： 
of  the  component  parts,  and  when  these  differ  considerably  in 
value,  even  a  slight  variation  in  the  alloy  composii  ion  incroaseis 
its  cost.  With  copper  at  6(1.  per  pound,  and  tin  at  Is.  8d.  per 
pound,  a  true  gun-metal  of  90/10  (■oinposition  would  work  out 
at  61s.  8d.  per  lOOlbs.,  but  if,  by  mixing  anything"  other  t liau 
pur©  metals  without  knowing  the  analysis  tlie  tin  content  is 
increased  to  11  per  cent,  then  the  resulting'  alloy  would  cost 
62s.  lOd.  pe'r  lOUlbs.  Such  a  variation  may  quite  easily  occur 
in  practice  which  is  not  controlled  by  chemical  analysis,  and 
for  a  melt  of  20  tons  per  week  the  loss  would  aniounfc  to  <£2G, 
which  is  equivalent  to'  £1,350  per  aninun .  It  is  evident  that 
in  this  and  similar  cases  the  cost  of  chemical  control  soon  pays 
for  itself  several  times  over. 

Another  fruitful  source  of  loss  in  a  brass  foundry  is  1  lie 
copper  carried  by  the  refuse'  of  various  kinds,  such  as-  aslies, 
skiiniiiings,  floor  sweepings,  broken  crucibles,  &('.  II  is  not 
always  possible  to  erect  plant  in  a  foundry  to  recover  1  he 
metallic  portion  of  this  waste,  but  it  is  certainly  advantageous 
to  dispose  of  it  according  to  the  copper  content  as  flctermined 
by  sampling  and  chemical  analysis,  and  thus  obtain  a  proper 
value-  for  the  material. 

The  most  important  physical  testing  to  be'  done  is  with  tho 
cast  metal  in  order  to  ascertain  if  it  is  up  to  th©  standard 
required,  and  sometimes  this  is  able  to  detect  material  which, 
although  correct  in  chemical  conipositioi"  is  faulty  in  struct ui  l' 
ami  therefore  unsuited  for  service.  When  such  tests  show 
results,  the  fracture  may  reveal  a  possible  source  of  tho 
trouble,  but  in  many  cases  it  does  not,  in  which  case  it  is 
necessary  to  adopt  some  other  method  of  investigation. 

In  addition  to  the'  physical  tests  of  the  alloys,  it  pays  to 
make'  examination  of  thei  various  refractory  materials,  such  as 
firebricks  and  fireclay,  used  in  the  funiaces.  Also  the  various 
moulding  and  core  sands  should  be  tested,  besides  by  analysis, 
for  fineness,  binding  qualities,  refractory  properties,  and 
porosity.  Crucibles  are  an  important  item  of  expense,  and 
every  batch  ought  to  be  tested  for  strength  and  durability. 
The  plumbago  and  blacking  used  for  facings  often  caus3 
trouble  in  practice  unless  carefully  tested  for  impurities  as 
well  as  volatile  matter,  ash  and  carbon  rontent.  It  is 
important  to  keep  a  check  upon  the  heating  power  of  the  fuel 
used,  and  the  coke  used  must  be  one  low  in  sulpliur  and  ash, 
and  not  addicted  to  clinkerinjj,. 

Within  the  last  few  years  great  progress  has  been  made  in 
the  examination  of  the  microstructure  of  alloys,    and  this 


Fig.  3.— Mkkostuucture  of  Ot  n-mltal,  sHo\VT\(i  Stkau  Holes  ne.vb  Surface- 
Magnitictl  3U  Diamctors. 

science  of  nietallogi*apliy  is  becoming  a  most  valuable  aid  to 
the  foundry  metallurgist.  It  is  rapidly  replacing  tlie  older 
jnelliod  of  judging  by  fracf  uro,  and  is  without  doubt  a  more 
certain  guide  to  the  foundrymau  who  wishes  to  escape  the 
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repetition  of  serious  failures  duo  to  causes  other  than  change  of 
chemical  composition. 

The  temperature  of  melting  and  pouring  has  a  great 
influence  on  the  strength  of  gun-metal  castings.  The  chief 
cause  for  the  variations  which  occur  in  the1  quality  of  the  metal 
is  the  different  rates  of  cooling  through  the  molten  condition 
and  complete  solidification.  By  pouring  at  a  suitably  high 
temperature,  which  depends  upon  the  work  in  hand,  the  sand 
of  the  mould  becomes  highly  heated,  so  that  the  freezing  of 
the  metal  is  slower  than  if  the  metal  is  cast  "  dull,"  and 
hence  the  crystals  have  time>  to  grow  into'  a  good  strong  inter- 
locking structure.  This  formation,  is  well  shown  in  Fig.  1， 
whicli  is  th©  photo-micrograph  of  an  Admiralty  gun-nietal  test 
bar  from,  a  casting  poured  at  the  temperature  of  1,100°  C, 
and  slowly  cooled.  The  tensile!  strength  of  this  was  16  tons 
per  square  inch  with  a  24  per  cent,  elongation  on  2in. 

Blow  holes  are  often  troublesome  in  gun-metal  castings  and 
very  materially  reduce  the  strength.  They  may  be'  du©  to  a 
variety  of  causes,  amongst  which  are  dampness  in  the  mould, 
gases  either  entrapped  in  the  mould  or  dissolved  in  the  metal, 
and  metallic  oxides  partly  dissolved  or  mechanically  mixed 
with  the  metal .  They  are  often  so  small  as  to  escape  detection 
unless  under  the  microscope',  and  this  examination  most 
clearly  reveals  their  distribution  and  the  most  probable  source 


Fig  4.— Microstuuctuke  of  Good  Gun-metal,  same  as  in  Fig.  3,  Kemeltkd. 
Magnified  60  Diameters. 

of  ihe  trouble.  When  this  is  known,  tlie  remedy  is  easily 
found.  Fig.  2  shows  one  type  of  blow  hole  deep  seated  in  the 
metal,  aud  evidently  du&  to  gas  inclusions,  which  leave  the 
cavities  quite  clean  but  so  destroy  the  continuity  of  the 
structure  that  the  interlocking  of  the  crystals  is  diminished 
and  the  tensile  strength  much  lowered,  even  though,  as  in  this 
case,  thei  chemical  composition  be  right  and  the  metal 
properly  <*ast. 

When  tlie  blow  holes  are  sharply  defined  but  confined  to 
th©  outer  portions  of  the^  casting,  they  are  more  likely  to  be 
due  to  steam  generated  within  the  mould,  and  this  produces  a 
local  chilling  which  completely  alters  the  structure,  as  seen  in 
Fig.  3.  This  is  the  microstructure  of  a  casting  of  perfectly 
satisfactory  gun-metal  by  analysis,  but  which  in  this  condition 
only  stood  a  tensile  strain  of  5  tons' per  square  inch.  A  simple 
r€】nelting  was  sufficient  to  bring  this  metal  right,  and  Fig.  4 
shows  the  improved  structure  brought  about  in  this  way;  the 
tensile  strength  being  in  this  way  increased  to  16  tons  por 
square  iiu'li. 

The  】）yi(jm('t'er  is  of  greai.  service  in  determining  ihe  teinpe— 
vn\  uro  of  the  metal  before  pouring,  but  ifc  is  not  practicable  to 
observe  tlie  rat©  of  cooling  of  each  casting  and  attempt  to 
regulate  it.  As  gun -metal  cools  from  fusion  it  passes  through 
three  distinct  stages  before  it  reaches  normal  temperature. 
In  the  first  place-  a  solid  solution  of  copper  wiih  a  little  tin  in 
it  sfpai'al cs  out ,  and  tliis  is  known  as  alpha  (a)  constituent, 
wliicli  is  soft  and  ductile.  As  further  cooling  takes  place  th© 
remainder  of  the  metal  solidifies  as  a  second  consiiiueiit  which 


is  a  solid  solution  of  copper  containing  a  larger  amount  of  tin, 
and  this  is  known  as  the  beta  (/3)  constituent.  The'  alloy  is 
now  completely  solid  and  consists  of  primary  crystallite®  of 
alpha  with  areas  of  beta  in  tlie  interstices.  Tlie'  beta  con- 
stituentj  however,  is  not  stable,  and  as  the'  temperature  falls 
to  about  500°  C.，  it  breaks  up  into  a  mixture  of  alpha  con- 


FlG.  5.— MlCHOSTRU(  TUUK  OK  GOOD  GUN-^fETAI^  KHO\VIN<J  ISOLATKU  KlTTliCTIC 

Areas.    Magnified  210  Diameters. 

stituent  and  delta  (8)  constituent,  whicli  is  a  coinpound  of 
copper  and  tin,  having  the  formula  Cii^Sn.  This  is  rich  in 
tin  (about  33  per  cent.)  and  corresponds  very  closely  to 
speculum  metal ，  which  accounts  for  its  hard,  brittle  nature. 
The  alloy  is  stable  at  ordinary  temperature  and  now  consists  of 
a  mixture  of  primary  alpha  crystallites,  darker-etching  littoral 
zones  of  the  same'  constituent,  in  which  is  embedded  tlie  hard 
delta  constituent  wliich  forms  a  eutectic  structure  with  the 
secondary  alpha,  and  remains  whit©  on  etching.  Such  a 
normal  structure  got  on  slowly  cooling  a  gun-metal  casting  is 
shown  in  Fig.  5，  and  illustrates  tho  uniform  distribution  of  the 
white  eu  tec  tic  areas,  completely  surrounded  by  the  soft  alpha 
constituent.      A  test  bar  cut  from  this  metal  stood  16  tons 


FlG.  6.— MlcnoSTIltTCTURK  Ol''  GuN-MLITAL,  sHoWIN(;  ]iuiTTLK  AuiiAN'fiKaiENT  OP 
Eutectic  Aheas.    Magnified  '240  Diameters. 

tensile  strength,  and  showed  an,  elongation  of  24  per  cent,  on 
2in.  For  comparison,  Fig.  6  is  reproduced  to  show  how 
improper  cooling  can  diminish  the  primary  crystallites  of 
alpha  constituent,  and  cause  it  to  be'  almost  surrounded  by  tlie 
white  eutertic  areas.  The'  physical  tests  of  tliis  】imt(M'ial 
sliowe<l  lilt le  diininution  in  the  tensile  strength,  but  the 
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elongation  was  very  adversely  affected,  being  only  9  per  cent, 
on  2in. 

The  enormous  value  of  the  microscopical  examination  must 
be  clear  from  even  these  few  examples,  and  ia  the  last-quoted 
case  it  suggests  that  a  remedy  for  the  low  elongation  results 
could  be  found  by  a  suitable  annealing  of  the  metal  above  the 
temperature  of  500°  C.，  in  order  to  promote-  the  growth  of  the 
primary  alpha  crystallites  aud  the-  absorption  or  balling-up  of 
the  eutectic  areas  into  a  uniform  and  less  harmful  distribution. 
In  fact,  the  more  completely  these  eutectiferous  areas  can  be 
removed,  the  better  the  alloy  becomes,  and  without  doubt  the 
correct  solution  of  most  of  the  common  corrosion  troubles  lies 
in  the  direction  of  completely  eliminating  the  eutectic  from 
the  alloy. 

The  author  takes  this  opportunity  of  expressing  his  thanks 
to  Messrs.  G.  &  J. .Weir,  Ltd.,  of  Cathcart,  for  their  kind 
permission  to  publish  these  observations,  as  well  as  the  photo- 
micrographs made  in  the  course  of  testing. 

Appendix  I. ― Example  of  a  7 -ton  Air-furnace  Charge  Sheet. 
, . . ,         Cast  No.  721. 
Date,  June  3rd,  1912.    Charge  of  No.  1  Admiralty  Gun  metal. 


Charge. 

Copper. 

Tin. 

Zinc. 

Lead. 

Material. 

Weight. 
Cwts. 

Ph 

Per  Cent.. 

Cwts. 
Per  Cent. 

Per  Cent. 

Cwts. 
Per  Cent. 

Per  Cent. 

Cwts. 
Per  Cent. 

Shop  scrap   

Bought-in  scrap  ... 
Machine  borings  ... 
Copper  ingots  ... 
Tin  ingots   

20 
59 
20 
30 
5 

I    O  00  00  00 
O  二  dl  00 

o  "  - 

95 
8-5 
95 

1000 

180 
501 
180 

500 

2-0 
50 
20 

40 
295 
40 

0-7 
10 
08 

14 

59 
l(i 

Total  

140 

12,154 

1,361 

375 

89 

Average  (calculr 
analysis)  

ted 

870 

9-7 

2-7 

063 

(Actual  analysis)  

87-9 

0-5 

20 

060 

Physical  Tests. 


Bar  No. 

Diameter. 
Inches. 

C.S.A. 
S(i.  In. 

Tons. 

Tods  per 
In. 

Elongation. 

On  2in. 

Per  Cent. 

1. 

2. 

51/04 

0-5 
05 

8-1 
8-3  ， 

16-2 
16-6 

In. 
048 
0-44 

240 
220 

Remarks. 

Condition  of  Metal. ― Clean  and  hot,  cast  about  1,100°  C. 
Three  taps,  each  about  50  cwts. 

Time  of  Melting. ― Charged,  10  a.m.  to  12  noon  ；  tapped, 
4-30  p.m. ― 6^  hours. 

Fuel  Consumption. ― 30  cwts.  (Splint  coal). 

Appendix  II. 
Specification  of  Admiralty  Gun-metal. 

Composition. ― Tin,  10  per  cent.  ；  zinc  (max.),  2  per  cent. ； 
copper,  remainder  ；  impurities,  nil.  All  copper  is  to  be  of 
approved  quality.  A  deviation'of  more  than  1  per  cent,  in  the 
specified  composition  is  sufficient  to  condemn  the  material. 

Tensile  Tests. ― The  test  pieces  taken  from  the  casting  have 
to  stand  the  following  tests :  Ultimate  strength,  not  less  than 
14  tons  per  square  inch  ；  elongation  on  2in.，  not  less  than  7*5 
per  cent. 

General. ― The  castings  are  to  be  sound,  clean,  and  free 
from  blow  lioles. 


YARROW  S  WATER-TUBE  BOILER  FITTED  WITH  SUPERHEATER 
AND  FEED  HEATER, 

A  compact  arrangement  of  water-tube  boiler  superheater  and 
feed- water  heater,  in  which  the  tubes  are  all  straight,  has 
been  patented  by  Mr.  A.  F.  Yarrow,  Campsie  Dene,  Blane- 
field,  Stirling,  Scotland.  The  arrangement  is  illustrated  in 
transverse  section  in  the  accompanying  illustration,  in  which 
A  is  the  steam  and  water  drum,  B，  C  the  two  water  drums, 
one  on  each  side  of  the  furnace  D  and  connected  by  generator 
tubes  E,  F  respectively  with  the  steam  drum  A  ;  G  is  the 
superheater  and  H  the  feed-water  heater,  L  and  M  being 
longitudinal  baffles  in  the  steam  and  water  drum  A,  one  oppo- 


site the  ends  of  the  superheater  tubes  and  extending 
upwardly  to  the  top  of  the  steam  drum,  and  the  other 
opposite  the  ends  of  the  feed-water  heater  tubes.  I  n 
order  that  the  superheater  and  feed-water  heater  tubes  G，  H 
may  be  straight  or  substantially  so  and  yet  meet  the  wall  of 
the  steam  drum  A  in  a  substantially  radial  direction,  and 
also  to  avoid  increasing  unduly  the  width  of  the  boiler  while 
securing  sufficient  length  of  superheater  and  feed-heater  tubes, 
the  two  banks  of  tubes  are  disposed,  as  shown,  viz.,  with  the 
collector  N  of  the  superheater  about  as  much  above  the  centre 
of  the  steam  drum  as  the  feed-water  pocket  or  drum  O  is 
below  the  centre.  With  this  disposition  also  and  usin^ 
straight  tubes,  the  ends  of  the  superheater  tubes  G  are 
expanded  into  the  wall  of  the  steam  drum  about  and  above 
the  normal  water  level  in  the  steam  drum,  while  the  feed- 
heater  tubes  are  expanded  into  the  wall  of  the  drum  A  about 
and  below  the  normal  water  level. 

When  it  is  desired  to  make  provision  for  using  either  the 
whole  boiler  or  either  half  only  of  the  boiler  at  will,  a  plate 
S，  extending  longitudinally  above  the  steam  and  water  drum 
A  along  the  whole  length  of  the  boiler,  divides  the  uptake 


Yarrow's  Water-tube  Boiler  Fitted  with  Superheater  and  Feed  Hkatkb. 

into  two  parts,  J,  K，  the  furnace  gases  which  traverse  the 
tubes  E，  G  passing  upwards  through  uptake  J，  and  the  gases 
which  traverse  the  tubes  F,  H  passing  through  uptake  K. 
These  uptakes  are  provided  with  clampers  T，  IJ  respectively 
mounted  to  rotate  upon  horizontal  axles,  each  provided  with 
a  quadrant  rack.  These  racks  are  rotatable  by  means  of 
pinions  or  worms  carried  upon  spindles  journalled  in  brackets 
at  the  end  of  the  boiler  and  rotatable  by  means  of  the  hand 
wheels  P.  The  damper  axles  have  arms  Q  rigid  therewith, 
and  these  arms  are  coupled  by  means  of  a  link  R，  which  is 
connected  pivotally  with  one  arm  and  through  a  pin  and  slot 
connection  with  the  other  arm.  The  link  R  and  slot  are  of 
such  lengths  that  the  dampers  T，  U  cannot  both  be  com- 
pletely closed  at  the  same  time,  while  they  may  be  both  com- 
pletely open  at  the  same  time,  or  either  of  them  partially  or 
completely  open  while  the  other  is  comjjletely  or  partially 
closed. 


Another  Aviator  Killed. ― Mr.  R.  C.  Femvic'k,  engaged  in 
tlie  military  aeroplane  tests  at  Larkhill  Camp,  Salisbury 
Plain,  was  killed  on  the  13th  inst.  as  the  result  of  a  fall  from 
his  machine.  It  is  supposed  that  a  sudden  gust  of  wind  over- 
balanced the  monoplane,  which  is  a  very  small  machine,  while 
it  was  flying  at  a  height  of  two  or  three  hundred  feet.  It  fell 
like  a  stone  and  was  dashed  to  pieces.  The  aviator  was  killed 
instantly. 
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Speed  of  hot  gas,  feet  per  second. 
Fig.  2. 

15,  when  an  Longridge. 


how  tlve  wall  temperature  varies  as  the 
gas  speed  increases  with  different  rates  of 
water  circulation,  the  gas  temperature 
remaining  at  1,500°  Fah.,  and  the  water 
at  350°  Fall.  The  latter  figure  gives 
roughly  the  amounts  of  heat  which  can 
be  transmitted  for  the  three  water  speeds 
of  10ft"  1ft. ，  and  0'lft.  per  second,  whilst 
the  gas  speed  increases  up  to  500ft.  per 
second. 

In  Fig.  2  the-  circles  near  the  origin 
show  the  region  in  which  presentrday 
boilers  usually  work  ；  the  gas  sp&eds  being 
from  10ft.  to  30ft.  per  s&cond,  and  the 
heat  transmissions  from  2,000  to  8,000 
thermal  units  per  square  foot  per  hour. 
The  dimension  line  on  the  same  figure 
shows  the  region  in  which,  according  to 
the  author,  they  should  be  made  to  work, 
namely,  with  gas  speeds  up  to  250ft.  per 
sacond,  and  heat  transmissions  up  to 
40  or  50  thousand  units  per  square  foot 
per  hour.  The  latter  figure  has  already 
been  reached  by  the  author  in  the  experi- 
mental boiler  trials  made  by  Mr.  Michael 
To  these  further  reference  will  be  made'  in  the 
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BOILER  ECONOMICS  AND  THE  USE  OF  HIGH  GAS  SPEEDS/ 


BY  J.  T.  NICOLSON. 


Part 


-Introductory. 


In  a  lecture  delivered  by  the'  author  in  January,  1909， 十 
experimental  evidence'  was  brought  forward  to  prove  that  the 
amount  of  heat  transferred  from  hot  air  to  a  metal  surface  is 
almost  in  direct  proportion  to  the  difference  of  their  tempe*- 
ratures  and  to  the  product  of  the'  speed  of  movement'  and 
density  of  the  air.  This  law  was  enunciated  for  fluids  gene- 
rally in  1874  by  Prof.  Osborne  Reynolds,  as  a  result  of  the 
then  recently  discovered  kinetic  theory  of  matter,  but  without 
serious  experimental  proof.  That  the'  law  held  for  water  on 
opj^osite  sides  of  a  metal  wall  was  demonstrated  in  1897  \  by 
Dr.  T.  E.  Stanton,  a  pupil  of  Prof.  Osborne'  Reynolds.  In 
the  same  year  Prof.  Jolui  Perry  attacked  the  subject  in  his 
book  on  the  "  Steam  Engine,"  and  showed,  in  striking  fashion, 
what  great  improvements  might  be'  expected  in  boiler  practice 
if  Prof.  Osborne  Hey n olds'  views  were  correct  and  could  be 
embodied  in  actual  steam  generating  plants.  The  first  oppor- 
tunity for  making  experiments  on  the  laws  of  heat  transference 
from  gases  to  liquids  across  a  metal  wall  under  high  sp&ed 
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mean  depth,  of  the  pipes  or  flues  through  which  tlie  gas  is 
flowing,  and  upon  i  he  naturo  of  tho  metal  surface  in  coul  ； u-l 
with  the  gas. 

The  author  has  reason  to  believe  that  the  expression 
referred  to  gives  a  good  fust  approximation  to  the  true  law, 
and  that  it  liolds  for  nearly  all  the'  varied  conditions  of  Ileal 
transmission  "which  are  me>i  with  in  practice;  but  it  is  of  too 
complex  a  form  for  use  in  cases  where  varying  gas  and  water 
temperatures  render  integration  necessary.  It  appears  prefer- 
able for  the  purposes  of  boiler  design  to  make  allowance®,  once 
for  all,  for  these  factors  to  suit  each  typo  of  boiler,  or  to  meet 
tlie  different  coiKlitions  in  each  part  of  a  given  boiler,  so  tliat 
a  simple  expression  for  the'  lieat  flow  depending  only  on  the  gas 
density  and  speed  and  the  temperature  difference  between  tlie 
gas  and  plate  may  be  employed.    Such  a  formula  is  ： 一 

Q  =  clVlux(T-e)  (2) 

in  which  the  value  for  the  constant  may  vary  at  most  from 
3  to  6.  Similarly  for  the  flow  from  plate  to  water,  Dr.  Stan- 
tons  experiments  liavo  shown  that  ： ― 

Qz  =  c2p2u2{6-t)  (3) 

where  r2  does  not  vary  much  from  6.    Tlie  physical  results  of 
different  values  of  the  ratio  of  x).2u2  to  jy1uL  in  these  two 
formulae  are    best    understood    by  an 
examination  of  the  diagrams   given  in 


conditions,  took  place  in  th©  early  part  of  19C 
apparatus  was  constructed  at  the  works  of  Messrs.  Joseph 
Adamson  &  Co.,  for  cooling  compressed  air  flowing  through  a 
pipe  by  means  of  a  coun tor- flowing  current  of  cold  water. 
Further  experiments  with  air  and  superheated  steam  were 
made  by  the'  author  and  by  his  pupil,  Mr.  (now  Prof.)  H. 
P.  Jordan, §  at  the  Manchester  Municipal  School  of  T^<_'lino- 
logy  during  1906  and  1907.  Finally,  during  1908  and  1909， 
the  author  constructed  an  experimental  boiler  to  test  the 
validity  of  Prof.  Osborne  Reynolds'  law  when  applied  to  the 
actual  products  of  combustion  ；  and  in  October,  1909，  Mr. 
Michael  Longridg©  conducted  trials  extending  over  six  days 
upon  this  plant.  The  object  of  the  present  paper  is  to  give 
some  account  of  the  results  obtained  with  this  experimental 
boiler,  and  to  deduce  tlie  bearing  of  the  newly  obtained  data 
upon  boiler  practice. 

In  tlie  paper  above  referred  to,  the  author  gave  Prof. 
Osborne  Reynolds'  formula  for  the  rate  of  heat  transmission 
from  gas  to  plate  in  a  somewhat  elaborate  form. ||  He  had 
found  from  an  examination  of  many  boiler  experiments,  and 
from  tlie  experiments'  with  compressed  air  and  superheated 
steam  wliich  lie  himself  liad  carried  out,  that  the  rate  of  heat 
transmission  depended  not  only  on  the'  speed -density  product, 
but  also  to  90m©  extent  on  tli6>  average  value'  of  the  gas  and 
wall  teniDeratures',  on  tlie  diameter,  or,  rather  the  hydraulic 

*  I'jiiicr  read  bcfttrt-  tlie  Institution  of  Knaiiu^evs  and  Shii>huil(lers  of  Scotlaud. 
十 Trans.  Junior  Inst,  of  Eng.  Vol.  XIX.,  February,  1909. 
t  Tnini.  Uoval  Society,  Vol.  CXCIX.,  pp.  G7-R8  (1897). 
S  Trans.  Juninr  Inst.  Knu.  ]).  23fi,  K (！ bruary,  HKM). 
II  Proc.  Inst.  Mecli.  Eng.,  p.  1,012 下 October,  1909 


appropriate  place.  Applying  such  a  formula  to  the  case'  of  an 
ordinary  smoke-tube  boiler,  it  is  easy  to  calculate  thei  chimney 
temperature,  if  tlie  firebox  temperature  is  known.  The 
curious  fact  then  appears  that  the  drop  of  temperature  between 
firebox  and  smokebox  does'  not  at  all  depend  upon  the  inere 
magnitude  of  the  heating  surface,  as  is  usually  supposed  ；  but 
only  upon  the  ratio  of  the  length  of  th&  tuSes  to  their 
diameter,  or,  what  is  the  same'  thing,  the  ratio  of  the  total 
area  of  heating  surface  to  the'  cross-sectional  area  of  all  the 
tubes  or  flues  for  gas.  In  fact,  the  chimney  temperature  for  a 
given  constant  furnace  temperature  remains  the'  same  whether 
a  boiler  has  500  tubes  or  only  100，  provided  tlie'  water  circula- 
tion is  properly  attended  to.  Thus  it  will  be  seen  that,  if  it 
be  possible-  to  force  the  gases  through  the  smaller  area,  a  boiler 
of  correspondingly  small&r  heating  surface',  weight,  and  cost 
can  be  constructed  to  give  the  same  efficiency  of  heat  trans- 
mission as  before.  A  considerable  drop  of  pressure,  owing  to 
hydraulic  resistance,  takes  place  in.  the;  gas  between  firebox  and 
smokebox  when  the  products  are  forced  through  such  narrow 
flues  at  a  high  speed  ；  and  the  first  cost  and  running  expenses 
of  an  exhausting  fan  of  gr eater  or  less  power  have'  to  be 
incurred  to  do  the  work.  This  is  thei  per  contra  to  be'  faced 
when  tlie  endeavour  is  made'  to  design  a  boiler  of  the  smaller 
size  and  weight  here'  contemplated.  The  problem  under  con- 
sideration is  to  find  how  far  it  will  pay  to  go  in  the  direction 
of  increas©  of  the  gas  speed  through  th©  flues  of  a  boiler,  and 
to  see  whether  the  design  of  the  steam  generator,  as  now  made, 
<-annot  be  improved  by  the'  use  of  a  powerful  draught,  a  liigh 
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gas  speed,  and  a  smaller  heating  surface.  At  first  it  may 
appear  that  this  is  a  mere  restatement  of  the  old  problem  of 
forced  or  induced  draught  and  its  best  intensity ― a  problem 
which  seems  to  have  been  solved  in  practice  by  restricting  the 
pressure  difference  to  such  moderate  values  as  3 in.  or  in .  of 
water  gauge  between  ashpit  and  chinuiey. 

There  is,  however,  a  fundamental  (difference  between  the 
system  now  proposed  and  all  other  forced  or  induced  draught 
systems.  It  lies  in  the  fact  that  the  high  draughts  employed 
do  not  necessarily  involve  high  rates  of  combustion  on  th© 
grate.  No  matter  how  great  the  difference'  of  air  pressure 
between  furnace  and  funnel  may  be,  that  between  furnace  and 
ashpit  need  not,  and  preferably  should  not,  b©  greater  than 
what  is  commonly  employed  wlien  firing  under  "  natural " 
draught  ！  It  may,  for  example,  be  fouiul  that,  for  a  certain 
type  of  boiler  a  vacuum  of  20in.  of  water  at  the  fan  suction 
gives,  on  the  whole,  the  most  economical  results,  whilst,  at  the 
same  time,  it  will  appear  that  the  rate  of  firing  should  be 
limited  to  such  moderate  amounts  as  2 5 lbs.  or  301bs.  of  coal 
per  hour  per  square  foot  of  grate  surface.  In  such  a  case 
almost  the  whole  of  the  20in.  of  draught  is  spent  upon  drawing 
tlie  gases  through  the  flues  at  high  speed,  in  the  evaporating 
and  economising  portions  of  the  boiler  ；  whereas,  with  the 
systems  hitherto  used  the  greatest  resistance  to  the  passage  of 
the  gas  has  always  been  offered  by  the  fire  itself,  and  a  high 
blast  meant  a  thick  fire  and  a  liigh  rate  of  firing.  It  will 
probably  be  admitted  by  all  engineers  as  axiomatic  that,  up  to 
tlie  present  time,  when  forced  or  induced  draughts  have  been 
made  use  of,  a 】iigh  rate  of  combustion  has  always  been  con- 
templated as  part  of  the  system.  It  is  well  known  that  with 
such  forced  combustion,  a  smaller  air  supply  and  a  hotter  fire' 
is  obtained.  The  heat  radiated  to  the  furnace  crown  from  the 
fire,  and  the  heat  given  up  by  the  gases  to  the  plates  and  tubes 
are  consequently  both  increased  by  this  means,  and  a  consider- 
ably greater  evaporative  power  is  possible  from  a  boiler  using 
forced  firing.  Not  only  so :  but  it  has  been  found  that  not- 
withstanding the  higher  chimney  temperatures  which,  in 
accordance  with  what  has  already  been  stated,  result  from  the 
rise  of  the  furnace  temperature  under  forced  draught,  the 
amount  of  heat  finally  lost  in  the  waste  gases  is  actually 
reduced  when  the  fire  is  forced. 

Why,  then,  it  may  well  be  asked,  have  engineers  stopped 
short  with  such  moderate  draughts  as  those  indicated  above ~~ 
draughts  which,  as  many  will  recall,  are  much  smaller  than 
what  were  quite  commonly  in  u&e  15  or  20  years  ago,  more 
especially  in  tlie  Royal  Navy,  and  which  are  now  daily  in  use 
on  locomotives.  The  answer  given  by  most  engineers  would 
probably  be  that  troubles  due  to  overheating  and  leaking  tub© 
ends  had  had  a  good  deal  to  do  with  tli©  matter  ；  but  the 
author  suggests  that  this  can  hardly  be  the  true  cause  for  high 
draughts  having  ceased  to  be  th&  fashion,  because  there  is 
really  no  difficulty  with  water-tube  boilers  of  tlie  Yarrow  or 
Thornycroft  types  (or  any  type  of  boiler  with  a  really  rapid 
water  circulation)  in  entirely  preventing  injury  to  the  tubes 
even  when  the  fires  are  forced  to  any  possible  extent,  so  that 
evaporations  of  40  or  more  pounds  of  steam  per  square  foot 
per  hour  are  attained.  The  real  reason,  and  onei  which  the 
author  ventures  to  think  has  not  been  very  generally  appre- 
t  iated,  is  connected  with  the  ultimate  economy  of  tlie  system. 

It  has  been  found  that  very  powerful  draughts  accom- 
panied, as  described,  by  high  rates  of  combustion,  do  not  prove 
to  be  economical  ；  and  the  author  proposes  now  to  try  and 
sliow  that  the  high  rates  have  been  abandoned  because  the  heat 
losses  incurred  in  the  furnace  more  than  discount  the  dimin- 
ished chimney  loss,  the  reduced  heating  surfaces,  and  lighter 
boilers  which  they  rendere<l  possible,  and  a  reactionary  era  of 
moderate  draughts,  for  naval  and  marine  work ,  and  even  of 
natural  or  chimney  draught  for  land  work,  has,  in  conser 
fjuence,  set  in.  The  object  in  reading  this  paper  is  to  main- 
tain that  this  is  a  retrograde  step,  and  that  tlie  design  of  a 
steam  generating  plant  on  rational  lines  will  lead  not  only  to  a 
return  to  the  high  (forced  or  induced)  draughts  which  were 
formerly  in  vogue,  but  even  to  draughts  tliree  or  four  times  as 
great  as  had  ever  yet  been  attempted. 

In  elucidating  tlie  matter,  it  will  bo  well,  first,  to  take  up 
the  problem  of  tlie  furnare,  and  to  show  in  what  way  the  total 
efficiency  of  the  boiler  is  finally  reduced  by  increasing  tlie 
rate  of  firing.  Then,  taking  up  the  question  of  heat  trans- 
mission from  gas  to  water,  to  endeavour  to  show  what  has 
been,  and  can  be,  done  by  means  of  a  high  blast.,  with  its 


accompanying  great  velocity  of  gas  flow,  in  mlm'ing  tlie  area 
of  the  heating  surface  necessary  for  a  given  power,  without,  at 
t-lie  same  time,  diminishing  the  net  efficiency  of  t  lu*  system. 

Finally,  the  author  will  consider  the  matter  of  the  total 
annual  cost  to  th©  user  of  the  generation  of  a  given  quantity 
of  steam  for  ]>ower  purposes-,  and,  having  ledm-ed  the  various 
items  to  a  series  of  curves  of  cost  on  a  base-  of  gas  velocity, 
or,  what  is  the  same  thing,  of  draught  pressure,  he  will  ask 
whether  he  has  not  proved  the  proposition  that  (at  all  events 
for  naval  an^l  marine  purposes,  and  for  power  stations,  where 
space  was  Valuable)  a  much  higlier  draught  pressure  should 
be  resorted  to  tlian  liad  hitherto  been  usual . 

Part  II. ― Furnace  and  Chimney  Lossks,  and  the  Most 
Efficient  Kate  ok  Comiiustion. 

In  aU  ordinary  boilers  there  are  two  chief  sources  of  loss 
of  efficiency.  They  are',  first,  furnace  loss  ；  second,  cliininey 
loss.  Furnace  loss  is  that  fraction  of  the  total  heat  in  the  coal 
which  goes  to  waste  on  account  of  the  imperfect  combustion 
or  the  non-combustion  of  parts  of  its  constituents.  Chimney 
loss  is  that  fraction,  of  the  coal  heat  which  go&s  to  waste  by 
reason  of  the  products  of  combustion  leaving  the  boiler  at 
temperatures  higher  than  that  of  the  entering  feed. 

Furnace  Loss.  It  is  well  known  that  in  every  boiler  fur- 
nace a  certain  proportion  of  the  coal,  greater  or  smaller,  is 
not  completely  burned  to  carbon  dioxide,  but  is  only  partially 
burnt  to  carbon  monoxide.  It  also  frequently  happens  that 
quantities  of  hydrogen,  marsk  gas,  and  other  hydrocarbons 
escape  from  the  boiler,  wholly  or  partially  xinburnt.  It  is 
also  known  that  these  actions  are  much  more  likely  to  take 
place  with  high  rate's  of  firing  than  with  low.  With  heavy 
firing  the  fires  are'  much  thicker,  less  air  is  supplied  per 
pound  of  coal,  and  there'  is,  accordingly,  less  chance  of  that 
intimate  mixture  of  tlie'  fuel  and  the  air  which  is  necessary 
to  avoid  the  escape  of  unburnt  gas.  But  the  chief  source  of 
loss  in  the  furnace  is  the  blowing  out  of  the'  fire  of  coal  dust 
and  small  coal,  which  is  carried  right  through  the  flues  with- 
out being  burnt,  and  goes  away  up  the  chimney.  At  low 
rates  only  very  fine'  dust'  escapes  in  this  way,  and  the-  action 
is  possibly  unimportant ;  but  with  the  fierce  blast  of  a  loco- 
motive running  at  full  speed  (lOin.  water  gauge  or  more), 
there,  is  a  constant  rain  of  quite  larg&  pieces  of  coal  from  the 
top  of  thei  funnel,  and  by  far  the  greatest  proportion  of  all  the 
loss  incurred  in  the'  furnace  is  due  to  this  cause. 

The  papers  recently  read  in  London  by  Mr.  Brislee  and 
Mr.  Law  ford  Fry  have  emphasized  this  matter,  and  from 
the  figures  and  diagrams  giv&n  by  tlie'm  the  author  finds  that 
a  roughly  correct  law  he  had  previously  deduced  from  the 
French  experiments  may  b&  used  here,  namely,  that  tlie  com- 
bined loss  of  heat  due  to  imDerfect  combustion  and  coal  blown 
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Fig.  2a. 

away  amounts  to  50  F.Th.U.  per  pound  of  coal  ；  where  F  is 
the  rato  of  firing  in  pounds  of  coal  per  square  foot  of  grate 
per  hour.  Thus,  if  Q  denotes  the  calorific  value  of  the  coal 
used,  then  the  heat  actually  generated  in  the  fire  is ~ 

Q0  =  Q-50  F.Th.U.  per  lb.  of  coal  .  .  (4) 
In  boilers  of  ordinary  design  this  50  F  is  a  total  loss,  the 
unburnt  gases*  and  small  coal  being  carried  away  to  the 
chimney  without  making  any  further  addition  of  heat  to  the 
products  of  combustion.  In  Figs.  3  and  4  this  loss  has  been 
plotted  and  marked  "  furnace  loss  "  ；  but  the  author  has  there 
used  a  slightly  more  complex  expression  for  the  loss  which 
lie  believes  to  be1  more  correct,  namely ~ 

Q,,  =  Q  — (500  +  50F)  (5) 
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caused     of  grate  per  hour  is  h{i  (A+  1)  F  (T  -  60).    Therefore  ihe  heat 
which      equation  for  1  sq.  ft.  of  grate  may  be  written  as  follows  ： ― 
'ee  also  /*        、  i 

(Q -  50F)F  =  1600(D       (A  +  1(F(t0 
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Fig.  4a. 

From  the  study  of  many  boiler  trials  tho  author  has 
deduced  as  an  expression  for  the  amount  of  air  supplied  per 
pound  of  coal  with  good  firing— 

A  =  3^0— +  91bs.  per 】b.  of  coal      .    •    .  (U) 
Substituting,  therefore,  in  (10)  for  A  +  1  the  expression ― 

字 +10 
the  heat  equation  reduces  to ~ 

(TO))4+  (46'9)  +  1563F(l^)  + 剥 +  0'812F， 

which  is  of  the  form ― 

x4  +  Bx+C  =  0  .    •    •    .    •    .    •  (10b) 

This  can  easily  be  solved  by  trial 
and  error  with  a  slide  rule  or 


Kurnacc  and  chimney  losses  (orJinary  boiler). 
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to  fall.  One  ought  to  expect  an 
increase  of  the  furnace  tempera- 
ture with  an  increased  rate  of 
combustion,  because  less  air  is 
- supplied  per  pound  of  coal,  and 
there  is，  consequently,  a  smaller 
weight  of  products  to  be  heated 
up.  Recalling,  however,  the  fact 
that  the  heat  actually  generated 
in  the  fire'  per  pound  of  coal 
gets  less  and  less,  owing  to  im- 
perfect combustion  and  coal  dust 

Table  I. ―  Values  of  the  Furnace  Losses  per  Pound  of  Coal, 
with  Different  Bates  of  Firing. 
Calorific  value  of  coal,  Q=  14,500. 


Rate  of  combustion. 


grate. 


'          r  lbs. 

10 

50 

30 

40 

CO 

80 

100 

50  F. ' 

500 

1.000 

1,500 

2,000 

3,000 

4.000 

5,000 

Q— 50  F. 

14,000 

13,500 

13,000 

12,500 

11,500 

10,500 

9.500 

,Q— (500+50F). 

13,500 

13,000 

12,500 

12.000 

11,000 

10,000 

！  1.000 

ntitv     blown  away  the  harder  one'  fires,  it  will  readily  appear  that 
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of  the  furnace  temperature,  increasing  and  diminishing  tl 
with. 

Furnace  Temperature.  ― It  is  now  necessary  to  find  the 
nace  temperature  as  dependent  upon  the'  rate  of  combu& 
The  heat  generated  in  t'he'  fir©  per  square  foot  of  gral 
obviously  Q0'F.    This  heat  is  disposed  of  in  two  ways 

(1)  By  radiation  from  the  fire  surface  to  the  furnace  pi 

(2)  By  heat  communicated  to  ihe  products  of  combus 
their  temperature  being  thereby  raised  from,  60°  to  T0. 

By  Stefan  and  Boltzmann's  law  of  radiation  the  qua; 
of  heat  radiated  per  hour  per  square  foot  of  fire  surface  is ~ 


11=1600 


T0 

1000 


Th.U. 


(9) 


Where  t0  =  T0  +  461,  the  absolute  temperature  of  the  fire  sur- 
face.   The  lieat  received  by  the  furnace  gases  per  square  foot 


this  source  of  loss  \yil]  presently  overtake  the  gain  due  to 
diminished  air  supply,  the  furnace  t€>mperat.ur©  curve  will 
rise  less  and  less  steeply,  and  will  ,  finally  attain  a  maximum. 
It  will  afterwards  fall.  On  the  same  diagram'  the1  observed 
furnace'  temperatures  given  by  Mr.  Lawford  Fry  have  also 
been  plotted,  and  a  fair  curve  drawn  through  them. 


Heating  b 
Grate  / 


urtace 


graphically  ；  and  the  values  of  t0 
and  Trt  so  obtaiiied  have  been 
written  out  in  Table  II. ，  and 
plotted  on  Fig.  5. 

It  .will  be  seen  that  the  fur- 
nace temperature  as  thus  deter- 
mined rises  very  rapidly  at  first 
as  F  increases,  reaches  a  maxi- 
mum for  F  =  80，  and  then  begins 


The  additional  term  is  intended  to  cover  the'  loss 
by  droppings  into  the'  ashpit,  and  other  slight  losses 
occur  in  all  cases  whatever  thei  rate  of  firing.  (5 
Table  I.) 

Chimney  Loss. —— The  evaluation  of  this  loss  in  therm 
is  got  very  simply  by  multiplying  the'  thermal  capacit 
weight  of  gas  produced  by  lib.  of  coal  by  the  d: 
between  the  chimney  and  ashpit  temperatures.  Thus  < 
loss  equals ― 

k})  (A  +  l)  (T3  -  60。）  Th.U.  per  lb.  of  coal  . 
Here  A  =  weight  of  air  supplied  per  lb.  of  coal  (lbs 
kv  =specific  heat  of  products. 
T3  =  chimney  temperature  of  gases  (Fab.). 
60°  =  "  ashpit  "  or  entering  air  temperature  (F 

Obviously,  T3，  the  chimney  temperature,  must  hi 
in  order  to  determine  this  loss  ；  and  it  is  well  known 
temperature  at  the-  base  of  the  chimney  rises  and  f< 
certain  extent  with  the  rise  and  fall  of  the  furnace' t 
ture.    By  a  formula  deduced  elsewhere  it  is  shown  tha 

T=clog^ …一 


or  €  a=lAZl 
T3  — 《 


where  .9  =area  of  heating  surface  in  square  feet. 

a  =cross-sectional  area  of  flue  in  square  feet. 
Tt  =  furnace  \ 
T3  =  chimney  [temperatures, 
t  =  steam  ) 

Hence  : — 


from  which  it  will  be  seen  that,  for  a  boiler  of  given  。 
section  ratio,"  tho  chimney  temperature  is  a  linear 
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out.  On  Fig.  5  has  also  been  plotted  a  curve  of  total  radiation 
from  the  fire  surface  to  the  firebox,  in  thermal  units  per 
square  foot  of  fire  surface  per  hour,  according  to  the  law ― 


R=  1600 


T0 

^TOOO 


On  the  same  figure  it  is  also  found  a  curve  of  the  values  of 

A  +  1  =       4- 10  the  weight  of  tlie  products  of  combustion  per 

pound  of  coal  with  good  ordinary  hand  firing.  It  is  now  easy 
to  find  T3,  the  chimney  temperature  for  the  various  given 
values  of  T。  (or  Tx)  by  equation  (8).  The  results  have  been 
plotted  on  the  Figs.  3  and  4  already  referred  to.  Finally, 
by  using  expression  (6),  the  chimney  loss  can  be  calculated, 
and,  by  adding  it  to  the  furnace  loss,  the  whole  loss  of  heat 
in  the  boiler  due  to  these  two  causes  together  far  various  rates 
of  firing  may  be  found.  The  results  are  given  in  the  annexed 
Table  III.,  and  plotted  on  Figs.  3  and  4. 

In  Fig.  6  the  quantities  under  discussion  have  been  re— 
plotted  in.  order  more  clearly  to  bring  their  relationship-  to 
each  other  and  to  the  total  efficiency  of  the  boiler  into  view. 
The  line  D  E  represents  by  its  height  above  the  bas©  the 
calorific  value  (reckoned  above  60°  Fab.)  of  the  coal  used. 


the  large  amount  of  air  supplied,  more  than  makes  up  for 
this.  For  higher  rates  the  chimney  loss  gets-  less,  but  imper- 
fect combustion  and  dust  blown  out  of  the  fire  does  away  with 
the  advantage.  The  temperature  of  the  waste  gases  naturally 
depends  on  the  length  of  the  flues  through  which  tliey  pass, 
and  in  Figs.  3  and  4  the  author  has  plotted  these,  tempera- 
tures and  the  curves  of  furnace,  chimney,  and  total  loss  for 
two  different  bailers,  one  having  long  tubes  and  the  other 
short  ones.  It  will  be  observed  that  tTiere  is  very  little  diffe- 
rence in  the  value  of  the  most  -economical  rate  of  firing  in 
the  two  cases.  Tho  minimum  waste  of  heat,  due  to  furnace 
and  chimney  loss  combined,  takes  place  in  both  boilers  for  a 
rate  of  firing  somewhere  between  201bs.  and  301bs.  per  square 
foot  of  grate  per  hour. 

Part  III. ― Possibility  of  Recovery  of  Furnace  Losses  by 

THE  USE  OF  A  EeVERBEBATORY  CHAMBER. 

Boiler-heat  Diagrams. 
The  correctness  of  this  conclusion  (which  the  author 
believes  has  not  been  previously  pointed  out)  depends 
altogether  on  whether  the  furnace  loss  should  be  assumed  to 
b©  a  total  loss  or  not.  There  can  be'  no  doubt  that  a  loss  of 
50  F  units  of  heat  per  pound  of  coal  is  caused  in  present-day 


Table  II. ― Fire  Temperatures  with  Different  Bates  of  Firing.     Also  Radiation  per  Square  Foot  of  Fire  per  Hour  and 

j)cr  Pound  of  Coal. 


f.V)al  burnt  per  hour  per  sq.  ft. 

(F) 

10 

20 

30 

40 

50 

60 

80 

100 

120 

Fire  temperature  (abs.) 

(r0) 

1,810 

2, 細 

2,6ti") 

2,8fi0 

2,080 

3.070 

3.12.5 

3.100 

3.0fi0 

Fire  tern peraturc  °  Fah. 

(T„) 

1 ,350 

1 .000 

2.20o 

2.400 

2.520 

2,(il0 

2.f)(5o 

2,040 

2,000 

Fiadiation  per  hour  per  sq.  ft.  of  fire 

sur- 

face 

(R) 

17,2(10 

40. (>()：) 

81 .000 

108,000 

126,000 

142,500 

152,800 

147.600 

120.000 

J?;idi;ition  per  pound  of  roal 

1.720 

2,480 

2.700 

2.700 

2.520 

2.375 

1,010 

1,470 

1.000 

The  sloping  dotted  line  D  D  shows  the'  heat  generated  in  the 
fire  per  pound  of  coal,  Qo  =  (Q-50  F)  ；  so  that  such  an  ordi- 
nate as  ed  represents  tlie  furnace  loss  (50  F)  for  F  =  75.  The 
dotted  curve  B  B  is  set  down  from  D  D  in  such  a  way  that  any 
onlinate  dh  represents  the  chimney  loss  (as  already  plotted 
on  Fig.  3).  Thus  the  whole  lieiglit  oet  representing  the  total 
heat  in  the  coal,  and  the  height  ed  +  <lh  eh  giving  the'  sum  of 
tlie  furnace  and  chimney  losses,  it  will  be  see-n  that  the  ordi- 
nate "h  represents  the  total  heat  (per  pound  of  coal)  trans- 
ferrwl  to  the  water,  of  wlii('l)  on  is  the  fraction  transferred 


furnaces,  as  ordinarily  designed,  when  coal  is  burnt  at  tlie 
rate  of  F  lbs.  pe»r  square  foot  of  grate  per  hour,  and  that  this 
loss  is  not  recovered  at  all.  But  the  question  arises:  Is  it 
not  possible  by  means  of  a  better  construction  to  get  back 
these  losses  due  to  unburn t  gas  and  coal  dust,  by  a  process  of 
after-burning  in  a  reverberatory  chamber,  for  example  ；  so 
that  tli€>  50  F  thermal  units  per  pound  of  coal  may  be  wholly 
or  partially  recovered,  being  returned  as  heat  to  the  products 
in  the  reverberatory  chamber,  and  so  made  available  for 
transfer  to  the  water  ？      In  this  case  the  only  loss  would  be 


The  theoretically  determined  values,  which  lie  well  above 
those  given  by  experiment,  are  believed  by  the  author  to  be 
more  nearly  the  true  values  of  the  furnace  temperature  than 
tliose  given  by  tlie  pyrometer.  It  is  practically  certain  tliat 
all  observed  furnace  temperatures  taken  by  pyrometers  are 
too  low.  It  is  almost  impossible  to  perfectly  shield  tlie 
receiver  of  the  pyrometer  and  prevent  it  from  itself  radiating 
away  heat.  Thus,  it  only  records  the  temperature  due  to  the 
difference  between  the  radiation  it  receives  and  what  it  gives 
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by  chrer.f-.  rarliation,  and  nh  tliat  transmitted  t'lii'ough  tlie  con- 

vective  Iieatine  surface.    Thus,  1  lie  ratio—  =  t  is  tlie  l>oiler 

oe 

efficiency,  and  a  scale  marke<l  on  tlie  right  sido  of  tho,  figure 
measures  tliis. 

It  is  now  clear  from  Figs.  3，  4，  and  G  that  the  】nost  effi- 
cient rate  of  firing  occurs  at  between  251bs.  and  301bs.  of  coal 
per  square  foot  of  grate  per  hour.  For  smaller  values  the 
combustion  is  more  perfect,  but  the  large  chimney  loss,  due  to 
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that  incurred  by  heat  in  the  waste  gases  to  the  chimney. 
Referring  again  to  Fig.  6，  this  state  of  affairs  has  been  repre- 
sented by  drawing  the  efficiency  curve  C  C.  This  curve  is  got 
by  setting  down  the  cliininey  loss  from  the'  line  de  of  total 
coal  heat.  Thus  ec  ( =  db)  is  the  chimney  loss  for  F  =  75;  eo 
is  the  total  li&at  transferred  to  water  (of  which  oa  is  by  radia- 

tion)  ；  and— ^-  is  the  boiler  efficiency.    It  will  be  observed  that 

there  is  now  no  particular  best  rate  of  combustion.  The 
greater  that  rate  the  smaller  the  cliimiiey  loss,  and,  therefore, 


SZ% 


/^73— 卜、 


Fio.  8. 


Table  III. ―  Values  of  Chimney  Tempera  tares  and  Chimney 
Losses,  as  Plotted  on  Figs.  3  and  4. 


r= 

10 

20 

30 

40 

(i0 

80 

100 

^=40 
T  I  G 

580°  F. 

0.-)0 

700 

7.50 

805 

895 

1,000 

500。  F. 

535 

565 

590 

645 

690 

730 

/'•"A+ip':,— (i0){(; 

5,300 
4,650 

o  o 
l、-  °. 

3,300 
2，(i00 

c  o 

3,200 
2,290 

o  o 

the  higher  the  efficiency.  In  cases  where  some  portion  of  the 
furnace1  loss  (50  F)  can  be'  recovered  by  after-burning,  the 
efficiency  will  have  values  intermediate  to  those  of  curves  C  C 
and  B  B.  Tlie'  matter  will,  the  author  thinks,  be  better 
elucidated  by  the  u&©  of  certain  diagrams,  Figs.  7，  8，  9，  and 
10，  showing  the  disposition  of  the  heat  available  in  the  ooal 
supplied  to  the  boiler  under  the  varying  conditions  here  con- 
sidered. In  these  diagrams  the'  heights  represent  the  amount 
of  heat  supplied  ；  whilst  horizontal  distances  represent  the 
areas  of  the  various  heating  surfaces.  Thus,  in  Fig.  7，  which 
refers  to  a  Lancashire  boiler,  57  means  that  the'  ratio  of 
heating  to  grate  surface  is  57  to  1.  The'  figure  3  represents 
the  area  of  the  furnace  plating  directly  exposed  to  the'  radiant 
heat  of  the  fir&;  and  tfi€'  dotted  area  marked  20  per  cent,  is 
the  fraction  of  heat  turned  into  steam  by  direct  radiative 
evaporation.    This  quantity  is  known  from  the  expression ― 

R  =  1600  (l^o)4Th-u- 

per  square  foot  of  fire-grate  area  per  hour,  which  isi  the  radia- 
tion from  each  square  foot  of  fire  surface,  and  can  be  cal- 
culated as  soon  as  the  furnace  temperature  has:  been  found  in 

. R  . ， 

tlie  manner  shown  above.    The  ratio      q  gives  the  required 

fraction  of  radiative  evaporation. 

The'  large  proportion  of  all  steam  generated  which  is  due 
to  (1  i rect  radiation  from  the  fire  is  very  striking.  One'  can  se© 
the>  absurdity  of  lining  the  firebox  itself  with  fire'bricks.  It 
is  by  far  the  most  powerful  evaporating  surface  in  any  boiler 
of  present-day  design.  The  diagonally  hatched  strip  marked 
7  per  cent,  at  the  bottom  of  the  diagram  is  the  furnace  loss 
wliich  is  nob  recovered,  and  goes  away  as  waste.  The  black 
st rip  niarkerl  18  per  cent,  is  thei  chimney  loss ；  and  3  per  cent. 


has  been  allowed  for  external  radiation.  This  leaves  52  per 
cent,  for  evaporation  by  thei  convective  (as  opposed  to  radia- 
tive) heating  surface.  The'  efficiency  of  the  boiler  is  (20  +  52) 
72  per  cent. 

Fig.  8  refers  to  a  locomotive  boiler  of  the  same  power  as 
the  LaiK-ashire  type.  The  rate  of  combustion  is  now  double 
(F=  60)  what  it  has  been  assumed  for  the  Lancashire  boiler  ； 
so  that  the  grate  area  for  the  same  power  is  but  half.  The 
ratios  of  firebox  plate  area  and  tube'  heating  surface  to  grate 
area  are  taken  the  same  as  for  the  LancasTiire  boiler  ；  but 
their  actual  values  are  only  half  of 
those  for  the  Lancashire  boiler.  The 
boiler  is  forced  so  much  more  than 
that  represented  by  Fig.  7  that 
nearly  as  great  a  total  evaporation 
is  obtained  from  only  half  the  heat- 
ing surface.  On  account  of  the 
greatly  increased  rate  of  firing,  the 
furnace  loss  is  now  丄 9  per  cent., 
and  this  loss  goes  right  through  the 
boiler  tubes  to  waste.  It  is  shown 
by  the  diagonally  hatched  strip  at 
the  bottom  of  the  figure.  The  radia- 
tive evaporation  is  greater  here  than 
before,  because  the  fire  is  hotter, 
notwithstanding  the  greater  furnace 
loss.  The  total  efficiency  is  marked 
as  62  per  cent. ― about  10  per  cent, 
less  than  for  the  Lancashire  boiler. 
This  figure  is  smaller  because,  al- 
though the  chimney  loss  is  less, 
the  furnace  loss  is  greater  than 
before  on  account  of  the  doubled 
rate  of  firing. 

The  next  boiler-heat  diagram,  Fig.  9，  refers  to  an  experi- 
mental boiler  constructed  by  the  author  to  test  the  effects  of 
high  gas  speeds.  The  diagram  represents  the  disposition  of 
heat  which  the  author  hoped  to  secure  ；  but,  lie  is  sorry  to  say, 
these  results  were  not  quite  fully  realised.  Ho  see's  no  reason , 
however,  why  they  should  not  b&  obtained  with  a  new  plant 
designed  in  accordance  with  the  data  now  gained .  It  will 
be  seen  that  the  heating  surface  per  square'  foot  of  grate  is 
Ivei'e  only  about  half  what  it  was  for  the  locomotive  boiler, 
the  coal  burnt  per  square'  foot  of  grate  being  assumed  the* 
samo.  The  furnace  loss  should  therefore  be  the  same  ；  but  it 
will  be  seen  that  it  is  supposed  entirely  to  disappear  by  after- 
burning in  a  reverberatory  or  brick-lined  combustion  chamber 
placed  beyond  the  firebridge  ；  so  that  the  furnace  loss  is 
eliminated,  and  a  corresponding  quantity  of  heat  (19  per  cent.) 
is  r&ndeired  available  for  evaporation  in  the  tubes.  The 
chimney  loss  is  greatly  reduced  also,  being  4  per  cent,  instead 
of  16  per  cent,  in  the  locomotive.  This  is  because  the  boiler 
was  fitted  with  a  counter  current  economiser,  by  means  of 
which  it  was  possible'  to'  lower  the  waste  gas  temperature  to 

f°  60  -? y  =  o  es 


Coal  used. 
Useful  steam. 


Wasted  steam. 


Chihiney  loss. 
Furnace  loss. 


Radiation  loss. 


Fig.  9. 


Fig.  10. 


170°  Fah.  when  the  feed  entered  at  60°  Fah.  The  diagonally 
dotted  line  strip  marked  8  per  cent,  is  the  loss  incurred  by 
thei  fan. 

In  order  to  secure  such  a  small  heating  surface  per  unit 
of  power  developed,  a  powerful  draught  has  to  be  employed, 
and  8  or  10  per  c&nt.  of  the  steam  generated  has  to  b©  spent 
to  produce  it.  Notwithstanding  this,  it  will  be-  observed 
that  the  fan  loss  and  chimney  loss'  together  amount  only  to 
12  per  cent.,  against  the  16  per  cent,  of  chimney  loss  alone  in 
the  locomotive  typo.  Thus,  allowing  notliing  at  all  in  saving 
for  the  diminished  furnace  loss  due  to  a  reverbe'ratory  cham- 
ber, it  appears  to  be  possible  to'  halve  th©  heating  surface  of 
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a  boiler  by  adopting  a  high  gas  speed  and  a  counter  current 
ei'onomiser,  and  yet  to  secure  a  liigher  efficiency  than  that 
ordinarily  obtained. 

The  last  diagram,  Fig.  10,  shows  the  similar  relations 
which  hold  for  a  naval  type  boiler  having  a  draught  of  35in. 
of  water  gauge,  aud  a  correspondingly  reduced  heating  sur- 
face. The  author  hopes  shortly  to  be  in  a  position  to  build 
and  test  such  a  boiler.  The  distinguishing  features  of  the  new 
designs  depicted  by  Figs.  9  and  10  are  seen  to  be:  First, 
the  provision  of  means  for  producing  secondary  combustion  in 
a  hot  chamber  (to  which  additional  air  is  supplied)  of  the 
unburnt  gas  and  coal  dust-  escaping  from  tho  fire.  Second, 
the  use  of  a  relatively  very  highly  (forced  or)  induced  draught, 
whereby  the  products  of  combustion  are  compelled  to  pass 
through  narrow  flues  at  a  high  speed,  so  that  greatly  enhanced 
rates  of  evaporation,  aud  a  much  reduced  area  of  heating 
surface-  are  secured  ；  and  third,  the  use  of  a  counterflow 
economiser  whereby  the  gas  temperatures  are  lowered  to  about 
220°  Fah.,  and  the  steam  spent  upon  the  fan  plant  is  more 
than  made  up. 

It  will  be  observed  as  between  Figs.  9  and  10  thai  as  one 
attempts  to  diminish  the  heating  surface  the  amount  of  steam 
wasted  on  the  fan  plant  increases  ；  and  the  main  problem 
which  it  is  attempted  to  evolve  in  this  paper  is  the  discovery 
of  tlie  most  economical  value  of  the  draught  pressure  ；  that 
pressure,  namely,  for  which  the  total  annual  cost  of  steam 
generation  is  a  minimum. 

It  will  now  be  fitting  for  the  author  to  give  some  account 
of  the  means  which  he  adopted  to  give  effect  to  these  prin- 
ciples. He  therefor©  proceeds  to  give  a  short  description  of 
tlie  successive  experhnental  plants  erected  at  Messrs.  Joseph 
Adam  son  &  C'o.s  works,  Hyde,  and  a  history  of  the  tests  there 
made  aud  the  experiences  obtained. 

(To  be  continued.) 


CORRESPONDENCE. 
Continental  Designs  of  Burners  for  Welding  and  Cutting  Metals. 

To  the  Editor  of  "  The  Mechanical  Engineer," 

Sir, — With  reference  to  the  above,  we  note  in  your  article 
of  August  2nd  you  state  the  following  ：  "  In  the  production 
of  burners  using  liquid  fuel,  more  economical  thermally  and 
less  dangerous  than  acetylene  burners, "  and  w&  wish  to  point 
out  that  most  thorough  tests,  carried  out  by  two  different 
authorities  in  Germany,  have  demonstrated  that  the  use'  of 
liquid  fuel  for  welding  is  clearly  much  more  dangerous  than 
the  use  of  oxy-acetylene,  costs  considerably  more  in  working, 
and  gives  less  reliable  welds.  At  the  present  moment  we  are 
having  a  translation  of  very  exhaustive  reports  on  this  matter 
made,  and  will  do  ourselves  the  pleasure  of  sending  you  a 
copy  shortly.  Meanwhile,  we  shall  be  obliged  if  you  will  give 
publicity  to  this  communication  of  ours. — Yours  faithfully, 

For  Acetylene  Publicity,  Ltd. 
Alec.  D.  Saville,  Manager. 

103  and  104，  Cheapside,  London,  E.C. 
August  7th,  1912. 


Fatality  to  an  En^incman.— A  njan  named  SiDieon  Williams, 
？ f  Wombourne,  met  with  a  terrible  death  on  Saturday,  the 
3rd  inst.,  in  his  winding  engine  at  Barrow  Hill,  Pensnett, 
belonging  to  the  Earl  of  Dudley.  In  order  to  move  the  engine 
off  ''centre,''  Williams  apparently  stepped  on  to  one  of  the 
arms  of  tlie  driving  wheel.  He  slipped  and  fell  into  the  wheel 
hole.    Tlie  wheel  revolved  and  crushed  him  to  death. 

Bearing  Tests. ―  A  series  of  tests  on  t]>e  friction  of  bearings 
a，  in  progress  at  the  Manchester  Technical  School,  under  the 
direction  of  Prof.  Nicolson.  The  tests  are  being  undertaken 
witp  the  object  of  determining  the  relative  friction  losses  of 
various  types  of  commercial  bearings  nud  to  coinjiai-e  the 
total  running  costs.  Tlie.  apparatus  employed  consists  of  a 
wlmft  carrying  lieavy  flywlie&ls  and  supported  by  two  similar 
bearings.  It  is  run  up  to  .speed  by  a  motor  which  is  then 
thrown  out  of  gear,  the  rate  of  slowing  of  the  shaft  being 
recorded  automatically  by  a  tachograph  for  a  drop  in  speed 
of  about  5  or  10  per  cent.  The  clutch  is  then  put  in  gear 
again  and  the  test  repeated.  Practically  all  commercial 
forms  of  plaiti,  ring  oiling  noodlp  lubricator,  forced  lubrica- 
tio",  ball  and  roller  bearings  will  be  dealt  with. 


WALKER'S  ROTARY  ABSORPTION  DYNAMOMETER. 

The  accompanying  illustration  sliows  a  design  of  rotary 
absorption  dynamometer  of  the  kind  in  which  the  volume  of 
the  medium  passing  through  and  acting  on  1  lie  dynaiiiomel-er 
may  be  varied  while  t'lie  apparatus  is  in  jnot  ion,  for  t  lie  pur- 
pose  of  varying  the  resistance  offered  by  the  dynamometer  to 
the  engine  under  test.  Tlie  dynamometer,  whicii  is  1  lio 
invention  of  Mr.  W.  G.  Walker,  2,  Emery  Hill  Street,  West- 
minster, S.W.，  comprises  a  (centrifugal  fan-wheel,  the  blades 
B  of  which  are  mounted  upon  a  disc  (J  and  are  braced  by  a  ring 
D.  The  disc  C  is  adapted  to  be  coupled  to  tlie  flanged 
extremity  of  the  engine  shaft  A  to  be  test erl ,  and  is  ])rovide<l 
with  an  axial  guide1  spindle  E.  A  regulating  disc  F  is  ada])ted 
to  be  travelled  within  and  longitudinally  of  tl"'  fan-wlieel  anfl 
to  this  end  the  disc  is  mounted  upon  a  tubular  spindle  G 


Walker's  Rotary  Absorption  Dynamometer. 


carried  by  a  screw-threaded  rod  H  provided  with  an  operating 
hand  wheel  J  and  working  in  a  bearing  supported  upon  a 
pedestal  L  adapted  to  be  fixed  firmly  in  any  suitable  position 
relatively  to  the  dynamometer.  A  locking  nut  M  serves  to 
secure  the  screw- threaded  rod  H  in  any  position  of  adjustment. 
The  screw-threaded  rod  H  or  the  tubular  spindle  G  is  provided 
with  a  pointer  N  adapted  to  be  travelled  when  the  hand  wheel 
J  is  turned  to  adjust  tlie'  disc  F，  over  an  arm  O  having  a 
graduated  scale.  The  regulating  disc  F  is  formed  with  a  boss 
having  a  central  aperture  to  take  over  the  guide  spindle  E 
which  thus  supports  the'  disc  as  it  is  travelled  within  the  fan- 
wheel.  The  power  absorbed  by  the  dynamometer  varies  as  the 
supply  of  air  inhaled  by  the  faii-whoel,  and  by  sliding  the 
regulating  disc  F  nnore  or  less  longitudinally  within  the  fan- 
wheel  the  volume  of  the  air  supply  can  be  varied.  The  path 
of  the  air  supply  is  indicated  by  arrows. 

In  order  that  the  horse-power  absorbed  by  the  dynanio- 
meter  for  each  of  a  number  of  predetennined  positions  of  the 
regulating  disc  relatively  to  the  fan -wheel  may  be'  ascertained, 
the  apparatus  is  calibrated.  This1  calibration  is  effected  by 
coupling  the  dynamometer  to  a  prime'  mover  of  known  horse- 
power and  calculating  in  the  known  manner  the  horse-power 
absorbed  by  the  dynamometer  when  the  disc  F  is  in  various 
positions  longitudinally  of  the  fan-wheel.  For  each  horse- 
power absorbed,  the  position  of  the:  disc  F  is  recorded  by 
engraving  upon  the  arm  O  the  corresponding  position  of  the 
index  N.  In  use  the  dynamometer  is  connei't-ed  to  the  shaft  A 
of  the  engine  to  he  tested  and  the  disc  F  is  positioner!  within 
the  fan-wheel  by  loosening  the  locking  nut  M  and  turning  the 
hand  wheel  J  and  hence  also'  the  screw-tlireaded  rod  H.  The 
disc  F  does  not  rotate  with  the  fan-wheel  but  is  slidden  along 
the  guide  spindle  E,  and  the  greater  tlie'  extent  to  which  the 
disc  F  is  moved  into  the  fan-wheel  the  greater  the  volume  of 
air  supplied  to  and  therefore  the  greater  the  resistance  offered 
to  the  flynaniometer.  Tlie  greater  also  the  liorse-jwwer 
absorbed  by  the  dynainonieter.  Thus,  by  moving  tlie  disc  F 
into  the  various  pre<letennine<l  positions  as  indicated  ou  tlie 
arm  O,  each  of  which  corresponds  with  a  known  unit  of  power 
absorption  (or  multiple  thereof),  the  different  observations 
necessary  to  effect  the  test  of  the  engine  may  be  taken  and  the 
results  calculated  in  the  usual  manner.  It  will  be  noticed  that 
the  disc  F  may  be  moved  into  or  out  of  the  fan -wheel  while 
til©  latter  is  rotating  at  any  speed  and  that  therefore  the 
resistance*  offered  to  the  dynainonieter  may  be  varied  without 
necessitating  the  stoppage  of  the  engine  under  test. 
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RECENT  DEVELOPMENT  OF  THE  AMERICAN  LOCOMOTIVE.* 

BY  GEORGE  R.  HENDERSON. 

{Continued  from  page  166.) 
There  are  several  types  of  power-reversing  gears,  but  we 
believe  that  the  type  in  which  the  movements  of  the  engineer 
resemble  those  of  the  ordinary  reverse  lever  are  most  desir- 
able, particularly  when  engines  are  placed  in  the  chain  ^au^ 
and  are  not  operated  with  a  single  crew.  Thus,  in  the 
reversing  gear  which  is  illustrated  by  Fig.  7,  the  engineer 
simply  pushes  a  small  lever  to  the  desired  position  and  the 
reversing  engine  automatically  moves  the  valve  motion  until 
it  has  assumed  a  position  corresponding  to  the  hand  lever, 
and,  while  this  liand  lever  may  be  reversed  with  a  very 
rapid  movement,  yet  the  engine  itself  will  pull  the  motion 
back  slowly  but  surely,  regardless  of  the  speed  with  which 
the  engineer  has  moved  the  controlling  lever. 

While  piston  valves  have  long  been  used  in  marine 
engineering,  the  general  use  of  them  in  locomotives  dates 
back  a  little  more  than  ten  years.  The  Vauclain  compound 
locomotive  with  the  high  and  low  pressure  cylinders  super- 
imposed, one  above  tlxe  other,  was  operated  by  a  single  piston 
valve  for  the  two  cylinders,  this  reducing  the  】nechanism  to 
a  much  simpler  form  than  could  be  accomplished  by  means 
of  slide  valves.  Previous  to  this  there  had  been  very  few 
engines  of  the  simple  type  equipped  with  piston  valves,  but 
the  success  which  attended  tlie  use  of  the  piston  valve  with 
the  Vauclain  compound  induced  its  extension  upon  locomo- 
tives operated  by  single  expansion  only. 


Fig.  7.— Power  Revehse  Geaii. 

When  the  pistou  valve  is  used  to  replace  an  ordinary  slide 
valve  it  is  of  a  very  simple  type,  and  is  practically,  a  slide 
valve  extended  into  a  circle,  with  packing  rings  used  at  the 
several  steam  and  exhaust  edges.  There  has  been  consider- 
able discussion  as  to  the  value  of  these  valves 'as  compared 
with'  slide  valves,  and  a  number  of  tests  have  been  made, 
some  showing  better  for  one,  some  showing  more  economy  for 
the  other.  There  is  little  doubt  but  what  this  question  of 
economy  depends  greatly  upon  the  maintenance  of  the  valve 
； ut(l  the  condition  in  which  it  is  allowed  to  run,  as  a  leaky- 
valve  of  either  type  would,  of  course,  be  very  wasteful  ot 
steam. 

One  of  the  principal  advantages  of  the  piston  valve  is  the 
fact  that  it  is  fully  balanced  and  easier  to  manipulate  the 
engine  than  with  a  slide  valve,  even  of  the  balanced  type. 
As  a  matter  of  fact,  piston  valves  are  generally  manipulated 
wil  li  greater  ease  when  the  throttle  is  open  tlian  wlien  it  is 
closed  ；  still,  the  converse  is  true  of  balanced  slide  valves. 

In  spite  of  the  fact  that  there  is  some  doubt  as  to  wlietlier 
1  he  piston  valve  is  really  】"（>re  e(:o"()ini(';i  I  in  steam  consum})- 
•  Vapei*  prc«entcd  at  a  uioulin^  of  the  Franklin  IustituU',  April  17lb,  1012. 


tion  than  the  slide  valve,  yet  they  have  been  introduced  in 
great  numbers,  partly  due,  no  doubt,  to  the  fact  that  the  large 
cylinders  require  large  ports,  and  the  port  opening  with  the 
piston  valve  can  be  made  nearly  double  that  possible  with  an 
ordinary  slide  valve.  The  large  valves  also  are  very  little 
harder  to  handle  in  the  cab  than  those  of  smaller  diameter. 
Another  advantage  lies  in  tlie  fact  that  piston  valves  can  be, 
and  generally  are,  so  designed  that  the  steam  enters  at  the 
centre,  or  central  admission,  as  it  is  called,  and  exhausts  into 
the  ends  of  the  chamber,  the  valve  being  hollow,  permitting 
both  ends  of  the  steam  chest  or  valve  chamber  to  be  in  com- 
munication witli  each  other.  This  reduces  the  pressure  on 
the  valve  stem  packing  to  that  of  exhaust  steam  only,  and 
when  it  is  considered  that  the  variable  travel  of  the  valve 
makes  it  much  more  difficult  to  maintain  packing  on  the  valve 
rod  than  on  tlie  piston  rod,  whieli  always  travels  the  same 
distance  and  forms  no  intermediate  shoulders,  the  advantage 
in  relieving  this  packing  of  high-pressure  steam  will  be  st 
once  appre(ualed. 

Reference  was  made  above  to  the  fact  that  in  the  Vauclain 
coinpound  of  tlie  superimposed  cylinder  type  one  valve  was 
able  to  regulate  the  admission  of  stearn  to  both  cylinders. 
In  this  case  both  the  pistons  worked  together,  being  attached 
to  the  same  crosshead.  A  later  type  of  the  balanced  com- 
pound, in  which  the  pistons  move  in  opposite  directions,  has 
also  been  successfully  worked  by  one  valve,  resulting  in  ex- 
tremely simple  me(5harism  for  this  type  of  engine. 

The  advantages  of  the  Allen  ported  slide  valve  for  Lhu 
quicker  admission  of  steam  to  the  cylinders  has  long  been 
appreciated,  but  this  has  not  been  generally  introduced  into 
piston  valves,  one  reason,  no  doubt,  being  due  to  the  fact 
that  the  much  larger  valve  opening,  on  account  of  the 
greater  length  of  port,  made  it  unnecessary.  With  the 
increasing  size  of  cylinders  and  the  greater  speeds  at  which 
it  is  desired  to  operate  large  tractive  forces,  it  becomes  neces- 
sary to  adopt  a  somewhat  similar  arrangement  for  piston 
valves.  This  has  been  developed  into  the  double  ported 
piston  valve,  whereby  there  are  two  ports  or  openings,  both 
for  steam  and  exhaust.  The  advantage  of  this  is  that  a 
higher  steam  line  or  pressure  line  can  be  maintained  in  the 
cylinder  up  to  the  point  of  cut-off  and  less  back  pressure 
during  the  period  of  exhaust,  as  the  steam  has  twice  the  area 
of  opening  when  near  the  points  of  port  opening  and  closure 
than  could  be  obtained  with  an  ordinary  valve  of  the  same 
size.  As  this  port  is  placed  partially  in  the  valve  chamber 
bushing,  there  is  little  additional  complication  added,  except 
in  making  the  valve  itself,  but  the  cylinder  casting  can  be 
moulded  as  easily  in  one  case  as  in  the  other.  While  this  is 
a  very  recent  development,  yet  it  promises  such  good  results 
that  we  believe  its  quite  general  adoption  is  likely  to  be  only 
a  question  of  a  short  time. 

While  the  boilers  of  locomotives  have  increased  enor- 
mously in  size,  there  has  been  little  change  in  the  actual 
design  and  construction.  Of  course,  the  larger  diameters 
have  given  occasion  for  the  introduction  of  thicker  sheets 
and  for  joints  of  increased  efficiency.  The  old  double-riveted 
lap  joint,  which  had  an  efficiency  of  about  70  per  cent.,  has 
been  superseded  almost  universally  by  the  butt  joint,  with 
an  efficiency  of  from  80  to  90  per  cent.  Besides  reducing 
the  thickness  of  the  shell  sheet,  the  butt  joint  pulls  centrally 
and  removes  the  cause  of  grooving,  which  was  so  often  found 
when  boilers  were  provided  with  lap  joints,  no  matter  how 
strongly  they  might  be  riveted.  This  grooving  was  due  to 
the  eccentric  pull  of  the  two  sheets  on  the  joints,  and  has 
been  largely  responsible  for  shell  ruptures.  It  is,  moreover, 
difficult  to  see  before  trouble  ensues,  but  it  reduces  the  set  t  ion 
of  the  plate  by  starting  a  fracture  at  the  caulking  edge  of 
the  inside  lap.  The  butt  joint  wliich  lias  generally  been  in- 
troduced has  a  wide  inside  and  a  narrow  outside  cover  ]tlatr, 
bul,  in  some  cases  the  diamond  joint  has  l)een  inirodueef I , 
which  makes  a  very  stiff  shell  at  the  joint.  Seams  have  been 
welded,  not  only  at  the  ends  but  sometimes  for  the  whole 
width  of  the  slieet,  but,  as  a  rule,  a  cover  plate  is  put  on  in 
adflition  to  the  weld,  so  as  not  to  depend  entirely  upon  tlie 
welded  joint.  There  are  different  ways  of  making  these 
welds,  sometimes  by  means  of  direct  flame  or  fire,  sometimes 
with  an  electric  arc,  and  sometimes  with  acetylene,  the  latter 
coniiiig  now  into  more  general  use,  as  ilie  apparatus  is  por- 
table and  does  not  require  connection  with  any  source  of 
i)ower  to  provide  (Uirrcnt. 
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Cast  metals  have  almost  entirely  disappeared  from  boiler 
const  ruction,  whereas  in  former  times,  with  low  pressures, 
it  was  considered  permissible  to  use  cast-iron  dome  rings  and 
dome  caps,  yet  these  are  now  invariably  made  of  pressed 
steel.  The  complete  dome  is  sometimes  pressed  out  of  a  single 
sheet  of  metal. 

The  firebox  itself  has  been  affected  principally  by  the 
introduction  of  flexible  staybolts.  These  are  generally  of 
two  types,  one  with  a  spherical  end  encased  in  a  cup  screwed 
into  the  sheet,  of  which  the  Tate  is  perhaps  the  best  illus- 
tration, and  another  one  consists  of  a  hinged  bolt,  of  which 
the  "Breakless"  is  the  best  kuown  example.  These  were 
introduced  to  reduce  the  great  number  of  breakages  which 
some  lines  experience,  particularly  in  the  corners  or  ends 
of  tlie  firebox.  Some  roads  even  go  so  far  as  to  specify  that 
all  of  the  firebox  staybolts  shall  be  of  the  flexible  type,  while 
the  majority  of  roads  are  satisfied  to  put  in  only  300  or  400 
of  such  special  bolts.  These  bolts  add  about  50  cents  each 
to  the  cost  of  a  locomotive,  and  the  question  has  recently 
been  raised  as  to  whether  they  are  really  giving  the  im- 
munity from  breakage  which  has  been  contended.  The 
staybolt  problem  is  ratlier  a  difficult  question,  inasmuch  as 
if  we  make  the  bolt  larger  in  diameter  it  will  be  stiffer  and 
still  less  likely  to  stand  transverse  strain.  With  increasing 
pressures  we  cannot  well  make  them  thinner  without  reduc- 
ing the  spacing,  and  this  is  undesirable  on  account  of  the 
likelihood  of  tTie  water  space  being  choked  up  with  mud. 
Then,  staybolts  are  likely,  if  overheated,  to  let  the  crown 
sheet  drop,  and  for  this  reason  it  is  good  practice  to  use 
button-headed  bolts  for  the  central  rows  of  the  crown  sheet 
stays.  The  wide  fireboxes  have  long  caused  the  practical 
disappearance  of  crown  bars,  so  that  there  are  practically 
either  radial-stayed  or  Belpaire  type  of  boilers  in  general 
construction  at  the  present  time.  With  the  Belpaire  the 
crown  sheet  is  naturally  level,  but  with  the  radial-stayed 
the  high  portion  which  would  be  first  to  be  uncovered  by  low 
water  is  often  protected  by  button-headed  bolts.  Some,  how- 
ever, think  this  a  disadvantage,  and  would  prefer  that  a 
short  section  of  the  crown  sheet  should  let  go  and  relieve  the 
pressure  without  pulling  down  tlie  whole  crown  sheet. 
Records  of  locomotive  boiler  explosions,  including  dropped 
crown  sheets,  seem  to  indicate  that  less  than  2  per  cent,  are 
due  to  deficient  strength,  and  thai  practically  all  of  tlie 
disasters  are  caused  by  low  water,  either  through  the  negli- 
gence  of  the  enginemaii  or  some  difficulty  with  the  water- 
feeding  or  indicating  devices. 

In  recent  years  the  Jacobs-Schupert  firebox  has  been  in- 
trofliR-efl  as  practically  indestructible  with  even  extra- 
ordinarily careless  treatnient  in  coniieclion  with  fire  and 
\v  ater.  This  boiler  is  coni])osed  of  sections  riveted  t  o 
(liapliragm  sheets,  so  that  no  staybolt  is  used  in  the  construc- 
tion of  the  boiler,  and  some  remarkable  results  of  tests  have 
indicated  that  it  is  very  difficult,  if  not  impossible,  to  cause 
a  disaster  hy  lneans  of  low  water,  even  with  a  hot  fire  in  Hie 
firebox.  Of  course,  this  firebox  is  more  expensive  to  con- 
struct, and  it  is  questionable  whether  the  railroads  would 
feel  it  necessary  to  pay  this  increased  cost  as  an  insurance 
against  troubles  of  tin?  kind. 

The  of  tlie  firebox  'is  occasionally  provided  with 

arches  of  various  types  ；  some  of  these  rest  on  tubes  and  some 
on  studs,  some  are  made  of  solid  bricks,  and  some  are  of 
liollow  bricks  with  openings  through  the  front  water  leg  to 
introduce  air  for  combustion.  Some  tests  recently  made 
showed  tlial  there  was  little,  if  any,  efficiency  or  economy 
aflfortled  by  means  of  jets  of  air  brou^lit  in  through 
the  arch  brick,  and  the  greater  expense  of  the  brick  ami  i  he 
difficulty  of  maintaining  them  would  seem  to  give  preference 
U)  a  solirl  brick,  particularly  if  tliere  was  no  gain  over  i  I ic 
li')llow  tiles.  However,  these  questions  of  combustion  have 
l，ee"  so  niucli  discussed  and  disputed,  and  as  results  of 
flifTeront  tests  are  likely  to  sliow  sucli  a  variety  of  results, 

is  rloubtful  whether  the  question  of  the  value  of  the  brick 
an'li  and  its  various  forms  for  atlniitting  hot  air,  & (:.，  will  ever 
be  satisfactorily  settled  in  any  one  way  to  tlie  community  at 
large.  Most,  people  agree  that  the  brick  arch  lias  a  very  positive 
value  in  connection  with  smoke  abatement  and  fuel  economy  ； 
yet  in  some  sections  of  the  country  where  tlie  flues  need  fre- 
q'""，t  rolling  and  beading  it,  is  almost  impossible  to  inain- 
taiu  an  ； in'li  for  any  leu^l  li  of  t  inic,  ； m(l  il  often  ])rovei)is  tlio 
quick  turning  of  a  locomotive,  as  the  mail  cannot  "reL  in  th  ' 


firebox  or  remove  the  arch  until  it  has  become  sufficiently 
cooled.  These  practical  considerations  are  often  much  more 
important  in  a  locomotive  than  the  mere  theoretical  con- 
sideration of  fuel  economy,  as  the  business  of  moving  trains 
is  of  primary  importance,  and  anything  tliat  incTeases  the 
round-house  work  or  detains  the  locomotive  at  a  terminal  is 
bound  to  give  way  to  the  urgencies  of  transportation. 

While  the  burning  of  oil  instead  of  coal  in  locomotives  is 
of  quite  ancient  origin,  having  been  first  introduced  in  Russia 
on  the  Grazi-Tsaritsin  Railway,  it  was  experimentally  tried 
in  this  country,  but  for  many  years  had  nothing  to  recom- 
mend it,  as  compared  with  coal,  on  economical  grounds.  The 
discovery  of  the  fine  deposits  of  oil  in  Texas  and  Calif<jniia, 
however,  where  coal  costs  $6  or  ^7  a  ton  in  tlie  latter  locality, 
gave  an  impetus  to  this  feature  that  was  an  immense  beneht 
to  the  railroads  in  many  ways.  The  Southern  Pacific  and 
the  Santa  Fe  have  for  the  last  15  years  been  making  con- 
siderable use  of  crude  oil  in  the  south-west,  and  in  later  years 
the  substitution  of  oil  for  coal  has  been  carried  to  points  as 
far  east  as  the  Rocky  Mountains  and  generally  throughout 
the  state  of  Texas.  The  advantages,  while  being  enormous, 
have  been  also  accompanied  by  certain  disadvantages  which 
prevented  this  from  being  an  ideal  fuel. 

It  was  found  from  actual  tests  that  four  barrels  of  oil  were 
practically  equivalent  to  a  ton  of  coal  of  the  quality  of  Illinois 
bituminous,  and,  as  there  were  usually  six  barrels  of  oil  re- 
quired to  make  up  a  ton  weight,  the  ratio  of  heating  value 
was  as  3  is  to  2.  This  is  also  in  proportion  to  the  number 
of  British  thermal  units  developed  by  burning  a  pound  of 
these  fuels,  as  mine  run  coal  gives  us  in  the  neighbourhood 
of  13,000  B.Th.U.  and  fuel  oil  runs  about  19,000  B.Th.U. 

Another  incidental  advantage  that  has  been  greatly 
appreciated  in  the  last  few  years  is  that  this  oil  can  be  put 
in  without  physical  labour  and  makes  it  possible  to  keep 
steam  up  on  a  much  larger  engine  than  could  be  done  with 
coal  fired  by  hand.  The  unfailing  source  of  steam  is  another 
advantage,  as  trains,  even  with  tlae  same  tonnage,  can  make 
better  time  on  heavy  grades,  as  there  is  ample  steam  to  keep 
the  cylinders  supplied  at  full  pressure,  no  matter  how  hard 
the  engine  is  being  worked. 

The  universal  method  of  generating  steam  from  oil  in  a 
locomotive  is  by  means  of  a  special  injector  or  atomiser,  gener- 
ally called  a  burner,  in  which  the  oil  is  sprayed  by  the  steam 
pressure  and  is  burned  in  this  form  of  atomisation.  In  order 
to  maintain  the  combustion,  the  firebox  is  lined  part  way 
up  with  firebrick,  also  having  a  floor  of  firebrick,  whicli  be- 
comes quite  hot  and  maintains  the  temperature  high  enough 
to  ignite  the  oil.  Formerly  it  was  the  custom  to  place  tlie 
burner  at  the  back  end  of  the  firebox,  spraying  the  oil  ahead 
underneath  a  brick  arch  somewliat  similar  to  the  ordinary 
brick  arches  used  with  coal,  but  the  latest  practice  is  to  place 
the  burner  at  the  front  of  the  firebox  and  spray  the  oil  on  a 
flash  wall  without  using  any  arch  whatever.  This  saves  con- 
siderable expense,  as  the  arch  was  very  costly  to  maintain, 
sometimes  falling  down  from  the  motion  of  the  engine  in  t  wo 
or  three  trips.  It  is  also  found  by  this  location  of  the  burner 
tliat  the  firebox  sheets  give  a  longer  life,  as  the  intense  heat 
of  the  oil  flame  causes  a  much  more  rapid  deterioration  than 
witli  coal,  and  especially  was  this  found  to  be  the  case  at 
tlie  seams  where  two  thicknesses  of  metal  were  exposed  to  the 
action  of  the  fire.  With  the  old  method  of  using  the  arch, 
fireboxes  would  often  give  only  one-half  or  one-third  the  life 
of  coal  burners,  and  it  was  frequently  necessary  to  renew  a 
firebox  in  about  one  year,  very  largely  because  it  was  imprac- 
ticable to  patcli  the  firebox  on  account  of  the  double  thickness 
of  metal  above-mentioned.  The  new  method  of  arranging 
the  burner  lias  increased  this  life,  and  the  practice  of  welding 
in  pieces  flush  with  the  acetylene  torch  has  also  obviated  the 
double  thickness  of  an  ordinary  patcli. 

Even  in  spite  of  the  extra  cost  of  maintenance  due  to 
raj)id  firebox  deterioration,  the  use  of  oil  was  considered  very 
desirable,  as  a  dollar's  worth  of  oil  would  often  replace  three 
or  four  dollars'  worth  of  coal.  Then,  there  was  practically 
no  fire  thrown  from  the  stacks,  、vliicli  is  of  great  benefit  in 
a  dry  country,  and  this  feature  alone  led  to  the  adoption 
recently  of  fuel  oil  by  the  New  York  Central  and  the  Dela- 
ware and  Hudson  Railroads  on  their  lines  running  through 
the  Adirondack  Forest  Preserve  of  New  York  State.  Tlii* 
mailer  was  discussed  very  thorou^lilv  before  the  Second  Dis- 
trict Public  Service  Coniniissioiij  whirh  finally  decided  that 
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these'  roads  should  burn  liquid  fuel  during  the  summer  season 
ill  order  to  prevent  the  extensive  forest  losses  which  had 
resulted  from  fire  thrown  from  locomotive  stacks  or  dropped 
from  ash  pans. 

The  firing  of  oil  is,  of  course,  a  speciality,  as  the  supply 
of  fuel  to  the  burner  must  be  regulated  in  connection  with 
the  engineer's  operation  of  the  throttle  and  the  reverse  lever. 
When  the  engine  is  standing,  the  supply  of  oil  must  be  cut 
down  to  a  very  small  quantity,  such  that  it  will  just  be  suffi- 
cient to  maintain  steam,  and  as  soon  as  the  throttle  is  opened 
a  larger  supply  of  oil  must  be  given,  depending  upon  the 
amount  of  steam  required  by  the  cylinders.  It  is  perfectly 
feasible  to  fire  a  locomotive  with  fuel  oil  without  the  emis- 
sion of  smoke,  except  that  in  periods  of  about  every  half 
hour  it  is  necessary  to  work  sand  through  the  flues  in  order 
to  clean  out  the  soot  that  has  accumulated,  and,  of  course, 
this  is  accompanied  for  a  moment  by  the  emission  of  dense 
black  smoke.  When  the  engine  is  working  properly,  how- 
ever, there  is  only  a  thin  haze  above  the  stack,  although  the 
least  inattention  on  the  part  of  the  fireman  will  cause  either 
the  steam  pressure  to  drop  or  the  emission  of  large  quantities 
of  smoke. 


Fig.  8.— Schmidt  Superheater. 
Practically  any  locomotive  that  is  suitable  for  burning 
coal  can  be  converted  into  an  oil  burner,  although  there  are 
some  particular  features  to  be  borne  in  mind  when  an  engine 
is  being  designed  primarily  for  the  use  of  liquid  fuel.  It  is 
a  very  simple  matter  to  construct  an  oil  tank  which  shall  fit 
into  the  coal  space  of  the  tender,  and  this  is  connected  with 
hose  or  flexible  pipes  to  the  engine,  passing  through  a  heater 
so  that  the  oil  may  be  rendered  still  more  fluid,  if  necessary. 
Steam  jets  can  be  used  to  warm  the  oil  in  the  tank  when 
necessary,  and  there  is  generally  a  safety  connection  which, 
in  case  of  the  separation  of  the  engine  and  tender,  closes  the 
oil  valve,  preventing  it  from  running  over  the  track.  The 
California  oils  are  ordinarily  non-inflammable  at  the  usual 
temperatures,  and  there  is  little  or  no  danger  attending  their 
use.  Some  of  the  Texas  oils,  however,  are  more  readily  in- 
flammable, and  it  is  necessary  to  exercise  extreme  caution 
going  about  a  tank  with  an  open  light.  Asphyxiation  is 
also  liable  to  occur  when  men  go  inside  of  tanks  to  clean 
them  out,  particularly  with  the  Texas  oils,  and  these  tanks 
should  always  be  steamed  out  thoroughly  before  anyone  enters 
to  do  any  work.  The  actual  cost  of  converting  a  coal-burn- 
ing locomotive  into  an  oil-burner  varies  from  $500  to  ^800， 
dependent  upon  the  size  of  the  engine  ；  but,  of  course,  the 
incidental  expenses,  such  as  the  maintenance  of  storage  and 
delivery  tanks,  tank  cars  for  transporting  the  oil  and  pump- 
ing it  into  the  storage  stations,  are  all  part  of  the  general 
rosl  of  introducing  such  a  system,  and  will  oftentimes  amount 
to  a  great  deal  more  than  the  actual  equipitient  of  the  loco- 
motives. 


The  large  locomotive,  with  its  heavy  draught  of  steam 
upon  tlxe  boiler,  necessitating  the  combustion  of  great  quan- 
tities of  coal,  lias  brought  about  a  number  of  appliances  for 
diminishing  the  work  of  the  fireman  so  that  he  can  confine 
his  efforts  to  actually  delivering  the  coal  into  the  firebox  ； 
everything  that  could  save  a  step  or  an  extra  motion  of  his 
hands  or  his  back  having  in  some  cases  been  introduced,  so 
that  he  could  give  the  maximum  output  for  the  generation  of 
steam.  The  old-fashioned  fire  door,  which  was  swung  with 
a  chain  and  which  was  supposed  to  be  opened  and  closed 
with  each  shovelful  of  coal,  has  been  found  troublesome  in 
large  engines,  and,  therefore,  pneumatic  fire  doors  have  been 
introduced.  These  are  arranged  so  that  when  the  fireman 
has  a  shovelful  of  coal  ready  to  throw  into  the  door  a  pressure 
of  the  foot  upon  a  treadle  in  the  floor  of  the  cab  admits  air 
to  a  small  cylinder  wliich  slides  each  half  of  the  fire  door  in 
opposite  directions,  thus  opening  the  door  for  the  admission 
of  coal  without  any  further  action  upon  his  part.  As  soon 
as  the  foot  is  removed  from  the  treadle  the  door  closes.  This, 
besides  relieving  the  fireman  of  the  extra  motion  and  effort, 
ensures  more  perfect  combustion,  as  the  door  is  naturally 
closed  after  each  sliovelful  of  coal.  Wide  fireboxes  are  in 
some  cases  provided  with  two  fire  doors,  and  it  is  not  always 
as  convenient  for  tlie  fireman  to  use  one  door  as  the  other, 
especially  in  connection  with  operating  the  fire  door  by  hand, 
but  these  pneumatic  devices  prevent  much  of  this  trouble  and 
assist  very  materially  in  the  operation  of  firing. 

The  same  principle  has  been  applied  to  shaking  the  grates. 
While  with  short  fireboxes  this  was  a  comparatively  easy 
operation,  with  the  present  length  of  furnace,  which  is  in  the 
neighbourhood  of  8ft.  and  10ft.,  and  the  width,  which  in 
some  cases  is  8ft.  or  9ft.,  it  is  not  only  necessary  to  shake 
the  grates  in  sections,  but  it  becomes  quite  difficult  actually 
to  do  this  work.  Pneumatic  or  steam  grate  shakers  have 
therefore  been  introduced  in  which  a  small  lever  operates  the 
valve  of  a  cylinder,  which  in  turn  gives  the  necessary  travel 
to  the  grate  arms  in  order  to  thoroughly  shake  up  the  coal 
bed  tQ  free  it  of  clinkers  and  ashes. 

Still  another  device  has  been  introduced  on  the  tenders  in 
order  to  prevent  the  many  steps  needed  wlien  the  coal  has 
been  partially  exhausted  and  the  fireman  must  go  to  the 
back  of  the  tender  coal  space  to  shovel  up  the  fuel.  This 
mechanism  consists  principally  of  a  steam  cylinder  placed 
inside  the  tank  in  which  a  piston  is  operated  connecting  to 
a  false  or  inside  bottom  of  the  coal  space.,  and  when  pressure 
is  admitted  to  the  cylinder  the  piston  pushes  up  the  back  end 
of  this  false  bottom,  which  is  hinged  to  the  front,  allowing 
the  coal  to  slide  forward  so  it  will  be  close  to  the  gate  and 
not  require  the  extra  steps  and  movement  necessary  in  the 
ordinary  type  of  tender. 

While  these  different  items  seem  small  in  themselves,  yet, 
when  they  are  all  introduced  together  on  the  same  engine,  it 
is  remarkable  how  much  they  save  the  fireman  from  a  labour 
that  can  be  performed  mechanically  as  well  as  manually,  and 
I  have  been  impressed  with  this  upon  large  locomotives 
where  firemen  have  been  enabled  to  put  in  very  much  greater 
amounts  of  coal  than  would  ordinarily  be  expected. 

The  greatest  imprcvement,  however,  has  been  in  the 
development  of  the  automatic  stoker,  which  not  only  com- 
bines the  several  features  above  mentioned,  but  actually 
brings  the  coal  from  the  tender  and  puts  it  in  the  firebox. 
The  first  type  developed  was  probably  that  invented  hy  Mr. 
Kincaid,  a  former  engineer  on  the  Chesapeake  and  Ohio  Rail- 
way. This  was  really  a  steam  shovel  and  placed  back  of  the 
fire  door,  coal  being  thrown  in  the  hopper  from  the  tender  by 
the  fireman  with  a  shovel,  the  apparatus,  however,  deliver- 
ing the  coal  into  the  firebox.  This  represented  very  largely 
tlie  ordinary  method  of  firing,  as  the  fuel  was  thrown  on  top 
of  the  fire  in  the  furnace  and  regulated  the  supply  to  be  put 
in  in  large  or  small  quantities  and  at  regular  intervals,  so 
tli at  the  smoke  production  could  be  better  controlled.  •  There 
were  means  for  distributing  the  coal  to  different  portions  of 
the  box,  and  I  have  seen  engines  come  in  from  a  run  witli  as 
level  a  fire  as  could  be  desired,  the  firing  having  been  done 
entirely  with  this  device. 

Tliere  was,  however,  no  arrangeinient  to  take  the  coal  from 
th6  t&nckr  to  the  stoker,  and  we  think  this  is  very  important. 
Quite  a  number  of  stok(、rs  have  recently  been  developed,  in 
some  of  wliich  coal  is  thrown  in,  as  in  the  Kincaid  by  a  steam 
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piston,  the  valve  of  which  is  moved  by  a  small  engine,  the 
speed  of  which  can  be  regulated,  and  in  others  the  fuel  is  blown 
in  bv  steam  jets.  There  are  also  methods  of  introducing  the 
coal  below  the  grate,  such  as  the  Crawford  and  the  Barnum 
stokers.  In  the  first  of  these  the  coal  is  pushed  forward  under 
the  grate  by  means  of  pistons  through  tubes  and  slowly  pushes 
up  aud  flows  up  over  the  grate.  In  the  latter  stoker  this  is 
done  by  the  operation  of  worms  similar  to  those  used  in  flour 
mills.  The  coal  in  both  cases  is  carried  from  the  tender  by 
means  of  worms  or  a  conveyer.  As  the  rate  of  combustion  in 
a  modern  locomotive  can  be  forced  up  to  2001bs.  of  coal  per 
square  foot  of  grate  surface  per  hour,  it  is  evident  that  the 
problem  is  not  only  to  get,  sufficient  coal  into  the  firebox,  but 
also  to  get  it  iu  such  condition  that  it  will  he  ignited  and  burn 
at  the  desired,  rate.  Naturally  an  under-feed  device  must  be 
slower  of  ignition,  but  this  takes  care  of  itself,  as  the  raw  coal 
piles  up  over  t-he  slots  and  rolls  over  in  the  bright  portions  of 
the  fire  where  the  flame  can  reach  to  every  surface  of  the  piece 
and  readily  ignite  it  . 

Claims  for  smoke  reduction  and  fuel  economy  have  been 
made,  but  really  the  principal  point  of  the  stoker  is  that  it 
enables  us  to  obtain  more  work  out  of  the  engine  than  would 
be  possible  with  a  human  fireman.  While  the'  locomotive  has 
increased  in  size  and  weight,  its  output  in  horse-power  is 
generally  very  much  below  the  increase  in  size,  and,  as  pre- 
viously staied,  a  very  large  engine  will  often  develop  no  more 
actual  horsepower  than  a  much  smaller  one,  although  its 
tractive  force  will  be  very  much  greater.  The'  limit  seems  to 
be  the  capabilities  of  the'  fireman,  and,  if  this  can  be  increased 
by  mechanical  means,  not  only  will  we  be  able  to  get  more 
power  from  our  engines,  but  the  fireman's  work,  being  less 
laborious,  will  be  more  attractive,  so  that  higher-grade  ms-n 
can  be  obtained  who  will  be  able  to  use  their  heads  and  not 
depend  entirely  upon  muscle  and  brawn  for  generation  of 
steam . 

Mention  lias  been  made  above  of  the  introduction  of 
various  superheaters  and  reheaters  for  use  in  connection  with 
locomotive  boilers  in  order  to  increase  the  output  of  thei  boiler 
and,  incidentally,  the  fireman.  The  superheater  has  developed 
on  three  or  four  different  lines,  viz.,  one,  in  which  a  number 
of  steam  pipes  are  placed  inside  of  the>  fire  or  smoke  tubes, 
allowing  the  steam  to  be  further  heated  by  direct  contact  with 
the  ga9es  of  combustion  after  it  has  passed  from  the  boiler  ； 
another  one,  in  which  there  has  been  a  combustion  chamber  or 
pocket  formed  in  the  boiler  it9&lf,  into  which  a  receptacle  has 
either  been  built  or  subsequently  placed,  permitting  the  steam 
to  come  in  direct  contact  with  the  flue  gases  ；  and,  third,  in 
which  a  series  of  pipes  are  placed  in  the  smoke  box  of  the  engine 
to  make  use  of  the  gases  after  having  been  discharged  from 
the  flues,  the  steam  from  the  boiler  passing  through  thesei  pipes 
on  its  way  to  the  cylinder.  It  is  manifestly  obvious  that  this 
latter  method,  using  only  the  heat  remaining  in  the  gases  after 
having  been  passed  through  the  flues,  will  not  receive  as  high  a 
temperature  as  that  which  extends  through  the  fire  tubes 
toward  the  firebox,  but,  at  the  aame  time,  there  are  other 
advantages,  several  of  which  are  that  the  heating  surface  of 
the  boiler  is  not  necessarily  diminished  by  introducing  this 
type  of  superheater,  and  that  it  can  b©  applied  to  an  existing 
locomotive,  in.  many  cases,  without  any  material  changes  in 
the  boiler.  While  the  superheat  obtained  from,  the  smokebox 
type  will  average  only  from  30°  to  50°  Fah.,  yet  the  fact  that 
the  moisture  in  the  steam  is  thoroughly  dried  out  and  that 
cylinder  condensation  is  largely  reduced,  has  made  a  very  good 
economical  showing  for  this  type  of  superheater.  Fig.  8  shows 
the  Schmidt  fire  tube  and  Fig.  9  the  Vauclain  smokebox 
superheater. 

With  the  fire  tube  and  chamber  type  of  superheaters  it  is 
possible  to  get  as  much  as  150。  to  200。  superheat,  and  some 
r(  '  f-iit  tests  have  been  reported  in  which  the  temperature  ran 
considerably  higher  than  these  figures.  These  superheaters, 
being  exposed  to  the  more  or  less  direct  action,  of  the  fire,  are 
more  liable  to  burn  out  than  those  in  the  smokebox,  and  are, 
also,  as  a  rule,  more  expensive  to  apply  and  maintain. 

There  are  many  varieties  of  fire  tube  superheaters,  and 
9^me  of  them  are  easy  of  access  for  removal  of  the  superheating 
pipes  and  some  are  difficult.  The  tendency  in  recent  designs, 
however,  has  been  to  develop  a  superheater  in  which  the 
elements  can  readily  be  removed  without  necessitating  the 
removal  of  many  other  parts,  thereHy  delaying  the  engine  in 
the  round-house  and  keeping  it  out  of  service.      This  is  an 


important  factor  in  railroad  operation,  as  no  matter  how  much 
economy  can  be  obtained  from  any  device,  if  it  were  to  cause 
much  loss  of  time  from  actual  service  by  requiring  repeated 
and  extensive  repairs,  it  would  not  receive  favourable  con- 
sideration. 

The  action  of  superheat  upon  the  work  of  a  locomotive 
gives,  as  is  well  known,  this  advantage  by  increasing  the 
volume  of  the  steam  delivered  to  the  cylinders  and,  at  the 
same  time,  the  superheating  prevents  in  a  great  measure 
cylinder  condensation,  as-  temperature  of  the  steam  must  be 
lowered  by  the  amount  at  least  of  its  sup&rheat  by  t  he  processes 
of  expansion  before  it  can  b&  condensed  in  the  cylinders.  The 
economy  of  superheat  locomotives  in  coal  consumption  varies 
from  10  to  20  per  cent.,  and  cases  have  been  recorded  where  as 
high  as  30  per  cent,  economy  has  been  obtained.  We  think, 
however,  that  under  ordinary  service  from  15  to  25  per  cent . 
may  be  expected.  This  has  an  advantage  in  addition  to  tlie 
saving  in  fuel  consumption,  in  that  it  also  saves  the  labours  of 
the  fireman  and  enables  him  to  give  a  greater  output  in  horse- 
power for  the  same  amount  of  physical  en&rgy  expended. 

It  has  been  claimed  that  the  increased  volume  duo  to  t lie 
superheating  could  bo  utilised  by  operating  at  lower  boiler 
pressures  and  thus  reducing  the  amount  of  repairs  on  boilers 
of  locomotives,  which  has  become  very  onerous  under  condi- 
tions existing  in  modern  locomotivei  practice  ；  so'  that,  even  if 
there  were  no  especial  fuel  advantage'  obtained,  there  would  be 
a  saving  in  boiler  repairs'.    It  must  b&  borne  in  mind，  how- 


Fig.  9.— Vauclain  Superheater. 

ever,  that  the  loss  in  pressure  in  passing  through  superheaters 
is  sometimes  quite  considerable,  amounting  to  possibly  201bs.， 
301bs.，  or  even  401bs.  per  square  inch  drop  from  the  boiler  to 
the  cylinders,  and  in  order  to  make  up  for  this  and  to  maintain 
the  proper  working  pressure  in  the  cylinders  it  is  necessary  to 
operate  the  boiler  at  a  considerably  higher  pressure  than  it  is 
desired,  to  supply  to  the  cylinders.  In  Germany  it  is  quite  a 
common  practice  to  have  two  gauges,  on©  indicating  the  pres- 
sure in  the  cylinders  and  th©  other  in  the  boiler,  and  the  latter 
is  carried  so  as  to  maintain  the  desired  pressure  in  the 
cylinders.  In  this  country  1701bs.  is  a  rather  favoured  pres- 
sure for  superheater  engines,  and,  of  course,  the  cylinders  are 
proportioned  to  give  the  proper  tractive  force  with  this  pres- 
sur©,  thereby  making  the  reciprocating  parts  larger  than 
would  be  thei  case  with  high-pressure  steam.  Boilers  are 
generally,  however,  designed  capable  of  carrying  2001bs.  per 
square  inch,  so  that)  at  any  time  the  safety  valves  can  be 
adjusted  to  allow  for  the  drop  in  pressure  passing  through  the 
superheater.  Of  course,  it  means  a  certain  amount  of  lost 
work,  and  in  some  cases  superheaters  have  been  arranged  in 
which  the  steam  passes  through  a  single  loop  in  the  fire  tube 
instead  of  the  double  loop,  as  ordinarily  used.  This  would 
naturally  reduce  the'  loss  about  75  per  cent.,  and  this  mean 9  a 
great  advantage  in  the  operation  of  the  engine. 
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Tlio  action  of  t.lie  fi vo  on  tliORe  inside,  tubes  when  steam,  is 
not  passing  is  sometimes  prevent 0( I  from  overli eating  tlieni'  by 
means  of  an  ； mi oniat  ic  damper  in  Ili(、：  si"'okel)ox，  whicli  closes 
when  no  steam  is'  passing  through  the  superlieater,  thereby 
preventing  the  overheating  of  these  pipes. 

With  superheaters  of  the  chamber  type  it  has  been  found 
tliat  the  large  volume  of  steam  outside  of  the  throttle  at  times 
prevents  a  prompt  response  of  the  locomotive  to  the  engineer's 
movement  of  the  throttle  lever  ；  in  starting,  for  instance,  this 
chamber  must  fill  up  with  steam  before  the  pressure  will 
； tccmiiulato  in  the  cylinders  sufficiently  to  move  the  train,  and 
upon  closing  the  throttle  the  expansion  of  this  steam:  causes 
the  engine  to  run  farther  than  would  otherwise  be  tli©  case. 
Tt»  lias  been  suggested  that  tlie  throttle  valve  be  placed  outside 
of  Mi-e  superheater  in  order  to  overcome  this?  difficulty,  but 
tliis,  of  course,  lias  been  open  to  the  objection  that  when  stand- 
ing the  superheater  might  fill  up  with  water ,  endangering  the 
cylinders  when  the  engine  is  started. 

The  whole  superhe-ater  question  is,  in  a  measure,  in  its 
infancy,  and,  while  there  are  a  great  number  in  use,  yot  w© 
do  not  feel  that  there  has  been  a  sufficient  amount  of  experi- 
etio©  with  thenn  in  this  country  so  that  all  the  benefits  and 
difficulties  can  be  as  yet  definitely  determined.  Anything 
that  will  increase'  the  output  of  a  locomotive  will  be  looked 
upon  with  favour,  unless,  as  stated  above,  there  may  be  delays 
owing  to  necessary  repairs  that  may  more  than  make  up  for 
tlie  efficiency  of  the  engine  when  in  operation.  Of  course,  it 
must  always  be  remembered  that  such  devices  have  their 
benefit,  only  wlien  the  engine'  is  actually  working  steam,  as  on 
an  up  grade,  or  working  on  a  level.  During  times  of  running 
down  hill,  standing  at  stations  or  terminals,  remaining  on  side 
tracks  or  in  the  round-house,  those  advantages  are  absolutely 
unavailable. 

From  a  number  of  tests  made'  at  the  Purdue  University  by 
Prof.  Goss,  in  which  the  running  of  the  engine  was  inter- 
mittent, they  found  that  the  steam  consumption  per  unit  of 
work  delivered  was  increased,  duo,  no  doubt,  to  the  cooling  of 
the  cylinders  and  the  connected  parte,  and  that  this  lo9s 
increased  with  higher  steam  pressures.  When  the  programme 
of  operations  was  intermittent,  with  equal  periods  of  running, 
tlie  loss  was  found  to  be  from  5  to  10  per  cent,  more  than  that 
under  constant  running,  and  when  the  reduction  by  stack 
losses  and  periods  of  idleness  were  also  considered,,  the  results 
were  about  20  per  cent,  less  favourable  than  during  constant 
operation.  This,  however,  does  not  consider  the  absolute 
uselessness  of  this  or  any  other  device  when  the  engine  is 
running  down  hill  or  standing,  and  the  additional  expense*  for 
its  original  application  to  a  locomotive'  means  a  constant  inte- 
rest charge.  These  things  should  all  be  considered  in  making 
any  final  estimates  as  to  the  value  of  this  or  any  other 
economical  device,  but  they  are  too  often  overlooked  in  the 
ontliusiasm  of  those*  who  are  anxious  to  make  a  saving  in  coal 
consumption. 

Relieaters  have  much  the  same  function  as  superheaters, 
exo&pfc  that  this  term'  is-  applied  to'  such  devices  as  impart  heat 
to  the  steam  in  its  passage  from  the  high-pressure  to  the  low- 
pressure  cylinders.  The  low-pressure'  cylinder,  naturally,  is 
that  which  produces  the  greatest  amount  of  condensation,  and, 
if  we  are  able  to  reheat  the  steam  after  it  has  exhausted  from 
the  high- pressure  cylinder,  we  will  save'  considerable  condensa- 
tion in  the  low-pressure  cylinder.  Reheaters  are  seldom  used 
alone,  but  are  generally  used  in  connection  with  superheaters 
wliich  heat  the  steam  before  passing  into  the  high-pressure 
cylinder.  The  exact  amount  of  saving  to  be  accomplished  by 
a  reheater  is  not  definitely  known,  but  it  is  probably  some- 
wliere  in  the  neisflibourbood  of  5  to  10  per  cent. 

Reheaters  are  generally  eitlier  of  the  box  type  or  of  the 
smokebox  type,  and  in  design  they  resemble  an  ordinary 
superheater  of  thes&  two  varieties. 

Feerl-water  heaters  are  of  a  similar  nature  and  construc- 
tion, altliousfh  they  are  generally  made  of  the'  box  type.  The 
flexible  boiler  makes  a  very  convenient  use  of  the  front  section 
hy  "placing  therein  a  reheater,  and  even  in  some  cases  with 
ri^irl  boilers  where  the  lengih  would  be  too  great  for  the 
application  of  tubes  satisfactorily  a  feed-waier  heater  is  placed 
in  the  front  end  and  the'  water  from:  the  injectors  flows  through 
t.liis  feed -water  heater,  which  is  warmed  by  the  ^ases  of  com- 
bust-ion  after  passing  through  tire!  flues. 

Ti  lias  boon  customary,  in  many  cases',  to  run  with  tins 
section  full  of  water,  the  water  then  passing  from  the  top  to 


the  boiler,  being  fed  in  near  the  bot't'om  of  the  feed- water 
heater.  Tlie'  electrolytic  action,  lvowever,  in  many  casps 
causes  trouble  and  pitting  of  the  fines  and  slioets,  all  hougli  t  lio 
boiler  itself  is  not  affected  in  a  similar  way.  This  see'ms  to  be 
worse  in  good  water  districts  than  where  scaly  water  is  used, 
and  it  is  thought)  to  ba  due  to'  the  oxygen  carried  in  with  the 
waier.  The  latest  practice  has  been  to  connect  this  with  the 
steam  space  directly  and  run  it  at  the  same  level  as  the  water 
in  the  bailer,  】naking  this  really  an  extension  of  the  boiler, 
and,  while  it  seems  somewhat  strange  that  such  should  be  the 
case,  the  economy,  whicli  is  from  5  to  10  per  cent.,  seems  to  bo 
practically  the  same  whether  this  acts  entirely  as  «i  heat  or  or 
wlioilier  it  is  coiuiex'ted  up  to  for  mi  an  extension  of  Mio  hoi  lor. 

(To  be  continued.) 


REMOVAL  OF  WASTE  MATERIALS  BY  FANS  * 

BY  F.  R.  STILL. 

The  removal  of  waste  material  from  machines  in  industrial 
plants  by  means  of  fans  or  blowers  has  been  in  general  use  for 
over  70  years.  It  is  the  most  efficient  and  satisfactory  method 
known  ；  yet  even  now  the  minimum  velocity  or  volume  of  air 
required  to  convey  substances  of  varying  specific  volumes  and 
densities  is  not  known  to  any  definite  extent.  Naturally  little 
was  known  about  the  proper  design  and  proportion  of  hoods,  so 
considerable  confusion  existed  for  years  as  to  the  proper  pipo 
sizes.  But  in  duo,  course  of  time  a  standard  size  of  pipe  was 
generally  adopted  for  a  given  duty  on  a  machine  of  a  certain  typo 
and  capacity,  and  these  sizes  have  become  almost  universal. 

The  way  these  sizes  were  arrived  at  was  very  crude.  In 
those  days  (and  even  by  some  at  the  present  time)  it  was  generally 
supposed  that  the  pressure  pushed  the  stuff  along.  Nobody 
thought  it  was  the  velocity,  and  even  if  they  had  thought  of  it, 
they  had  no  known  method  of  measuring  the  velocity  as  an 
anemometer  would  be  quickly  destroyed  at  such  high  velocities. 
The  Pitot  tube  for  measuring  velocity  was  not  generally  under- 
stood, and,  in  fact,  it  is  only  within  the  last  five  years  that  it  has 
been  developed  to  an.  extent  that  makes  it  an  accurate  or  depend- 
able instrument  of  measurement. 

Hence  experimenters  would  put  up  a  system  of  pipes,  add 
the  areas  of  the  branches  together  to  determine  the  size  of  fan 
inlet  and  then  try  the  fan  at  varying  speeds,  try  different  shapes 
and  proportions  of  the  hoods,  &c.，  until  the  system  seemed  to 
work  all  right.  Probably  the  very  next  job  would  fail  to  work 
because  the  piping  system  was  more  extensive  or  the  outlet 
from  the  shaving  vault  was  too  small,  thus  causing  undue  back 
pressure  or  some  other  of  the  many  things  which  can  happen 
around  such  plants.  The  first  things  always  resorted  to  was  to 
"speed  up  the  fan."  If  it  worked  it  was  "a  fine  job."  If, 
however,  that  did  not  prove  effective,  then  the  remote  sections 
of  the  main  pipe  were  taken  down,  the  larger  pipe  moved  along 
and  supplanted  by  still  larger  pipe  near  the  fan,  a  larger  fan  installed 
and  larger  branches  to  those  machines  which  did  not  seem  to 
have  enough  "  draw  "  to  them.  After  several  similar  experiences 
by  the  different  builders  of  such  equipment,  they  all  gradually- 
arrived  at  one  standard  size  of  branch  pipe  for  a  certain  duty, 
and  these  sizes  have  been  quite  closely  adhered  to  down  to  the 
present  time. 

About  the  time  the  general  form  of  hoods  and  pipe  sizes  had 
been  standardised,  considerable  stir  was  created  by  inventors  of 
"dust  arresters  M  or"  dust  separators  "  or  "  dust  collectors," 
as  they  are  variously  known  by  different  makers.  These  were 
used  to  trade  on  for  many  years,  most  extravagant  claims  being 
made  for  some  of  them,  and  the  prospective  purchaser  was  often 
irij  a  perfect  maze  of  claims,  guarantees,  contradictions,  and 
threats.  This,  by-tlie-way,  has  not  entirely  subsided  yet,  though 
less  attention  is  paid  to  it  now. 

Later  a  new  angle  to  the  business  was  introduced  by  means 
of  the  euphonious  words,  il  low-speed  and  low-power  fans." 
The  methods  pursued  in  the  introduction  of  this  device  were 
almost  identical  with  those  used  to  push  the  various  makes  of 
dust  separators  years  before,  and  it  is  safe  to  prophesy  about 
the  same  finish  eventually.  Suffice  it  to  say  here  that  nothing 
can  be  accomplished  by  such  fans  that  cannot  be  accomplished 

*  From  a  paper  read  before  the  American  Society  of  Heating  and  Ventilating 
Engineers,  Detroit,  Mich.,  July  12th. 
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l>y  any  standard  typo  of  exhaust  fan  with  even  less  power  wlion 
properly  applied  than  the  former  requires.  This  name  lias 
proved  a  good  thing  to  trade  on  and  is  now  being  pushed  to  tho 
limit,  but  the  people  Avill  eventually  learn  there  is  nothing  in  it. 

Investigations  and  experiments  should  first  determine  what 
velocity  is  required  to  move  different  substances  of  varying 
wt'iirhts  and  bulk.  Then  should  be  determined  what  propor- 
tionate volume  of  air  is  required  to  move  in  a  unit  of  time  a 
specific  volume  of  different  substances  having  varying  weiglits 
and  bulk.  Air  pressure  is  only  a  measure  of  velocity  and  resistance 
boyond  which  it  has  nothing  to  do  with  the  moving  of  material , 
us  many  suppose. 

The  relative  area  of  a  substance  has  a  great  deal  to  do  with 
tho  ease  with  which  it  can  be  moved  by  air.  For  instance,  a 
comparatively  low  velocity  will  move  a  cubic  foot  of  powdorod 
coal  which  will  pass  through  a  100-mesh  wire  screen.  It  will 
take  double  the  velocity  to  move  a  cubic  foot  of  coal  which  will 
pass  through  a  25-mesh  screen.  But  a  centrifugal  fan  cannot 
produce  high  enough  velocity  to  move  a  cubic  foot  of  coal  in  a 
solid  block. 

The  same  is  true  of  many  other  substances  ；  take,  for  instance, 
shavings  and  dust  from  planing-mill  machinery.  Twenty  feet 
per  second  will  move  the  lighter  dust  ；  40ft.  will  move  the  shav- 
ings ； 50ft.  will  move  the  sawdust,  but  there  are  knots,  blocks,  &c.， 
which  also  have  to  be  taken  care  of,  and  these  sometimes  require 
00ft.  or  more  per  second.  Hence  the  velocity  has  to  be  selected 
winch  will  take  care  of  the  largest  and  heaviest  pieces  ]ik<、lv 
to  enter  the  system. 

From  this  it  will  readily  be  seen  how  essential  it  is  for  econo- 
mical operation  to  know  what  is  the  lowest  velocity  required  to 
move  a  given  substance,  as  the  frictional  loss  multiplies  directly 
as  the  square  of，  and  the  power  to  drive  the  fan  directly  as  the 
cube  of  the  velocity.  For  example,  if  only  40ft.  per  second  is 
necessary  and  80ft.  is  provided  and  at  the  lower  velocity  it 
requires  25  h.p.,  it  would  require  200  h.p.  at  the  higher  speed. 
This  is  not  an  absurd  comparison,  as  many  are  the  plants  whore 
jnst  such  a  comparative  waste  of  power  is  taking  place. 

Frequently  the  velocity  as  predetermined  may  be  correct, 
but  the  volume  of  air  for  the  volume  of  material  to  be  handled 
in  a  given  unit  of  time  may  be  sufficient.  In  other  words,  the 
ducts  are  too  small.  Hence  the  fan  has  to  be  speeded  up  to 
create  a  higher  velocity  in  order  to  move  the  requisite  volume  of 
air.  This  has  exactly  the  same  effect  on  the  power  as  would 
the  velocity  if  it  had  been  figured  too  high  at  first.  An  example 
of  this  latter  character  came  under  observation  about  a  year  ago,  in 
one  of  the  largest  mills  in  the  South.  Six  very  large  double-exhaust 
fans  were  installed,  driven  by  direct-connected  electric  motors. 
The  planing-mill  machines  are  all  high  speed,  having  three  or 
four  times  the  surfacing  speed  of  the  older  types  ；  hence  there  is 
proportionately  a  greater  volume  of  refuse  to  handle.  Tho 
pipes  attached  to  the  hoods  on  the  machines,  being  about  the 
standard  size,  failed  to  take  care  of  the  refuse  properly.  The 
owners,  having  lost  confidence  in  the  contractor  who  installed 
the  plant,  sent  in  the  plans  with  a  request  that  they  be  advised 
as  to  the  best  course  to  pursue  to  put  the  plant  in  a  condition 
which  would  be  satisfactory  to  them. 

A  careful  analysis  of  the  situation  showed  it  would  require 
438  h.p.  additional  to  do  the  work  with  the  existing  plant  by 
speed—  it  up  ；  whereas,  by  revising  the  plant  on  a  larger  scale, 
proportionate  to  the  work  to  be  done,  it  would  require  156  h.p. 
additional.  Hence  the  saving  would  be  282  h.p.  by  changing  tho 
plant  over.  At  the  conservative  figure  of  $40  per  horse-power 
Per  annum,  this  would  indicate  a  saving  of  $11,280，  which,  at 
5  per  cent.,  would  represent  the  interest  on  an  investment  of 
S225,000.  The  owners  of  this  plant  have  spent  thousands  of 
dollars  experimenting  on  processes  to  utilise  the  waste  from 
this  mill  for  making  various  by-products,  some  of  which  have 
"eat  value  ；  hence  they  are  more  conservative  about  the  con- 
sumption of  refuse  for  fuel  than  are  many  others  in  a  similar 
line  of  work. 

Table  I.  gives  the  standard  diameters  to  attach  to  the  hoods 
fwlosing  tho  knives  and  saws  of  ordinary  machines. 
•  •  Moulders,  bu?z  planers,  pony  planors,  diagonal  planers, 
jointers,  and  all  othor  marhinos  having  knives  or  saws  of  dimon- 
-"? na  given,  will  require  pipes  of  thoir  respective  diamotors. 
Timber  planers  require  25  per  cent,  larger  pipes  than  ordinary 


planors.  Tli^li-spood  plunors  .'ind  niulcliors  roqniro  ahont,  HO  pt-i 
(rmt.  moro  urea  than  is  indicjiicd  in 


Tabu':  J.—  Sizes  of  Pipes  jor  P/jn/ituj  M ill  Machnwrtf 


Upper  Cylinder. 

Low*;r  Cylinder. 

Length  of 

Diameter  of 

Length  of 

DianicU  r 

Knives. 

l*il>e. 

Knives. 

of  Pipe. 

5in. 

4in. 

5in. 

lin. 

Win. 

Sin. 

10in. 

Oin. 

J4in. 

Gin. 

14in. 

5in. 

24in. 

7in. 

24in. 

"in. 

:;0in. 

7in. 

:;<)in. 

7iu. 

Diameter  ol  IMpi*. 


Matohor  lieads,  oacli   r)in. 

Sash  and  cabinet  sliapor,  cacli  head   4in. 

Door  tenoner    5in. 

Sash  tenoner    4in. 

Door  and  sash  sticker,  each  head   lin. 

Blind  slat  sticker    4in. 

Blind  rail  router    lin. 

Panel  raiser,  each  head   4 in. 

Sand  drum,  24in.  long   4 in. 

Sand  drum,  30in.  long   r>in. 

Mortisor,  floor  spout   i\'m. 

Floor  sweep-up    "in. 

Rip-saw  and  re-saws ― 

lOin.  to  lOin.  diam.    4in. 

18in.  to  24in.  diam   5in. 

42in.  to  60in.  diam   "in. 

Cut-off  and  grooving  saws 一 

lOin.  to  16in.  diam   4m. 

18in.  to  24in.  diam   fhn. 

Band  saws,  small    /]in. 


If  the  fan  selected  is  a  size  or  two  larger  than  the  sum  of  tlio 
areas  would  indicate,  it  will  do  the  work  when  running  at  n  very 
much  slower  speed,  and  will  require  less  power.  For  oxaniplo, 
supposing  the  plant  requires  a  12in.  main,  which  with  the  branches 
and  separator  offers  a  resistance  of,  say,  4|in.  water  gauge.  If  ；) 
fan  having  a  12in.  inlet  should  be  attached  it  would  have  to  run 
at  about  1,8G5  revs,  per  minute,  requiring  5|  h.p.  ；  whereas,  if  a 
fan  having  an  18in.  inlet  were  attached  to  produce  tlio  samo 
velocity,  it  would  only  have  to  run  at  1,040  revs,  per  minute, 
requiring  h.p.  Thus  the  speed  would  be  reduced  44  per  cent, 
and  the  power  reduced  more  than  10  per  cent. 

Hoods  are  never  carried  in  stock  by  anybody,  there  being  sucli 
a  variety  of  makes  and  sizes  of  machines  as  to  preclude  the 
possibility  of  making  a  standard  to  fit  one  make  of  machine  that 
will  fit  any  other  make.  A  governing  principle  for  the  design 
of  hoods  is  to  so  shape  them  that  the  refuse  from  the  knives  or 
saws  is  shown  directly  to  a  point  where  it  will  be  caught  by  tlio 
highest  velocity  of  the  air. 

The  hood  over  the  upper  knives  on  a  surfacer  has  a  mouth  at 
the  bottom  several  times  the  area  of  the  pipe  ；  consequently  it 
has  very  little  lifting  power  at  the  mouth.  Immediately  al)ov(i 
the  apron  around  the  knives  the  hood  is  drawn  in  from  all  four 
sides  so  as  to  reduce  the  area  to  about  equal  the  pipe  area  ；  it  is 
also  drawn,  back  at  a  considerable  angle  in  the  direction  tho 
shavings  fly  from  the  knives.  Thus  the  shavings  fly  at  once  into 
the  contracted  area,  where  the  velocity  is  the  highest,  and,  beinti' 
once  set  in  motion,  it  is  easy  to  keep  them  moving. 

The  hood  to  the  bottom  knives  is  not  much  more  than  a 
shallow  hopper  with  a  narrow  slit  at  the  bottom  leading  into  a 
horizontal  pipe.  The  end  of  the  pipe  is  usually  left  open  to 
prevent  clogging  up,  as  otherwise  if  the  shavings  should  bridge 
over  the  opening  in  the  bottom  of  the  hopper  it  would  shut  ofE 
all  circulation  and  the  pipe  would  then  become  dead  until  cleaned 
out.  The  hoods  to  the  side  heads  are  sometimes  very  complex 
in  form,  but  the  same  principles  are  employed  in  their  design 
as  for  tlio  upper  hoods.  - 

Where  the  branch  pipes  attach  to  the  main  they  should  enter 
at  an  an^le  of  not  more  than  45°,  and  30°  or  less  is  better.  Novor 
attach  a.  brancli  at  right^.an^los  to  the  main.  Two  branches 
should  never  enter  the  main  directly  opposite  each  other  ； 
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also  avoid  the  use  of  Y-branches,  as  the  two  currents  in.  conflict 
retard  the  flow,  sometimes  causing  the  pipes  to  clog. 

Elbows  should  have  a  radius  in  the  throat  twice  the  diameter 
of  the  pipe.  For  example,  a  6in.  pipe  should  have  a  radius  of 
12in,  in  the  throat.  There  is  no  advantage  in  making  the  radius 
more  than  twice  the  diameter. 

A  right  angle  elbow  in  a  Gin.  pipe  offers  as  inuch  rcsistiinco 
as  a  straight  pipe  of  the  same  diameter  44ft.  long. 

With  a 】'a^ius  of  half  the  (liam('t(T，  it  is  o(|ual  to  a  straight 
pipe  15ft.  lon«i'. 

With  ； i  radius  of  one  (li;imot(n'  it  is  equal  to  a  strui^ht  pipo 
r)|ft.  long. 

With  a  radius  of  two  diameters,  it  is  equal  to  a  stmi^l it- 
pipe  2|ft.  long. 

By  making  the  radius  more  than  twice,  the  resistiinco  Ix^uins 
to  increase  again  until  at  six  diameters  it  is  equal  to  a  stmi^lit 
pipe  3ft.  long.  This  is  due  to  the  greater  distance  the  air  is  under 
compression  on  one  side  of  the  pipe  while  making  the  turn. 

Friction  of  the  air  travelling  through  the  pipes  is  another 
and  very  essential  point  for  consideration,  and  it  must  be  di'lrr- 
mined  in  order  to  know  the  minimum  speed  at  which  t  he  fun  can 
be  run.  Careful  experiments  have  shown  that  a  length  of  round 
pipe  from  62  to  72  times  its  diameter  will  produce  friction  equi- 
valent to  the  velocity  head,  the  shorter  length  applying  to  small 
pipes,  because  of  the  relatively  greater  resistance  the  roughness 
of  the  surface  presents  per  unit  of  volume.  In  actual  practice  it 
is  customary  to  allow  about  40  diameters,  to  compensate  for 
branch  tees,  reducers,  dents,  &c.  The  refuse  carried  along  by 
the  air  also  increases  the  resistance  somewhat. 

Rectangular  pipes  can  be  compared  with  round  pipes  by 
multiplying  the  area  of  the  square  pipe  by  four  and  dividing  by 
the  perimeter  of  the  square  pipe  ；  the  result  is  the  corresponding 
diameter  of  a  round  pipe  for  the  same  velocity. 

The  friction  for  varying  diameters  of  round  pipes  is  inversely 
proportional  to  their  diameters,  at  a  given  velocity. 

The  friction  of  rectangular  pipes  at  the  same  velocity  varies 
inversely  as  the  square  root  of  their  respective  areas. 

The  friction  of  any  pipe  is  directly  proportional  to  its  length. 

In  the  application  of  fans  to  the  removal  of  smoke,  fumes, 
fine  dust,  obnoxious  gases,  &c.，  great  care  has  to  be  exercised  in 
so  designing  the  hoods  that  they  will  not  interfere  with  the 
process,  that  they  will  not  be  in  the  way  of  the  mechanics  and 
still  be  capable  of  catching  the  floating  material  before  it  gets 
into  the  room.  Most  failures  in  such  installations  are  due  to 
the  pipes  being  too  small. 

For  example,  supposing  a  hood  of  conical  form  is  3ft.  in 
diameter  at  the  mouth  with  a  7in.  pipe  attached  at  the  top. 
With  a  velocity  of  4,000ft.  per  minute  in  the  Tin.  pipe,  the  velocity 
is  only  151ft.  at  the  mouth,  or  less,  about  2* 5ft.  per  second. 

A  very  efficient  though  somewhat  expensive  hood  of  this 
type  is  to  put  one  hood  inside  the  other,  leaving  about  fin.  space 
between  all  around  the  bottom,  and  then  run  a  nozzle  from  the 
apex  of  the  inner  cone  up  into  the  pipe  which  is  attached  to  the 
outer  cone.  The  nozzle  should  be  about  half  the  area  of  the 
pipe.  With  such  a  hood  anything  that  rises  up  into  it  cannot 
escape  around  the  rim  even  if  it  is  not  drawn  off  by  the  central 
connection. 

A  common  rough  rule  for  determining  the  diameter  of  pipe  for 
round  conical  hoods  is  to  make  the  bell  mouth  1ft.  larger  in 
diameter  than  the  apparatus  it  is  to  cover  and  increase  this 
diameter  lft.  for  every  2ft.  elevation  above  2ft.  ；  then  to  make 
the  pipe  one-sixth  the  final  diameter  of  the  mouth  as  thus  deter- 
mined. For  instance,  a  kettle  2  - 5ft.  diam.,  having  the  bottom 
of  the  hood  2ft.  above  it,  would  have  a  hood  3  •  5ft.  diam.  or 
42in.  ；  the  pipe  would  be  one-sixth  of  this  or  7in.  diam. 


Explosion  at  a  German  Ironworks. ― An  accident  occurred  on 
Tuesday  morning  last  at  the  Hoescli  Iron  and  Steel  Works, 
Dortmund,  by  which  a  number  of  workmen  were  killed. 
Twenty- two  men  were  at  work  on  a  slag  heap,  when ,  it  is 
stated,  an  explosion  took  place  in  the'  very  midst  of  it.  Part 
of  the  heap  broke  up,  and  the  unfortunate'  men  were'  buried. 
Three  or  four  were  rescued  alive,  but  there  is  no  hope'  of  saving 
the  rest.  Twelve  bodies  have  been  recovered.  The'  remainder 
are  still  covered  by  masses  of  slag,  and  must  have  long  been 
suffocated. 


PATTERN-MAKINGS 

BY  T,  K.  SCHOFIELD. 

The  present  paper  is  an  attempt  to  outline  briefly  the  funda- 
iiiental  principles  on  which  the  work  of  the  patfcern-maker 
is  based,  as  modified  by  the  influence  of  modern  engineering 
and  foundry  developments.  "  That  which  is,  is  right/'  is  not 
the  sentiment  which  has  brought  engineering  to  its  present 
state  of  efficiency,  and  it  is  a  sentiment  of  which  the  pattern- 
maker above  all  others  needs  to  beware,  if  he  thinks  he  has 
attained  finality  in  his  methods. 

His  very  existence,  almost,  is  bound  up  inseparably  with 
the  continued  progress  of  engineering  ；  should  finality  be 
reached  in  mechanical  engineering,  the  pattern-maker,  who 
is  the  first  to  benefit  from  new  designs,  would  be  the  first  to 
suffer  from  the  continuance  on  stereotyped  designs. 

When  engineering  made  its  first  great  advance,  considera- 
tions of  economy  and  expedition  caused  the  pattern-maker 
to  take  his  place  as  a  specialist  in  this  branch,  in  succession  to 
the  old-time  millwright  ；  since  then  progress  has  been  very 
rapid ，  but  still,  generally  speaking,  the  same  motives  whicli 
made  him  a  specialist  continue  to  be  a  controlling  factor  in 
deciding  on  the  correct  form  which  his  work  shall  take. 

The  wisdom  of  his  decision  is  not  in  question  in  the  case 
of  simple  elements,  when  the  pattern  is  merely  a  facsimile  of 
the  required  castings,  though  sometimes  such  patterns  are 
rather  more  ornamental  than  useful,  bearing  evidence  that 
time  has  been  spent  imparting  a  fine  finish,  which  time  could 
have  been  devoted  to  gaining  a  more  accurate  conception  of 
the  purpose  for  which  the  pattern  was  made. 

In  castings  of  more  com- 
plex form,  however,  the 
design  usually  admits  of 
several  methods  of  moulding, 
and  the  advisability  of  the  use 
or  avoidance  of  cores  and 
drawbacks  has  to  be  settled 
before  the  pattern  is  begun  ； 
then  the  decision  arrived  at 
assumes  a  considerable  de- 
gree of  importance  to  the 
foundry  concerned.  Errors 
of  decision  in  these  elemental 
matters  frequently  involve 
the  foundry  in  expenditure 
of  labour  which  might  be 
avoided.  It  is  of  paramount 
importance,  therefore,  that  the  pattern-maker  should  possess 
a  tolerably  exact  knowledge  of  foundry  practice  and  foundry 
economy,  in  order  that  the  patterns  provided  shall  involve  a 
minimum  of  labour  to  produce  the  moulds  and  cores.  The 
first  problem  which  the  pattern-maker  has  to  solve,  then,  is 
the  finding  of  that  particular  way,  of  all  the  possible  ways 
by  which  a  casting  can  be  made,  which  shall  fulfil  the  require- 
ments of  the  foundry  to  the  best  advantage. 

In  time  past,  when  patterns  were  laboriously  hand-made 
and  the  conveniences  now  common  in  up-to-date  pattern 
shops  for  rapid  production  were  almost  unknown,  many 
ingenious  methods  were  evolved,  enabling  castings  to  be 
obtained  from  a  somewhat  meagre  pattern  preparation.  Such 
castings  were  not  always  as  true  as  might  be  ；  some  of  the 
niceties  of  design  had  to  be  sacrificed,  and  allowance  for 
machining  had  to  be  somewhat  generous,  to  cover  inaccu- 
racies. Still,  such  methods  and  such  castings  suited  the  needs 
of  the  time.  Contingencies  still  occur  when  these  makeshift 
methods  are  justifiable  even  at  the  present  time,  as,  for 
instance,  the  familiar  "  1  off  "  job  in  some  of  its  forms,  and 
the  bona-fide  breakdown.  Knowledge  of  these  "  cheap  ，， 
methods  formed  no  small  part  of  the  pattern-maker's  stock-in- 
trade,  but  they  have  tended  to  become  stereotyped  into 
standard  methods. 

If  it  is  granted  that  real  patterns  are  essential  to  bring 
us  nearer  to  the  ideal  of  foundry  efficiency,  in  conjunction 
with  the  enormously  increased  facility  with  which  a  pattern 
can  now  be  made  for  a  correspondingly  reduced  cost,  it  is 
evident  there  is  not  now  the  same  justification  for  adoption 
of  makeshift  methods  as  formerly,  and  that  continued  per- 

*  Paper  readlbefore  the  British  Foundrymen's  Association  Animal  Convention, 
Cardiff,  _Augusti,  1912. 
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sisteuce  iu  such  methods  constitutes  a  serious  bar  to  legitimate 
foundry  progress. 

With  these  few  remarks  by  way  of  introduction,  I  propose 
now  to  present  the  case  for  a  more  rational  handling  of  the 
overv-day  problems  of  mutual  concern  to  pattern-maker  and 
moulder. 

Modern  Developments  Affecting  Casting  Design, ― The  past  10 
years  have  witnessed  intensified  concentration  on  the  part  of 
engineers,  iu  those  spheres  which  are  peculiarly  theirs,  viz., 
the  efficient  utilisation  of  natural  sources  of  power,  and  the 
acceleration  of  production.  Among  prime  movers  we  now 
have,  for  very  high  powers,  the  steam  turbine  and  internal- 
combustion  engines  for  both  gas,  oil,  and  spirit,  placed  upon 
a  commercial  basis.  Increased  efficiency,  higher  speeds  of 
rotation,  and  higher  range  of  temperatures,  also  the  cutting- 
down  to  a  minimum  of  clearance  spaces,  have  resulted  in 
increased  complexity  in  the  castings  forming  the  principal 
elements  of  these  engines,  and  have  brought  into  prominence 
the  need  for  greater  precision  and  uniformity  in  such  castings 
than  has  ever  obtained  hitherto.  Leaky  joints  and  much 
expensive  machining  and  fitting  are  obviated  by  combining 
in  a  single  casting,  whenever  possible,  elements  which  have 
hitherto  been  made  separately  ；  these  combinations  are 
characteristic  of  the  time,  and  involve  both  the  foundryman 
and  pattern-maker  in  greater  responsibility  for  their  satis- 
factory production. 

In  the  sphere  of  rapid  production,  the  scientific  study  of 
the  principles  underlying  the  best  use  of  metal-cutting  tools, 
and  the  introduction  in  recent  years  of  high-speed  steel,  have 
completely  revolutionised  the  design  of  machine  tools.  All- 
gear  drivers,  quick-change  gear  boxes,  and  other  time-saving, 
production-increasing  features  incorporated  in  their  design, 
have  transformed  the  simplest  of  them  into  more  powerful, 
more  productive,  more  nearly  automatic  machines. 

Standardised  methods  of  handling  castings  in  quantities 
for  machining,  to  reduce  costs,  with  the  need  for  inter- 
changeability,  have  resulted  in  the  application  of  jigs  for  all 
possible  purposes,  and  only  serve  to  emphasize  the  need  which 
exists  for  the  highest  degree  of  precision  in  the  castings 
supplied. 

It  would  seem  reasonable  to  deduce  from  the  foregoing 
remarks  that  those  concerned  in  the  economical  production 
of  castings,  in  order  to  fulfil  the  requirements  indicated, 
embodying  great  intricacy  and  precision,  have  no  small  part 
to  play  in  the  maintenance  of  progress.  My  concern  is  with 
the  attitude  of  the  pattern-maker  to  these  developments,  how, 
incidentally,  the  foundry  is  affected  through  him,  and  what 
can  be  done  to  ensure  that  he  shall  efficiently  discharge  his 
functions  as  a  worthy  member  of  the  advanced  organisation 
of  the  engineering  profession. 

False  Economy  in  Pattern-making. ― The  work  of  the  pattern- 
maker leaves  him  with  more  scope  for  the  exercise  of  initia- 
tive than  almost  any  other  branch  of  engineering  ；  it  is  under 
liis  hand  that  the  work  of  the  designer  first  finds  tangible 
expression,  and  he  is  frequently  entrusted  witli  a  large 
measure  of  discretion  and  enjoys  opportunities  for  inter- 
course and  suggestion  with  the  designer.  The  live  designer 
does  not  despise  liis  suggestions  ；  tlie  tangible  expression 
above  mentioned  often  takes  forms  which  render  it  almost 
unrecognisable  to  the  designer,  who  has  to  take  him  somewhat 
on  trust,  and  in  whom  are  induced  feelings  of  respect  (I  had 
almost  said  awe)  because  of  tlie  uncertain  factors  which  seem 
to  surround  the  evolution  from  drawing  to  casting. 

Many  of  the  qualities  which  characterise  the  designer  are 
also  found  in  the  successful  pattern-maker  ；  both  perform 
certain  duties  wliich  are  but  steps  towards  a  final  achieve- 
nient  ；  the  actual  work  of  each  has  no  place  in  the  finished 
product,  and  for  this  reason  both  enjoy  the  distinction  of 
being  called  "  non-producers."  Some  enthusiasts  have  carried 
the  tliought  further,  and  styled  both  as  "  necessary  evils," 
and  I  have  frequently  heard  the  pattern-maker's  frame 
linked  with  that  of  Ishmael  ；  so  that  their  pursuits  give  them 
ground  both  for  mutual  respect  and  sympathy. 

From  time  immemorial,  money  spent  on  making  patterns 
lias  been  regarded  in  many  quarters  as  lost  beyond  recall. 
Certainly  money  spent  on  superfluous  or  unnecessary  work  in 
any  department  is  loss,  but  the  necessity  which  exists  for 
efficient  patterns  surely  displays  the  inconsistency  of  sucli 
an  attitude.  Tlie  foundations  of  true  economy  must  be  laid, 
not  upon  such  prejudice  as  above  mentioned,  but  by  paying 


the  same  attention  to  the  equipment  of  the  pattern  sliop  and 
the  methods  of  producing  the  patterns  as  has  proved  so  suc- 
cessful iii  tlie  productive  departmen ts. 

A  pattern  is  a  tool  provided  for  the  moulder's  use,  but 
unlike  most  tools,  it  is  used  in  a  somewluit  spasmodic  niaim'  r. 
Such  patterns  as  are  used  more  or  less  continuously,  i.e., 
standard  patterns,  are  worthy  to  receive  every  possible  atten- 
tion, regardless  of  cost,  since  this  is  relatively  small.  Most 
patterns,  however,  are  not  used  so  frequently,  and  for  this 
reason  the  relative  cost  increases  accordingly.  In  any  case, 
good  castings,  involving  minimum  labour  in  the  foundry, 
and  with  allowances  so  fine  as  to  require  the  minimum  time 
for  machining  and  fitting,  demand  patterns  made  to  some 
recognised  standard  of  quality.  When  the  saving  in  first  cost 
of  a  pattern  is  outweighed  by  the  cost  of  extra  labour  in  the 
foundry,  the  pattern  ceases  to  be  a  cheap  one. 

Tlie  desirable  quality  of  a  pattern,  then,  is  measured  by 
the  facility  with  which  the  mould  is  produced  from  it.  Tts 
purpose  is  strictly  utilitarian,  and  superfluous  work  is  to  be 
deprecated.  Such  a  criterion  might  be  applied  to  some  of 
the  ill-considered,  rough,  or  "  jerry-built  '，  apologies  with 
which  the  moulder  is  painfully  familiar,  and  1  think  it  will 
be  agreed  that  there  is  still  scope  for  improvement. 

With  a  reasonable  standard  of  efficiency  adopted,  the 
cost  need  not  be  prohibitive  if  proper  equipment  is  provided 
and  up-to-date  methods  adopted  to  produce  the  patterns. 
In  analysing  the  various  operations  necessary  to  make  a  pat- 
tern, it  is  my  intention  to 
show  in  how  many  ways 
mechanical  operations  can  be 
used  instead  of  hand  opera- 
tions, with  an  enormous  re- 
duction in  cost. 

Where  a  broad  view  of 
economy  in  pattern  cost  is 
taken,  so  as  to  embrace  the 
foundry  and  subsequent  de- 
partments handling  the  work, 
a  higher  standard  of  finish  is 
secured  in  the  castings,  pro- 
duction is  enhanced,  and 
the  foundations  laid  for 
great    potentialities    of  the 
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realising     more    fully  the 


Pattern-making  and  Equipment. ― The  work  of  the  pattern- 
maker might  be  roughly  divided  under  the  following  :  (1) 
Planning  or  previous  study  of  methods.  (2)  Machine-work  of 
sawing,  planing,  turning,  &c.  (3)  Setting  out  and  building. 
(4)  Handwork    of   paring,  carving,  filleting,  glass-papering. 

As  previously  mentioned,  the  method  decided  on  from 
preliminary  study  of  the  drawing  has  more  than  a  passing 
interest  to  the  foundry  concerned,  since  that  department 
ultimately  suffers  from  errors  of  decision  at  this  juncture. 
A  thorough  study  of  the  drawing  by  the  foreman  pattern- 
maker enables  inconsistencies  in  design  to  be  corrected,  and 
modifications  to  be  made  to  simplify  the  work  both  in  pattern 
shop  and  foundry.  For  instance,  the  hollow-box  section, 
beloved  of  machine  designers,  frequently  necessitates  cores 
either  suspended  in  the  cope  or  insecurely  balanced  on 
cliaplets  in  the  drag,  these  chaplets  often  being  cast  into 
faces  requiring  to  be  machined,  thus  adding  to  the  troubles 
of  the  machine  shop.  A  timely  suggestion  being  made,  the 
designer  cannot  fail  to  appreciate  the  force  of  the  argument, 
and  small  but  sufficient  apertures  are  provided,  ensuring 
proper  support  in  prints  for  the  core,  efficient  venting,  and 
satisfactory  results.  Instances  could  be  quoted  where,  from 
a  simple  suggestion,  the  whole  design  has  been  altered,  witli 
a  considerable  gain  in  all-round  efficiency. 

The  planning  of  the  pattern  must  be,  above  everything, 
thorough,  ajid  embrace  all  the  essentials  of  the  construction 
and  subsequent  moulding  ；  the  foreman's  decisions  should  be 
modified,  as  occasion  arises,  by  consultation  with  the  foundrv 
head,  whose  advice  and  co-operation  are  of  prime  importance 
in  securing  the  best  results,  and  in  avoiding  those  vexatious 
alterations  to  patterns  often  made  necessary  when  found 
unsuitable  to  foundry  conditions. 

This  preliminary  work  done,  the  job  can  be  put  in  hand, 
accompanied  by  explicit  instructions  ；  the  pattern-maker 
can  proceed  in   the   most  direct  mauuer  with  the  work, 
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uuliiudered  by  doubts  or  fads,  progressing  more  rapidly  with 
it  tlian  if  it  were  imperfectly  thought  out  and  difficulties 
left  to  be  overcome  as  they  presented  themselves,  which  is 
not  the  modern  way.  It  is  a  mere  commonplace  to  say  that 
economical  production  is  secured  in  any  branch  of  business 
by  a  proper  planning  beforehand  of  the  work  to  be  done,  and 
possible  difficulties  as  far  as  possible  anticipated  and  provided 
for. 

In  work  of  a  more  or  less  intricate  nature,  involving  the 
use  of  many  cores,  a  full-size  layout  of  the  job  on  a  board 
proves  most  helpful.  Machining  allowances  can  thus  be 
shown  ；  troubles  in  connection  with  the  swelling  of  baked 
cores  can  be  to  some  extent  provided  against  by  allowance 
for  this  being  indicated  on  the  layout,  and  the  energy 
expended  in  rubbing  cores  to  fit  prints  can  be  reduced  if  not 
eliminated.  With  the  use  of  a  layout,  a  large  job  may  often 
be  sub-divided  to  advantage,  individuals  each  handling 
separate  units  which  together  make  the  complete  pattern. 
By  this  means,  precise  methods  of  execution  can  be  employed, 
and  much  economy  of  time  effected. 

Machine  Work. 一 The  machines  provided  for  the  use  of 
pattern-makers  are  the  same  general  type  as  usually  applied 
to  woodwork,  and  include  machines  for  sawing,  planing, 
turning,  and  grinding,  among  others.  All  of  these  are  a 
practical  necessity  where  a  fair  quantity  of  work  is  handled. 


Fig.  4. 


Fig,  5. 

Machines  specially  adapted  to  modern  shop  needs  are  avail- 
able, and  only  require  intelligent  handling  to  justify  their 
installation. 

The  modern  circular  dimension  saw  is  a  precision  tool  ； 
it  carries  two  saws  on  separate  spindles,  capable  of  being 
operated  alternately,  by  means  of  a  handwheel  movement. 
The  height  of  the  saw  above  the  table  is  adjustable  from  zero 
to  about  4in.  ；  the  fences  or  work  guides  for  ripping  and 
cross-cutting,  and  the  work  table  itself,  are  designed  to  make 
the  machine  as  universal  in  application  as  possible,  each 
being  capable  of  an  angular  movement  of  half  a  right  angle, 
a  few  seconds  only  being  required  to  set  up  for  a  job.  These 
features  enable  straight  work  to  be  sawn  dead  to  size  and 
angle,  and  worked  into  the  job  without  the  necessity  of  an 
intermediate  handling.  For  example,  a  framed  core  box  is 
made  in  a  few  minutes,  with  the  ends  cut  off  to  the  correct 
length  with  allowance  for  draft,  and  checked  iuto  the  sides. 
Polygons  for  hollow  cylindrical  patterns,  and  the  lags  for  the 
same,  require  very  little  further  attention  ；  in  fact,  these 
machines  are  so  valuable  that  one  is  led  to  think  that  it 
might  be  an  advantage  to  have  a  small  edition  of  them  placed 
at  the  end  of  each  bench,  ready  for  the  thousand  and  one 
jobs  ou  which  it  is  prepared  to  demonstrate  its  efficiency. 

Two  jobs  of  rather  an  unusual  nature  may  be  worth  men- 
1  ion  liere,  as  showing  the  term  "circular  saw"  to  have  in 
t'liis  connection  a  meaning  deeper  than  the  conventional  one. 
Tli(:  iirst  is  the  roughing-out  of  a  semi-circular  half  core  box 
(sec  Fig.  1)  or  similar  work.  The  rip  or  coarse-tooth  saw  is 
aet  so  that  its  highest  point  is  above  the  table  at  a  distance 
equal  to  the  radius  ；  the  ripping  fence  is  then  swung  out  of 
its  normal  】>osition，  wliicli  is  parallel  to  the  plane  of  saw  ； 
1  Ik;  aii^le  which  it  inalu-s  is  deiermined  hy  measuring  from 
the  extreino  points  of  the  saw  blade  at  table  level  perpen- 
dicular to  the  fcucc  ；    the  fence  is  correctly  aet  when  the 


difference  between  these  measurements  equals  the  diainoi(M- 
of  box,  or  double  the  height  of  saw  above  the  table.  (Tho 
pattern-maker  with  mathematical  tendencies  might  calculate 
the  angle  as  follows :  let  D  =  diameter  of  saw,  d  =  diameter 

of  box  ；  then  gives  the  sine  of  required  angle  when 

V^/a  —  1 

the  actual  values  are  substituted.)  The  setting  accomplished, 
the  saw  is  lowered,  and  the  interior  of  box  cut  out  by  a  series 
of  successive  cuts,  the  saw  being  raised  about  |in.  each  time. 
The  final  cut  is  not  quite  circular,  but  very  little  labour 
suffices  to  make  it  so. 

The  second  job  for  the  saw  is  the  cutting  of  the  thread  on 
the  pattern  for  a  worm  (see  Fig.  2).  The  conventional 
method  is  to  wrap  a  paper  templet  round  the  worm  blank, 
on  which  is  drawn  the  straight  line  development  of  the 
thread  ；  then  follows  the  relieving-out  of  the  thread,  about 
as  tedious  a  job  as  we  have  to  handle.  By  this  method  the 
pattern  comes  out  very  expensive  and  not  very  accurate. 

This  job  can  be  done  on  the  circular  saw  without  any 
setting  out,  and  with  variation  of  pitch  not  exceeding  one- 
hundredth  part  of  an  inch.  The  shallow-toothed  cross-cut 
saw  is  set  above  the  table  an  amount  equal  to  depth  of  thread. 
The  turned  blank  is  supported  against  the  cross-cutting 
fence,  whose  normal  position  is  perpendicular  to  the  plane  of 
saw,  and  slides  in  a  groove  parallel  to  the  saw  ；  this  fence 
is  now  turned  through  an  angle  equal  to  the  angle  of  advance 

of  thread  (tangent  of  this  angle  equals  •     iJ^c^  ―  Some 
x      °  &      i  oircumterence. 

adjustment  has  to  be  made,  and  the  blank  is  made  Sin. 
longer  to  allow  of  one  or  two  trial  cuts  before  goiug  through. 

The  blank,  held  by  the  left  hand  against  the  fence,  is 
pushed  forward  with  the  right  hand  until  directly  over  the 
centre  of  saw,  when  the  saw  will  have  penetrated  the  full 
depth  of  thread  ；  endwise  movement  of  the  blank  is  prevented 
by  the  saw  blade.  If  the  fence  were  square  to  the  saw  and 
the  blank  twisted  round  by  the  hand,  a  groove  would  be  cut 
all  round.  The  fence  being  inclined,  however,  the  blank 
is  rotated  with  the  left  hand,  and  feeds  endwise,  a  spiral  cut 
of  the  required  uniform  pitch  resulting.  Two  such  cuts  are 
necessary,  one  for  each  side  of  the  thread.  Some  hand  labour 
is  still  required  to  give  the  taper  side  to  thread,  but  it  is 
putting  it  moderately  to  say  that  the  total  time  is  reduced 
to  one-half,  probably  one-third,  by  this  operation,  whicli 
itself  takes  under  half  an  hour. 

The  planing  machine  is  so  familiar  as  to  need  little  com- 
ment. We  rarely  find  means  provided  by  which  timber  may 
be  planed  to  parallel  thickness  ；  where  jointer  and  thic li- 
ne sser  are  provided,  either  separately  or  combined  as  one 
machine,  handwork  of  this  kind  is  almost  eliminated.  If 
due  car©  is  taken  of  the  cutters,  many  jobs  such  as  wheel 
rims  and  other  circular  members  may  be  built  up  with  good 
joints,  without  any  hand  planing  whatever,  a  matter  which 
is  worth  considering  as  one  of  the  many  economies  that  can 
be  effected. 

To  sandpaper  one's  work  to  shape  was  anathema  to  the 
preceding  generation  of  pattern-makers  ；  we  are  now,  without 
shame,  grinding  to  shape  a  big  percentage  of  our  work,  large 
and  small,  on  the  sanding  disc,  with  results  satisfactory  to 
all  concerned.  The  saving  iu  cost  is  enormous,  and  its  use 
enables  many  novel  modes  of  construction  to  be  applied, 
which,  with  the  invaluable  aid  of  leather  fillets,  secure  ilie 
desired  form  and  finish  in  a  mucli  more  direct  maimer  than 
is  possible  with  hand  labour.  No  pattern  shop  is  complete 
without  the  sanding  disc  ；  it  would  be  impossible  to  enumerate 
in  how  many  ways  it  is  advantageous,  for  it  embraces  in  its 
scope  nearly  every  detail  of  a  pattern  -  That  it  is  not  a  toy 
may  be  gathered  from  the  fact  that  wheels  of  all  sizes,  up 
to  a  foot  wide,  are  ground  to  shape,  witli  correct  d raft,  from 
the  rough,  with  a  speed  which  puis  the  lathe  to  sh;»m(、. 
The  】atiie  lias  been  put  partly  out  of  commission  with  the 
advent  of  the  satider,  but  has  been  coni])ensaied  in  our  case 
by  a  suitably  large  faceplate  and  tilting  table  atlaclunent  for 
tlio  lathe,  thus  combining  iu  one  macliine  the  functions  of 
both,  and  forming  an  inexpensive  and  efficient  arrangement. 

One  might  also  mention  in  passing  that  lathes  witli 
wooden  beds  are  not  ideal  for  doing  good  work.  Cases  liave 
bevn  known  where  work  a  little  loo  large  lias  been  ； i('('。m- 
iiio«l;iled  by  relieving  a  little  out  of  ilic  lathe  bed  ；    such  a 
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practice  pursued  for  loug  cau  ouly  end  in  disaster.  Even 
where  irou  beds  are  provided,  one  looks  in  vain  for  the  slide 
rest,  which  is  as  invaluable  for  turning  wood  as  for  most 
other  materials,  where  precision  and  time  are  of  importance. 
One  can  only  wonder,  and  hope  for  the  best. 

Setting  Out. ― It  has  always  seemed  to  me,  since  a  casting 
caunot  be  more  accurate  thau  its  pattern,  that  the  pattern 
deserves  every  care  devoted  to  ensure  that  faces  shall  be  truly 
perpendicular,  aud  shaft  centres  bear  their  proper  relation 
to  each  other  and  to  the  faces.  To  ensure  this,  the  sei  ting- 
out  table  of  the  fitting  shop,  with  accessories  in  the  form  of 
angle-plate  and  scribing-block  of  adequate  size,  are  an  abso- 
lute necessity  in  the 
pattern  shop.  Where 
these  facilities  are  pro- 
vided, the  work  of  build- 
ing up  the  pattern, 
whether  it  be  a  wheel 
rim  or  a  machine  or 
engine  bed,  is  greatly 
expedited  ；  machining 
allowances  can  be  cut 
down  to  minimum ,  and, 
in  short,  all  the  advan- 
tages realised  of  using 
precise,  in  place  of  rule-of-thumb  methods. 

In  the  foregoing  remarks  I  have  tried  to  show  that 
foundry  efficiency  demands  a  liigli  standard  of  quality  and 
Completeness  in  the  pattern.  Also  that  patterns  capable  of 
meeting  this  demand  satisfactorily,  while  ensuring  castings 
cm  wliich  a  minimum  of  labour  is  necessary  to  machine  and 
assemble,  need  not  be  prohibitive  in  cost,  if  methods  are 
studied  and  equipment  adapted  to  suit  present  needs. 

Tube  with  Internal  Conveyor  Scroll. 一 The  interest  of  the 
pattern-maker  in  his  work  is  never  more  keen  than  when 
engaged  on  work  of  a  somewhat  unusual  character,  and  pos- 
sibly iio  class  of  work  is  more  interesting  or  so  puzzling  to 
the  outside  observer  as  that  in  which  are  used  assemblages 
of  cores.  The  tube  illustrated  in  Fig.  3  is  of  this  kind;  it 
was  required  to  be  of  cast  iron,  ^in.  thick  throughout,  8^in. 
outside  diameter,  53in.  long.  The  clear  bore  was  3|in.  diam.， 
so  that  the  thread  was  l|in.  deep,  the  pitch  being  3^in. 
Ouly  a  few  castings  were  wanted,  and  a  core  box  the  full 
length  would  have  been  not  only  expensive  but  a  mass  of 
loose  pieces,  difficult  to  locate  in  the  box,  without  any  advan- 
tage to  the  core-maker.  The  method  adopted  was  cheap  in 
pattern-making,  and  provided  the  foundry  with  a  number  of 
com j) act  cores,  quickly  made  and  readily  assembled  to  form 
the  completed  core. 

The  castings  did  great  credit  to  the  foundry,  and  were 
uniform,  smooth,  and  without  chaplets,  a  necessary  feature 
as  the  tubes  were  subjected  to  great  heat.  The  pattern  was 
simply  a  plain  cylindrical  one,  with  prints  at  each  end  to 
carry  the  core.  The  core  box  contained  one  complete  thread, 
and  10  cores  out  for  the  complete  core.  Tlie  first  and  tenth 
cores  differed  from  the  rest,  which  were  all  alike.  The  joint 
between  the  cores  required  attention,  as  a  plain  face  would 
give  feather  edges  and  be  unworkable  ；  for  that  reason  tlic 
face  was  formed  with  a  step  equal  to  half  the  pitch  (see  A  A， 
Fig.  3)  which  overcame  this  difficulty,  and  had  the  additional 
advantage  of  one  position  only  in  assembling,  and  imparting 
sti  flu  ess  to  the  finished  core. 

The  box  is  shown  in  Fig.  5  ；  the  holes  in  the  ends  received 
a  l^in.  print,  the  diameter  of  the  barrel  on  which  the  core 
was  built.  The  thread  was  made  in  four  pieces  ；  four  equal 
segments  were  built  on  a  parallel  block  turned  to  3^in.  diam. 
forming  a  circular  flange  2in.  thick.  This  was  turned  to  fit 
ilic  box  (71in.  diam.).  Three  of  these  pieces  were  then 
niovefl  along,  each  ^iu.  (one-quarter  the  pitch)  in  advance  ； 
two  j)arallel  helical  lines  were  then  set  out,  lin.  apart,  and 
the  faces  of  the  thread  pared  out  by  hand,  these  faces  beii，"r 
square  with  the  turned  block  at  all  points.  The  true  form 
of  thread  was  thus  secured.  Before  removing  from  the  block 
the  positions  of  the  thread  sections  were  scribed  in  the  box, 
making  their  ultimate  location  and  securing  an  easy  matter. 
Blocks  at  each  end  of  the  box  gave  the  staggered  face  to  the 
core;  for  the  end  cores  these  blocks  were  removed  alternately 
and  pie<es  inserted  to  give  the  required  forms.  The  cores 
were,  of  course,  nuirle  in  lialves  aiul  ^lucd  iogoilKH*,  being 
aflcrwanls  built  on  h  barrel,  aiul  finished  off,  a  very  satis- 
factory core  being  obtained. 


A  Quickly-made  Half-wheel  Pattern.  ―  Tlic  advantages  ( i 
modern  methods  are  best  appreciated  in  the  case  of  the 
" hurry  up  "  job.  The  wheel  shown  iu  Fig.  G  is  a  case  in 
point.  It  was  40in.  diam.  and  had  VI  teeth  J  '\\\\.  pitch, 
which  had  to  be  relieved  to  ensure  soundness  ；  and  width  of 
the  face  was  12in.  The  teeth,  thougli  only  rough  approxi- 
mations in  form,  had,  of  course,  to  b©  correctly  spaced.  The 
pattern  had  central  arms,  ribbed  up  to  the  rim,  bosses  12in. 
diam.  for  four  bolts,  and  bolt  lugs  at  rim.  It  occupied  in 
making  10  hours  by  three  men. 

First,  a  part  plan  and  section  were  laid  out  full  size  on 
a  board,  and  all  possible  information  shown  to  expedite 
work  ；  machining  and  draft  allowances  were  shown,  also 
thicknesses  of  timber,  and,  as  far  as  practicable,  other  details 
of  construction  of  the  pattern.  This  preliminary  work 
enabled  the  job  to  be  efficiently  sub-divided,  and  the  work 
on  each  detail  to  be  proceeded  with  directly 3  and  completed 
before  assembling. 

No  hand  planing  was  done  whatever,  except  circular 
planing  of  the  inside  of  rim  segments  after  these  were  band- 
sawn  to  the  line  and  bevel.  The  central  plate  arms  were 
first  assembled,  the  parts  being  adequately  secured  with  cor- 
rugated fasteners,  which  are  indispensable  in  the  pattern 
shop.  The  rim  segments  were  then  built  on  this,  attention 
being  devoted  only  to  the  inside,  to  eliminate  subsequent 
dressing  off  as  far  as  possible.  When  the  rim  was  built  the 
sander  table  was  set  to  give  one-tenth  inch  taper,  and  the 
outside  of  rim  ground  down  to  size,  making  a  first-rate  job. 
The  working  in  of  the  bosses  and  ribs  proceeded  while  tlie 
teeth  were  being  spaced  out  and  attached.  The  assembling 
of  the  parts  completed,  and  very  little  more  sufficed  to  han(l 
over  to  the  foundry  an  accurate,  serviceable  pattern.  The 
method  of  previously  planning  the  job,  and  proper  facilities, 
cause  a  single  cut  at  every  point  to  suffice,  instead  of  ； i 
roughing  out,  "  somewhere  near,"  with  a  more  or  less  generous 
allowance  for  finally  working  to  sixe.  In  this  way  much 
time  is  saved. 

Trough  for  Large  Automatic. ― Most  patterns  are  successfully 
handled  by  first  constructing  a  stiff  foundation  forming  part 
of  the  job  ；  this  foundation  is  usually  either  a  solid  block,  a 
frame,  or  a  box,  sufficiently  stiff  to  be  relied  upon  while  the 
superstructure  is  proceeded  with.  Many  others  are  of  such 
form  and  light  character  as  to  be  incapable  of  standing 
alone  until  near  completion  ；  cases  are  on  record  where  even 
the  final  coat  of  paint  has  been  relied  on  to  impart  the  neces- 
sary stiffness,  and  are  somewhat  analogous  to  the  villa  whicli 
is  so  scientifically  built  as  to  rely  on  every  element  of  paint, 
latli,  plaster,  and  internal  paper  for  stability.  A  more 
desirable  analogy  is  that  of  the  arch,  only  supported  until 
the  keystone  is  inserted,  and  then  capable  of  displaying 
stability  for  all  time. 

The  trough  illustrated  in  Fig.  7  was  of  the  kind  needing 
to  be  supported  until  practically  complete  ；  its  keel  was  laid 
on  the  shop  setting-out  table,  and  there  it  remained  until  fit 

to  be  moved  ；  its  dimensions 
~J  were  roughly  6ft.  by  3ft.,  metal 
告 in.  thick,  with  liin.  fall  to  the 
centre  for  drainage.  The 
large-radius  sides  and  corners, 
and  the  hopper  form  of  base, 
made  it  a  more  difficult  job 
than  might  appear.  Details  of 
construction  were  taken  care  of 
by  previous  layout  and  plan- 
ning as  far  as  practicable.  The  base  was  first  built  of  four 
triangular  frames,  lialf-lapped  together  on  the  saw;  the  ver- 
tices converged  at  the  centre,  and  rested  on  the  table,  the 
outer  edges  being  raised  on  1  iin.  parallel  packings  ；  tliis 
gave  the  riglit  hopper  form  to  the  base.  The  Gin.  radius 
mould  was  got  out  in  four  straight  lengths,  and  one  full  circle 
turned  for  the  corners,  which  were  cut  out  with  a  fine  saw, 
giving  the  four  quadrants.  These  elements  were,  after  finish- 
ing the  inside  faces,  united  as  shown,  similar  to  brickwork 
bonding  ；  this  was  facilitated  by  all  timber  being  machine- 
planed  to  one  thickness.  Rebates  were  cut  round  the  base  to 
receive  the  moulds  and  provide  the  necessary  thick  edge  to 
the  radius.  Seatings  for  headstocks,  bosses,  facings,  are 
not  shown,  but  were  accurately  placed  with  the  aid  of  an 
ample  scribing  block  working  off  the  table  face.    The  castings 
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required  were  made  without  need  of  an  iron  pattern,  and 
the  pattern  continues  to  justify  the  care  spent  on  its  construc- 
tion, survives  storage  without  shrinking  or  warping,  and 
costs  little  for  repairs. 

It  has  been  my  aim  to  show  that  it  is  better  to  seek  for 
economy  by  attention  to  details  and  methods,  rather  than  by 
sacrificing  the  quality  of  the  patterns  to  a  false  sense  of 
economy.  If  I  have  been  wearisome,  or  tended  to  overstate 
some  of  the  trifles  that  seem  to  me  to  demand  attention  in 
the  interests  of  progress,  I  hope  I  may  be  excused  on  the 
ground  that  in  attention  to  trifles  lies  our  hope  of  perfection. 


INDUSTRIAL  AND  TRADE  NOTES. 

Trade  Circulars. 一  We  lia vo  i-eceived  from  D.  Brown  &  Co.,  Hud- 
dcrsfiokl,  a  little  pamphlet  descrihiii^;  the  principal  features  of  tlioir 
" valveless"  online  as  applied  to  a  motor-car. ― Adolph  I^Ieichert 
and  Co.  send  us  some  circulars  doscrihiiiK  their  wire  ropeways  and 
other  loading  and  transport  plants,  with  photo  views  of  actual 
installations. 

Foreign  Warship  Orders  for  British  Firms. ―  The  Russian  Govern 
inent  have  placed  with  John  Brown,  Ltd.,  Clydebank,  a  contract 
for  the  turbine  engines  for  one  of  several  battle-ships  to  be  built 
in  Russian  yards.  It  is  understood  that  Messrs.  Armstrong, 
Whilwortli,  Co.  have  received  confirmation  of  the  placing  of 
an  order  with  them  for  a  second  Dreadnought  for  the  Chilian 
Navy. 

A  Big  Floating  Dock  for  Canada. ― The  floating  dock  built  by  Messrs. 
Vickers,  Ltd.,  for  the  Canadian  Government,  to  be  placed  at 
Montreal,  will  leave  for  its  tow  across  the  Atlantic  in  a  few  days. 
This  dock  is  600ft.  long  and  135ft.  wide,  with  sides  59ft.  high, 
and  can  take  on  with  ease  any  craft  up  to  100ft.  wide.  She  can 
lift  the  latest  types  of  "  Dreadnought,"  being  specially  built  for 
that  purpose. 

Textile  Mill  Electrification. —  Electric  power  is  to  be  adopted  for 
the  new  cotton  mill  of  Messrs.  Whitehead  &  Sons,  at  Rawtenstall. 
Besides  the  generating  plant  the  electrical  equipment  will  include 
2(58  loom  motors  for  individual  driving.  The  complete  plant  has 
been  ordered  from  the  A.  E.  G.  Electrical  Company,  who  will 
also  install  the  necessary  equipment  for  300  looms,  to  be  operated 
on  the  individual  drive  system,  at  Messrs.  Nelson  &  Greenhalgh's 
mill  at  Whitfield. 

The  Care  of  Automatic  Machines. ― Serious  trouble  in  the  engineer- 
ing trade  is  threatened  because  unskilled  labourers  are  given 
work  as  minders  of  automatic  machines,  which  the  Amalgamated 
Society  of  Engineers  contend  ought  to  be  done  by  skilled  workers. 
Turners  and  fitters  at  Green  Bank  Foundry 5  Blackburn,  have, 
for  this  reason  struck  work.  The  National  Executive  of  the 
society  have  referred  the  question  to  the  districts,  and  the 
trouble,  it  is  stated,  will  probably  extend  to  Durham,  Yorkshire, 
and  Warwickshire  towns. 

Apprentices'  Strike  at  Glasgow.— The  strike  of  engineer  appren- 
tices in  Glasgow  is  spreading.  Last  Monday  several  hundred  lads 
employed  in  the  Dalmuir  shipyard  left  work  as  a  protest  against 
deductions  from  wages  to  cover  insurance  payments.  At  Dule，s 
locomotive  works  the  apprentices  held  a  meeting  and  decided  on 
remaining  out.  They  marched  to  Weir's  pump  works  and  per- 
suaded the  lads  there  to  leave  work  again.  Later  in  the  day  the 
apprentices  from  other  engineering  establishments  joined  the 
strikers 

Boilermakers  and  Piecework. ― Chving  to  the  refusal  of  the  Federa- 
tion of  Shipbuilding  Employers  to  grant  an  advance  of  4  per  cent, 
in  "ages  to  the  riveting  squads,  the  Executive  Council  of  bVie 
Boilermakers'  Association  has  decided  to  take  a  ballot  of  its  mem- 
bers on  the  questions :  Are  you  in  favour  of  giving  one  month's 
notice  to  cease  work  on  piece-work  ？  Are  you  in  favou r  of  giving 
one  month's  notice  to  cease  work  altogether  to  enforce  a  special 
advance  of  4  per  cent,  on  riveting  rates 3  so  that  the  holders- up 
may  have  10^d.  to  the  riveters'  Is.  ？  The  votes  will  be  taken  at 
the  men's  October  meetings. 

Steam  Engine  Makers'  Society. 一 The  August  report  of  the  Steam 
Kn<rine  Makers'  Society  states  that  the  large  majority  of  branches 
h;i vc  Hear  books;  and  that  there  is  a  good  demand  for  skilled  men 
and  vacancies  all  over  the  country.  rrherc  was  a  marked  increase 
in  now  inemliers  during  the  mouth,  close  upon  500  being  proposed 
:iml  ； ulniittod.  The  society,  it  is  added,  u  stands  pre-eminent  in 
liiianco,  character  of  membei'ship,  as  continually  sliown  by  our 
pcrccnta ^,<»  ot  uiUMnployed,  low  percentage  of  superannuated 
nioml^ors,  and  good  standard  of  health  by  every  member  being 
inedically  fit  on  entry,  and  last  hut  not  least,  、、'e  require  a 
st;i ndard  of  ability  us  workmen  In'iti  ； ill  (.-andidates,  as  we  are  not 
out  i'ur  iiuinljci'ti  alone  by  any  means. " 


The  Midland  Railway  Carriage  and  Wagon  Company.— The  annual 

report  shows  a  gross  profit  of  £20,297.  At  the  annual  nmeting 
the  Chairman  said,  owing  to  the  necessity  just  now  for  hushand- 
iiig  their  resources,  the  directors  thought  it  right,  af't《、r  j>;1n 
debenture  interest  and  the  dividend  on  the  debenture  sli"r(、s, 
not  to  pay  a  dividend  this  year  on  the  ordinary  shares,  and  1"' 
warned  the  shareholders  that  until  it  was  possible  to  pay  off  ； i 
good  part  of  the  debenture  loans  the  directors  would  not  advise, 
uor  would  they  be  justified  in  advising,  a  declaration  of  dividends 
equal  to  those  which  had  been  paid  in  the  past. 

Railways  and  Cost  of  Insurance. ― At  the  half-yearly  meetings  of 
railway  companies,  gloomy  tales  were  told  concerning  the  disas- 
trous effects  on  receipts  of  the  recent  coal  strike,  and  the  heavi- 
ness of  the  burden  which  the  charge  involved  by  the  Insurance  Act 
will  impose.  The  figures  relating  to  insurance  are  startling,  as 
illustrated  by  the  following  figures  of  annual  cost  to  leading  com- 


London  and  North- Western   £64,000 

Great  Western    60,000 

North-Eastern    40,000 

Great  Central    20,000 

London  and  South- Western    20.000 


Oil  Fuel  for  Liners. ― The  triple-screw  steamer  "Niagara,"  wliich 
is  to  be  launched  at  Clydebank  to-morrow  (Saturday),  has  been 
built  specially  for  the  Canadian- Australasian  service  which  the 
Union  Steamship  Company  of  New  Zealand  aro  to  conduct  under 
subsidies  from  the  Canadian  and  New  Zealand  Governments. 
She  will  be  over  12,000  tons  gross,  and  will  he  the  largest  vessel 
registered  in  Australasia.  Her  machinery  will  consist  of  recipro- 
cating engines  driving,  two  shafts  and  a  low-pressure  turbino 
driving  a  centre  shaft,  but  the  innovation  of  special 
interest  will  be  in  connection  with  the  boilers.  Of  these  there 
will  be  ten.  In  six  steam  will  be  generated  by  coal  and  in  four 
by  oil  fuel,  while  the  bunkers,  tanks,  and  boilers  are  all  so 
designed  that  they  can  be  adapted  to  carry  and  use  oil  fuel 
exclusively  as  soon  as  sufficient  supplies  can  be  obtained  at  the 
ports  of  call. 

The  Oil-engined  Ship  "  Eavestone." ―  The  departure  last  week  of 
the  first  large  British-owned  motor  ship,  the  "Eavestone,"  on 
her  maiden  voyage  from  Sunderland  was  followed  by  a  successful 
passage  to  Antwerp,  the  journey  being  performed  without  a  hitch 
of  any  kind.  The  four-cylinder  vertical  Diesel  engine  by  which 
this  new  vessel  is  driven  was  supplied  by  Messrs.  Richardsons, 
Westgarth,  &  Co.,  of  Middlesbrough^  under  joint  license  from 
Messrs.  Carels  F  re  res,  of  Ghent,  and  the  Diesel  Engine  Company, 
London.  These  two  latter  firms  recently  amalgamated  in  the 
formation  of  the  Consolidation  Diesel  Engine  Manufacturers,  Ltd. 
The  "Eavestone"  left  Antwerp  on  Thursday  morning  last  week  on 
her  return  journey  to  Hartlepool,  and  in  due  course  will  come  to 
London,  where  no  doubt  those  interested  will  have  the  oppor- 
tunity of  inspecting  the  Diesel  marine  engine  by  which  the 
vessel  is  propelled. 

Explosives  in  Coal  Mines  Order. ~ The  question  having  '  been 
raised  whether  the  words  "  magneto-electrical  apparatus  "  as  used 
in  the  Order  of  May  21st  last  include  what  is  known  as  a 
" dynamo  exploder,"  i.e.,  an  electrical  firing  apparatus  consist- 
ing of  an  armature  rotating  in  a  permanent  (non-electrical) 
magnetic  field,  as  well  as  the  form  in  which  an  armature  rotates 
in  a  field  formed  by  an  electric  magnet,  the  Home  Secretary 
wishes  it  to  be  generally  known  that  it  、vas  intended  to  include 
apparatus  of  both  kinds,  and  he  is  advised  that  the  phrase  used 
does,  in  fact^  include  apparatus  of  both  kinds.  With  regard  to 
the  requirements  in  Clause  2  (h)  of  the  Order  that  every  elec- 
trical firing  apparatus  shall  be  provided  with  a  push  button,  an 
internal  arrangement  by  which  the  firing  contact  is  automatically 
made  at  the  end  of  the  travel  of  the  handle,  and  on  the  release 
of  the  handle  is  immediately  broken,  performs  the  same  function 
as  a  push  button,  and  will  be  admitted  as  complying  with  the 
requirements  in  the  Order  as  to  the  provision  of  a  push  button. 

American  Petroleum  Production  in  1911. ―  According  to  a  report 
just  issued  by  the  United  States  Geological  Survey,  the  petroleum 
production  in  the  United  States  in  1911  was  220,449,391  barrels, 
surpassing  its  own  record,  which  was  made  in  1910,  by  nearly 
11,000,000  barrels.  In  1910  the  output  was  209,557,248  barrels. 
The  total  production  of  the  world  also  surpassed  all  previous 
records,  amounting  to  over  345,000,000  barrels,  and  of  this  the 
United  States  produced  more  than  03  per  cent.  The  value  ot" 
this  enormous  output  of  oil  in  the.  United  States  for  1911  was 
$134,044^52,  tho  average  price  being  60*8  cents  a  barrel.  In  the 
production  for  1911  California  led  off,  with  81,134,391  l>arrel.s  ； 
Oklahoma  took  second  place,  with  Hi" ，（； 37  barrels  ；  Illinois  was 
third,  with  31,317,038  barrels,  and  Louisiana  was  fourth,  with 
in, 720, 120  \n\ rrels.  Tho  prices  of  the  different  oils  varied  greatly, 
ranging  iroin  47  cents  to  $1'3S  a  barrel.    Thus  while  tho  produc- 
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tiou  in  Pennsylvania  was  only  8,248,158  barrels,  its  value  was 
$10,894,074,  whereas  Louisiana,  which  produced  10,720,420  barrels, 
received  for  it  only  $0,0(>8,814. 

Scottish  Ironworkers'  Wages. ― Another  deninnd  for  increases  in 
\v;i*:os  has  been  ma  do  by  various  sections  of  workers  in  the  iron 
foiuulrios  in  Scotland.  The  Associated  Ironinoulders  of  Scotland 
and  tl»e  General  Irmn】imiklers，  Association  have  made  a  joint 
rt、<|i"、st  for  advances  of  ^d.  per  hour  to  workers  paid  l)y  the  hour, 
Is.  per  weok  to  moulders  earning  a  Aveckly  wage,  and  25  per  cent, 
to  pieceworkers.  The  present  demand  is  made  on  account  of  tho 
condition  of  trade  which,  they  state,  has  not  l)oen  in  such  a  flour- 
ishing condition  for  many  years.  All  niouklors  in  Scotland,  irre- 
.sptM-tivo  of  district,  are  included  in  the  deniancl,  and  the  men's 
organisations  ask  that  the  increase  come  into  operation  on 
October  2.  The  Employers'  Federation  of  the  Iron  and  Steel 
Fonnclors'  Association  have  been  given  until  September  4th  to 
reply  to  the  demand.  The  Gasworkers1  and  General  Labourers' 
ITnion  have  also  requested  that  an  advance  of  12】 per  cent,  he 
l^viw.ted  to  all  foundry  workers  who  are  members  of  their  union, 
aii'l  siiotild  those  increases  be  conceded  it  is  probable  that  the 
oni|)!i>yoi s  will  )>o  compelled  to  make  a  substantial  increase  in  their 
prices. 

Progress  of  the  Panama  Canal. ―  The  progress  of  work  on  the 
Pannma  Canal  is  dealt  with  in  a  report  by  the  British  Acting 
Consul  ;it  Colon.  He  states  that  ships  will  p  rob  a  lily  be  able  to 
pass  tli rou^h  the  canal  towards  the  end  of  1913,  although  the 
official  opening  has  heen  set  for  January  1st,  191-5.  Actual  work- 
ing operations  have  progressed  with  a  remarkable  absence  of 
serious  impediments,  beyond  slides  at  Culebra  Cut,  which  have 
only  increased  the  amount  of  excavation  to  be  done.  Tho  total 
amount  excavated  to  the  end  of  the  eighth  year  was  168,48(5,884 
cubic  yards,  and  the  «i mount  romainin^;  to  he  excavated  is 
2G,83C,49o  cubic  yards,  of  wliicli  a  little  more  than  half  is  to  he 
removed  by  dredgers  at  the  Atlantic  and  Pacific  terminals. 
Concrete  work  on  the  locks  at  Gatun,  Pedro  Miguel,  and  Mini 
flores  is  almost  completed,  and  the  task  of  erecting  gates,  build- 
ing emergency  dams,  placing  the  valves  that  will  control  the  flow 
of  watei*,  and  installing  the  machinery  required  for  working  the 
various  parts  has  been  hegun.  Studies  were  completed  during 
tho  year  for  the  terminal  docks  at  both  entrances  to  the  canal  ； 
at  the  Atlantic  entrance  one  new  pier  is  being  constructed,  and 
tho  plans  provide  for  four  new  piers  as  the  need  arises  ；  a  dry 
dork  is  being  l>uilt  at  the  Pacific  entrance,  and  work  on  it,  and 
on  the  quay  walls  surrounding  it,  has  been  commenced  ；  a  project 
for  a  scries  of  piers  extending  into  the  anchorage  hasin  leading 
into  tho  canal  is  being  considered.  Plans  for  lighting  the  canal 
l).v  boaoons  and  buoys  have  been  approved  and  the  work  1>egun. 

American  Motor-car  Industry. ― H.M.  Consul  General  at  Chicago, 
in  a  recent  report,  refers  to  the  American  motor  car  industry,  and 
statr»s  that  unbiassed  authorities  now  declare  that,  while  certain 
makers  have  more  orders  than  they  can  fill  promptly,  there  are 
others  who  have  large  numbers  of  machines  on  hand,  and  on  tho 
wholo  there  is  probably  a  considerable  excess  supply.  Some  manufac 
turers  have  announced  their  1913  models  rather  later  than  usual, 
owing  to  the  large  number  of  1912  models  wliich  they  have  on 
hand.  The  cutting  of  prices  is  common,  as  the  liberality  of 
makers  in  taking  old  cars  in  part  payment  tends  to  show.  The 
following  approximate  figures  of  the  production  of  motor  cars 
in  tho  United  States  indicate  the  growth  of  the  industry  ： ― 


Year. 

Cars  Built. 

Total  Value. 

Average  Value 
Per  Car. 

No. 

'  Dollars. 

Dollars. 

1904   

20,100 

40,200,000 

2,000 

1908   

55,400 

83,100,000 

1,500 

1909   

82,000 

98,400,000 

1,200 

1910   

185,000 

242,000,000 

1,308 

1911   

140,000 

175,000,000 

1,250 

1912   

210,000 

321,930,000 

1,533 

Tho  Consul  General  states  that  it  is  believed  by  United  States 
motor  far  manufacturers  that  the  home  consumption  is  about  as 
\<\r\!sx  ； is  can  be  expected  at  present,  and  as  oonditions  are  favour- 
able the  manufacturers  are  devoting  special  attention  to  the 
export  trade.  It  is  accordingly  probable  that  cars  will  be  sold 
rl"':ip(>r  abroad  than  in  the  United  States,  as  the  idea  is  not  so 
niiu-l)  that  of  profit  as  tho  avoidance  of  even  a  partial  shutting 
(lo、vii  and  fonsc(|uont  loss  on  the  total  output  of  the  various 
liutories. 

Imperial  Wireless  Stations.  ―  Copies  of  correspondence  relating 
to  tho  con  tract  for  Imporial  wireless  stations  have  just  been 
issm'fl  in  a  White  Paper.  The  tender  of  the  Marconi  Wireless 
Tolo^raph  Company,  sul)niitted  on  February  13th,  offers  to  erect 
stations  f-apjililo  of  communicating  over  a  range  of  at  least  2,000 
miles  in  EnKland,  Cyprus,  Aden,  South  Africa,  and  India,  and 


such  other  places  as  may  subsequently  l>o  rcquircKl.  Tho  con- 
ditions stipulate  that  tli(、  com pany  shall  pr(>\  romploto  :ip|>;ua 
tus  at  each  station  for  £80,000  per  station,  and  shall  also,  if 
ro(|uirod,  construct  buildings  at  cost  price.  Tho  company  aro  to 
work  the  stations  for  six  months  at  cost  pric-f,  aixl  ii  successf  ul 
working  has  boon  ostahlisliod  at  the  ond  of  that  period  shall  hand 
tho  stations  over  to  bo  worked  by  tlu*  (j!ov('riin"'iits  roii(-('rm'(l. 
It  is  provided  that  tho  a^reomout  oml)odyiiiK  tli<»  nn(l(»rt;ikii^s 
and  conditions  shall  oxtond  for  a  period  of  28  years  from  tho 
of  tho  completion  of  the  first  five  stations,  and  (luring  its 
continuance  the  Postmaster-Generul  shall  pay  to  tli(、  company  l>y 
way  of  royalty  10  per  cent,  of  tho  ^ross  roroipts  of  all  tho  stations 
oroctod  under  the  provisions  of  the  a^reenuMit.  The  (mnpaii.v 
and  Mr.  Marconi  will  give  the  Postmastor Onoral  tbo  right  to 
use  all  their  inventions  and  patents,  and  the  T)ostiii;ist('r  (;。m'r:i I 
will  have  the  right  to  introtluco  any  patents  or  inventions  in  wire- 
less telegraphy  in  addition  to  or  in  substitution  for  thos(»  r»(  tli(k 
company.  If  at  any  time  the  Postmaster-Gonoral  finds  it  ad \an 
tageous  to  use  a  system  entirely  independent  of  tho  Ala  icon  i 
system  the  payment  of  royalty  will  cease.  On  March  -Itli  tho 
Postmaster-General  notified  his  acceptance  of  the  tender  sul)joft 
to  certain  modifications  Avhioh  included  the  possible  erection  of  a 
station  in  E^vpt  instead  of  Cyprus.  A  station  at  Singapore  wns 
included  in  the  agreement  and  another  in  Australia,  the  lattor 
being  subject  to  the  Austral ian  Government  agrwiiig.  Tlio 
tender  was  finally  accepted  on  March  7th. 

American  Pig  Iron  Production. ―  According  to  the  Bulletin  just 
issued  by  the  American  Iron  and  Steel  Association,  the  total  pro- 
duction of  pig  iron  in  the  United  States  in  the  first  half  of  11)12 
Avas  14,072,274  tons  (of  2，2401bs.)，  as  compared  with  11,982,551  tons 
in  the  second  half,  and  11,666,996  tons  in  the  first  half,  of  1911. 
The  production  of  Bessemer  and  low  phosphorus  pig  iron  was 
5,572,355  tons,  against  4,704,879  tons  in  the  last  half  of  1911，  and 
4,704,424  tons  in  the  first  half  of  1911.  The  production  of  hasio 
pig  iron,  not  including  charcoal  of  basic  quality,  was  o,40o,37f) 
tons,  against  4,584,533  tons  in  the  last  half  of  1911  and  3,93o,487 
tons  in  the  first  half.  The  production  of  charcoal  pig  iron  was 
1(;(;,： 碰 tons  against  117,541  tons  in  the  last  half  of  1911  and 
161,135  tons  in  the  first  half.  The  production  of  spiegeleisen  and 
fei'romanganese  was  93,11  tons,  against  107,123  tons  in  tho  last 
half  of  1911  and  77,595  tons  in  the  first  half.  The  production  of 
spiegeleisen  alone  was  36,145  tons,  and  of  ferromanganese  alone 
the  production  Avas  57,016  tons.  The  production  of  bituminous 
coal  and  coke  pig  iron  amounted  to  13,840,251  tons,  as  compared 
with  11,784,662  tons  in  the  last  half  of  1911.  The  whole  number 
of  furnaces  in  blast  on  June  30th  was  266,  against  231  on  Decern 
l)er  31st,  1911,  and  212  on  June  30th,  1911.  The  numher  of  fur 
ii  aces  idle,  including  furnaces  being  rebuilt  June  30th,  was  2(X», 
against  235  on  December  31st,  1911，  and  201  on  June  30th,  1911. 
Tn  the  first  six  months  of  1912  the  number  of  furnaces  actually 
in  blast  for  a  part  or  the  whole  of  the  time  was  302,  against  275 
in  the  last  half  of  1911  and  297  in  the  first  half  of  that  year. 
On  June  30th  there  were  seven  entirely  new  furnaces  in  course 
of  construction,  six  of  which  will  use  mineral  fuel  and  one  will 
use  charcoal.  Tn  the  first  six  months  of  1912  eight  entirely  new 
furnaces  were  completed,  all  of  which  are  coke  furnaces.  Their 
total  annual  capacity  amounts  to  l,039,o00  tons.  Down  to  Juno 
30th  five  of  tliese  furnaces  had  heen  】）lo、vn  in.  In  the  first  ha】f 
of  1912  there  were  seven  furnaces  ahandoned.  These  furnaces 
had  an  annual  capacity  of  21-5,000  tons. 

Criticism  of  British  Trade  Methods. ― Mr.  C.  Blakey,  the  Vice- 
Consul  at  Kharkov  (Russia),  in  his  annual  report,  criticisos 
British  trade  methods  in  regard  to  export  business.  British  manu- 
facturers are,  he  considers,  generally  far  too  conservative  witli 
respect  to  the  matter  of  credit,  mainly  no  doubt  because  tliey 
have  not  studied  the  principles  on  which  their  Continental  rivals 
do  business.  It  is  fighting  them  Avith  one  arm  tied  when  one 
refuses  their  most  powerful  weapon.  Provided,  of  course,  that 
the  giving  of  credit  is  in  the  hands  of  experienced  sales'  managers, 
and  kept  under  proper  control,  such  outstanding  accounts  are 
re^juded  on  the  Continent  as  a  very  excellent  asset,  little  below 
fluid  capital  in  value.  "Without  trade  the  manufacturing  plant 
becomes  dead  capital,  whereas  when  business  is  clone  as  above,  the 
outstanding  debts  are  returned  within  a  reasonable  time,  and 
carry  5  per  cent,  to  6  per  cent,  interest.  Moreover,  when  the 
manufacturer  has  not  sufficient  capital  to  finance  the  trade, 
Continental  l>anks,  or  their  London  hranches,  are  very  willing  to 
advance  the  money  to  firms  of  good  standing  for  the  support  of 
this  credit.  Thus  not  only  is  the  trade  extended  without  extra 
capital,  and  higher  prices  taken  than  is  possible  with  cash  pay 
ment，  but  an  additional  profit  is  made  on  the  difference  between 
the  interest  charged  to  the  customer  and  the  bank  rate.  It  is, 
he  states,  largely  on  this  basis  that  German  industry  and  German 
exports  have,  all  the  world  over,  expanded.  It  is  by  this  method 
that  German  exports  are  still  expanding.    British  manufacturers 
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nnd  British  bankers  will,  in  his  opinion,  find  themselves  forced  to 
ndopt  the  German  methods  of  giving  credit  for  tlio  support  of  tlio 
t、xpoi't  trade.  If  they  do  not  do  so  the  British  manufacturer  will 
find  himself  elbowed  aside  when  his  German  competitor  sets 
soriously  to  work,  and  the  British  Itnukor  will  soo  profitable  bank- 
ing operations  monopolisod  1>y  Cotitinoittal  banks.  Where  a  bank 
is  largely  conoerned  in  fiimiici'ig  ii  manui'acturinK  company  it  will 
f'roquontly  have  a  voice  on  the  hoard  of  thnt  conipnny  and  in- 
fiuonoo  the  company's  purchasinfi;  oporations  and  trade  for  the 
lnMiofit  of  other  husi ncssos  in  which  tlio  hank  has  n d  i ntcrost.  Mr. 
Hlakoy  adds  tliat  tlio  al>o\'0  ronmrlss  rci'or  mor(、  ])a rticiiln rly  to 
niakors  of  machinery. 

World's  Output  of  Pig  Iron. ― Messrs.  James  Watson  &  Co.  liavc 
ooTiipiled  their  annual  statistics  of  tlie  world's  production  of  pig 
iron.  They  place  the  output  for  191 1  at  03,068,920  tons,  a  do 
rlino  oomparocl  Avith  the  previous  yoar  of  1,938,802  tons,  l>ut 
3,803,146  tons  moro  than  in  lf)U9.  In  the  United  States  tlioro  was 
a  shrinkage  of  3,049,201  tons  on  while  in  Great  Britain 

there  was  a  falling  off  of  498,107  tons.  Germany,  on  tlio  other 
hand,  makes  rapid  progress,  an  incrtsiso  of  7,  lo!)  tons  on  191 0 
l>eing  s1ioa\  n,  and  on  1909  of  741,787  tons.  France,  Russia,  and 
B。];j,iiim  also  sliow  rontiimed  ex|)ansion,  and  Italy  only  anions 
European  countries  has  to  ho  joined  with  Great  Britain  in  show- 
ing a  sot  hack.  The  depicssion  of  the  smelting  industry  in  West 
CumhorlaiKl  is  shown  by  a  fall  of  15(),"31  tons  last  year,  v  hilo 
ron^parod  with  1909  the  decline  was  124, Si )2  tons.  Last  year's 
decline  in  Cleveland  was  l(Ki,()89  tons,  in  South  Wales  and  Mon 
month  77,178  tons,  in  Lancashire  (>(),998  tons,  and  in  Dut'linm 
52,80'3  tons.  In  Northamptonshire  and  Lincolnshire  there  were 
increases  of  27,049  mid  22,o31)  tons  rospoctiAcly.  Tlio  following 
table  shows  tho  output  of  the  ])i  inci])al  ij'on  produciw  con  lit  rios 
for  the  past  three  wars: — 

1909.  1910.  1911. 

Tons.  Tons.  Tons. 

United  States    2o,795,471  ...  27,298,545  ...  23,649,341 

(； ormany    12，f)17，G."53  ...  14,793,325  ...  15,535,112 

(； rent  Britain    9,064,287  ...  10,210,740  ...  9,718,638 

France    3,544,638  ...    4,082,459  ...  4,508,022 

Russia    2,817,000  ...    2，a"S(i，()00  ...  3,521,000 

Austria  and  Hungary..  1,947,300  ...  1,990,684  ...  2,089,867 
Bdgmni  1,632,350  ...    1,803,500  ...  2,072,843 


NEW  PATENTS. 

Specifications  of  the  follotoing  are  now  published j  and  we  shall 
he  pleased  to  forward  copies  post  free  on  receipt  of  Wd.  Address 
u  Mechanical  Engineer^  53 s  New  Bailey  Street^  Manchester^ 

MECHANICAL  1911. 

Elastic-fluid  turbines.    Harrison.  9716. 

Crank  and  lever  mechanism  for  transmitting;  powor.  AVillinms, 

Ward,  &  Smith.  14453. 
Automatic  turret  lathes.    Potter.  14600. 
Centrifugal  or  tnrlio-compressors.    Junkers.  14702. 
Water-tube  boilers.    Palen  <fe  Burlingham.  16765. 
Cocks  or  valves.    Thompson.  16774. 

Clutch-shifting  and  gear-changing  device.    Irish.  10799. 
Change-speed  gearing.  Mackenzie. 

Apparatus  for  raising  or  forcing  liquids.    Siemens  Bros.,  Tvi offer, 

and  Vernon.  17041. 
Stuffing-box  packing.    Bennet  &  Sharp.  17067. 
Spur  gearing.    Alqitist.  17176. 
Valves.    Osborne.  17190. 
Tur))ines.    Haver.  17338. 

Rotary  pumps.    Pittler  Universal  Rota ry  ^Fncliino  Syndicate,  Ltd. 
17366. 

Steam-heated  drying  apparatus.    Richard   Simon   &   Sons,  Ltd - 
17671. 

Turbine  motor  for  steam  or  tvater.    Tiirnlmll.  17730. 
Kuritaces  of  steam  generators.    Dean.  18185. 
Rotary  explosion  motors.    Bilard  &  Touiller.  18241. 
Variable  transmission  gear.    Staude.  18440. 

Vnlve-mechanism    of    internal-combustion   engines.     T  list  on  and 

Smith.  18828. 
Sfi'f'wing  machines.    Maiden  &  Maiden.  18988. 
(；] -indin^;  machines.    Scott.  19249. 

Draught  regulator  for  boiler  furnaces.    Roliinet.  19320. 
Springs  f'oi-  iail\vay  vehicles.    Wallace.    10  17(i. 

I ntornal-conihustion  engines  having  rotary  va.lvos.    IUoad.  19878. 

Manufacture  of  high-speed  twist  drills.    Host.  21558. 

Driving  and  conveyer  belts.  Watkinson.  21940. 

Devices  [or  roliox  in^;  coniprossion  in  intornal comlmstion  on*;iiios. 

San^stor.  22475. 
I  {yd raulic  press  tools.    Helo  Sliaw  n n d  INIn rtinonu.  23803. 
rrur)>incs.    Eos}io»ik()\sky .    238H  1 . 

Delivery  valves  for  air  compressors.    Dunlop.  25715. 


Propeller  or  cont rifit^nl  pumps.    TTaiison  &  Podcrson.  267fi0. 
Spark  :\  vvosiov  For  locomotivos.    Eorst.  26825. 
Cooling  -  cylindors  of    intornal  combustion    olivines.  Haulmor. 
27806. 

1912. 

Liquid-fiid  Inirners.   Littleton.  67】. 

Pnciuiintic  ronvoying  apparatus.    15;il)cock  A-  AVilc-ox,  Ltd.    2 鄉. 

\'<it'iic;i I  l»oil(M's.     Ciioi'tscn.  3534. 

(，： ik'iilnti w  itiiichiiios.    Marks.    4080  and  :"i.">l. 

('ontrolliii^  valve  arrangemoiits    lor    dinvt  ； toting  fluid  prossuro 

olivines.     Kirl)y.  5764. 
Economisors  or  food-water   boaters  and  steam  suporhontors  for 

l^uir'asliiic  and  other  boilers.    ChotMi.  (>l 
Oil  burnors.     Mnrks.    (；: r>.。. 
Sn wino;  niacliiiics.    Hutcliinson.    8 厂) 30. 

Appai';i  Ins  lor  starting  intern  al-com  bust  ion  motors  of  tlio  Dios(»] 

type.    Jorgon  se  n .  8580. 
H  vdriuilic  tr;t nsmission  apparatus  for  \  oliiolos.  ？ Tclo  Shnw  ji»h1 

Martineau.  8601. 
Cluin^c  sj)0(h1  tr(*ar.    Kirk  up.  8753. 

Tool  for  beading  or  turning  over  tho  ends  of  hoilor  tubes.  Hal- 

stead  &  Rogei'son.  8993. 
Liquid Tiukl  inj(、(，tor  for  internal-combustion  on^inos.    Moore  A'  Am 

brose,  Shardlow,  &  Co.  9131. 
Vah'(、  w:u'  for  l-c,\ c-lc  oxplosion  motors.    Son.  Anon,  dos  Automo 

hilos  ； uk!  ('vf 小' s  IVu^ot.  10485. 
A])])arntus   for  removing   soot   from  Imilcrs.     B:u'("'  A'   liiow  it . 

1202G. 

Stc;ni)  siipoi'liratcrs.  Marshall. 

Snot  floancrs  I'or  Itoilcrs.    KicliHlx'rgw.  13242. 

(，；t rl"m't""'s  \'ov  internal  combustion  engines,     f Jol)1>i.    14021 . 

ELECTRICAL,  1911. 

l^ittinps  tor  metallic  conduits.  Watoi'houso  nnd  Simplex  C'oiHliiits, 
Ltd.  14650. 

Supports  for  olootrical  conductors.  Callender's  Cahlo  and  Con- 
struction ('om pany,  and  Kay.  17294. 

Ea rtliing  or  hondiiig  devices  for  electric  conductors.  W.  T. 
Henley's  Tdwaph  Works  Company,  and  Bishop.  17347. 

Dynamo-eleotric  machines.    Greenwood.  1783"). 

Testing  electric  meters.    Murray.  187(33. 

Magneto-electric  machines  for  ignition  purposos.     Brooks  and 

Alston.  21025. 
Electrical  plug  switches.    MacAlister.  211G8. 
Apparatus  for  winding  armatures.    Ritter.  20997. 
Electrodes  for  ;irc  lamps.    Ridings.    21  (i47. 
Magneto  machines.    Moore.  21755. 
Electric  insulators.    Fuller  &  Fuller.  23334. 

Su p ports  for  electrical  conductors.  Callenders  C'al)le  and  Construc- 
tion Company,         Kay.  235(io  and  235(iG, 

1912. 

Magnet  electric  speed  indicators.    Schuster.  1288. 
Electric  cables  for  automatic  telephone  exchange  selectors.  Wes- 
tern Electric  Company.  3980. 
Electrically-heated  ovens.    Haddan.  5986. 
"Telephone  exchange  systems.    McBei  ty.  8572. 

Receiver  for  telegraph  printing  marhinps.  Hiemons  Bros.  &  Co. 
13490. 


METAL  QUOTATIONS. 

TUESDAY,  AUGUST  1,3th. 

Aluminium  ingot   80/-  per  cwt. 

"         wire,  according  to  sizes,  &c  from  102/-  " 

,，        sheets        ，，  ，，   ，  120/-  ,， 

Antimony   £28/-/-  to  £28/10/-  per  ton. 

Brass,  rolled   8Jd.  per  lb. 

，， tubes  (brazed)    lljd. ，， 

，,       ，，      (solid  drawn)   9}d.  ，， 

，,       ，，     wire   8|d.  ,， 

Copper,  Standard   £78/12/-  per  ton. 

Iron,  Cleveland   60/10J  ，， 

,， Scotch   60/10|  ，， 

Lead,  English    £10/15/-  ,， 

，， Foreign  (soft)    £19/7/6  ，， 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

,,  ，，  ，，      medium   3/6  to  6/-  " 

，，  ，，  ,，       large   7/6  to  11/- ，， 

Quicksilver   £8/5/-  per  bottle 

Silver   28^d.  per  oz. 

Spelter    £2(i/-/-  per  ton. 

Tin,  block   £207/】 0/- ，， 

Tin  plates   14/7J  ，， 

Zinc  sheets  (Silesian)   £29/5/- 

,,  (Stettin  ；  Vieille  Montagne)   £29/7/6  ,, 
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The  "PERFECT"  VISE 


E  Dept.       j,  PARKINSON  &,  SON,  SHIPLEY,  YORKS. 


Second  and  Greatly  Enlarged  Edition. 

The  Testing  of  Engines, 
Boilers,  &  Auxiliary  Machinery. 

A  Treatise  on  the  Construction  and  Use  of  the  Instruments 
and  Methods  Employed  in  the  Testing  of  Prime  Movers  in 
the  Laboratory  and  Workshop         ::       ::       ::       ::  ：: 
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Whitworth  Scholar  ；  Member  of  the  Institution  of  Mechanical  Engineers  ； 
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Price  13/-  post  free. 
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Measurement  of  Power  Output.  Measurement  of  Power  Input  with  Dynamometer. 
Mfiasurcment  of  rower  Input  with  Indicator.  Indicator  RigB  aDd  Accessories. 
Hints  on  the  Management  of  Indicators.  Analysis  of  Ibe  Steam  Engine  Indicator 
Diagram.  Other  Features  of  Steam  Kn^ino  Diagrams.  The  Adjustment  of  tbe 
Blide  Valve.  Internal-combustion  Engine  Diagrams.  Testing  Indicator  SpriDgs. 
Mensureuicnt  of  the  Quality  of  8  lea  id.  Measurement  of  Quantity  of  Steam  and 
Water.  Tlie  Testiofj  of  Steam  lingint^.  Fuel  Testing.  The  Analysis  of  Flue 
OaeeB.  Boiler  TeBtine.  The  TcBtin^  of  Auxiliary  Machinery.  The  TeBbiDti  of 
Internal-coiubuHtion  Engines. 
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Telephone  No.  8628  Central. 
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United  Kingdom :  12/6  per  annum,  post  free. 
Anywhere  Abroad  ： ― 

17/6*  per  annum,  post  free.    Thin  paper  edition. 
21/-*  ,，  ,，  Thick  ，， 

*Foreign  Remittances  by  International  Money  Order  only. 
， Note. ― Direct  annual  subscriptions  include  a  Free  Copy  of 
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reach  our  Manchester  office  not  later  than  first  post  Tuesday 
morning,  and  small  prepaid  advertisements  not  later  than  first 
post  Wednesday  morning. 


Compressed  Oxygen  in  Diesel  Engine  Storage  Reservoirs. 

The  facts  revealed  by  an  enquiry  into  the  circumstances  attend- 
ing a  fatal  explosion  of  a  compressed  air  storage  cylinder  of 
a  Diesel  engine,  which  occurred  at  the  Bray  Electricity  Station 
last  month,  suggest  a  hitherto  unsuspected  source  of  danger 
which  should  be  noted  by  makers  and  users  of  this  type  of 
internal -combustion  motor.  The  distinguishing  feature  of  its 
operation  is  that  air  is  compressed  in  the  engine  cylinder  to  a 
iniu  h  greater  extent  than  in  the  ordinary  type  of  oil  motor,  in 
fact  up  to  a  pressure  of  about  5001bs.  on  the  inch,  and  this 
sudden  compression  is  accompanied  with  a  rise  of  temperature 
to  1,000°  Fab.  or  1,100°  Fall,  tliat  inflames  the  spray  of  oil 
which  is  injected  without  extraneous  ignition.  To  inject 
this  oil  spray  requires  of  course  a  still  higher  pressure  than 
that  in  the  engine  cylinder,  and  this  is  supplied  from  a  storage 
reservoir  in  which  the  pressure  is  piunped  by  an  air  compressor 
to  8001bs.  or  900 lbs.  on  the  inch.  This  is  a  very  high  pressure 
to  maintain,  and  some  engine  makers  state  that  if  from  any 
cau&e  th&  pressure  is  lost  after  an  engine  has  been  standing  for 
some  time  it  may  be  made  good  fdr  starting  purposes  by 
replenishing  the  supply  from  storage  cylinders  of  oxygen  or 
carbonic  acid,  which,  being  largely  used  for  other  commercial 
purposes,  can  be  easily  obtained.  As  long  as  everything 
is  normal  there  is  nothing  objectionable'  about  this  recom- 
mendation, but  the  Bray  accident  clearly  indicates  that  while 
coinj)reKsed  carbonic  acid  may  be  used,  it  is  very  undesirable 
to  use  oxygen  for  this  purpose,  owing  to  its  intensifying  effect 
011  the  combustion  of  the  oil  spray  iu  the  engine  cylinder  or 
from  its  action  on  any  oily  matter  that  may  by  any  means 
become  deposited  in  the  storage  reservoir.  The  facts  at  Bray, 
as  reported  by  the  deputy  electrical  engineer,  were  that  on  the 
day  of  the  accident  "  the  starting  air  of  the  Diesel  engine  was 
lost  and,  following  the  instructions  of  the  engine  builders,  the 
engineer  sent  for  a  cylinder  of  compressed  oxygen  and 
charged  the  storage  reservoir  from  this  cylinder,  raising  the 
pressure  from  3501bs.  to  7001bs.  cm  the  iucli.*'    The  engine,  it 
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is  stated,  "  was  started  in  the  usual  manner,  bul  did  not 
appear  to  be  running  properly,"  and  before  what  was  wrong 
could  be  discovered,  quoting  again  from  the  report,  "  the  fuel 
valve  on  the  cylinder  cover  of  thei  engine  exploded  ；  t  lie  flain;1 
from  this  burst  along  the  blast  pipe,  reaching  tlie  storage 
reservoir,  which  then  also  exploded."      Whether  this  was  or 
was  not  the  ])rn-iso  course1  of  events,  ceriain  it,  is  thai  the 
storag©  reservoir,  Avliich  was  aboufc  Tin.  diain.  by  3ft.  to  4ft, 
in  length,  burst  like  a  bomb,  killing  one  limn  instantly  ami 
terribly  injuring  two  others.    Tlie  question  is,  Why  did  the 
cylinder  explode  in  this  violent  fashion  ？    The  air  pressure 
alone  would  be  insufficient  to  account  for  it,  and  equally  so 
would  be  the  addition  of  pure  oxygen  to'  the  atmospheric  air 
(consisting  of  4  part's  iiiirogen  to  1  of  oxygen),  unless  some  com- 
bustible material  were  present.      Now  the  only  rombustiblp 
material  whioli  could  coiu-eivably  enter  the  receiver  would  be 
oil,  and  it  is  the  possibility  of  this  which  needs'  to  b&  recognised 
and  guarded  against.    The  broken  pieces  of  Uie  receiver  were 
stated  to  be  perfectly  free  from  oil  and  this  we  can  well  believe 
for,  even  if  it  had  existed,  its  combustion  in  an  atmosphere 
of  almost  pure  oxygen  would  remove  all  trace.      As  to  how 
oil  could  get  there  we  have   only  surmise  to  work  up (川， 
but  past  experience  of  receivers  in  connection  with  air  com- 
pressing plant  suggests  as  a  reasonable  probability  that  it  came 
from  the  air  coin  pressors  where  oil  would  be  employed  as  a 
lubricant,  and  would  be  carried  over  in  vaporous  form  owing 
to  the  high  pressure  and  temperature,  and  some  of  it,  notwith- 
standing the  existence  of  iutercoolers1,  be  deposited   in  the 
receiver.    The  danger  of  this  is  recognised  in  all  large  planks 
where  air  is  highly  compressed,  and  guarded  against  by  careful 
periodic  inspection  and  cleaning  of  all  passages  or  vessels  in 
which  it  may  accumulate.    Such  oily  deposit,  it  may  also  be 
pointed  out,  is  liable  to  undergo  a  process  of  spontaneous  coin- 
bustion  if  mixed  with  carbonaceous  or  metallic  dust,  as  has 
been  shown  by  several  explosions  of  air  receivers'  at  collieries 
owing  to  the  rapid  oxydising  influence  which  can  then  come 
into  play,  while  such  action  will  of  course  be-  accelerated  if  the 
ordinary  oxygen  content  of  tlie'  atmosphere  be  increased  by  its 
admixture  with  pure  oxygen.      Whether  the  combustible 
material  in  the  storage  res&rvoir  was  ignited  by  a  flame  from 
the  engine  cylinder  or  was  developed  by  its  own  oxidation  in 
the  reservoir  is  a  matter  on  which  we  will  not  venture  an 
opinion.    The  sequence  of  events,  it  seems  to  us,  would  be  so 
rapid  that  it  would  be  difficult  to  trace  their  exact  order,  or  to 
say  whether  the  burst  fuel  valve  was  a  ca me  or  a  vm^queiirc  of 
the  explosion.    It  is  certain,  however,  that  compressed  oxygen 
alone  could  not  explode  by  simple  ignition,  and  we  think 
equally  certain  that  oily  matter  of  same  kind  was  present  to 
render    the    gas   in    the    reservoir  inflammable.       As  the 
existence  of  such  matter  is  a  source  of  danger,  even  under 
ordinary  conditions  of  working  when  compressed  air  alone 
enters  the  reservoir,  it  is  desirable  users  of  Diesel  engines 
should  recognise  the  danger  of  its  presence,  and  guard  against 
it  by  avoiding  excessive  lubrication  of  the  air-compressing 
cylinders,  occasionally  overhauling  the  connections  and  clean- 
ing away  any  deposit.  The  objections  to  the  use  of  compressed 
oxygen  to  make  good  a  loss  of  pressure  in  the  air  reservoir, 
although  based  on  the  indirect  action  of  this  gas,  are,  never- 
theless sufficiently    serious    to   warrant   its   absolute  prohi- 
bition for  this  purpose.      The  objections  do  not  of  course 
apply  to  carbonic  acid,  because  this  gas  does  not  support 
combustion — its    presence,    in    fact,    would    interfere  with 
and     might     even     prevent     ignition     in     the  engine 
cylinder  in  tlie  initial  strokes.    In  discussing  this  case  we  have 
refrained  so  far  from  suggesting  another  possibility  of  explo- 
sion because  of  its  improbability  in  the  ciiTiunstances  under 
which  the  cylinder  of  compressed  oxygen  was  abtained,  but  it 


； i))p?ars  desirable,  in  view  of  growing  pupularity  of  Hie  Diesel 
engine  and  of  the  extent  to  which  it  may  be  worked  by  person's 
ignorant  of  chemistry,  that  makers  in  giving  inst ruct khis 
about  the  use  of  extraneous  sources  of  foinpressecl  gas  for 
replenishing  the  lost  air  in  ihe  storage  reservoirs  slim，W 
accompany  the  in  with  a  strong  warning  ag;iitist  1  lie  use  of 
compressed  hydrogen.  To  tlie  ordinary  man  compressed  gases 
are  all  very 川 uch  alike  for  this  purpose,  and  as  cylinders  of 
hydrogen  can  l)e  purchased  like  cylinders  of  oxygen  or  carbonic 
acid  lie  should  be  warned  against  tlie'  deadly  peril  of  using 
hydrogen.  Tlie  cylinders  are  usually  distinguislied  by  diffe- 
rent colours,  but  1 1ns  was  only  brought  about  by  several 
disastrous  explosions  in  lant-ern  use  in  i  lie  early  days  of  their 
int  roduction,  and  users  in  this  direction  a  re  fully  alive  to  the 
clanger  of  mistaking  one  gas  for  another.  The  necessity  of 
doing  this  needs  to  }>e  hs  strongly  imp te.ssed  on  all  users  of 
Diesel  engines,  or  explosions  such  as  t  hat  at  Bray  will  some 
day  be  repeated,  with  possibly  more  disastrous  results. 


THE  APPLICATION  OF  A  FLYWHEEL  TO  A  MULE 
COUNTERSHAFT. 

H  Y    T.    M.  RITCHIE. 

A  sehiEvS  of  tests  have  been  made  at  the  Miuiiripal  School  of 
Technology,  Manchester,  with  a  view  to  determining  the 
value  or  otherwise  of  mounting  a  flywheel  on  a  mule  coun- 
tershait,  the  results  of  which  are  recorded  in  Vol.  5  of  the 
Journal  of  this  Institution  just  published. 

The  mule  under  consideration  is 動 tor- driven —— a  12in. 
pulley  driving  a  38in.  on  the  line  shaft,  and  a  28in.  pulley 
driving  a  15in.  on  the  count-ershaft.  Several  mules  are  driven 
from  this  line  shaft,  and  although  the  motor  is  rated  at  20  h.p. 
direct  current,  220  volts,  great  difficulty  was  experienced  by 
sparking  and  overload,  even  when  only  one  mule  was  ruii- 
niiig;. 

Where  steam  power  is  employed  the  great  store  of  energy 
in  the  engine  flywheel,  line  shaft-  pulleys,  ropes,  and  other 
heavy  gearing,  together  with  modern  engine  governing  and 
sp&ed  regulators,  is  sufficient  to  overcome  any  excessive 
momentary  load  caused  by  peaks  in  the  power  required  when 
each  carriage  staris  its  outward  run.  In  electric  driving  no 
such  reserve  occurs,  and  lighter  gearing  and  higher  speeds  are 
the  general  j)ractice,  and  so  it  was  decided  to  investigate  the 
effect  of  a  small  flywheel  on  the  countershaft.  The  one  fitted 
weighed  3  cwts.,  outside  diameter  2ft. ，  rini  4.Un.  broad,  3in. 
deep. 

The  】nule  is  a  short  one  of  196  spindles,  gauge  l^in., 
spinning  34，s，  with  full-sized  head  stock  made  by  Hetliering- 
ton,  but  owing  to  its  size  the  power  diagrams  must  be  taken 
as  an  indication  only  of  what  happens,  and  not  the  actual 
power  required  by  mules  in  practice.  By  means  of  a  record- 
ing ammeter  the  power  was  taken,  and  also,  by  self-recording 
instruments,  the  speeds  of  the  countershaft  and  tin  roller 
were  obtained.  These  were  carefully  marked  so  that  the 
power  and  speeds  could  be  compared  for  each  respective  draw. 
The  motor  speeds  were  observed.  After  a  long  series  of  tests 
with  flywheel  (Case  I.)  aud  without  (Case  11.)，  the  curves 
given  have  been  selected  as  typical . 

Sj)te(h. ― The  motor  speed  varies  between  a  inaxinuun  and 
a  minimum,  according  to  the  fluctuation  in  power  required, 
dropping  suddenly  when  the-  carriage  reverses.  The  variation 
in  both  cases  is  practically  the  same ,  but  the  motor  recovers 
quicker  in  Case  I.,  and  tends  to  give  greater  regularity. 

f  'on/tfrrs/taft. ― The  difference  here  is  very  marked,  and 
the  drop  only  amounts  to  about  half  where  a  flywheel  is  used, 
due  to  the  energy  stored  assisting  the  motor.  A  large  part 
of  this  differeiu'e  is  borne  by  the  belt  slipping  on  the  counter- 
shaft pulley,  and  the  smooth  working  of  Case  I.  was  particu- 
larly noticeable  as  compared  with  the  harsh  hissing  noise  in 
Case  II.  The  diagrams  clearly  show  the  increase  of  speed 
which  takes  place  during  running  in. 

7，〃/  ]{n!h  r.  -Tn  Cuso  T.  the  flywheel  gives  up  its  energy 
wlien  the  tin  roller  begins  moving,  but  on  this  bocoiniu^ 
exhausted,  the  niator  is  called  upon  to  accelerale  the  flywheel 
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as  well  as  the  tin  roller.  Consequently  th©  curve  appears 
more  rounded  here  than  in  Case  II.  This  indicates  that  the 
tlywlieel  is  too  light.  It  will  be  noticed,  however,  that  the 
rise  is  more  sudden,  although  the  time  taken  for  the  tin  roller 
to  come  to  rest  is  greater.  In  Case  I.  the  tin  roller  attained  a 
speed  of  350  revs,  in  two  seconds,  while  in  Case  II.  2f  seconds 
were  required  to  give  the  same  speed .  It  was  further  observed 
t  hat  in  the  former  case  61'22  seconds  were  required  to  complete 
four  draws,  as  against  62  seconds  in  the  latter  case.  This 
represents  the  increase  iu  production. 

Power, ― The  power  required  to  drive  tlie  iiiule  rises 
momentarily  to  a  maximum  when  the  carriage  begins  to  move 
out,  i.e.,  when  the  tin  roller  begins  to  revolve.  This  falls 
when  the  parts  have  reached  their  normal  speeds,  and  again 
naturally  falls  when  the  carriage  and  tin  roller  stop  at  the 
end  of  the  draw.  This  fall  is  arrested  when  backing-off  takes 
place  and  a  slight  rise  is  observed  when  the  carriage  starts 
running  in,  gradually  falling  practically  to  zero.  The  energy 
stored  in  the  flywheel  on  the  inward  run  is  given  up  wlien  tlie 
sudden  grip  is  put  on  by  the  carriage  moving  out,  and  so  the 


With  Flywheel.  Without  Flywheel. 

Case  I.  C^c  II. 

peak  is  reduced.  When,  however,  the  carriage  speed  has 
reached  its  normal,  the  power  is  normal,  but  since  the  motor 
must  drive  the  flywheel  in  addition  to  the  mule,  this  fall  is  not 
quite  so  low  as  where  —no  flywheel  is  used. 

Advantages. ― In  Case  I.  the  】nule  worked  with  greater 
steadiness  throughout,  and  especially  during  the  earlier  stages 
in  the  formation  of  the  cops;  the  excessive  overload  was 
removed,  which  reduced  wear  and  tear  of  the  motor  :  a  inoro 
uuiform  power  consuniption  was  obtained  ；  the  production  of 
the  mule  was  increased,  and  the  fluctuation  of  speed  in  motor 
and  countershaft  was  reduced. 

Disaclvan(af/(s.~A  slight  disadvantage  arises  from  the  long 
time  taken  for  the  parts  to  "  come  to  rest "  when  the  strap  is 
reversed  in  stopping,  and  also  in  th&  increased  difficulty  of 
making  tlie  slight  movements  necessary  in  preparing  far  and 
(luring  the  operation  of  doffing.  Greater  practice  may 
possibly  diminish  this. 

Tlianks  are  due  to  Mr.  Wint^rbottoin  and  his  assistants, 
""(I  also  to  II lose  students  of  the  Textile  and  Electrical  Depart- 
"leiits  who  assisted  iu  the  carrying  out  of  tlie  tests. 


A  Long  Aerial  Railway,— Hei'ereii''—'  is  made  in  a.  recent 
American  Consular  report  to  ； m  aorial  railway  which  an 
English  syndicate  is  coiibtructiii^  in  Colombia  to  connect 
Manizales  to  Mari(]uita.  Tlie  disiancc  to  be  covered  is 
approximately  40  miles,  not  including  a  branch  which  will 
iroin  El  Zanoude  to  tlie  iiiining  district  of  the  samo  name. 
The  greatest  height  at  which  the  cable  will  be  carried  is 
M),G00ft.,  in  the  neighbourhood  of  La  Leouera.  For  every 
of  cable  it  will  be  necessary  to  construct  15  or  16  towers. 
The  motive  power  is  to  be  derived  from  a  point  on  the  River 
Gmili,  where,  it  is  said,  750  li.p.  <-an  easily  be  developed.  It 
is  estimated  that  sucli  a  railway  could  transport  500  tons  in 
•」 I  liours,  and  as  consiruclioii  expenses  are  relatively  light  the 
enterprise  is  regarded  as  very  promising. 


THE  INFLUENCE  OF  SULPHUR  ON  CAST  IRON.* 

UV  II.  I.  COE,  M.SC. 

yuLPHun  is  one  of  the  live  impurities  which  are  in  vh nn  bly 
present  to  a  greater  or  less  extent  in  all  irons  and  steels,  but 
unlike  the  other  impuriiiew  its  percentage  is  nover  cxpr(— :、v<l 
in  units ；  in  fact,  more  often  than  not  tlie  sulpliur  content  is 
shown  only  in  the  second  decimal  place.  It  is  seldom  t)i;it 
sulphur  in  pig  iron  exceeds  0'3  p^r  cent.,  and  iu  such  cas('、s  I  lie 
iron  has  generally  to  undergo  some  special  treatinent  Ijeforc  it 
can  be  applied  to  its  commercial  usc«. 

It  may  be  of  interest  to  consider  briefly  the  reasons  for  the 
presence  of  sulphur  in  pig  iron.  The  materials ― ore,  flux, 
and  fuel ― charged  into  the  blast  furnaco  contain  sulphur,  in 
the  form  of  sulphides  and  sulphates,  and  from  5  to  10  per  cent  - 
of  iliis  sulphur  enters  the  metal,  the  reinaiiuk*r  passing  into  the 
slag.  The  higher  the  temperature  of  the  ineliing-  zone,  and 
the  more  basic  the  slag,  the  kss  sulpliur  enters  tlie  metal. 
The  sulphur  in  the  pig  iron  pi*oducecl  exists  in  combination 
with  iron  and  manganese  iu  the  form  of  sulphide. 

It  is  important  to  remember  that  in  tlui  remeltiiig  of  iron 
iu  the  cupola  a  considerable  portion  of  the  sulphur  in  the  coke 
passes  into  the  metal,  and  this  fact  should  be  borne  in  inind 
iu  calculating  foundry  mixture's.  Most  authorities  are  agreed 
in  stating  0  03  per  cent,  as  being  the  average  amount  by  which 
the  sulphur  content  is  inci^eased  by  renielting  in  the  cupola, 
though,  this  figure  will  vary  according  to  the  percentage  of 
silicon  and  inaiiganese  in  the  iron  ；  th©  higher  the  percentage 
of  these  elements  tlie'  less  sulphur  will  be  absorbed  by  the  iron, 
oilier  conditions  being  similar. 

The  effect  of  sulphur  on  the  physical  and  mechanical  pro- 
perties of  cast  iron  lias  been  discussed  by  several  eminent 
ln-etallurgists,  the  first  of  whom,  perhaps,  was  Dr.  Percy,  who, 
iu  his  book  on  "  Irou  and  Steel, ,J  describes  expeiinients  per- 
formed by  Karsten,  which  indicated  that  the  addition  of  05 
per  cent,  sulphur  to  a  melted  grey  iron  resulted  in  the  produc- 
tion, of  a  white  iron .  Further  experiments,  performed  in  Dr. 
Percy's  laboratory  by  R.  Smith  and  W.  Weston  afforded  con- 
firination  of  Karsten's  results  ；  hence(  Percy  states  that 
" sulpliur  in  certain  proportions  has  the  power  of  causing 
carbon  to  remain  in  the  combined  state  during  solidification 
after  fusion."'  He  refers  also  to  the  work  of  Caron,  indicating 
the  effect  of  nianganeso  in  eliminating  sulphur,  especially  after 
a  repeated  melting,  but  expresses  doubts  as  to  the  manner  in 
which  the  manganes-e  acts,  and  suggests  that  the  elimination 
of  the  sulphur  is  due  to  oxidation  by  the  air  to  sulphur  dioxide, 
which  is  assisted  by  the  manganese.  Coming  to  more  recent 
times,  most  of  tlie  information  ou  this  subject  is  due  to  J.  E. 
Stead  and  to  D.  M.  Levy,  though  reference  should  be  niad-e  to 
the  works  of  T.  Turner,  J.  Ke-ep,  T.  D.  West,  A.  H.  Hiorns, 
and  others.  It  will  be  useful  to  discuss  the'  work  of  the  two 
first-mentioned  investigatoirs. 

Dr.  Stead ，十  in  an  interesting  paper  read  before  the 
Staffordshire  Iron  and  Steel  Institute,  brings  out  several 
important  points  relative  to  sulphur  and  cast  iron.  The 
influence  of  silicon  and  manganese  in  eliminating  sulpliur  from 
iron  is  shown,  and  reference  is  also  made  to  Sauiter  s  process 
of  desulphurising  iron.  Some  excellent  sulphur  prints  are 
reproduced,  which  show  the  mode  of  occurrence  and  the  segre- 
gation of  sulphur  in  pig  iron.  Again,  in  his  presidential 
address  to  the  Chemistry  Section  of  the  British  Association  for 
th©  Advancement  of  Science  (see  "  Nature,"  1910，  Vol.  84, 
p.  302),  Stead  has  described  some  very  inberestiug  experiments 
be  performed  to  obtain  an  explanation  of  the  influences  of 
sulphur  and  of  silicon  on  cast  iron.  By  means  of  analyses  be 
shows  that  sulphur  and  silicon  may  exist  in  carbide  of  iron, 
and  in  connection  with  his  exixn'inieiits  he  makes  the  following 
statements :  "It  is  the  sulphur  that  crystallises  with  the 
carbide  which  is  mainly  responsible  in  preventing  the  separa- 
tion of  graphite  by  making  tlie  carbide  more  stable  •'  ；  and 
" It  is  the  instability  of  these  silico-carbides  which  is  inainlv 
responsible  for  the  graphitic  character  of  grey  irons  rich  in 
silicon  and  low  in  sulphur/'  Another  point  of  interest  is  that 
the  addition  of  one  per  cent,  of  manganese,  by  eliminating  the 
sulphur  from  the  carbide,  reduces  the  combiued  carbon  from 


*  Pai)ur  read  before  tho  British  Foundry ui en's  Association  annual  convention. 
CardiiT,  August,  191-2. 

t  '*  Sulphui*  atul  Ti'on."  Proceedings  of  the  SUiffonU;hirc  lion  and  Steel 
IubLiUUc.  1907-OH,  |).  103. 
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3  per  cent,  to  0*6  per  cent.  ；  again,  tlie'  niicro-photograplis 
reproduced  show  the  separation  of  iron  sulphide,  FeS3  in  the 
carbide  plates. 

Levy*  in  his  admirable  Carnegie  researches  lias  thrown  a 
flood  of  light  on  a  difficult  subject,  and  has  offered  an  explana- 
tion of  the  phenomena  obs-erved,  which  there  is  every  reason 
to  respect.  In  passing,  these  researches  are  accompanied  by 
exhaustive  bibliographies  of  the  subject.  The  chief  points  in 
the  summary  of  his  first  paper  are  as  follows  ：  In  cast  iron  free 
from  silicon  and  manganese,  sulphur  up  to  0  8  per  cent,  exists 
as  FeS，  this  representing  the  saturation  limit.  The  sulphide 
separates  in  the  neighbourhood  of  1，130°  C,  together  with, 
and  as  a  component  of,  the  austenite-ocmentibe  eutectic,  form- 
ing a  triple  austenite-oementite-sulphide  eutectic.  The  balling 
up  of  the  constituents  of  the  eutectic  areas  at  high  tempe- 
ratures resulting  in  the  formation  of  massive  cementite-,  which 
appears  necessary  as  a  preliminary  to  the  decomposition  of 
cementite,  is  prevented  by  the  presence  of  iron  sulphide  in  the 
eutectic  as  intervening  layers  and  as  sulphide  films  between  the 
cementite  crystals.  The  effect  of  sulphur  on  the  strength  of 
cast  iron  free  from  silicon  and  manganese  is  not  very  great, 
and  the  sulphur  does  little  more  than  emphasize  the  hardness, 
bi'ittleness,  and  weakness  of  the  irons.  There  is  no  evidence 
to  indicate  chemical  union  with  the  carbon,  but  the  research 
shows  that  the  effect  of  silicon  i&  a  mechanical  one. 

In  an  interesting  summary  dealing  with  the  constitution 
of  cast  iron,  Levy  f  states  that  "sulphide  of  iron  acts  mechani- 


W.  H.  Hatfield*  has  recently  published  tbe'  analysis  of  the 
cementite  in  a  cast  iron  having  the  following  composition  : 
Carbon,  3*J  6  per  cent.  ；  silicon,  0'97  per  o&nt.  ；  mangaiiw— '， 
0*04  per  cent.  ；  buJphur,  0*45  per  cent.  ；  phosphorus,  0  05  per 
cent.  He  found  it  to  contain  0*49  per  cent,  silicon,  traces  of 
manganese,  and  no  nulphur  ；  and  he  remarks  that  the  silicon 
content  of  the  cciTientite  is  abnormally  low,  and  deduces  that 
although  sulphur  is  not  found  in  it,  it  is  responsible  for  the 
com  para  ti\ri'  absence  of  silicon.  lie  indicat*eK,  however,  the 
possibility  of  sulphur  existing  to  a  8inall  exkint  in  tlw,  carbide. 
The  author  will  liav©  occasion  further  to  refer  to  llw  work  of 
these  iiiv^stigaiors  in  discussing  the  resulte  of  his  own 
experiments. 

The  bant:  ta kvn  in  tin-  j>r'  s。nt  rcsca rcli  was  an  American 
washed  iron  containing  about  3'3  pel'  cent,  combined  carbon, 
with  only  traces  of  other  impurities.  In  the  preparation  of 
the  test'  bars  a  calculated  amount  of  】ow-gmde  ferro-silicon, 
made  by  jnelting  a  pure  higli-^fack  forro-silioon  with  washed 
iron,  was  melted  in  a  plumbago  crucible  with  washed  iron  and 
t  he  requisite  amount  of  iron  sulphide  and  a  manganese  alloy. 
It  was  endeavoured  to  keep  the  casting  tei"perature>  ae  con- 
stant as  possible,  though  no  accurate'  deterniiiiations  could  be 
made  owing  i  o  the  coniparatively  Kinall  quantity  of  metal 
employed. 

Transverse  t+-sts  were  nuidr  on  ]  in .  8(|iiare  bars  between 
12in.  centres,  and  teiisilo  tests  on  round  bars  •[ i n .  diam.  The 
majority  of  the  bar.s  wm'e  too  hard  to  be  machined,  so  that  in 
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43 

•2.70 

1..V7 

•2.37 

0.1S0 
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0.097 

53 
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cally  and  pliysically  in  such  a  way  as  to  oppose  tlie  conditions 
which  favour  the  decomposition  of  iron  carbide,  from  which 
graphite  results  ；  physically,  by  a  lowering  of  melting  points 
and  by  surface  tension,  and  mechanically,  by  forming  bulphide 
films  and  envelopes  around  the  cementite  crystals."  He  indi- 
cates also  th&  probability  of  these  emulsifying  envelopes  of 
sulphide'  acting  in  opposition  to  the  expansion  which  accom- 
panies the  formation  of  graphite  from  carbide,  and  bo  retard- 
ing the  change. 

In  later  papers^  dealing  with  the  relations  of  manganese 
and  sulphur  in  cast  iron,  he  shows  that  sulphur  in  the  presence 
of  manganese  may  exist  as  (1)  dark  coloured  MnS,  free  from 
FeS，  and  most  infusible  ；  (2)  paler  varieties  containing  up  to 
50  per  cent.  FeS  in  solid  Bolution,  more  fusible ;  (3)  composite 
sulphides  consisting  of  MnS,  FeS  solid  solution  together  with 
FeS  itself.  Manganese  well  in  excess  of  the  theoretical  pro- 
portion was  required  to  ensure  the'  absence  of  the  paler  and 
composite  forms.  The  latter  is  found  to  behave  like  iron 
sulphide  itself  in  the  mode  and  conditions  of  its  separation 
from  the  iron,  in  its  association  with  the  carbide,  and  its 
influence  on  the  carbon  condition.  He  points  out  the  distribu- 
tion and  quantity  of  sulphide  found  in  specially  prepared,  and 
in  commercial  cast  irons. 


1 1  Iron,  Carbon,  and  Sulphur."  C.S.M,  No.  II.  p.  33,  1908.  "  A  Study  of  the 
Manganese  Sulphides  and  Silicates  in  Iron  and  Stoel,"  C.S.M.  No.  HI.,  1911,  ]>.  260. 

t  **  The  OonKtitution  of  Cast  Irons  and  Carbon  Steels  from  the  Practical 
Btandi>oint."   Journal  Iron  and  Steel  Institute  No.  I.,  1910,  v  403. 


all  cases,  in  order  to  make  the  results  strictly  comparable,  the 
tests  were  applied  to  the  bars  as  cast;  accurate  measurements 
were  made  in  every  instance,  and  corrections  applied  to  the 
results  registered  on  the  machines.  The  hardness  t^sts  were 
applied  to  the  transverse  bars  after  the  skin  had  been  filed  off, 
and  the  surface  polished  smooth  by  means  of  emery  paper. 
The  instrument  used  was  tlie  scleroswpe,  whicli  lias  been  shown 
to  give  trustworthy  results.  Objection  may  be  raised  to 
merely  determining  tbe  superficial  hardness  of  the  bars.  The 
author  was  forced,  to  the  conclusion  that  in  the  particular  irons 
prepared  this  was  the  only  means  of  obtaining  comparable 
results,  since  the  liai'dness  of  the  cross-section  varied  consider- 
ably from  edge  to  edge  of  the  bar.  Again,  in  the  case  of  cast 
iron,  ihe  superficial  hardness  is  of  oonsiderable  importance. 
The  hardness  numbers  given  represent,  to  a  certain  extent,  the 
chilling  action  of  the'  sand  on  tlie'  different  irons.  The  results 
of  the  mechanical  tests,  together  with  the  analyses  of  the  bars, 
are  given  in  Table  I. 

It  will  be  observed  that  tlie  table  may  be  divided  into  four 
portions,  and  tlwit  consideration  is  taken  of  the  effect  of 
sulpliur  on  cast  iron  containing  (")  0'8  per  cent,  silicon; 
(b)  1'3  per  cent,  silicon  ；  (c)  1*6  per  cent,  silicon  ；  and  (d)  2*25 
per  cent,  silicon.  In  addition,  bars  21  and  22  wero  cast  to 
show  the  influence  of  manganese  on  siliceous  irons  containing 


*  "  The  Chemical  Tliy^ics  involved  in  thu  I'i'ecipitation  of  Krcc  Carbon  from 
tlie  Alloys  of  the  lion-Carbon  byateiu."  Proueedinga  of  tlie  Koyal  Society,  A. 
Vol.  85,  1911. 
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sulphur.  The  third  group  is  the  most  complete,  though  here, 
a6  in  the  other  groups,  the  sulphur  content  does  not  exceed 
that  met  with  occasionally  in  foundry  practice. 

The  chemical  relations  of  the  bars  present  points  of  inte- 
rest, since  they  afford  definite  knowledge  of  facts  which, 
though  familiar,  have  not  been  put  upon  a  scientific  basis. 
Briefly,  the  addition  of  sulphur  causes  an  increase  in  the  per- 
centage of  combined  carbon,  this  effect  being  the  more  marked 


Fig.  1. 

American  Washed  Iron.    Pearlite  embedded  in  Entectic  of  Peavlite  and 
Cementite.   Magnified  1*25  diameters. 

the  lower  the  silicon  content.  In  other  words,  a  higher  per- 
centage of  sulphur  is  required  to  produce  a  given  effect  on  a 
cast  iron  high  in  silicon  than  on  one  low  in  silicon.  A  com- 
parison of  the  compositions  of  bars  4,  9，  17，  and  20  will  illus- 
trate this  point.  Another  point  of  interest  shown  best  in  the 
group  of  irons  containing  1*6  per  cent,  silicon,  is  the  presence 
of  a  kind  of  critical  point  at  near  01  per  cent,  sulphur,  at 
which  the  carbon  relations  change  somewhat  suddenly. 

Bar  14,  containing  0*09  per  cent,  sulphur,  is  not  markedly 
different  from  bar  10，  with  only  0  015  per  cent,  of  sulphur  as 
regards  the  relative  percentage  of  graphitic  carbon  and  com- 
bined carbon,  but  so  soon  as  the  sulphur  exceeds  01  per  cent. 


Fig.  2.  (Bar  10). 

Grey  iron,  1G2  percent.  Silicon  ；  0015  per  cent.  Sulphur.   Pearlite  (light) 
eii)l)ed(led  in  Kntectic  of  Pearlite  and  Grai)hite.      A  few  white  pools  of 
Cementite.   Magnified  125  diameters. 

the  percentage  of  combined  carbon  rapidly  increases  with  a 
corresponding  fall  in  the  amount  of  graphitic  carbon.  The 
percentage  of  sulphur  corresponding  to  this  critical  point  will 
vary  according  to  the  percentage  of  silicon  present.  An 
examination  of  the  microetructure  of  the  bars,  to  which  refer- 
ence will  be  made  later,  affords  ample  confirmation  of  these 
facts.  Bar  2  was  poured  at  a  low  heat,  and  the  mould  of  the 
transverse  test  bar  waa  not  properly  fitted  ；    the  low  casting 


temperature  is  responsible,  tlie  author  believes,  for  the 
apparently  abnormal  percentage  of  <'oml>inwl  carbon. 

The  mechanical  teste  are  likewise  interesting  ；  both  the 
transverse  strength  and  the  tenacity  are  considerably  increased, 
by  the  addition  of  sulphur.  The  most  striking  results  were 
those  obtained  from  bars  18，  19，  and  20,  containing  over  2  per 
cent,  silicon,  which  show  that  quite  a  considerable  amount  of 
sulphur  may  be  added  to  a  rich  silicon  iron  without  hardening 
it  appreciably,  and  at  tli©  same  time  greatly  increasing  its 
strength.  The  author  wislies  to  state  here  that  during  the 
pursuit  of  tlie  present  researcli  lie  has  met  no  evidence  in  sup- 
port of  the  opinion  generally  held  that  sulphur  increases  the 
brittleness  of  cast  iron  ；  on  the  contrary,  sulphur  to  the  extent 
included  in  his  experiments  appears  to  increase  the  resistance 
of  the  metal  to  fracture  very  considerably.  For  instance, 
when  pieces  were  required  for  the  preparation  of  microscope 
specimens,  those  bars  which  were  too  liard  to  saw  required 
quite  severe  hammering  before  chips  were  broken  off. 
Another  point  worthy  of  notice  was  the  comparative  absence  of 
blow-hales  ；  only  in  bar  20  were  a  few  small  blow-holes 
observed,  while  near  the  top  of  bar  22  a  serious  "  draw  ，，  was 
observed,  containing1  a  number  of  bright  globular  inclusions, 
which  were  thought  to  he  globules  of  manganese  sulphide,  but 
which  proved  on  analysis  to  be  extruded  portions  of  eutectic. 
Perfect  eutectic  structure  of  both  the  ^rey  and  the  white 
variety  was  seen  when  these  globules  were  examined  under  the 
microscope,  Fig.  7.    Shrinkage  and  chill  were  not  determined 


Fig.  3： (Bar  16). 

1'69  per  cent.  Silicon  ；  011  per  cent.lSulphur.   Grey  portions  surrounded 
by  Peaiiite-Cenaentite  Eutectic.    Magnified  145  diameters. 

directly,  but  a  good  indication  of  their  probable  values  can  be 
obtained  by  a  study  of  the  carbon  conditions. 

The  Microstructure  of  the  Bars. ― The  microstructure,  in  addi- 
tion to  bearing  out  the  change  in  the  condition  of  the  carbon  is 
shown  by  analysis,  indicates  the  condition  in  which  the  sulplmr 
exists  and  its  distribution  in  the  metal.  The  unetched  speci- 
mens showed  the  sulphur  to  exist  as  yellow-brown  blobs  and 
lenticles  of  sulphide  of  iron,  FeS,  Etching  in  picric  acid  was 
not  quite  successful  in  throwing  up  the  FeS  in  relation  to  the 
surrounding  constituents,  and  it  was  found  that  the  best 
method  of  treatment  was  to  heat  tint  the  polished  specimen  to 
a  yellow-brown  colour  ；  the  cementite  assumed  a  pink-red  tint, 
the  pearlite  showed  brown,  and  the  FeS  became  coloured  a 
bright  blue.  Unfortunately,  although  for  visual  examination 
the  method  is  excellent,  the  particular  colours  obtained  did  not 
yield  satisfactory  contrasts  on  the  photographic  plate. 

The  irons  containing  1*6  per  cent,  silicon,  and  varying 
amounts  of  sulphur  were  examined  the  most  carefully,  since 
they  present  the  most  complete  gradation  iu  compositions  aud 
properties.  Bar  10  (Fig.  2),  which  contained  only  a  trace  of 
sulphur,  showed  the  typical  microstructure  of  a  pure  siliceous 
grey  iron,  consisting  of  dendrites  of  pearlite  embedded  in  a 
eutectic  of  graphite  and  pearlite,  and  containing  a  few  pools 
of  cementite. 

The  addition  of  sulphur  up  to  009  per  cent,  tends  to 
destroy  the  marked  dendritic  structure,  and  yield  a  finer 
graphite  ；  further  addition  of  sulphur  causes  the  retention  of 
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rapidly  increasing  proportion  of  carbon  in  the  combined  form. 
Fig.  3，  bar  16，  at  a  low  magnification,  illustrates  iliis  tendency, 
and  is  interesting  since  it  throws  light  upon  the'  solidification 
sequence  in  such  cast  irons.  It  will  be  observed  that  grey 
patches  (pearlifce  and  graphite)  have  first  solidified,  and  that 
the  pearlifce,  iron  carbide  eutectic  has  solidified  around  these 
masses. 

The  FeS  in  the  grey  irons  of  the  series  was  found  towards 
the  l)fnui(larips  of  primary  crystals,  but  in  very  few  casfs 
was  ii  f( 川 nd  ticni*  tlie  flakes  of  ^raplnte  ；    in  tliofio  irons  the 


Pig.  4  (lUn  17). 

1-55  por  cent.  Silicon  ；  0  〗r>  per  cent.  Siilplmr.    Magnifird  12 一 '  diameters. 

few  isolated  pools  of  cojuontite  appeared  to  act  as  ceiitros  for 
I  he  collect  ion  of  a  number  of  blobs  of  FeS. 

In  the  mottled  irons  by  far  the  great  en*  portion  of  the  FeS 
was  observed  in  association  with  the  pearlite,  iron  carbide 
eutectic,  and  comparatively  little  is  seen  in  the  grey  fields. 
The  manner  in  which  the  FeS  is  associated  with  the  eutectic  is 
interesting  in  view  of  evidence  put  forward  by  Levy.  It 
appeared  for  the  most  part  fairly  intimately  associated  with 
the  eutectic,  and  may  form  the  third  component  of  a  triple 
eutectic.  It  was  observed,  however,  that  the  degree  of  associa- 
tion appeared  less  in  the  case  of  those  irons'  high  in  silicon  than 
in  those  low  in  silicon. 

Before  attempting  to  explain  these,  observations  it  may  be 
well  to  refer  once  more  to'  the  fact  that  iron  carbide  has  been 
shown  to  possess  the  property  of  retaining  a  considerable 
amount  of  silicon  in  solid  solution 3  and  also  a  small  quantity  of 
sulphur.  Further,  that  the  presence  of  sulphur  in  the  iron 
diminishes  considerably  the  quantity  of  silicon  found  dissolved 
in  the  iron  carbide.  Lastly,  the  effect  of  emulsifying  films 
acting  physically  and  mechanically  in  preventing  the  deoom- 
position  of  iron  carbide,  which,  it  is  generally  acknowledged, 
separates  out  prior  to  the  formation  of  graphite. ' 

The  sequence  of  solidification  in  a  pure  iron-carbon  alloy 
containing  about  3  per  cent,  carbon  will  easily  be  followed  by 
those  familiar  with  the  iron-carbon  equilibrium  diagram. 
The  fluid  metal  when  cooled  will  commence  to  solidify  in  the 
neighbourhood  of  1,290°C.,  and  solidification  will  proceed 
progressively  with  fall  in  temperature  until  at  1，132°  C.，  the 
remaining  mother  liquid  solidifies  at  a  constant  temperature. 
The  crystals  which  separate  out  first,  or  primary  crystals,  con- 
sist of  a  solid  solution  of  carbon  in  iron  (austenite),  and  break 
up  at  a  dull-red  beat  (700°  C.)  to  form  poarlite.  The  mother 
liquor,  which  solidifies  at  1,132°  C.，  forms  on  solidification  a 
eutectic  consisting  of  alternate  layers  of  the  solid  solution  just 
mentioned,  and  iron  carbide,  or  oementite,  F'e'3C.  Fig.  1 
shows  the  theoretical  structure  of  an  iron  containing  3  per 
cent,  carbon. 

Iron  carbide  decomposes  fairly  readily  into  iron  and 
graphite  according  to  the  equation  iFe3C^3Fe  +  C.  It  may  be 
remarked  that  owing  to  the  diffusion  of  carbon  from  the 
austenite  portions  into  the  ferrite  formed,  such  ferrifce  may 
not  be  observed  under  the  microscope. 

Tt,  is  now  necessary  to  consider  the  effect  of  the  addition 
of  sulphur  to  such  an  alloy.    The  initial  point  of  solidifica- 


tion is  slightly  lowered,  ajul  the  sulphur  (as  VeH)  concentraiofl 
in  the  inot  liei'  liquor  until  it  f roezes  to  form  t  lie  outect  ic 
The  FeS  then  solidifies  as  a  tliird  con)])oiieiit  of  tlie  euterl  ic, 
and  apparently  a  small  quantity  remains  iti  the  cementit« 
in  the  state  of  solid  solution.  Owing  】）r( 山： tl)ly  both  to  the 
mechanical  action  suggested  by  Levy,  and  to  the  containod 
sul])luir  demonstrated  by  Stead,  the  oementite  decomposos 
less  readily,  witli  tlie  resultant  tendency  to  the  production 
of  a  white  iron. 

The  addition  of  silicon  instead  of  sulphur  will  result  in  a 
different,  mode  of  solidification.  A  portion  of  the  silicon 
separates  out  dissolved  in  tlie  austenite,  while  the  remainder 
concentrates  in  tlie  mother  liquor  until  wlien  ilie  cut  ec\  ir 
solidifies  some  is  found  in  tlie  austenite  portion  and  some  iti 
the  carbide  portion.  That  dissolved  in  the  cememtite  \)\-o 
motes  the  deconi]K)sit,ion  of  ill  at  constituent,  lience  tliere  is 
a  tendency  to  tlie  production  of  a  grey  iron.  It  xiTiust  ho 
borne  in  mind  that  when  either  sulpliur  or  silicon  is  present, 
much  will  depend  on  the  rate  of  cooling  during  solidification . 

It  is  now  necessary  to  consider  the  case  when  botli  sul- 
pliur and  silicon  are  present.  As  before,  some  of  the  silicon 
separates  in  tlie  austenite,  tlie  remainder  together  with  all 
the  sulpliur  concentrating  in  1  ho.  mother  liquor.  Now  it  lias 
been  shown  that'  sulphur  and  silicon  are  antagonistic  to  one 
another,  and  a  study  of  the  microstructure  is  instructive  in 
indicating  the  precise  condition  of  affairs.  It  appears  that 
if  the  sulphur  be  fairly  higli  it  tends  to  solidify  in  the  very 
last  portions  of  the  eutectic,  and  most  of  the  silicon  crystal- 
lises in  the  first  portions  of  the  eutectic,  the  cementite  of 
which,  owing  to  its  freedom  from  sulphur,  decomposes  readily. 

The  last  portion  of  the  eutectic  to  solidify  contains  the 
greater  part  of  the  sulphur,  and  so  forms  a  white  network 
around  the  solidified  gray  areas.  On  the  other  hand,  when 
the  silicon  is  higli  relatively  to  the  sulphur,  the  latter  as 
FeS  appears  to  be  expelled  from  the  eutectic  mother  liquor 
just  prior  to  its  solidification. 

When  manganese  is  added  in  just  sufficient  quantity  to 
combine  with  the  sulphur  present  in  an  iron,  a  dove-grey 
crystalline  sulphide  is  formed,  which,  according  to  Levy, 
consists  probably  of  a  mixture  of  manganese  and  iron  sul- 
phides. Examination  of  this  constituent  under  the  micro- 
scope (Fig.  6)  points  to  its  solidification  in  the  spines  of 
earlier  formed  primary  crystals  of  austenite.  When  more 
manganese  is  added  than  is  required  to  form  MnS  with  the 
sulphur  according  to  formula,  interesting  results  are 
obtained.    Bar  22  which  should  contain  0*2  per  cent,  sulphur 


Fig.  5  (Bar  17), 

Heat  tin  ted  ；  FeS  appears  black,  the  Pea.rlite  light,  and  the  Cementite 
in  halt-tone.    Magnified  200  dimneters. 

is  found  to  contain  very  much  less  than  that  amount.  0*34 
per  cent,  manganese  was  lost  during  melting  and  pouring, 
some  by  oxidation,  and  some  by  the  escape  of  inangaiieso 
sulphide. 

Evidently  in  this  melt  part  of  the  manganese  combined 
with  the  sulphur  to  form  manganese  sulphide,  MnS,  which, 
owing  to  its  high  freezing  point  and  very  slight  solubility 
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in  molten  cast-iron,  would  tend  to  separate  out  before  the 
formation  of  the  spines  of  primary  crystals,  and  would  thus 
rise  to  the  top  of  the  fluid  before  pouring.  A  small  quantity 
of  MnS  is  retained  in  the  solid  metal,  owing  probably  to 
a  slight  solubility  in  the  mother  liquor  after  solidificaton  has 
commenced.  The  effect  of  manganese  in  neutralising  the 
powerful  influence  of  sulphur  on  the  condition  of  the  carbon 
is  well  illustrated  in  Table  I.  The  abnormally  low  combined 
carbon  content  of  Bar  22  is  due  to  the  excess  of  manganese 


Fig  6  (Bar  21) 

1  1't  per  cent.  Silicon  :  0*33  per  cent.  Manganese  ；  0*204  per  cent.  Sulplinr 
Shows  cubic  crystals  of  MnS.    Magnified  350  diameters. 

over  that  required  to  form  MnS  with  the  sulphur.  {]ride 
paper  by  the  author  to  this  Association,  January,  1911). 

The  practical  application  in  the  iron  foundry  of  the 
results  obtained  from  this  research  is  worthy  of  a  short  dis- 
cussion. It  must  be  clearly  borne  in  mind  that  these  experi- 
ments were  performed  with  the  purest  materials  obtainable, 
and  similar  results  would  not  be  obtained  with  the  use  of 
commercial  irons.  The  almost  complete  absence  of  phos- 
phorus is  a  point  to  be  mentioned  ；  again,  except  in  two  bars, 
manganese  is  practically  absent. 

In  spite  of  these  facts,  the  author  believes  some  useful 
information  may  be  obtained  from  a  study  of  Table  I,，  the 
main  features  of  which  are  summarised  as  follows  :  ~ 

(">  The  sulphur,  in  the  absence  of  manganese,  separates 
as  sulphide  of  iron,  FeS，  either  with,  or  immediately  before 
the  eutectic,  according  to  the  percentage  of  silicon. 

The  influence  of  sulphur  on  the  condition  of  the  carbon 
varies  according  to  the  peroeniage  of  silicon  present  ；  when 
the  silicon  is  low  (about  1  per  cent.),  very  small  additions  of 
sulphur  will  throw  the  greater  part  of  the  carbon  into  the 
combined  form;  when  the  silicon  is  high,  the  effect  of  sul- 
phur is  very  much  less  marked. 

(e)  A  critical  point,  as  regards  the  percentage  of  sulphur, 
appears  to  exist,  at  which  the  effect  of  the  sulphur  changes 
comparatively  suddenly.  The  position  of  this  critical  point 
will  change  according  to  the  silicon  content. 

(〃) The  influence  of  sulphur  on  the  mechanical  properties 
is  due  chiefly  to  its  effect  on  the  condition  of  the  carbon,  but 
partly  to  its  modifying  the  dendritic  character  of  the  pure 
siliceous  irons.  The  transverse  strength,  tenacity,  and  hard- 
ness are  increased  by  the  addition  of  sulphur. 
•  (e)  Manganese  in  sufficient  quantity  neutralises  the 
influence  of  sulphur  on  the  condition  of  the  carbon,  and  in 
excess  it  tends  to  the  elimination  of  sulphur  owing  to  the 
separation  of  MnS  from  the  fluid  cast  iron  before  solidification 
commences. 

The  ironfounder  should,  therefore,  carefully  control  the 
sulphur  in  those  charges  where  the  silicon  and  manganese  are 
low，  or  there  will  be  a  danger  of  the  casting  being  white  and 
too  hard  to  machine.  In  irons  high  in  silicon,  sulphur  is 
far  less  dangerous,  and  for  strong  castings  an  excess  of  FeS 
is  advantageous,  provided  it  be  not  allowed  to  get  so  high  as 
to  make  the  castings  too  hard.  The  softest  castings  will  be 
those  containing  a  minimum  of  phosphorus  consistent  with 
the  correct  degree  of  fluidity,  silicon  about  2'5  per  cent., 


manganese  0  5  per  cent,  in  excess  of  that  required  to  com- 
bine with  the  sulphur,  and  a  high  carbon  content. 

The  Elimination  of  Sulphur  from  Cast  Iron.— Should  it  be 
desired  to  use  a  large  quantity  of  white  scrap  in  the 
cupola  charge,  it  may  be  necessary  to  reduce  the  sulphur 
content  in  order  that  a  casting  of  suitable  working  qualities 
may  result.  This  is  occasionally  done  by  the  addition  of 
ferro-manganese  to  the  metal  in  the  ladle.  Desulpliurisa- 
tion  would,  however,  be  performed  better  by  using  a  mangani- 
ferons  pig  iron  as  part  of  the  charge.  An  int(;rest  in^  pi  * 
which  effects  a  considerable  reduction  in  the  sulphur  is  t  hal 
introduced  by  Saniter. *  The  desulphurising  a^ent  is  lime, 
which  is  dissolved  in  calciuni  chloride  and  then  brought  into 
molecular  contact  with  the  fluid  iron.  The  lime,  owing  to 
its  great  affinity  for  sulphur,  coihIAuch  with  that  element  to 
form  calcium  sulphide,  CaS,  which  rises  to  the  surface  of  the 
metal.  Twenty-five  pounds  of  lime  ground  with  the  same 
weight  of  calcium  chloride  'are  sufficient  considerably  to 
rediu^e  the  sulphur  in  a  fluid  iron.  The  mixture  should  be 
(■ompacted  by  fusion  or  other  means  at  the  bottom  of  a  ladle 
and  the  molten  iron  poured  on  ；  the  chloride  melts,  dissolves 
the  lime,  which  then  combines  with  the  sulphur  as  it  rises 
through  the  metal. 

Calcium  silicide,  again,  has  been  used  successfully  as  a 
desulphurising  agent. 

Sulphur  and  Malleable  Cast  Iron. ― The  iron  u»ed  for  the  pro- 
duction of  the  ordinary  or  Reaumer  malleable  cast  iron  may 
contain  from  0*2  per  cent,  to  0.4  per  cent,  sulphur,  which  serves 
a  useful  purpose  in  yielding  castings  possessing  a  white  frac- 
ture. Since  the  annealing  is  an  oxidising  one,  the  stability  of 
the  carbide  as  regards  its  decomposition  into  iron  and  graphite 
is  of  little  importance. 

The  changes  which  take  place  in  the  production  of  black- 
heart  castings  are  different  from  tho&e  in  the  Reaumer  process, 
and  depend  essentially  upon  the  decomposition  of  iron  carbide 


Fig.  7. 

Inclusion  in  Blowhole  in  Bar  22,  showing  White  and  Grey  Eutectic  Struc- 
ture.  3  93  per  cent.  Carbon.    Magnified  250  diameters. 

according  to  the  equation  Fe3  C=  3  Fe  +  C.  But  sulphur  acts 
in  the  direction  of  opposing  this  decomposition,  and  so  it  is 
found  both  in  theory  and  in  practice  that  sulphur  above  about 
0*05  per  cent,  is  fatal  to  the  production  of  blackheart  castings. 

In  conclusion,  the  author  wishes  to  express  his  indebtedness 
to  Mr.  A,  H.  Hiorns,  Head  of  the  Department  of  Metallurgy 
in  the  Municipal  Technical  School,  Binningham,  for  his  kind- 
ness in  giving  him  every  facility  for  the  conduct  of  this 
research. 

*  44  Journal  Iron  and  Steel  Institute,"  1893.   No.  1,  p.  37. 


An  American  "  Tower  Bridge." ―  A  steel  bridge  is  nearing 
completion  across  the  Willamette  River  at  Portland,  Oregon . 
It  has  two  roadways,  the  lower  for  railway  traffic  and  the 
upper  for  street  cars,  both  with  double  tracks.  The  lift  span 
weighs  4，300，0001bs.，  and,  to  permit  the  passage  of  vessels, 
the  lower  deck  telescopes  against  the  upper  one,  and,  if  the 
height  is  insufficient,  both  are  raised,  leaving  a  passage  way 
of  140ft.  above  high  water,  252ft.  wide.  Its  total  length  is 
1,623  feet,  and  the  steel  trestle  approaches  measure  729ft. 
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IRON  AND  STEEL  INSTITUTE. 

As  previously  announced,  the  a u turn n  meeting  of  the  Iron 
and  Steel  Institute  will  be  held  at  Leeds  froin  Monday  to 
Friday,  September  30th,  and  October  1st  to  4th.  An  in- 
fluential Reception  Committee  has  been  formed  with  Lord 
Airedale  as  chairman,  the  Hon.  Rupert  Beckett,  D.L.，  as 
treasurer,  and  Mr.  J.  F.  Walker  (Lord  Mayor's  Secretary) 
as  honorary  secretary.  The  provisional  list  of  papers  expected 
to  be  submitted  is  as  follows  ：  ― (1)  "  On  Nitrogen  and  Trou，" 
by  J.  H.  Andrew  (Manchester)  ；  (2)  "On  the  Solubility  of 
Cementite  in  Hardenite,"  by  Dr.  J.  O.  Arnold  (Sheffield) 
and  L.  Aitchison  (Sheffield)  ；  (3)  "On  tlie  Solubility  or  Diffu- 
sion of  Hardenite  in  Ferrite,"  by  Dr.  J.  O.  Arnold  (Sheffield) 
and  C.  Chappell  (Sheffield)  ；  (4)  "  On  the  Gases  Evolved  on 
Heating  Steel  to  its  Melting  Point  in  a  Vacuum ,M  by  G. 
Wesley  Austin  (Birminghain)  ；  (5)  "  On  Allotropy  in  General 
and  that  of  Iron  in  Particular,"  by  Dr.  C.  Benedicks  (Stock- 
holm) ； (6)  "  On  a  New  Type  and  Method  of  Construction  of 
Large  Gas  Engines,"  by  A.  E.  L.  Chorlton  (Manchester) ； 
(7)  t{  On  the  Thermal-Magnetic  Transformations  of  25  per 
cent.  Nickel  Steel,"  by  Dr.  E.  Colver-Glauert  (Sheffield)  and 
Dr.  S.  Hilpert  (Charlottenburg)  ；  (8)  "  On  a  New  Method  for 
the  Improvement  of  the  Soundness  of  Steel  Ingots  by  the 
Aid  of  Thermit,"  by  Dr.  Hans  Goldschmidt  (Essen /Ruhr) : 
(9)  "On  a  Method  of  Producing  Sound  Ingots,"  l)y  Sir 
Robert  A.  Hadfield,  F.R.S.  (Sheffield)  ；  (10)  "On  a  New 
Method  of  Revealing  Segregation  in  Steel  Tngots,"  by  Sir 
Robert  A.  Hadfield,  F.R.S.  (Sheffield)  ；  (11)  u  On  the  Mag- 
netic Properties  of  Manganese  and  Nickel  Steels,"  by  Dr  S. 
Hilpert  (Charlottenburg)  and  Dr.  "W.  Matliesius  (Worcester, 
Mass.,  U.S.A.)  ；  (12)  "On  the  Question  of  the  Existence  of 
Commercial  Hyper-Eutectic  White  Iron  Free  from  Man- 
ganese," by  Dr.  H.  M.  Howe  (New  York)  ；  (13)  "On  Steel 
Works  Yields,"  by  P.  Longmuir  (Sheffield)  and  W.  H.  Robin- 
son (Sheffield)  ；  (14)，"  On  Some  Aspects  of  Wire  Drawing/' 
by  P.  Longmuir  (Sheffield)  ；  (15)  "  On  the  Manufacture  of 
Open-hearth  Steel,  with  reference  to  Improvement  in  Yield," 
by  F.  W.  Paul  (Glasgow):  (16)  "On  Rolling- Mill  Practice 
in  the  United  States,"  by  J.  Puppe,  D.Ing.  (Breslau)  ；  (17) 
"On  the  Growth  of  Cast  Irons  after  Repeated  Heatings, 
Parts  V.  &  VT.，"  by  Prof.  H.  F.  Rugan  (New  Orleans, 
U.S.A.)  ；  (18)  "On  the  Iron  Ores  and  Mineral  Resources  of 
Chili,"  by  Charles  Vattier  (Santiago,  Chili).  The  provisional 
programme  of  the  meeting  is  as  follows :  Monday,  September 
30th,  arrival  of  members  at  Leeds.  The  secretaries'  office  will 
be  open  at  the  Hall  of  the  Philosophical  and  Literary  Society, 
Park  Row,  from  2  p.m.  until  7  p.m.,  for  the  registration  of 
names  and  the  issue  of  programmes,  badges,  and  cards  of 
invitation.  On  the  Tuesday  the  members  will  be  welcomed 
by  the  Lord  Mayor  of  Leeds  at  the  opening  meeting  in  the 
Hall  of  the  Philosophical  and  Literary  Society.  A  selection 
of  papers  will  subsequently  be  read  and  discussed.  The 
afternoon  will  be  devoted  to  visits  to  works  in  Leeds.  In  the 
afternoon  arrangements  have  been  made  to  enable  the  ladies 
taking  part  in  the  meeting  to  visit  Bolton  Abbey  (by  kind 
permission  of  the  Duke  of  Devonshire,  Past  President  of 
the  Institute).  In  the  evening  a  reception  will  be  held  by 
the  Lord  Mayor  and  Lady  Mayoress  in  the  City  Art  Gallery, 
Municipal  Buildings,  Calverley  Street.  During  the  evening 
a  lecture  on  "  Art  in  relation  to  the  Iron  Industry  "  will  be 
given  by  Mr.  Frank  Rutter,  B.A.  (Curator  of  the  City  Art 
Gallery)  in  the  Reference  Library  ad joiniiio  the  Gallery.  On 
the  Wednesday  a  meeting  will  be  held  in  the  morning  at  the 
I【all  of  the  Philosophical  and  Literary  Society  for  the  reading 
and  discussion  of  papers.  The  afternoon  will  be  devoted  to 
visits  to  works  in  Leeds.  Arrangements  have  been  made 
to  enable  the  ladies  taking  part  in  the  meeting  to  visit  Foun- 
tains Abbey,  by  kind  permission  of  the  Marquis  of  Ripon. 
I  n  1  he  evening  a  reception  will  be  held  by  the  University  of 


Leeds  in  the  University  Buildings,  College  Road.  On  the 
Tlmi'sday  the  members  will  ； i^ain  meet  in  the  inoi  nin^  ； ti-  Lite 
TTall  of  tlie  Philosophical  ami  Literary  Society  for  tJie  i-ead- 
ing  and  discussion  of  pujXM's.  In  t lie  a t'iernoon  tlie  inernbers 
and  the  Indies  accompanying  them  have  been  invited  by 
Lord  and  Lady  Airedale  to  attend  a  garden  ]>arty  at  Gledliow 
Hall.  In  the  evening  a  special  performance  of  the  comedy, 
entitled  11  At  the  Barn，"  by  Anthony  P.  Wharton,  will  he 
given  at  the  Grand  Theatre,  by  invitation  of  the  General 
Recej)ti()ii  (〜）mmiU,ee.  Friday  will  be  devoted  to  an  excur- 
sion to  Norl  li  Lincolnshire  and  1  rnmin^liam . 


ATOMISER  FOR  OIL  ENGINES. 

A  design  of  atomiser  for  oil  engines,  tlie;  invention  of  Societe 
rles   Mote ii rs   Sahatho,  of  Atcl i(M's  (— 'l"iir'';issiriv'，  Saint 

Etienne  (Loire),  France,  is  shown  in  the  accompanying 
spct  iona]  views.  Ti  coinprises  an  outer  casing  A,  in  wliicli  is 
ari-;iiige<l  a  passage  B  for  tlie  admission  of  com  pressed  air  and 
a  passage  C  for  the  supply  of  liquid  fuel .  The  passage  C  r(m 卜 
inuiiicates  with  a  longitudinal  passage  G  which  is  connet'ted 
witli  the  interior  of  tliei  casing  by  an  opening  P.  Internally 
the  casing  A  constitutes  a  cup  J  pro&antin^  an  opening  R  upon 


K 

AToansr.R  for  Oil  ExciiNKs. 

which  the  needle  E  bears  ；  this  needle  is  controlled  by  distri- 
buting mechanism  and  regulate®  the  admission  of  fuel  to  the 
cylinder.  A  cap  Q  is  screwed  to  the'  casing  and  is  provided  at 
its  centre  with  radiating  apertures  M.  The  casing  A  contains 
an  inner  casing  D  which  serves  to  guide'  the  needle  E  and 
contains  a  stuffing  gland.  The  lower  part  of  this  casing  is 
guided  and  centred  upon  the  inner  wall  of  the  casing.  Ifc 
presents  a  channel  N  through  which  the  liquid  fuel  supplied 
through  the  opening  P  enters.  The'  inner  casing  D  has  per- 
forations H  which  widen  out  at  their  lower  part  and  com- 
municate througli  openings  O  with  the  channel  N.  The  fuel 
to  be  atomised  is  thus  subjected  to  a  pressure  equal  to  that 
of  the  injecting  air.  A  housing  S  formed  in  the  casing  D  con- 
tains an  atomising  sleeve'  F  surrounding  the  needle  E.  In 
order  to  conduct-  the  compressed  air  inio  the  chamber  S  tlie 
casing  D  is  provided  with  a  mimbe'r  of  perforations)  T.  The 
sleeve  F  is  provided  with  a  number  of  slots  K  for  the  passage 
of  the  air  and  slots  L  for  the,  passage  of  tlie  liquid  fuel. 

The  device  acts  in  the  following  manner  :  At  it's  lower  part 
tlie  casing  A  contains  a  certain  quantity  of  fuel  upon  whicli 
the  pressure  of  tlie  injection  air  entering  through  the  openings 
H  is  exert&d.  "When  tlie  needle  rises,  ifc  uncovers  the'  slots  K 
and  L  si m ultaneously.  The  fuel  at  once  flows  immediately 
tli rough  the  slots  L,  while  the  air  coming  from  the'  jet  B  and 
ronducted  through  the  apertures  T  into  the  chamber  S  passes 
through  tlie  slots  K  below  the  needle  E.  Owing  to  tlie  con- 
vergence of  the  slots  L,  an  eddying  sheet  of  fuel  is  formed  in 
tlie  opoiiin^  H  and  tlie  air  projected  tliro'Ugli  the  slot  K  divides 
the  slieet  and  atomises  it.  The  jet  of  atomised  fuel  escapes 
tli rough  tlie  openings  M. 
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THIRTY  YEARS'  PROGRESS  IN  THE  ELECTRIC  FURNACE.* 

BY  F.  A.  J.  FITZGEKAL1). 

There  has  been  so  niucli  written  about  the  electric 
furnace  since  it  entered  into  regular  commercial  use  about 
20  years  ago,  that  a  presentation  of  a  paper  on  the  subject 
treating  it  in  a  general  way  is  not  apt  to  be  interesting. 
It  is  now  30  years  siuce  Sir  William  Siemens  melted  about 
201  bs.  of  steel,  as  well  as  platinum  in  notable  quantities,  in 
an  electric  furnace  with  which  he  had  been  experimenting 
since  1878，  and  siiice  then  the  electric  furnace  has  so  far 
developed  that  there  are  great  numbers,  both  in  Europe  and 
America,  regularly  engaged  in  the  commercial  manufacture 
of  steel.  While  it  is  true  that  others  had  made  some  use  of 
elect  rot  hermic  methods  at  a  niueh  earlier  day,  for  example 
lX'spretz,  whose  source  of  current  was  600  Bunseii  cells,  yet 
Siemens'  furnace  must  be  considered  the  first  really  practical 
one,  coming  as  it  did  after  the  invention  of  a  cheap  source  of 
energy ― the  electric  generator.  Siemens'  work  is  of  parti- 
cular interest  because  he  saw  the  possibility  of  using  the 
electric  furnace  for  steel  manufacture,  and,  so  far  as  the 
principles  are  concerned,  they  are  the  same  as  those  in  actual 
conimercial  use  to-day. 

The  growth  of  the  Siemens  electric  furnace  for  sieel- 
making  was  at  first  slow,  for  numerous  practical  difficulties 
in  its  working  had  to  be  overcome,  but  most  x>f  these  have  at 
last  been  met  successfully  by  men  like  Heroult,  Girod, 
Stassano  and  others  who  have  modified  the  apparatus  in 
various  ways.  Siemens  in  his  furnace  used  direct  current, 
and  laid  particular  stress  on  the  point  that  the  charge  should 
be  connected  to  the  positive  side  of  the  circuit,  since  it  is 
well  known  that  in  the  electric  arc  it  is  at  the  positive 
electrode  the  main  generation  of  heat  occurs.  In  the  modern 
furnaces,  however,  alternating  currents  are  used  for  obvious 
reasons,  and  the  surface  of  the  molten  bath  is  covered  with 
a  layer  of  slag  which  becomes  intensely  heated,  not  only  by 
the  arc  but  by  tlie  current  which  it  carries.  In  this  way 
ideal  conditions  are  obtained  for  refining  the  metal,  as  the 
steel  and  the  molten  slag  between  which  chemical  reaction 
is  desired  are  intensely  heated  at  their  surfaces  of  contact. 
Moreover,  the  slag  effectually  prevents  the  introduction  of 
carbon  from  the  electrodes  into  the  metal.  The  problem  of 
regulating  the  electrodes  automatically  lias  also  been  success- 
fully worked  out  by  means  of  the  well-known  Thury  regu- 
lator, though  it  would  seem  that  this  could  be  simplified. 

There  were,  of  course,  a  large  number  of  metallurgical 
problems  to  be  solved  in  connection  with  the  steel  furnace, 
but  these  have  apparently  been  met  successfully,  and  we 
finally  have  the  electric  furnace  working  alone  commercially, 
or  what  is  perhaps  more  generally  important,  acting  as  an 
auxiliary  to  fuel-heated  furnaces.  The  most  serious  problems 
connected  with  furnaces  of  this  type  at  the  present  time  are 
those  relating  to  electrodes  and  roofs.  Some  years  ago,  when 
the  electric  furnace  was  working  on  a  much  smaller  scale 
than  is  demanded  to-day,  tlie  strongest  argument  advanced 
against  it  was  that  the  cost  of  heating  by  means  of  an  electric- 
current  must  of  necessity  be  so  excessive  that  the  idea  was 
impracticable.  That,  however,  is  criticism  seldom  heard  to-day, 
for  it  has  been  found  that  in  actual  practice  the  furnace 
can  be  ho  used  that  the  question  of  cost  of  electrical  energy 
is  by  no  nieaus  of  the  fh'st  importance.  On  the  otlier  hand, 
liiUe  used  to  be  said  about  electrode  cost,  but  now  that  is 
a  most  vital  question,  and  is  apt  to  enter  into  the  total  cost 
of  working  as  a  much  larger  item  than  power. 

Tlie  manufacture  of  large  carbon  electrodes,  say  20in. 
square  nncl  from  7ft.  to  10ft.  long,  is  by  no  means  easy,  and 
even  when  they  are  successfully  made  in  the  electrode 
factory  they  may  go  to  pieces  in  the  furnace.  Even  if  they 
d<)  not  break  there  is  .the  problem  of  "butts."  Suppose  ;v 
large  electric  steel  furnace  with  the  roof  3ft.  away  from  the 
batli,  then  it  is  safe  to  say  that  when  the  electrode  li older 
is  lowered  down  and  comes  in  contact  with  tlie  roof  of  the 
furnace,  there  will  be  a  carbon  "  butt about  4ft.  long  whicli 
must  go  on  the  scrap  pile.  Apj)arently  this  serious  difficulty 
is  ^oin^  to  be  overcome  by  electrodes  which  can  be  fastened 
to  end,  so  that  tliey  may  ))c  continuously  fed  info  tlie 
furiiace,   and  thus  there  will   be  no  waste  from   "  butts. M 

*  Abstract  of  paper  ruad  before  the  Auiorican  Institute  of  Electrical  l^o^inccrs. 


Within  the  last  few  months  there  has  Ijeen  a  ^ood  deal  of 
work  done  in  this  direction,  and  the  results  are  very  pro- 
inisiiig.  The  electrodes  are  made  with  a  circular  rrvns- 
section  instead  of  square,  and  have  threaded  sockets  in  tlie 
ends  so  that  by  means  of  threaded  plugs  the  electrodea  in;»y 
l^e  fastened  together  and  thus  fed  coiiiiiiuously  into  the 
funiHce  without  any  waste. 

This,  as  has  been  said,  is  promising,  but  has  tlie  limit  of 
the  electric  steel  furnace  been  reached  as  regards  size f. 
Except  as  regards  electrodes  there  is  no  reason  to  believe 
that  it  has,  but  the  15-ton  furnaces  working  now  need 
electrodes  about  20in.  diani.,  and  if  the  size  is  doubled  and 
tlie  general  design  is  kept  the  same,  electrodes  27\u.  or  2H'ui. 
diani.  will  l)e  required.  Perhaps  these  can  be  made  and  can 
be  used  continuously,  as  described  above,  but  the  writer 

ieves  tliat  development  in  this  direction  is  a  mistake,  and 
that,  far  better  results  can  be  obtaiiiefl  by  multiplying  the 
number  of  electrodes  and  keeping  the  size  within  reasonable 
limits.  This  is  not  merely  a  question  of  avoiding  the  diffi- 
culties of  large  electrode  manufacture,  but  involves  more 
efficient  and  satisfactory  working  of  tlie  furnace.  It  will 
readily  be  seen  that  the  distribution  of  temperature  in  the 
furnace  is  bound  to  be  better  as  we  multiply  the  relatively 
small  areas  where  the  heat  is  generated,  and  this  is  an  im- 
portant consideration.  The  objection  that  is  raised  to  this 
proj)osal  is  the  difficulty  of  regulating  the  rate  of  generation 
of  energy  at  the  various  electrodes.  It  does  not  seem  that 
this  difficulty  is  a  real  one. 

The  roof  problem  is  altogether  a  different  one.  It  must, 
be  remembered  that  the  heating  effect  in  the  steel  furnace  is 
generated  in  an  arc  and  in  a  register  formed  by  the  slag,  and 
that  consequently  the  surface  of  the  slag  is  intensely  hot, 
particularly  where  the  arc  strikes  it.  These  conditions  are 
very  severe  and,  combined  with  the  corrosive  action  of  the 
lime  which  is  vaporised  from  the  slag,  make  the  roof  renewals 
a  heavy  item  in  the  cost  of  electric  steel. 

Tliis  problem  has  recently  been  the  subject  of  careful 
study  in  two  research  laboratories,  with  one  of  which  the 
writer  is  connected.  As  a  result  of  a  great  deal  of  experi- 
mental work  a  brick  made  of  silicon  carbide  has  been  manu- 
factiued  which  it  is  believed  will  have  a  much  longer  life 
in  the  steel  furnace  than  the  silica  brick  now  used.  The  brick 
is  made  by  taking  powdered  or  granular  silicon  carbide, 
mixing  it  with  a  suitable  temporary  binder,  such  as  a  solution 
of  dextrine,  moulding  and  then  heating  in  an  electric  furnace 
to  the  temperature  at  which  silicon  carbide  is  formed.  Bricks 
made' in  this  way  have  been  used  in  the  roof  of  an  experi- 
mental steel  furnace  in  one  of  these  laboratories  and  then 
put  to  tlie  severest  test  possible.  The  bottom  of  the  fui'nace 
was  purposely  raised  well  above  the  normal  level  so  as  to 
bring  the  surface  of  the'  slag  as  close  to  the  roof  as  possible, 
the  actual  distance  in  some  experiments  being  only  lOin. 
Then  the  furnace  was  worked  at  double  the  normal  rate  of 
generation  of  energy  so  that  the  heating  of  the  roof  was  very 
intense,  so  much  so  that  an  ordinary  silica  roof  would  melt- 
down rapidly  and  be  completely  destroyed  in  a  single  heat. 
Even  under  these  very  severe  conditions  the  silicon  carbide 
roof  stood  up  perfectly.  Experiments  have  also  been  made  in 
other  steel  furnaces  and  these  results  confirmed.  The  most 
serious  objection  to  a  roof  of  this  kind  is  its  relatively  great 
cost,  but  if  it  lasts  a  sufficiently  long  time  it  is  nevertheless 
economical. 

Twenty-five  years  ago  Ferranti  in  England  and  Colby  iu 
America  worked  on  the  very  interesting  furnaces  known  as 
the  induction  type.  In  this  the  secondary  of  a  transformer 
consists  of  the  metal  to  be  melted.  As  in  the  case  of  the 
Siemens  furnace,  the  original  inventors  were  too  far  ahead 
of  the  times,  and  it  was  not  until  ten  or  more  years  later 
that  any  commercial  application  of  the  furnaces  was  made. 
Siuce  then  the  induction  furnace  has  developed  considerably, 
and  is  now  used  with  success  in  the  manufacture  of  steel. 
An  objection  to  the  induction  type  is  that  its  first  cost  is 
very  great  and  certain  problems  connected  with  it  become 
very  serious  when  it  is  desired  to  build  furnaces  of  large 
capacity.  The  worst  of  these  is  the  very  low  power  factor 
of  the  furnace.  To  overcome  this  objection  it  is  necessary 
with  large  furnaces  to  have  a  generator  furnishing  currents 
of  excessively  low  frccjuency.  Thus,  at  the  Volklingen  Stee】 
Works  a  geuerator  giving  a  curreut  of  15  cycles  is  used,  and 
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for  larger  furnaces  it  has  been  proposed  to  use  a  5 -cycle 
current.  In  an  experimental  iiulnct  ion-furnace  plant  built 
by  the  writer's  laboratories  for  an  electric  furnace  ('onipany 
at  Niagara  Falls,  the  low  power  factor  was  corrected  by  using 
a  synchronous  motor  as  a  condenser. 

In  Acheson's  first  experiments  whirli  led  liim  to  the 
(lih'vovery  of  silicon  carbide  (carborundum)  lie  used  a  furnace 
of  the  Cowles  type.  It  consisted  of  a  small  brick  box  with 
carbon  terminals  at  each  end  so  arranged  that  they  could  be 
moved  in  and  out  in  a  horizontal  direction.  This  box  was 
then  filled  with  the  mixture  of  sand  and  coke  (clay  and  coke 
in  the  earlier  experiments)  and  the  terminals  brought 
together,  or  very  close  to  each  other,  and  then  gradually 
withdrawn  as  the  furnace  heated.  It  was  soon  observed  that 
a  more  satisfactory  way  of  constructing  the  furnace  was  to 
have  stationary  terminals  connected  to  each  other  by  means 
of  a  resister  composed  of  granular  carbon  and  then  surround 
this  with  the  charge.  With  such  an  arrangement  it  was 
necessary  to  have  some  means  by  which  the  voltage  could 
be  regulated  so  as  to  keep  the  rate  of  generation  of  energy 
in  the  resister  constant  throughout  the  run.  This  was  found 
by  Acheson  to  be  a  much  more  satisfactory  way  of  working 
the  silicon-carbide  furnace,  and  by  experiment  lie  found  the 
best  dimensions  for  his  resister.  In  the  original  small  plant, 
where  the  furnaces  had  a  capacity  of  about  100  kw.，  the 
generator  supplied  current  to  a  great  bank  of  small  trans- 
formers so  that  variations  in  the  voltage  could  be  obtained 
by  suitable  connections  of  the  secondaries.  When,  however, 
a  plant  was  established  at  Niagara  Falls,  using  furnaces  of 
750  kwM  the  problem  of  varying  the  voltage  at  the  furnace 
terminals  became  important.  This  was  solved  by  the  con- 
struction of  a  large  induction  regulator  to  be  used  in  the 
secondary  circuit  of  the  transformer  which  stepped  down  the 
primary  circuit  of  2,200  volts  to  160  volts.  Tlie  induction 
regulator  tlien  made  it  possible  to  vary  the  electromotive 
force  by  60  volts  on  either  side  of  this,  so  that  at  the  furnace 
terminals  the  total  range  was  from  100  to  220  volts.  】u 
working  with  a  furnace  having  a  carbon  resister,  the  resist- 
ance when  starting  is  】iigli，  so  that,  to  save  time  it  is  neces- 
sary to  start  the  furnace  with  a  high  voltage.  When  the 
resister  becomes  hot  its  resistance  progressively  decreases  and 
the  voltage  must  then  be  decreased  to  keep  the  rate  of  genera- 
tion of  energy  constant.  If  this  is  done  in  a  series  of  steps  the 
results  are  not  satisfactory,  for  when  the  maximum  kilowatts 
are  reached  and  the  voltage  is  lowered  one  step  the  kilowatts 
are  decreased  proportionately,  and  in  large  furnaces  it  is  a 
long  time  before  the  resistance  drops  to  the  point  where  the 
desired  rate  of  generation  of  energy  is  again  reached.  This  is 
a  most  inefficient  method  of  working  and  the  consequent  loss 
will  more  than  pay  the  interest  on  the  cost  of  suitable 
apparatus  for  regulating  the  voltage. 

In  any  furnace  in  which  the  charge  surrounds  a  resister 
heated  by  means  of  an  electric  current,  it  is  obvious  tliat 
the  important  consideration  is  the  rate  of  generation  of 
energy  per  unit  surface  of  the  resister.  The  surrounding 
charge,  or  whatever  it  is  desired  to  treat,  can  at  a  definite 
temperature  absorb  heat  at  a  definite  rate.  Therefore,  if  it 
is  desired  to  preserve  t'he  charge  at  a  definite  temperature 
it  is  necessary  to  generate  the  heat  only  so  fast  as  the  charge 
will  absorb  it.  In  other  words,  it  is  necessary  that  the  watts 
should  be  a  certain  definite  amount  per  unit  surface  of  the 
resister.  The  knowledge  of  the  absolute  value  of  the  tem- 
peratures in  such  furnaces  as  tho&e  used  in  making  silicon 
carbide  is  very  scant,  although  some  excellent  work  is  now 
being  done  on  this  subject  ；  but  from  the  data  obtained 
experimentally,  and  the  theoretical  considerations  of  the 
working  of  such  furnaces,  it  is  possible  to  calculate  relative 
temperatures  with  considerable  accuracy. 

This  was  well  illustrated  in  the  experimental  work  done 
by  the  writer  in  the  difficult  problem  of  making  what 
A<*liesoii  called  "  siloxicon."  This  substance  is  formed  by 
the  reduction  or  partial  reduction  of  silica  and  is  combined 
in  some  way  with  carbon.  The  great  difficulty  in  making  the 
tnaierial  is  flue  to  the  fact  that  at  a  temperature  very  slightly 
above  that  at  which  the  reduction  of  silica  by  carbon  begins, 
the  process  goes  too  far  and  the  well-known  crystalline  silicon 
carbido  is  Corrncd .  In  order  to  calculate  the  dimensions  of 
； i  resist  fr  suit  ;il)lo  fr>r  run  kiu^  t  ho  uuiierial  1  lie  only  data 
available  were  ( liosc  wliich  could  be  obtained  from  a  study 
of  cotidit  ions  in  tlie  silicon -ci rbifle  furnace.    Without  goin^ 


into  details  it  is  sufficient  to  say  that  working  in  this  way 
a  furnace  was  soon  designed  which  made  large  quantities  of 
" sihjxicon  "  without  the  formation  of  any  serious  quantity 
of  crystalline  silicon  carbide. 

Tlie  object  in  devoting  so  much  consideration  to  this 
subject  is  because  it  illustrates  in  a  marked  manner  the  coni- 
jiarative  ease  with  which  electric  furnaces  can  be  adjusted  to 
delicate  temperature  conditions.  This  is,  of  course,  well 
known  as  regards  small  laboratory  furnaces,  but  what  we  are 
considering  now  is  a  furnace  about  30ft.  long,  12ft.  wide, 
and  6ft.  liigh,  having  a  capacity  for  a  charge  of  about  GO 
tons. 

The  greatest  progress  in  the  electric  furnace  since  Siemens' 
time  has  been  in  the  arc  furnaces  of  the  kinds  he  used  ；  in 
tlie  induction  furnaces  of  Ferranti  and  Colby  ；  and  in  the 
resistance  furnace  of  the  Cowles  type  ；  but  so  far  as  the 
furnace  (lej)eiHling  on  the  use  of  a  heating  resister,  other  than 
the  charge,  is  concerned,  there  has  not  been  any  great  advance 
as  regards  apparatus  of  large  capacity.  The  explanation  of 
this  is  found  in  the  structural  difficulties  involved.  It  is 
believed,  however,  that  those  can  be  overcome,  and,  more- 
over, that  it  is  well  worth  while  spending  considerable  effort 
in  this  direction.  In  the  laboratories  with  which  the  writer 
is  connected  much  time  has  been  devoted  to  a  study  of  this 
type  of  furnace,  and  more  or  less  successful  furnaces  worked 
out.  This  kiiul  of  furnace,  for  example,  lends  itself  very 
readily  to  a  form  of  apparatus  which  is  bound  to  be 
developed  sooner  or  later  where  the  heating  is  accomplished 
by  means  of  fuel  as  well  as  the  electric  current.  This  has 
been  done  with  success  in  furnaces  on  a  large  scale  where  the 
preliminary  heating  is  carried  on  by  means  of  fuel  until  a 
temperature  is  reached  where  it  becomes  economical  to  use  the 
elect  rir  current  to  get  the  higher  temperatures  desired.  More- 
over, in  such  furnaces  we  may  usefully  employ  nearly  all  the 
electric  current  by  jacketing  with  burning  gases,  which 
eliminates  nearly  all  radiation  from  the  interior  of  the 
furnace  by  supplying  the  inevitable  heat  losses  from  fuel 
rather  than  electricity. 

The  question  of  the  loss  of  heat  through  the  walls  of 
electric  furnaces  is  a  matter  that  is  now  attracting  a  good 
deal  of  attention,  for  its  importance  is  very  great.  The 
writer  has  recently  had  occasion  to  give  this  matter  careful 
consideration  owing  to  the  inefficient  working  of  an  electric 
furnace  designed  for  some  special  smelting  work.  The  testing 
of  this  furnace  showed  that  the  heat  losses  amounted  to  50 
per  cent.,  but  merely  covering  25  per  cent,  of  the  outer 
surface  of  the  furnace  with  a  moderately  good  heat  insulator 
reduced  this  loss  nearly  20  per  cent. 

Before  closing  the  remarks  on  this  type  of  furnace  it  may 
be  of  interest  to  】iote  some  experirrients  recently  carried  out 
with  an  electric  kiln  at  the  writer's  laboratories.  The  kiln 
is  tlie  invention  of  Mr.  John  L.  Harper,  and  is  of  the  con- 
tinuous-channel type.  Two  long  channels  run  parallel  to 
each  other,  and  through  each  of  these  passes  a  train  of 
trucks  in  opposite  directions.  The  centre  part  of  the  kiln  is 
heated  electrically.  Witli  this  arrangement  the  trucks  with 
their  contents  passing  from  the  high  temperature  part  of 
the  kiln  give  up  their  heat  to  the  trucks  going  to  the  high 
temperature  part.  Theoretically,  with  an  arrangement  of 
this  sort,  all  that  is  required  of  the  electric  energy  is  to 
supply  the  heat  losses  from  the  kiln.  Various  experimental 
furnaces  of  this  kind  have  been  built,  the  chief  object  in  view 
being  a  study  of  the  structural  features  of  the  kilu,  such  as 
the  best  form  of  resister,  refractory  linings,  &c.，  also  tests 
of  the  control  of  temperature,  maximum  temperature  avail- 
able, control  of  atmosphere,  heat  insulation,  &c.  The  kiln 
was  used  for  various  purposes,  but  the  principal  experiments 
were  made  on  porcelain  with  the  production  of  "  biscuit  ，， 
and  glazed  ware.  The  control  of  temperature  was  found  to 
be  very  good,  and  the  kiln  was  extremely  simple  to  work, 
requiring  very  little  attention. 


Fatal  Winding  Accident  at  a  Colliery. ― An  accident  occurred 
on  Monday  last  at  the  Bargany  coal  mine,  resulting  in  the 
deal  h  of  a  workman.  While  some  men  were  engaged  in  sink- 
ing operations,  a  "  kettle"  heavily  loaded  was  being  drawn 
up  tlie  si i aft,  when  the  wire  rope  broke  and  the  "  kettle  ，， 
was  fluii^  down  the  pit,  fracturing  the  base  of  the  skull  of 
t he  deceased  in  it's  descent. 
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RECIPROCATING  SAWING  MACHINES.* 

BY  CHARLES  WICKSTEED. 

Historical. ― The  saw  is  one  of  the  very  earliest  tools  known 
to  have  been  used,  and  is,  in  fact ,  the  earliest  tool  that  has 
been  traced  in  Egyptian  history.  It  was  first  found  in  the 
form  of  a  notched  bronze  knife  in  the  3rd  Dynasty  or  about 
5,000  years  B.C.  (A),  Fig.  1 十， and  was  followed  by  larger 
toothed  saws  in  the  4th  to  6th  Dynasties,  which  were  used  by 
carpenters  ；  but  there  are  no  dated  specimens  until  the 
7th  century  B.C.,  when  the  Assyrians  used  iron  saws,  as  shown 


Fig.  1.— Ancient  Egyptian  Tools. 

A.  Nobched  Bronze  Knife.   3rd  Dynasty.  5000  B.C. 

B.  Assyrian,  Iron.   7th  Century  B.C. 

C.  Flint  Knife.  ,  ^ 

D.  Rasp  made  of  Bronze  punched  and  coiled  round. 

E.  Straight  Rasp,  Iron,  Assyrian.   7th  Century. 

at  (B).  The  first  knives  on  record  were  made  out  of  flint,  and 
were,  in  fact,  saws  with  minute  teeth  (C).  They  must  have 
been  used  for  cutting  up  animals,  as  the  teeth  would  break 
away  even  on  soft  wood.  Rasps,  which  are  but  a  form  of  a 
saw,'  were  first  made  of  sheets  of  bronze  punched  and  coiled 
round,  as  shown  in  (D)，  but  the  Assyrians  in  the  7th  cen- 
tury used  the  straight  rasp  made  of  iron  exactly  like  the 
modern  type  (E).  Coming  down  to  modern  times,  the  saw 
is  possibly  used  more  than  any  other  tool.  It  has  taken  three 
dibtinct  forms,  both  for  the-  working  of  wood  and  metal ― the 
straight  saw,  which  is  simply  a  development  of  the  first 
toothed  knife,  the  band  saw,  and  the  circular  saw. 

Hack  Sawing  Machines.— The  author  proposes  in  this  paper 
to  discuss  the  merits  of  the  straight-blade  reciprocating  saw 
for  metal  work,  and  to  point  out  that,  although  great  pains 
have  been  taken  to  bring  to  perfection  the  band  and  circular 
type,  curiously  enough  the  straight-blade  reciprocating  saw- 


ing machine  has  been,  comparatively  speaking,  neglected.  „ 
The  simple  fact  that,  with  a  few  exceptions,  the  cost  of  the 
hack  sawing  machines  has  in  former  years  been  only  'from  £5 
to  £10  against  a  much  higher  cost  for  the  other  types,  fully 
attests  the  truth  of  this  statement.  Primitive  blades  sold 
at  about  3d.  each  and  primitive  machines  sold  for  a  few 
pounds  were  good  enough  for  this  system .  The  author  thinks 
that  it  was  Millers  Fall  Company,  Mass. ,  who  first  brought 
oi，t  the  hack  sawing  machine,  which  is  known  as  the  "  Star，，， 
Fig.  2.   

*  Paper  read  before  the  Belfast  meeting  of  the  Institute  of  Mechanical  Engi- 
neers, July.  1912. 

t  •'  Kncy.  Brit.,"  Vol.  IX.  (lltb  ud.)t  p.  71,  Figs.  17,  45,  46,  and  48. 


This  is  the  crudest  and  lightest  possible  d e vice  lor  work- 
ing a  saw  backwards  and  forwards  hy  j)ower  instead  of  by 
hand.  It  is  not  curious  that  a  start  should  he  jnnde  in  lliis 
way,  but  the  curious  part  is  that  this  machine,  in  all  its 
essentials  and  with  all  its  faults,  prevails  up  to  tlie  present 
time.  The  connectin^-rocl  was  itiade  of  wood,  t  he  old  hand- 
saw bow  has  been  maintained  intact,  and  the  guides  were  of 
the  most  elementary  character. 

The  next  hack  sawing  machine  that  was  introduced  was, 
the  author  believes,  the  style  known  as  the  ' 1  Simplex,' J 
Fig.  3.  This  is  more  elaborate  and  heavier,  the  old  liack  saw 
frame  giving  way  to  something  stronger.  It  was  brought  out 
by  Mr.  Hoefer  and  proved  very  successful .  These  two  ma- 
chines were  the  forerunners  of  all  the  "present  hack  sawing 
machines. 

Another  very  early  pattern  of  hack  sowing  lnachine  was 
the  "  Eureka,"  Fig.  4，  which  was  made  by  Messrs.  G. 
Thompson,  Son,  &  0o.，  of  New  Haven,  Conn.  This  is  a  far 
more  mechanical  and  carefully- designed  structure  ；  it  has  a 
solid  base,  and  a  real  attempt  was  made  to  guide  the  saw 
straight,  the  thrust  is  in  direct  line  and  the  upper  guide  being 
made  to  extend,  so  as  to  admit  the  large  variation  in  the 
length  of  the  blade  being  used.  This  was  a  magazine  saw,  a 
long  blade  like  the  band  saw  being  coiled  up  and  brought  out 
for  use  as  the  working  part  became  worn  up.  The  coil  con- 
tained 25ft. 

One  of  the  latest  machines  brought  out  is  the  "  Milford," 
Fig.  5，  which  is  a  carefully-de&igned  tool,  and  is  in  great 
demand.  It  is  fitted  with  a  quick  return  and  a  clutch  device 
for  lifting  the  blade  free  of  the  work  on  the  idle  or  return 
stroke.  It  has  a  geared  drive  of  4  to  1  and  an  automatic 
stop.    In  the  author's  opinion,  these  four  designs  fairly  illus- 


Fig.  4. —— Eureka. 
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ti'ate  the  progress  of  the  original  type  of  hack  sawing  machine 
up  to  a  recent  date,  although  many  others  might  be  men- 
tioned, for  instance,  the  "  Racine,"  which  is  a  compact  and 
strong  tool,  and  the  "  Marvel,"  a  strong,  complicated  lna- 
chine with  a  positive  feed. 

Messrs.  Herberts,  of  Manchester,  were  one  of  the  first 
firms  who  seriously  took  this  matter  in  hand,  with  the  view 
of  making  altogether  stronger  machines  to  do  the  work 
quicker  and  to  take  larger  sections.  They  made  saws  of  a 
capacity  hitherto  commercially  unknown,  the  largest  being 
capable  of  taking  18in.  by  30in.  Tbey  also  introduced 
amongst  other  things  an  automatic  feed  for  the  work,  but 
the  most  important  feature  of  their  machines  was  the  eccen- 
tric motion  given  to  the  fulcrum  of  the  saw  frame,  shown  in 
Fig.  6,  where,  every  20  strokes  or  so,  the  eccentric  on  which 
the  fulcrum  of  the  frame  is  pivoted  moved  round  slightly, 
thus  putting  the  saw  at  a  different  angle  to  its  work  and 
bringing  it  on  a  very  obtuse  corner.  Bv  this  means  it  was 
always  working  on  a  comparatively  small  surface,  and  it  thus 
became  much  easier  to  saw  heavy  ssctions.  The  author 
believes  that  Messrs.  Herberts  were  able  to  cut  bars  much 
quicker  than  formerly.  For  instance,  a  4ii^.  bar  could  be 
cut  in  20  min.,  compared  with  an  hour  taken  by  most  previ- 
ous machines.  The  only  disadvantage  in  this  method  is,  in 
the  author's  opinion,  that  when  first  the  eccentric  is  moved 
the  effect  on  the  saw  is  rather  rough,  but  as  quick  work  is 
often  of  greater  importance  than  too  great  economy  in  saw 
blades,  the  merits  of  the  machine  were  rapidly  appreciated. 
The  author  thinks  that  this  firm  was  the  first  to  use  a  stronger 
arid  better  blade,  and  they  were  backed  up  by  the  Sterling 
Company,  who  used  tungsten  steel. 


228 


ME    MECHANICAL  ENGINEER. 


[August  23,  1912 


Messrs.  Herberts  have  recently  constructed  a  tool  in  whicli 
the  blade  is  set  at  an  angle  to  the  guides.  This  causes  further 
pressure  on 七 he:  blade  while  cutting,  and  takes  the  place  of 
the  weight  to  that,  extent. 

Messrs.  Holroyd  &  Co.,  of  Milnrow,  also  introduced  an 
excellent  machine  for  rapid  work  with  the  same  object  in 
view  as  Messrs.  Herberts  had,  the  difference  being  that  in 
the  case  of  Messrs.  Holroyd ?s  macliine  the  bar  turned  round  a 
little  every  several  strokes,  thus  representing  a  small  surface 
to  the  saw,  as  Me^rs.  Herberts  did,  with  their  eccentric 
motion.     The  advantage  of  Messrs.  Holroyd ，s  system  was 


Fl°-  ^Eccentric  MotiMv  for  HUiv^  the  Sate. 


that,  since  the  bar  was  continually  turning  round,  it  was  diffi- 
cult for  the  saw  to  run,  and  the  work  would  be  approximately 
as  true  as  that  produced  in  a  cutting-off  】athe. 

Advantages.  ―  (1)  The  comparatively  low  cost  of  the  ma- 
chine and  blade,  and  the  fact  that  the  blade  can  be  made 
any  temper  to  suit  the  work. 

(2)  In  comparison  with  the  circular  saw,  it  will  cut  any 
depth  that  the  frame  which  holds  it  will  admit  of.  Ext  ra 
depth  does  uot  necessitate  extra  cost  of  blades,  and  it  will 
cut  any  length  within  6in.  of  the  length  of  the  blade.  A 
circular  saw,  taking  the  boss  in  consideration,  will  not  make 
a  cut  much  deeper  than  one-third  of  its  diameter,  and  for 
every  extra  inch  in  depth  the  saw  must  be  increased  2iu.  and 
3 in.  in  diam.  It  is  a  most  expensive  and  cumbrous  tool, 
necessarily  fairly  thick  and  exceedingly  difficult,  if  not  impos- 
sible to  gei  quite  hard,  and  if  made  quite  hard  is,  of  course, 
liable1  to  break  up. 

(3)  In  many  cases  the  band  saw  must  be  cut  in  order  to 
be  t'hread&d  through  tlie'  work  and,  like  the  circular  saw,  is 
almost  impossible  to  get  it  quite  hard  ；  moreover,  it  is  dan- 
gerous to  use  if  it  is  hard. 

(4)  Another  advantage  of  the  straight  blade  over  the 
circular  saw  or  a  lathe  cutting-off  machine  is  the  narrowness 
of  the  cut,  say,  ^in.  instead  of  ！ in.  This,  so  far  as  the 
circular  saw  is  concerned,  at  any  rate,  reduces  the  power  taken 
in  exact  proportion  to  the  width  to  be  cut,  and  in  both  cases 
it  usually  saves  material  enough  to  pay  the  whole  operation. 
That  is  to  say,  if  the  material  saved  by  the  narrow  cut  as 
against  the  wide  oue  is  taken  into  account  at  the  end  of  the 

Fig.  7. — Frame  Bearing. 

Guide  -  roo  centres 

r  ^ 


VIEW    FROM  BACK. 


day,  sufficient  material  will  have  been  saved  to  pay  for  the 
、vhole  cost  of  cutting,  including  establishment  expenses. 

(5)  The  power  taken  is  about  one-fourth  of  that  taken  by 
a  circular  saw.  One  unit  will  cut  80  super,  square  inches, 
which  is  equivalent  to  11  bars  of  3in.  diam.  or  three  hc.i  vy 
section  girders,  20in.  by  7Ain. 

When  once  convinced  that  the  straight-blade  reciprocating 
machine  had  great  theoretical  advantages  over  its  conij>etitors 
— the  circular  and  the  band  saw ~ it  did  not  take  very  long 
to  discover  the  principles  on  whicli  it  must  be  made  ： ― 

(1)  The  blade  unisi  be  kept  absolutely  linn  and  perfectly 
square  with  the  work. 


(2)  It  uiust  be  strong  enough  to  stand  all  the  weight  that 
the  teeth  will  take  without  breaking. 

(3)  The  blade  niusi  be  made  of  the  liiglicst  possible  quality 
of  steel  with  tlie  be«t  cutting  edge  that  is  practicable. 

(4)  The  niacbiiie  must  be  well  designed  and  work  the 
blade  without  spring  or  vibration. 

(5)  Since  the  pressure  on  the  blade  must  be  considerable, 
an  absolutely  reliable  release  on  tbo  ret  urn  stroke  must  be 
provided.  In  <-niiiKM-t  ion  with  ill  is,  the  author  has  fouiul 
from  experiments  that,  unless  the  weight  was  heavy,  it  made 
little  or  no  difference  whether  the  blade  was  released  on  the 
return  stroke  or  not,  but  with  a  very  heavy  weight  the  blade 
would  be  quickly  destroyed. 

Taking  t  lie  points  just  mentioned  -、'r〃〃////，  tlie  blades  have 
not  been  brought  to  the  high  quality  now  described  without 
a  great  deal  of  p;uns  and  trouble  on  the  part  of  the  makers, 
who  have  been  kind  enough  to  assist  the  author  in  this 
respect.  The  points  which  appear  to  b©  fairly  established 
are : — 

(1)  For  ordinary  work  the  coarse-pitch  tooth,  not  less  than 
10  to  the  inch,  is  the  best.  They  cut  better,  they  clear  tljem- 
selves  better,  and  there  is  better  opportunity  to  give  side 
clearance,  which  is  specially  necessary  in  the  deep  blades 
necessary  for  heavy  machines. 

(2)  To  make  the  blade  strong  enough  to  take  the  weight 
that  the  teeth  will  stand,  it  is  not  necessary  to  do  any  special 
tempering  for  tins  purpose.  If  the  temper  is  right  for  the 
teeth,  it  is  right  for  the  back  of  the  blade. 

(3)  Extra  strength  must  be  ol'Uim— '(1，  not  by  extra  thick- 
ness but  by  extra  depth.  Extra  tliickness  does  not  help  in  any 
way.    If  the  blade  is  20  per  cent,  extra  thick  it  requires 

Pio.  S.  — Movable  Weight  U>  prevent  Vibration. 


exactly  20  per  cent .  more  weight  put  on  to  get  through  the 
work  in  the  same  time.  Theoretically,  tlie  thinner  the  blade 
the  better,  but  in  practice  the  deep  blades  must  b©  made 
thicker  for  couvenience  of  manufacture,  because  makers 
find  it  too  difficult  to  harden  deep  tliiu  blades  absolutely 
straight,  and  it  is  evident  that  the  deeper  the  blade  the  more 
difficult  it  is  to  keep  the  clearance.  The  blades  used  by  the 
author  vary  i'roni  ^iu.  to  2in.  in  depth  and  from  19  to  16  wire- 
gauge  thick. 

(4)  The  greatest  weight  that  a  tooth  will  take  without 
injury  must  be  ascertained,  and  the  blade  must  then  be  made 
strong  enough  to  take  ib.  This  weight  the  author  finds  at 
present  to  be  about  71bs.  per  tooth  or  701bs.  per  inch.  A 
weight  of  2101bs.  is-  therefore  put  on  a  6in.  machine,  which 
enables  it  to  use  practically  the  full  capacity  of  the  blade  up 
to  a  4iii.  round  bar. 

As  the  machine  gets  larger  the  j)ioportion  of  weight  is 
increased.  Thus  in  a  15in.  】iiacliine  7001bs.  is  put  ou,  so  that 
the  machine  will  use  the'  full  capacity  of  the  blade  when  saw- 
ing a  lOin.  surface.  The  proportion  is  increased  iii  this  way 
because  it  is  presumed  that  tbe>  Gin.  inafliine,  for  instance, 
will  principally  be  doing  smaller  work,  and  that  the  larger 
machines  are  intended  for  large  work  v/hich  it  is  impuriant 
to  get  through  as  quickly  as  possible. 

Design  of  Machines. ~™ -  Alter  having  said  this  much  about 
the  blades,  it  is  hardly  necessary  io  point  out  that  a  niaclntie 
very  different  from  those  usually  employed  must  be  designed 
to  work  them.  Most  of  the  old  designs  were  more  use t'ul  as 
warnings  than  examples.  In  getting  out  a  new  design,  the 
author's  ambition  was  to  make  a  l'eciprocating  sawing  ina- 
cliine  iu  the  form  of  a  first-class  inacliine  tool,  on  simple  and 
sound  niei'lianical  principles  that  would  utilise'  all  the  duly 
that  a  high  quality  straight  blade  \v;us  capable  of  taking.  One 
ui'  the  greatest  faults  of  Uie'  laachine  so  far  in  use  is  that, 
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following  the  example  of  the  first  machine  that  was  made, 
the  ^uido-frame  is  almost  universally  pivotted  on  the  crank 
shaft,  generally  by  a  narrow  bearing,  thus  ensuring  liberty 
to  l)egin  with,  which  daily  increases  with  wear.  In  this  way 
was  the  first  essential  of  a  good  machine  missing  at  the  out- 
set. With  a  loose  guide  the  saw  would  run,  make  bad  work, 
and  break  the  blades.  To  avoid  this  fundamental  defect,  the 
^uide- frame  is  pivoted  on  perfectly  independent  bearings, 
substantial  «and  wide  apart.    These  bearings  have  no  other 

Pio.  9. 
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work  than  to  guide  the  frame,  and  there  is  practically  no 
wear  whatever,  Fig.  7.  It  was  found  necessary  to  stiffen  the 
machine  in  every  direction.  The  bed  was  made  much  wider, 
a  bearing  being  thus  given  for  the  bar  on  both  sides  of  the 
saw,  the  guide  bars  were  placed  wide  apart,  all  the  bearings 
brass-bushed  and  ample,  and  in  the  case  of  the  larger  ma- 
chines a  vice  was  provided  on  both  sides  of  the  blade. 

Weights  were  increased  until  a  Gin.  machine  weighed 
5 },  cwt.,  and  a  15in.  machine  25  cwt.  These  weights  were 
found  necessary  to  make  tlie  marhine  perfectly  firm  and  free 
from  all  vibration.  Since  the  weight  used  on  the  blade  was 
so  heavy,  it  became  necessary  to  adopt  a  convenient  method 
of  applying  this  from  zero  upwards.  This  is  done  by  sliding 
a  weight  on  a  bar  which  runs  from  the  extreme  end  of  tlie 
frame  to  a  point  well  behind  the  fulcrum  of  the  swing  bracket, 
in  which  position  it  balances  the  weight  of  the  guide  bars 
and  frame.  In  the  heavy  machines  this  weight  is  adjusted 
by  a  quick  pitch-screw,  Fig.  8. 

Having  such  a  heavy  weight  to  deal  with,  it  was  next 
necessary  to  prevent  the  breakage  of  tlie  machine  in  case  the 

Fig.  10. 

Three  positions  of  a  Saw  with  Oin.  fit  role  nit  ting  through  a  12  in.  hlocl: 
The  black  portion  is  that  which  always  remains  in  tbe  saw  cut. 
 - ―. 


blade  should  break,  and  so  long  as  the  usual  small  boy  was 
to  manipulate  this  machine  it  also  became  necessary  to  lift 
tlie  weight  l>y  power.  A  perfectly  reliable  release  was  also 
recjuirefl  on  the  return  stroke  of  t.lio  blade.  This  latter  is  a 
difficult  or  impossible  thing  to  provide  for  satisfactorily  by 
purely  mechanical  means,  as  the  plane  of  the  saw  varies  at 
every  stroke,  so  that  a  rack -and -catch  arrangement  is 
unsuitable.  The  clutoh  principle  used  on  some  machines  is 
also  unsatisfactory,  as  it  constantly  requires  a  nice  adjust - 
ment  which  is  quite  beyond  the  caparity  of  the  boy  in  atten- 
dance. Experiments  have  shown  that  it  was  essential  that 
the  saw  should  be  lifted  off  its  work  and  put  down  again 


accurately  at  the  extremes  of  the  stroke.  Tf  this  be  not  done, 
either  tlie  output  is  seriously  interfered  with  or  the  blade  is 
injured.  Ultimately  io  deal  wiili  all  t hesp  points,  a  dm"'  — 
tion  hydraulic  ram  (to  be  described  later)  was  used  on  all 
the  larger  niacliiiies.  Tliis  was  first  out  in  the  form  of  the 
simple  ram,  as  shown  in  Fig.  9.  I【ere  an  eccentric  set  in 
time  witli  the  craiikpin  on  tlie  crank  sliaft  works  a  lit  1 
])]uno*M*  in  I'onn'ection  with  the  daslipot.  This  plunger  comes 
down  and  closes  the  little  port  A  exactly  at  the  end  of  the 
stroke,  thus  gently  lifting  the  frame  sufficiently  off  its  work 
on  the  return  stroke  and  letting  it  gently  down  again,  and, 
as  soon  as  the  working  stroke  begins,  leaving  the  full  weight 
on  the  blade.  There  are  no  complications  anrl  no  wear  in 
this  device,  as  both  pistons  are  simply  made  a  good  fit  and 
worked  in  oil.  A  foot-valve  is  provided  to  let  the  oil  in  when 
the  frame  is  lifted  by  hand.  It  was  found  to  perform 
perfectly  tlie  fu nction  it  was  designed  for. 

Modifications  very  quickly  followed  to  】nake  it  useful  ior 
other  purposes.  The  port  was  made  small  enough  to  convert 
the  largest  cylinder  into  a  dashpot  and  tlius  make  it  impossible 
for  the  frame  to  fall,  as  it  could  only  be  lowered  as  fast 
as  the  oil  could  be  pressed  through  the  small  hole',  about 
/oin.  diameter  in  the  case  of  the  smaller  machines.  Soon 
after  this,  the  ram  was  made  to  perform  four  functions  by  tlio 
introduction  of  a  4-way  cock. 

It  is  difficult  to  follow  the  exact  action  of  this  ram,  but  it 
will  perhaps  be  sufficient  to  point  out  that  this  pump  is  pro- 
vided with  a  4-way  cock  with  ports  so  arranged  that  when 
the  handle  is  in  the  horizontal  or  working  position  it  relieves 
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the  blades  on  the  return  stroke.  When  upright  it  lifts  the 
whole  frame  right  off  the  work  to  any  required  height,  the 
relief  port  being  provided  to  prevent  it  lifting  too  far.  When 
in  the  third  position  it  holds  the  frame  in  the  position  it 
happens  to  be  in.  When  in  tlie  fourth  it  lets  the  frame  gently 
down  whether  the  machine  is  standing  or  not.  This  last 
position  is  useful,  as  in  it's  simple  form  this  ram  can  only  let 
the  frame  down  when  the  port  is  uncovered,  which  it  seldom 
is  when  the  machine  is  standing. 

The  stroke  in  the  author's  machine  is  from  5in.  to  8 hi. 
Tliei  longer  stroke  adopted  in  the  larger  machines  was  not- 
found  necessary  to  get  rid  of  the  swarth,  but  simply  because 
it  was  found  advisable  to  reduce  the  strokes  per  minute,  as 
the  lengths  of  the  frames  increased,  the  momentum  given  by 
the  small  relief-lift  becoming  too  much. 

The  question  of  the  relative  length  of  the  blade  to  the 
stroke  and  diameter  of  the  bar  is  interesting.  A  long  stroke 
should  be  avoided,  as  it  entails  a  correspondingly  long  saw 
blade  as  well  as  a  more  cunibrous  machine.  If  there  is  no 
lift  on  the  return  stroke  the  stroke  must  be  as  long  as  the 
section  cut,  in  order  to  get  rid  of  the  swarth.  Fig.  10  shows 
a  12in.  section  being  cut  with  a  niarhine  having  only  a  6in. 
stroke.  The  middle  part  of  the  blade  (shown  black)  has  no 
opportunity  of  getting  rid  of  its  swarth,  and  will  therefore 
take  tlie  greatest  part  of  it  backwards  and  forwards.  With  a 
sufficient  lift,  on  the  return  stroke,  however,  the  swarth  is 
dropped  and  raked  6in.  forward  on  the  cutting  stroke,  aud 
it  is  thus  only  necessary  to  make  the  teeth  deep  and  large 
enougli  to  hold  the  swarth  created  in  two  strokes. 

The  lubricant  used  for  saw  blades  is  soap  suds,  and  great 
attention  has  been  paid  to  the  pump  and  tank  connected 
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therewith.  The  fact  that  the  swarth  made  by  the  saws  is 
exceedingly  fine  and  that  it  is  very  much  more  difficult  to 
make  a  pump  to  wear  well  with  the  suds  than  it  is  with  oil, 
necessitates  very  careful  provision  to  keep  the  swarth  away 
from  the  pump  and  to  make  the  pump  as  durable  and  as 
easy  to  repair  as  possible.  Fig.  11  shows  the  arrangement 
of  tank  and  connections.  Tt  will  be  seen  that  the  suds  are 
first  collected  by  a  recess  in  the  bed,  and  are  drained  at  the 
front  end  which  is  farthest  away  from  the  swarth,  which  is 
carried  back  by  the  blade  which  works  on  the  return  stroke. 


PiO.  l2.^Suds  Pump. 
Old  Pattern,  New  Pattern, 

i  Screw  and  Platft.  easily  re-bored. 


Old  Pattern 
Wings. 


Presant  FcTm. 


Oldest  Wipgs 


2nd  Form. 
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The  suds  are  then  conveyed  through  an  open  trough  to  a  tank 
placed  at  the  back  end  of  the  machine.  This  tank  is  divided 
by  two  weirs  (if  they  may  be  so  called)  into  three  compart- 
ments. The'  first  weir  comes  to  the  top  of  the  tank,  leaving  a 
space  of  about  lin.  at  the  bottom  for  the  suds  to  pass  through 
into  the  next  chamber.  This  is  done  to  prevent  very  light 
swarth  on  the  top  of  the  suds  being  washed  over.  The  suds 
then  go  over  the  top  of  the  second  weir  into  the  pump  cham- 
ber. In  this  way  it  is  seen  that  the  swarth  has  four  distinct 
opportunities  of  being  separated  from  the  suds,  and  that  it 
is  almost  impossible  for  any  grit  finally  to  enter  the  pump. 


—Single  Sawing  Machine. 


Pumps.  ― The  first  thing  that  appeared  important  in  con- 
nection with  the  pump  was  that  it  must  be  placed  under  the 
level  of  the  water  to  avoid  constant  priming.  Wing  pumps 
were  adopted  as  being  the  most  satisfactory,  but  the  best  the 
author  could  obtain  were  of  such  a(  construction  that  they 
would  not  wear  well  or  long  with  suds.  The  simple  pump 
ultimately  adopted  is  shown  in  Fig.  12.  In  this  p 誦 p  a  by- 
wash  is  provided,  not  with  a  separate  valve,  but  simply  by 
making  the  wings  of  the  punip  taper  against  the  pressure  so 
t  hat ,  when  a  full  discharge  is  not  required,  the  pressure  of 
t!i3  suds  will    press   these   little    wings  back.      The  cover, 


instead  of  being  screwed  in,  as  is  often  the  case,  is  simply 
fastened  on  with  screws  so  that  the  barrel  can  be  re -bo red. 
But  perhaps  the  most  important  feature  of  tliis  design  is  that 
both  wings  go  right  through  the  head  of  the  spindle,  and  tlnis 
get  an  ample  bearing.  In  these  wings  there  are  two  little 
slots  of  such  a  length  that  one  spring  put  in  the  middle  will 
press  up  the  wings  on  each  side.  The  advantage  of  this  is 
obvious  as  ccmipared  with  the  old  method  where  the  wings  met 
in  the  middle,  thus  leaving  but  a  very  little  bearing.  The 
gradual  wearing  of  this  bearing  caused  friction  and  the 
destruction  of  the  pmnp.    The  spindle  of  the  author's  pumps 


Fig.  lfi.— 7in.  MrLTi 丄' lk  Saw  fob  Cutting  Blanks  from  |in.  thick  up  to 
thk  Capacity  of  the  Machine. 

is  case-hardened.  The  new  pattern  of  ])iinip  has  been  found 
to  be  very  efficient. 

Results.  ―  The  result  of  all  these  improvements  is  that  saw- 
ing can  be  done  practically  true,  say,  to  a  hundredth  part  of 
an  inch  in  a  Gin.  bar,  and  mild  steel  can  be  cut  at  a  speed , 
roughly  speaking,  varying  from  lin.  to  2in.  square  per 
minute.  The  breakage  of  the  blade  is  exceedingly  rare,  and 
those  of  the  best  quality  will  often  last  several  days. 

The  machines  are  made  in  several  forms.  The  single  sawing 
machine,  shown  in  Fig.  13，  is  constructed  for  sawing 
pieces  of  large  dimensions  quickly  and  correctly.  Fig.  14 
shows  another  variety,  a  machine  for  cutting  tram- 
way rails  in  position .  This  machine  rests  upon  two  angle-irons 
which,  in  their  turn,  rest  upon  the  two  rails.  It  is  only  neces- 
sary to  disturb  the  pavement  for  the  frame.  The  main 
features  of  the  machine  are  standard.  It  makes  a  straight 
clean  cut  through  the  rails,  no  matter  how  hard,  in  about 
20  minutes,  and  one  blade  will  make  from  about  12  to  20 
cuts  before  it  is  worn  out.  The  multiple  saw,  Fig.  15， 
and  Fig.  16,  specially  designed  to  cut  off  blanks  for  dies  and 


Multiple  Saw. 


Tib.  16 —For  cutting  blanks 
from  j  in.  thick  up  to  the 
capacity  of  the  machine. 


10.  18. ― Rack  A rrangement 
for  cutting  blanks  from 
^  tn.  to  }  in.  thick. 


similar  duplicate  work.  By  a  rack  arrangement,  Fig.  17, 
and  Fig.  18,  these  blanks  can  be  cut  as  thin  as  j^in. ； 
with  the  more  usual  arrangement  of  adjustable  frames,  shown 
in  Fig.  15  and  Fig.  16，  they  can  be  cut  from  ^!in.  thick  to 
the  capacity  of  the  machine. 

What  is  called  the  shaping  machine,  Fig.  19，  and 
Fig.  20,  is  another  variety.  This  machine  is  provided  with 
a  table  like  a  shaping  machine  on  which  the  work  is  placed. 
By  this  means  the  work  can  be  brought  to  the  required  posi- 
tion under  the  blades.  Two  blades  are  provided  which  can 
conveniently  be  adjusted  in  alignment  from  ^in.  apart  to  the 
full  capacity  of  the  machine,  usually  about  5in.  It  is  more 
particularly  useful  for  cutting  out  joints  of  all  sorts,  splitting 
brasses,  and  so  on. 

Another  variation  oi  pattern  is  the  runner  saw,  Fig.  21. 
This  is  specially  designed  to  cut  runners  off  steel 
castings,  which  are  bolted  on  the  front  or  the  side  of  the 
table.    The  whole  head  is  made  to  traverse  a  foot  sidewards 
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so  as  to  reach  the  runners  ；  it  can  also  be  lifted  and  put  for- 
ward on  the  bed  if  necessary.  The  saw  is  brought  on  one  side 
of  the  guides  so  that  it  will  cut  runners  quite  flush  to  the 
casting  where  the  saw  bolder  does  not  foul.  In  the  few  cases 
where  it  would  foul,  it  would  cut  flush  within  ^gin.  The 
Fig.  19.— Shaping  Machine  Saw. 


horizontal  direction.  The  table  is  provided  with  a  counter- 
weight so  that  the  filing  out  of  the  bole  can  easily  be  manipu- 
lated by  the  two  hand-traverses  mentioned.  After  tlie  hole 
is  filed  sufficiently  square,  an  operation  of  a  few  minutes,  the 
file  is  withdrawn  and  the  blade  threaded  through  instead. 
The  horizontal  blade  is  then  put  automatically  to  work.  It 
is  provided  with  a  4-function  automatic  rani ,  like  tlie  other, 
and  works  independently  and  precisely  on  tlie  same  system. 
There  is  usually  so  much  less  to  saw  horizontally  than  there  is 
to  saw  vertically  that  tlie  horizontal  work  will  probably  be 
finished  some  time  before  the  vertical.  Whrm  iliis  is  the  case, 
the  horizontal  blade  is  removed  and  th&  frame  drawn  out  of 


Fig.  17.— Multiple  Saw  Kack  Abrangi 

f5lN.  TO  ^IN.  THICK. 

hard  blades  that  can  be  worked  with  this  machine  make  this 
method  compare  favourably  in  many  ways  with  the  circular 
or  band-sawing  machines. 

Another  variety  which  is  in  course  of  construction  is  a 
machine  for  sawing  out  webs  of  crank  shafts.  Here,  as  in 
the  shaping  machine,  there  are  two  blades,  but  the  table  is 
stationary,  the  crank  shaft  being  bolted  down  on  blocks  to 
the  correct  position  under  the  blades.  A  horizontal  blade  is 
also  provided  for  cutting  out  the  bottom  of  the  crank  shaft. 
This  third  horizontal  blade  works  independently  of  the  two 
vertiral  ones  ；  the  frame  of  this  is  constructed  to  hold  a  square 
file  as  well  as  the  saw  blade.  The  operation  is  as  follows  ： 
The  crank  shaft  must  first  have  one  hoi©  drilled  in  it,  say, 
l^in.  or  Hin.  diameter.  It  is  then  bolted  down  on  the  blocks 
in  position  underneath  the  two  vertical  blades,  and  these 


Fig.  '21.— Saw  for  Steel  Castin*(4s. 

the  way  of  the  vertical  saw  before  they  approach  near  enough 
to  foul.  It  will  be  thus  seen  that  in  the  manipulation  of  the 
horizontal  blade  there  is  no  time  lost.  A  9in.  by  9in.  crank 
shaft  web  may  thus  be  sawn  in  60  minutes  to  an  accuracy  of 
t^in.,  using  about  2  h.p.  The  outside  of  the  webs  can  also  be 
sawn  at  another  operation,  thus  saving  much  valuable  time 
afterwards  on  an  expensive  lathe. 

In  conclusion,  the  author  would  like  to  state  that  he  lias 
simply  been  trying  to  trace  the  development  of  a  most  useful 
tool  so  far  as  it  has  gone.  He  is  not  of  opinion  that  anything 
like  finality  has  yet  been  approached,  but  he  believes  that  in 
rapidity  of  work,  in  the  endurance  of  the  blades,  and  in  the 
size  of  the  machines,  the  reciprocating  straight-blade  sawing 
machine  is  still  in  its  infancy. 


Fig.  20.— Shaping  Machine  Saw. 

blades  are  set  to  work.  The  file  is  threaded  through  the  hole 
and  attached  to  the  horizontal  frame  and  the  hole  filed  out 
approximately  square  at  the  bottom.  To  accomplish  this, 
the  lower  frame  is  attached  to  a  table  which  can  be  raised 
and  lowered  by  hand.    Tliere  is  also  a  hand-traverse  in  tlie 


MATERIAL  FOR  TURBINE  BLADES. 

In  an  article  in  "  La  Technique  Moderne,"  and  translated  in 
the  August  Proceedings  of  the  American  Society  of  Mechani- 
cal Engineers,  P.  Breuil  deals  with  the  metals  used  for  the 
blades  of  continental    designs   of  steam 
turbines. 

For  turbine  blades,  ZoeHy  uses  steel 
with  5  per  cent,  nickel.  Brown-Boveri, 
who  use  a  large  number  of  stages,  with 
small  falls  of  pressure,  and  consequently 
small  velocities  of  steam,  use  a  special 
bronze  with  a  coefficient  of  safety— of  15 
to  20;  the  blades  do  not  appear  to  be 
subject  to  wear.  The  German  General 
Electric  Company,  which  manufactures 
Curtis  turbines,  makes  the  blades  out  of 
a  special  bronze  or  of  steel  with  a  high 
percentage  of  nickel,  with  caulking  of  a 
softer  metal.  Rateau,  after  unsuccess- 
、 ful  experimenting  with  steel  with  25  per 
cent,  nickel,  uses  now  steel  with  5  per 
cent,  iiirkel,  while  Rey,  of  Harle  &  Oie， 
prefers  steel  with  32  per  cent,  nickel. 

Enquiries  from  various  French  manu- 
facturers of  special  steel  have  shown  a 
a".  great    diversity    of    opinion    as    to  the 

 '  contents      of      nickel,      but      it  does 

not  appear  to  the  author  that  any 
one  of  them  knows  just  what  influence  more  or  less  nickel  in 
the  steel  will  have  on  the  behaviour  of  the  metal  in  a  turbine 
blade.  Table  I.  gives  a  resume  of  the  data  which  the  author 
collected  with  respect  to  bronzes.  Of  these  the  composition 
is  given  only  for  the  "  Durana  ，，  bronzes  manufactured  by  the 
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Diirener  Meiallwerke,  Diiren,  (5onnany,  viz.,  the  first  kind 
72  per  cent,  copper  and  28  per  cent,  pure  zinc,  and  the  secoiul 
kind  85  per  cent,  copper  and  15  per  cent,  manganese.  Tlie 
composition  of  the  Monel  metal  is  given  as  70  per  cent,  nickel, 
29  per  cent,  copper,  and  1  per  cent.  iron.  Like  other  bronzes, 
the  Monel  metal  softens  considerably  at  temperatures  above 
300° 職 (572°  Fall.),  and  has  a  relatively  low  elastic  limit,  but 
lias  the  advantage  of  being  little  subject  to  corrosion. 

Tlie  author  calls  attention  to  the  fact  that  on  the  side  of 
the  admission  of  steam  the  first  blades  work  in  lii^li  tenipora- 
tures,  with  steam  at  great  velocities  and  dry  ；  t  lie  Ijlades 
further  back  are  subject  to  lower  temperatures  aiul  lower 
velocities  of  steam,  but  tlie  steam  is  wet,  and  there  is  besides 
the  friction  of  mineral  partirles  carried  away  hy  the  steam. 
The  guide  blades  are  stationary,  and  are  not  subject  to  the 
action  of  centrifugal  forces  like  the  rotor  blades.  It  appears 
therefore  tliat  different  metals  ought  to  be  used  for  eacli  of 
these  three  classes  of  blades,  but  in  all  cases  the  metal  used 
must  possess  great  resistance  to  chemical  and  mechanical  cor- 

Table  I. ― Strength  of  Metals  Used  in  Turbine  Construction. 


Metal. 


Elastic  Limit. 


Kg.  per 
Mm. 


30  per  cent,  nickel  stfol 

5  per  cent,  nielcel  steel : 

(a)  annealed   

{b)  tempered  at  800° 
C.  (1，472°  Fah.) 
and  t  hen  annealed  at 
秦 °      C.  (l,112c 

Fah.)  

Brass  (07  per  cent. "屮 p(  r 
and  33  per  cent,  zinc-)  ... 
Brass  (70  per  cent,  oopper 
and  30  per  cent,  zinc)  ... 
Aluminium  bronze  BAT2.. 

Rubel  bronze  : 

290°  C.  (554°  Fah.)  

485°  C.  (905°  Fah.)  

Durana  : 

100°  C.  (212。  Fah.)  

300°  C.  (572°  Fah.) …… 

400°  C.  (752°  Fah.)  

15  per  cent,  man^i ncsc 
bronze  : 

100°  C.  (212。  Fah.)  

300°  C.  (572°  Fah.) …… 

400。  C.  (752°  Fah.) …… 
Monel  metal  n  nnealed  : 

20。  C.  (68°  Fah.)  

300°  C.  (572°  Fah.) …… 
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EXHAUST  STEAA\  ACCUMULATOR. 

The  Maschinenbau  Aktiengesellschaft  Balcke,  of  Boclmm, 
Germany,  have  patented  tlie  arrangement  of  exhaust  steam 
accumulator,  shown  diagraniniatically  in  the  accompanying 
( ut.  Two  vessels  containing  water  or  other  suitable  liquid 
ar&  employed,  whereof  the  one  vossel  is  connected  with  the 
exhaust  from  the  primary  engine,  and  also  with 
thf'  steam  supply  to  the  set^oiulary  engine,  wliilst 
the  other  vessel  is  (  muwted  to  the  first  in  such  manner  that 
variations  in  the  level  of  the  liquid  in  the  first-mentioned 
vessel,  due  to  variations  of  pressure  therein  consequent  on 
variations  in  the  supply  or  delivery  of  exliaust  steam  to  or 
from  this  vessel,  will  produce  inverse  variations  in  the  level 
of  tlie  liquid  in  the  second  vessel,  the  liquid  in  both  vessels 
constantly  tending  to  assume  the  same  surface  level.  Re- 
ferring to  the  rut,  B  and  C  are  two  vessels  containing  a  body 
of  water  or  other  suitable  liquid  which  partially  fills  them 
both,  the  vessels  being  connected  together  by  means  of  a  pipe 
E  at  a  level  below  t  ho  lowest  working  level  of  the  liquid  in 
both  vessels,  so  tliat  the  liquid  in  both  vessels  will  constantly 
tend  to  assume  tlie  same  surface  level.    Exhaust  steam  from 


rosion,  and  be  easily  machined  by  ordinary  shop  processes.  As 
to  chemical  corrosion  of  metals  by  hot  steam  there  are  prac- 
tically no  reliable  data.  From  investigations  of  the  action  of 
salt  water  on  metals  it  would  appear  that  aluminium  and 
manganese  bronzes  and  Monel  metal  would  give  good  results, 
but  it  is  quite  possible  that  chemical  corrosion  is  altogether 
very  slight  as  compared  with  physical,  and  the  material  used 
ought  to  be  chosen  on  the  basis  of  resistance  to  the  latter,  with 
respect  to  which  nickel  steel  appears  to  have  very  high  quali- 
ties with  its  breaking  strength  of  60  kg.  (80，0001bs.  per 
square  inch),  elastic  limit  of  40  kg.  (57，0001bs.  per  square 
inch),  hardness  180，  and  elongation  20  to  22  per  cent.  It  is 
moreover  naturally  hard,  not  brittle,  and  comparatively 
cheap.  There  are  no  data  as  to  its  probable  behaviour  at 
high  temperatures,  but  having  a  low  percentage  of  nickel  it 
would  probably  behave  like  other  steel,  and  would  reach  the 
minimum  of  its  elastic  limit  and  elongation  at  about  300°  C. 
(572°  Fah.),  without,  however,  becoming  brittle.  Vickers- 
Maxim  make  their  turbine  blades  of  laminated  bars  with  a 
steel  core  and  nickel  surface,  the  nickel  layer  being  only  a 
fraction  of  a  millimetre  thick. 


Examination  for  Smoke  Abatement  Inspectors.  ―  For  some 
time  tlie  Council  of  tlie  Royal  Sanitary  Institute  has  b&en 
ur^ed  to  arrange  an  examination  for  smoke  inspectors,  and 
after  very  carefully  considering  the  matter,  it  has  decided  to 
estahlisli  an  examination  in  this  subject.  Full  information 
may  he  obtained  from  the  Secretary,  tlie  Royal  Sanitary 
I  nst  it  ute,  90，  Buckingham  Palace  Road,  S.W. 


Exhaust  Steam  Accxtmulator. 

the  primary  engine  enters  the  vessel  B  by  way  of  a 
pipe  A，  and  steam  is  led  from  this  vessel  B  to  the  exhaust 
turbine  or  other  secondary  engine,  either  by  means 
of  a  branch  from  the  pipe  A  or  by  a  separate  pipe  connected 
to  the  vessel  B.  The  vessel  B，  except  for  the'  necessary  con- 
nections, is  clo&ed,  whilst  the  vessel  C  may  be  open  to  the 
atmospliere.  If  the  exhaust  steam  from  the  primary  engine 
exceeds  the  requirements  of  the  secondary  engine, 
the'  excess  will  enter  the  vessel  B  and  will  force  liquid  there- 
from into  the  vessel  C,  the  level  of  the  liquid  in  the  vessel 
B  being  consequently  lowered  so  that  the  storage  capacity  of 
this  ve&sel  is  increased  whilst  a  head  of  liquid  is  created  in 
the  vessel  C  relatively  to  that  in  the  vessel  B.  If,  now,  the 
primary  engine  stops  working,  and  steam  is  drawn  from  the 
vessel  B  (e.g.,  to  supply  the  secondary  engine)  liquid  will 
return  from  the  vessel  C  to  the  vessel  B  owing  to  the  head 
of  liquid  in  the  vessel  C. 


ANOTHER  TANK  LOCOMOTIVE  DERAILMENT. 

Following  the  reports  of  the  railway  accidents  from  derail- 
ment of  tank  locomotives  on  the  Dublin  and  South-eastern 
and  Lancashire  and  Yorkshire  Railways,  on  which  we  com- 
mented in  our  last  issue,  comes  a  report  by  Major  Pringle  on 
another  derailment  accident  which  occurred  between  Roslin 
and  Loanheacl  on  the  North  British  Railway  on  the  2nd  ult.， 
and  resulted  in  the  engine  being  overturned  and  the  fireman 
killed.  In  the  two  previous  cases  the  engines  were  of  the 
4-wheeled  coupled  tank  type  fitted  with  a  leading  and  trailing 
pair  of  wheels.  In  tliis  case  again  the  engine  was  of  the  four- 
couplecl-wlieeled  tank  type,  but  though  fitted  witli  a  bogie,  it 
was  running  bunker  first.  The  derailment,  as  in  the  other 
cases,  took  place  at  a  curve  where  the  radius  of  which,  how- 
ever, was  moderate  (22  chains).  As  in  the  other  cases,  the 
evidence  as  to  speed  was  not  satisfactory.  The  driver  esti- 
niai  ed  it  at  20  miles  per  hour,  but  Major  Pringle  thinks 
from  the  evidence  this  is  not  even  approximately  correct,  and 
that  the  speed  was  much  higher,  and,  after  full  consideration 
of  all  tlie  available  evidence,  expresses  the  opinion  that  the 
derailment  was  mainly  clue  to  the  train  running  witli  coupled 
wheels  leading  at  a  speed  liiglier  than  is  desirable  for  safety, 
a j id  possibly  higher  than  tlie  superelevation  on  the  curve 
justified. 
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BOILER  ECONOMICS  AND  THE  USE  OF  HIGH  GAS  SPEEDS.* 

BY  J.  T.  NICOLSON. 

(Continued  from  page  203.) 
Part  IV. ― History  of  the  Experimental  Plant. 
The  experiments  here  described  upon  the  laws  of  heat 
transmission  through  the  heating  surfaces  of  steam  generators 
were  carried  out  with  a  Cornish  boiler  kindly  placed  at  the 
author's  disposal  for  the  purpose  by  Messrs.  Ad  am  son  and 
Co.  This  boiler  was  6ft.  6in.  mean  inside  diameter,  and  24ft. 
long.  It  had  one  internal  flue  of  Adamson  ring  construction 
3ft.  5in.  inside  diameter.*  The  fire-grate  area,  exclusive  of 
deadplate,  was  181  sq.  ft.  Several  different  dispositions  of 
the  various  Darts  of  the  heating  surface,  both  of  the  boiler 
itself  and  of  the  water  tube  surface  outside,  were  made  and 
tested. 

The  First  Arrangement. ―  According  to  the  first  arrangement 
there  was  placed  within  the  last  10ft.  of  the  boiler  flue  an 
annular  water  drum  which  almost  completely  blocked  it  up, 
leaving  only  a  narrow  space  lin.  wide  for  the  passage  of  the 
products  of  combustion  (see  Fig.  11).    Helical  channels  only 


were  thus  formed  for  the  fresh  feed  to  travel  through,  so  that 
its  speed  of  circulation  might  be  sufficiently  high  even  when 
the  feed  puinj)  was  running  at  a  slow  speed.  In  this  first 
arrangement  the  feed  entered  at  the  top,  flowed  downwards 
into  the  bottom  header,  and  so  via  the  water  drum  into  the 
boiler.  The  gases,  after  being  drawn  tlirou^li  tlie  narrow  flue 
round  the  water  drum  into  a  dust  depositing  box  at  the  ba('k， 
were  led  through  the  eoonomiser  in  an  upward  direction  within 
tlie  16in.  pipe,  which  contained  the  163  (^in.)  tubes,  and 
which  formed  a  smoke  flue  leading  to  the  fan.  The  fan, 
which  was  supplied  by  Messrs.  Heenan  &  Froude，  was  42in. 
diani.  over  the  tips,  and  was  capable  of  producing  a  vacuum 
of  16in.  water  gauge  when  running  at  1,640  revs,  per  minute, 
and  discharging  10,000  cub.  ft.  of  air  per  minute  at  a  tem- 
perature of  300°  Fah.  It  was  driven  by  a  50  b.h.p.  electric 
motor  furnished  by  the  Electric  Construction  Company, 
Wolverhampton.  Several  runs  were  made  witli  the  plant 
thus  arranged,  the  first  )>eing  on  July  13th,  1908.  The  results 
obtained  on  this  date  were  as  follows  ： ― 

Coal  fired  per  hour  (Ripley  screenings),  1 ,2001bs.  ；  being 
at  the  rate  of  631bs.  per  hour  per  square  foot  of  grate. 

Temperature  of  waste  gases  to  fan,  340°  Fall,  to  40(f 
Fah. 


i i n .  wide,  for  the  circulation  of  water  were  arranged 
inside  of  this  water  drum  ；  and  through  these  chan- 
nels water  drawn  from  the  boiler  itself  was  forced 
by  means  of  a  small  rotary  pump,  having  a  capacity 
of  about  4,000  galls,  per  hour.  The  water  entered  at 
the  front  end  of  the  drum  from  within  and  was  forced  to  pass 
in  close  contact  with  the  inner  surface  of  the  outer  shell  by 
means  of  a  casting  which  projected  forward  so  as  to  leave  a 
very  narrow  opening  all  round  the  circumference.  The  water, 
or  mixed  water  and  steam ,  after  flowing  through  the  annular 
>\>'dcf}  l\n.  wide,  between  the  two  shells  as  a  quadruple 
threaded  helix  of  38{in.  pitch,  was  discharged  from  the  back 
end  of  the  water  drum  by  means  of  three  outlets  back  into  the 
boiler  itself.  The  ordinary  feed  supply  (from  the  tube 
economiser)  also  passed  through  this  water  drum,  being  mixed 
with  the  discharge  from  the  rotary  pump  before  entering  the 
drum.  The  "  economiser  "  consisted  of  163  vertical  lubes  each 
of  ^in.  outside  diameter,  $in.  bore,  14ft.  long,  and  1  Jin. 
pitch,  placed  inside  of  a  16in.  sheet  steel  pipe.  Each  tube 
had  a  ^in.  square  iron  rod  inserted  within  it  and  passing 
through  its  whole  length   (Fig.  12)  ；  very  narrow  channels 

*  VfiVf-r  rea/1  l)，'for(，  the  Institution  of  Kn^inccrs  and  Shiplmilders  of  ScotlniK]. 


Temperature  of  entering  feed,  80°  Fah. 
Temperature  of  top  and  bottom  headers  of  economiser, 
338°  Fah. 

Draught  at  fan  suction,  21in.  water  gauge. 
Draught  at  back  of  water  drum,  8|in.  gauge. 
It  had  been  hoped  that  the  high  speed  of  tlie  combined  feed 
and  auxiliary  water  circulation  in  the  spirals  of  the  water 
drum  would  sweep  along  the  steam  formed  therein  and  pre- 
vent it  from  accumulating  in  the  upper  part  of  the  annular 
water  drum.  This  hope  was  not  realised,  however,  and  a 
large  amount  of  steam  collected,  more  especially  at  the  front 
end  of  the  drum.  The  outer  shell,  consequently,  got  red  hot, 
bulged,  and  leaked.  It  had  also  been  expected  that  any  steam 
that  might  be  generated  in  the  economiser  tubes  would,  owing 
to  the  high  speed  of  flow  ot  the  forced  feed  circulation,  be 
carried  down  with  the  water  into  the  lower  header.  So  long 
as  the  feed  pump  was  kept  going  at  a  good  speed  this  appeared 
to  take  place  ；  but  at  slow  speeds  of  the  pump  the  feed  water 
remained  stagnant  in  some  of  the  feed  pipes  (instead  of  flowing 
steadily  downwards  in  all)  :  steam  was  generated  in  these,  and 
rose  into  the  top  or  entering  feed  header,  and  the  proper 
operation  of  the  counter  current  jnuiu-iple  was  iiiterfered  with, 


Fig.  11.— Experimental  Boiler.   First  Arrangement. 
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Hence  the  temperature  of  the  waste  gases  to  the  fan  did  not 
fall  below  that  corresponding  to  the  sieam  pressure  (about 
340°  Fall.)  ；  and  this  inverted  method  of  supplying  the  feed 
water,  which  lmd  the  advantage  of  delivering  the  gas  to  the 
tan  suction  by  a  very  short  duct  (as  the  fan  plant  had  to  be 
suspended  from  the  roof  principals)  had  to  be  abandoned. 

The  Second  Arrangement. ― The  economiser  was  therefore 
1  urn  eel  downside  up,  so  that  the  feed  entered  at  the  bottom 
and  any  steam  formed  rose  to  the  top.  At  the  same  time,  new 
gas  ducts  were  provided  so  that  the  furnace  products  entered 
at  the  top  and  left  at  the  bottom  of  the  economiser.  The  water 
drum  was  taken  out,  repaired,  and  replaced  as  before,  but  witli 
a  special  steam  escape  pipe  from  the  front  top  end  of  the 
water  space  (Fig.  1 1).  This  arrangement  was  tried  on  Sep- 
tember 24th,  1908,  with  the  following  results  ： ― 

Coal  fired  per  hour  (Ripley  screenings)  l，3001bs.，  equiva- 
lent to  681bs.  per  square  foot  of  grate  per  hour. 

Temperature  of  gases  in  combustion  chamber  (dripping 
brick-work)  (estimated)  2,600°  Fall. 

Temperature  of  gases  leaving  water  drum  flue  (observed) 
820°  Fah. 

Temperature  of  gases  leaving  economiser  (observed)  170° 
Fah. 

Temperature  of  feed  entering  economiser  (observed)  71° 
Pah. 

Temperature  of  feed  leaving  economiser  (observed)  279° 
Fah. 

Temperature  corresponding  to  a  boiler  pressure  of  601bs. 
per  square  inch,  307°  Fah. 

Draught  at  fan  suction    23iin. 

Draught  at  bottom  of  economiser  . . .  23in. 

Draught  at  top  of  economiser    7in. 

Draught  at  back  of  water  drum  ...  fi^in. 
The  remarkable  rate  of  heat  transmission  from  gas  to  water 
in  way  of  the  "  water-drum  flue  ，，  may  here  be  pointed  out. 
It  was  not  then  possible  to  measure 
the  water  actually  evaporated  ；  but 
the  amount  may  be  estimated  within 
certain  limits  of  error  by  the  fall  of 
temperature  of  the  gases  between 
furnace  and  economiser.  Assuming 
a  combustion  chamber  temperature  of 
3,000°  Fah.  (a  result  since  confirmed 
by  observation  at  similar  rates  of 
firing  by  Mr,  Longridge),  it  is  clear 
that  each  pound  of  the  products  of 
combustion  of  assumed  thermal 
capacity  0'25  Th.U.  gave  up 
0-25  x  (3,000—832)  =  542  Th.U.'s 
whilst  passing  from  the  brick-lined 
combustion  chamber  to  the  dust-box. 
Taking  only  141bs.  of  air  supplied 

per  pound  of  coal  (1,300  x  15)  =  19,5001bs.  of  gas  flowed 
through  the  drum  flue  per  hour  ；  and  gave  up  19,500  x  542  = 
10,580,000  Th.U.'s  to  the  outer  surface  of  the  water  drum  and 
the  inner  surface  of  the  furnace  flue.  The  combined  area  of 
these  two  heating  surfaces  was  228  sq.  ft.    Thus  the  average 

heat  transmission  must  have  been  of  the  order  of  ^ 

228 

=  46,400  Th.U/s  per  square  foot  per  hour.  This  corresponds 
to  an  evaporation  of  about  48  standard  units  per  square  foot 
per  hour —  a  result  which  is  sufficiently  surprising,  but  which 
has  been  to  a  large  extent  confirmed  by  Mr.  Longridge's  sub- 
sequent tests.  It  may  be  further  pointed  out  that,  owing  to 
the  proper  carrying  out  of  the  counter-current  principle,  the 
waste  gas  temperature  on  this  trial  fell  to  170°  Fah.,  or  just 
under  100°  Fah.  above  that  of  the  entering  feed.  Thus  the 
results  previously  obtained  from  counterflow  experiments  with 
concentric  pipes  containing  compressed  air  and  water  made 
with  an  apparatus  provided  for  the  author  by  Messrs  Joseph 
Adamson  &  Co.*  were  confirmed,  and  it  was  proved  that  the 
extra  steam  necessary  for  driving  the  exhausting  fan  could 
be  more  than  made  up  by  the  additional  heat  transferred  to 
the  water  in  an  economiser  of  counierflow  design. 

The  steam  escape  pipe  provided  to  permit  of  the  discharge 
of  the  very  large  quantity  of  steam  formed  in  the  drum  at  its 
front  end  (Fig.  11)  was  not  able,  however,  to  prevent  steam 

*  Trans.  The  Junior  Institution  of  Enfiincors,  Vol.  XIX.,  February,  1909, 


Fig.  12. 


from  accumulating  therein.  The  drum  consequently  again 
got  overheated,  and  liad  to  be  abandoned.  The  results  were, 
notwithstanding,  of  so  encouraging  a  character  that-  it  was  felt 
that  some  further  attempt  should  be  made  to  make  usf  of  t  h'' 
enormous  rates  of  heat  transference  which  the  high  gas  speed 
in  the  narrow  flues  had  shown  to  be  possible. 

The  Third  Arrangement. ― It  was  accordingly  determined 
to  remove  the  water  drum  from  the  boiler  flue,  and  substitute 
for  it  a  brick  plug  38in.  in  diam.  and  10ft.  long,  leaviiig  a 
space  of  Uin.  all  round  between  it  and  the  (41in.)  flue  (Fig. 
13).  As  the  gas  temperature  was  not  expected  to  fall  1k'1。w 
l,40()n  Fall,  with  this  arrangement,  it  was  further  decided  to 
fit  a  vertical  small  tube  ((  evaporator  "  between  the  back  of  the 
plug  and  the  top  of  the  economiser.  This  evaporator  was  oj 
the  same  design  as  the  economiser,  except  that  it  con- 
sisted only  of  90  tubes  each  of  fin.  outside  diameter,  J-in.  l)ore, 
and  12ft.  long  ；  the  central  portion  of  the  16in.  containing 
pipe  being  filled  up  with  a  6in.  pipe  to  which  the  gas  had  no 
a<'cess.  Tt  was  arranged  that  the  feed  upon  leaving  tlie 
economiser  should  go  either  directly  into  the  boiler,  or  go  thero 
after  mixing  with  the  circulating  water  drawn  by  a  rotary 
pump  from  the  boiler  and  forced  through  the  90  tubes,  of 
錢 in.  bore,  of  the  evaporator,  and  again  into  the  boiler,  so  as 
to  accelerate  the  circulation  in  the  same.  The  arrangement 
is  shown  in  Fig.  13.  Th&  re-arranged  plant  was  first  tried  on 
January  8th ?  1909,  and  the  following  result's  obtained  ： ― 

Coal  fired  8401bs.  per  hour  (Ripley  screenings)  or  at  tlie 
rate  of  44'21bs.  per  square  foot  of  grate  per  hour. 

Temperature  of  gases  in  combustion  chamber  3,000°  Fah. 
(estimated). 

Temj>erat-ure  of  gases  leaving  brick  plug  1,200°  Fah. 
(observed). 

Temperature  of  gases  leaving  •evaporator  620°  Fah. 
(observed). 

Temperature  of  gases  leaving  eoonomiser  140°  Fah. 
(observed). 

Temperature  of  feed  entering  economiser  70°  Fall, 
(observed). 

Temperature  of  feed  leaving  economiser  270°  to  340°  Fall, 
(observed). 

Temperature  corresponding  to  boiler  pressure  of  1201bs. 
per  square  inch  340°  Fah.  (observed). 

It  will  be  observed  that  the  waste  gas  temperature  fell  in  this 
experiment  to  within  70°  Fah.  of  that  of  the  entering  feed. 
Compared  with  a  boiler  plant,  in  which  the  waste  gases  reach 
the  chimney  at  540°  Fah.,  this  corresponds  to  an  increased 
evaporation  of  about  l|】bs.  (standard)  per  pound  of  coal.  The 
transmission  through  the  heating  surface  in  way  of  the  plug 
flue  was  in  this  instance  840  x  15  x  0'25  (3,000—1,200)^ 
12，600x45  =  5，670，000  Th.U/s  per  hour;  or  at  the  rate  of 

5，6j^00  =  48，000  Th.U.'s  per  hour  per   square   foot  of 

heating  surface.    Such  a  rate  of  heat  transmission  had  never 

before  been  recorded  for  the  heating  surface  of  a  steam  boiler 

not  exposed  to  direct  radiation  from  the  furnace  itself.  The 

rate  of  heat  transmission  in  the  economiser  can  similarly  be 

estimated.   Here  the  mean  temperature  difference  between  gas 

and  water  was  much  less  than  in  the  plug  flue,  being  about 

200°  Fah.  only,  instead  of  1,600°  Fah.    The  heat  transmitted 

was  about  12,600  x  '24  (620— 140)  =  12,600  x  115  =  14,500,000 

Th.U.'s  per  hour.    The  heating  surface  being  521  square  feet, 

Al  c  u        f  1,450,000 

the  rate  per  square  toot  or  tube  suriace  was   =  2,785 

Th.U.'s  per  hour. 

This  is  as  much  as  some  boilers  give  as  an  average  for  the 
whole  (excluding  economiser)  of  their  heating  surface.  The 
effect  of  gas  speed  in  promoting  rapidity  of  heat  transference 
was  in  this  way  definitely  shown  :  and  there  seemed  to  be  a 
possibility  by  its  use  of  greatly  reducing  the  ratio  of  heating 
to  grate  surface  below  the  usual  value,  without  at  the  same 
time  causing  the  diminution  of  efficiency  which  has  always 
hitherto  been  associated  with  farced  rates  of  combustion  and 
evaporation  in  steam  boilers  of  every  type.  It  was  accordingly 
decided  to  keep  the  boiler  under  steam  for  several  months,  and 
to  make  observations  of  the  various  temperatures  both  of  the 
gases  and  feed  water,  and  of  the  draught  vacua  "at  several 
points  in  the  flues.    Tt  was  also  desirable  to  weigh  the  coal 
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and  measure  the  feed,  and  for  this  purpose  tanks  and  a  weigh 
scale  were ,  after  a  white,  iiiade  available. 

Some  little  trouble  was  at  first  experienced  with  the  fan 
plant.  The  motor  being  only  semi-enclosed  and  placed  in  a 
very  dusty  place,  it  was  thought  advisable  to  enclose  it  wholly 
within  a  housing  of  wood  and  glass.  In  order  to  keep  the 
armature  cool,  a  fresh-air  duct  from  outside  the  boiler-house 
was  theu  led  into  the  housing,  and  a  suction  pipe  was  led  out 
from  the  other  end  to  the  centre  of  the  fan  casing.  This 
arrangeinent  was  found  to  be  quite  inadequate,  even  at  light- 
loads,  uot withstanding  that  thei  draught  pipe  to  the  fan 
centre  was  successively  increased  from  2in.  to  4in.  in  diain. 
A  small  propeller  fan  was  then  designed  and  fixed  upon  the 
eud  of  the  motor  shaft,  so  as  to  blow  air  over  the  commutator 
and  through  between  the  armature  and  the  pole  faces,  whilst 
a  wooden  diaphragm  placed  across  the  housing  prevented  the 
air  from  goiug  round  outside  the  magnets.  A  door  in  the 
housing  on  the  side  of  this  diaphragm  remote  from  the  fan 
beiug'tben  left  open,  the  warm  air  was  simply  discharged  direct 
into  the  boiler-rooiu.    These  measures  proved  perfectly  sue- 


improperly  handled,  both  by  unequal  expansion  when  first 
used  in  the  inverted  position  and  (probably)  when  bein^ 
taken  out,  turned  end  for  end,  and  replaced  before  the  trial 
of  September  24th,  1908.  In  some  j)laces  they  were  too 
widely  spaced,  and  in  others  they  were  standing  packed  to- 
gether in  groups.  The  natural  consequence  was  tliat  coal 
dust  and  soot  began  to  bridge  across  from  tube  to  tube,  and 
a  vacuum  of  even  27in.  of  water  produced  by  the  fan  was 
latterly  found  to  be  insufficient  to  burn  the  required  (jiian- 
tity  of  coal.  It  was  therefore  decided  to  re-tube  the  econo- 
miser  with  about  two-thirds  of  its  former  number  of  1  ub (； s, 
at  a  wider  pitch,  and  with  an  iron  pipe  6in.  (liam.  forming 
a  central  core  to  restrict  the  area  of  the  gas  passage.  With 
such  more  widely-pitched  tubes  of  the  same  total  length  (the 
old  tubes  were  reinserted)  so  low  a  waste  gas  temperature  as 
140°  Fall,  could  no  longer  be  expected  ；  but  calculation  fore- 
told that  it  might  be  expected  to  fall  to  about  220°  Fall.  On 
March  22nd,  1909,  this  re-tubing  was  completed,  and  on  that 
date  a  trial  under  the  new  conditions  was  made. 

It  was  satisfactory  to  find  that  the  waste  gases  were  rc- 
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Fig.  13.— Kxpeiiimental  Boiler. 


cessful,  and  no  further  trouble  was  experienced  from  the  over- 
beating  of  the  motor, 

Tlie  next  difficulty  encountered  was  from  the  powerful  end 
thrust  produced  upon  the  fail  and  】notor  shaft  by  the  one- 
sided entrance  of  the  exhausting  gases  under  a  vacuum  of  from 
15in.  to  20iu.  of  water.  Tlie  neck-journal  next  the  fan  casing 
gradually  wore  away  the  metal  of  the  bearing,  reached  the 
、vhite  inetal,  and  melted  it.  After  several  attempts  to  run 
、vith  thrust  collars  which  it  was  found  impossible  to  keep  cool, 
a  double  ball  thrust-bearing  supplied  by  the  Hoffmann 
Manufacturing  Company  was  fitted,  and  was  found  to 
answer  admirably.  The  fan  plant  subsequently  gave  no 
further  trouble  as  to  its  mecliaiiical  working,  and  its  opera- 
tion in  ])roducin^  the  retjuired  vacuum  and  in  removing  the 
waste  gases  (wliose  temperature  never  rose  above  290°  Fnh.) 
、、"，s  all  that  could  be  desired.  The  principal  object  in  cod- 
iinuously  running  this  experimental  plant  was,  of  course,  to 
ascfM-t ain  on  the  one  hand  whether  the  narrow  gas  flues  would 
Iwmie  blocked  uf>  with  coal  dust  on  the  outside  ；  and,  on 
the  other,  to  observe  what  would  become  of  the  sediment  and 
gasfis  contained  in  the  feed  wlien  set  free  in  the  narrow  water 
channels  of  tlie  econoniiser  and  evaporator. 

The  Oas  Flues.  Tin;  Iom^  crmiomisf't'  l^uhos  oi  ^ i 1 1 .  (1i;im. 
a!id  pitched  l^iu.  from  centre  to  ee】itre,  Lad  been  soincwliat 


duced  to  190°  Fall.,  notwithstanding  the  wider  pitching  of  the 
tubes.  This  unexpectedly  low  gas-outlet  temperature  was, 
however,  only  maintained  whilst  the  tubes  were  perfectly 
clean.  It  was  found  that,  after  a  few  days,  a  thin  coating  of 
coal  dust  had  adhered  to  the  tubes,  and  the  average  value  of 
the  outlet  temperature  had  risen  to  240°  Fah. 

On  the  trials  made  six  months  afterwards,  in  October,' 
1909,  by  Mr.  Longridge,  after  50  days  of  running  of  the 
plant  at  draughts  of  from  15in.  to  20in.,  the  waste  gas  tem- 
peratures were,  however,  found  to  be  of  substantially  the 
same  value,  depending  only  on  the  rate  of  firing,  /.r.,  on  the 
initial  temperature  of  the  products  of  combustion  when  leav- 
ing the  combustion  chamber  to  enter  the  narrow  flues.  Thus 
the  soot  film  was  found  to  have  attained,  as  a  permanent 
regime,  under  the  scouring  action  of  the  gases,  a  thickness 
sufficient  to  prevent  all  corrosion  of  the  tubes,  but  not  suffi- 
cient to  prevent  the  gases  from  transferring  their  heat  to  the 
metal  at  a  much  greater  rate  than  that  commonly  found  in 
steain  boilers. 

The  Water  Channels. 一 It  was  also  gratifying  to  find  that 
in  the  very  narrow  water  spaces  of  the  economiser  (viz.,  those 
left  by  a  J,in.  square  rod  placed  inside  of  a  Jin-  bore-pipe) 
(Fig.  12),  there  was  no  deposit  either  upon  the  rods  or  the 
tubes.    There  was  also  practically  uo  corrosiou,  although  Mr. 
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Longridge  found  il  slight  but  unmistakable  pitting  by 
oxygen  ，，  on  the  upper  ends  of  the  rods  when  lie  examined 
the  economiser  in  October,  1909.  This  pitting  was,  how- 
ever, in  the  author's  opinion,  probably  due  to  the  water 
standing  in  the  tubes  at  nights  when  the  fire  was  banked  and 
the  feed  pump  shut  off.  The  upper  parts  of  the  evaporator 
tubes  (of  |in.  outside  diam.  and  gin.  bore)  above  the  level  of 
the  boiler  water  were  also  free  of  sediment,  notwithstaiHliii^ 
the  fact  that  the  dirty  water  from  the  economiser  had  been 
passed  through  the  evaporator  on  its  way  to  the  boiler  during 
the  whole  50  or  60  days  the  plant  had  been  at  work.  Below 
the  boiler  water  level,  however,  the  evaporator  tubes  had 
become  gradually  blocked  up  inside  with  a  white  sediment 
which  was  very  hard  and  adherent  for  the  first  foot  or  two 
from  the  bottom,  but  soft  enough  to  be  pushed  out  by  a  jin. 
rod  between  that  and  the  water  level.  In  order  to  under- 
stand how  this  occurred  the  arrangement  of  the  plant  must 
be  looked  at,  as  shown  in  Fig.  13. 

When  the  evaporator  was  fitted  (in  order  to  provide  the 
additional  surface  necessitated  by  the  removal  of  the  ' 'water 
drum  ，，)  it  was,  in  order  to  save  expense,  simply  passed 
through  the  old  u  ash  box  n  in  way  of  the  old  by-pass  ；  that 
pipe  being,  in  fact,  itself  made  use  of  as  part  of  the  containing 
pipe  for  the  new  evaporator.  The  new  tubes  passed  vertically 
completely  through  the  "  ash  box,"  and  took  their  water 
sii])])ly  from  a  water-header  placed  below  the  same.,  It 
resulted  from  this  that  during  the  night,  when  no  current 
was  available  to  drive  the  circulating  pump,  and  the  feed 
donkey  was  also  shut  down,  there  was  no  circulation  whatever 
through  the  evaporator  tubes  except  that  due  to  the  gravity 
displacement  by  the  boiler  water  of  so  much  of 
the  water  in  the  tubes  as  was  turned  into  steam  and  passed 
away  into  the  boiler  steam  space.  From  7001bs.  to  l，0001bs. 
of  coal  were  burnt  during  the  15  hours  of  banked  firing  which 
took  place  on  each  of  the  50  or  60  days  the  plant  worked, 
and  the  only  way  by  which  the  gases  so  produced  could  get 
to  the  chimney  was  by  flowing  around  and  amongst  the  lower 
ends  of  the  evaporator  tubes  on  its  way  to  the  by-pass  duct. 
Tlie  result  was  the  choking  with  sediment  up  to  the  level  of 
the  boiler  water,  described  above.  No  doubt  such,  a  result 
ought  to  have  been  foreseen  and  provided  against.  To  the 
author's  mind,  however,  a  lesson  was  conveyed  in  a  very 
striking  fashion  of  the  necessity  for  rapid  and  positive  move- 
ment in  a  boiler  circulation  in  order  to  prevent  the  deposi- 
tion and  adherence  of  sedimentary  matter  wherever  the  sur- 
faces are  exposed  to  the  contact  of  heated  gases.  The  extent 
to  which  this  choking  of  the  tubes  in  their  lower  parts  had 
proceeded  was  not  realised  until  shortly  before  the  official 
trials  by  Mr.  Longridge  were  to  take  place. 

The  circulating  pump,  which  drew  from  the  boiler  and 
passed  water  upwards  through  the  evaporator  tubes  (along 
with  the  fresh  feed  from  the  economiser)  began  (in  Septem- 
ber, 1909)  to  take  so  much  current  through  the  armature  of 
its  motor  that  it  was  constantly  stopping  owing  to  the  fuse 
blowing  ；  and  when  the  plant  was  opened  to  find  the  cause  of 
this  great  hydraulic  resistance,  it  was  found,  as  already  men- 
tioned, that  quite  a  number  of  the  tubes  were  completely 
choked,  that  many  of  them  had  only  a  fine  hole  through  their 
centres,  so  that,  whilst  enough  remained  clear  to  allow  of  the 
feed  pump  passing  the  relatively  small  quantity  of  fresh  feed 
into  the  boiler  through  the  evaporator  without  difficulty,  the 
rotary  pump  was  opposed  by  a  greatly  restricted  area  for  the 
flow  of  its  4,000  gallons  an  hour.  The  author  at  once  reported 
this  state  of  things  to  Mr.  Longridge,  and  invited  him  to 
make  an  inspection  of  the  plant,  so  that  he  might  satisfy 
himself  that  the  cause  of  the  choking  had  been  the  boiling 
of  the  water  in  the  pipes  during  the  night  when  no  positive 
circulation  was  possible.  This  inspection  took  place  on  Sep- 
tember 22nd,  1909.  Over-heating  and  bending  of  a  few 
of  the  evaporator  tubes  was  then  found,  in  the  case  of  those 
tubes  only  wliich  had  been  completely  choked  with  sediment 
and  which  had  been  exposed  for  some  clays,  or  even  weeks, 
to  the  contact  not  only  of  the  moderately  hot  gases  at  nights, 
but  also  of  the  products  at  1,200°  Fah.  to  1,500°  Fah.  which 
had  passed  over  them  at  high  speed  during  the  day  time. 
Notwithstanding  this  ill-usage,  not  a  single  tube  gave  way, 
nor  was  there  any  sign  of  leakage  at  the  tube  plates.  These 


tubes  were  12ft.  long  and  fin.  diam"  and  being  of  only  jjin. 
bore,  were  ^in.  thick. 

The  results  of  this  experiment  seem  to  point  to  the 
feasibility  of  using  small  bore  tubes  with  thick  walls  to  with- 
stand the  fierce  heating  action  of  high-speed  gas  at  high  tem- 
peratures when  a  positive  circulation  at  moderate  velocity  is 
available.  The  plant  was  laid  off  for  a  week  or  two  before  the 
trials  in  order  to  allow  of  the  removal  of  as  much  as  pos- 
sible of  the  hard  scale  from  the  lower  ends  of  the  evaporator 
tubes.  No  cleaning  of  any  part  of  the  sooty  outside  surfaces 
of  the  tubes  of  the  economiser  or  evaporator  was  attempted, 
or  was,  indeed,  possible.  So  far  as  could  be  seen  there  was 
but  little  adherent  matter  on  the  inside  of  the  furnace  flue 
in  way  of  the  brick  plug  ；  but  whatever  there  might  be  was 
not  scraped  off,  as  it  was  not  believed  to  be  seriously  pre- 
judicial to  heat  transmission.  The  plant  went,  therefore,  into 
Mr.  Longridge's  hands  for  testing  just  as  it  was  after  51  days 
of  steaming  :  and  although  the  results  obtained  on  the  trials 
and  reported  by  Mr.  Longridge,  with  regard  to  the  rate  of 
heat  transmission,  may  be  considered  to  be  high,  there  seems 
no  doubt  but  that  in  a  plant  so  designed  and  constructed 
as  to  admit  of  its  being  cleaned  at  intervals,  a  still  higher 
evaporative  power  would  be  attained. 

(To  be  continued.) 


THE  INTERNAL-COMBUSTION  ENGINE  AND  ITS  USE  ON 
LOCOMOTIVES.* 

BY  W.  R.  MCKEEN,  JUN. 
The  internal-coinbustion  engine  is  ordinarily  considered  a 
lat' &  invention  and  yet  it  s&eims  to  be'  older  in  principle  than 
the  steam  engine.  We  have  a  record  of  an  internal- 
combustion  engine  using  gunpowder  as  a  fuel,  as  far  back  as 
1678.  In  the  80s  the  internal-combustion  enginte  was 
developing  rapidly  and  its  practical  use  was  recognised.  Use- 
ful practical  development  in  the  gasoJinei  engine  dates  】iot 
jniK'h  over  20  years.  A  great  many  niechanic^l  devices  are 
to-day  made  possible  and  practical  by  the  internal-combustion 
engine  and  by  this'  form  of  engine'  alone.  Its  remarkable 
efficiency,  its  remarkable'  proportion  of  horse-power  developed 
per  pound  of  weight,  its  reliability  of  peirform-ance,  make  it  a 
prime  mover,  when  rightly  appreciated,  far  superior  to  any 
other  form  of  power- generating  apparatus.  One  of  it's  chief 
characteristics  is  its  reliability  of  performance  and  simplicity. 

Even  a  casual  consideration  of  th'ei  usiefulnesis  of  the 
internal-combustion  enginei  to-day  is  really  startling.  In  1912 
the  French  army  equipment  comprises  325  aeroplanes,  and  it 
is  expecied  to  liave  this  number  increased  to'  800  in  1913 ― 
navigation  of  the  air  made  possible'  by  thei  inteTiial-combustion 
engine.  A  large'  i  n  te  rn  al  -  com  b  usti  on  -  en  g  i  ne-  p  rop  el  1  ed  sea- 
going battle-ship,  smokeless,  stackleiSS,  coalle'ss,  almost  sub- 
merged, to  outclass  the  most  modern  Dreadnoughts,  is  being 
built.  It  is  only  in  1905  that  a  gas'olinie- propelled  600  h.p. 
torpedo  boat,  built  in  America,  was  the  first  internal- 
combustion-engine-propelled  craft  to  cro-ssi  the'  Atlantic.  The 
internal-combustion  engine  in  automobile'  service  has  demon- 
strated its  supremacy  over  all  other  kinds  of  power,  and  in  this 
business1  the  highest  developed  steam  engiiie  machinery  known 
to  m'an  has  given  way  to  the  inteoial-comibustion  engine. 

Wli'e'n  one  reflects  upon  the'  careful  thought  given  to'  the 
steam  engine  for  a  century  and  more  and  tliinks  of  the  close 
attention  that  is  given  to  the  care1  of  the  steam;  eiiigine  to-day, 
and  then  compares  this  to  the  lack  of  intelligent  supervision 
given  to  i  n  tern  a  1  -  c  om  b  u  st  i  on  engines,  considering  the,  days, 
months,  and  years  that  i n t e r n al-c om b u st i o n  engines,  sometimes 
run,  without  any  expert  inspection  or  any  attention  whatever, 
noting  thei  wonderful  performance  day  in  and  day  out  of  the 
internal- combustion  engine  of  automobiles,  handled  by  women 
and  men  of  all  walks  of  lifei  and  the  cars  attended  to  by  men 
that  scarcely  know  the'  difference  between  gasoline  and  coal 
oil  ；  thei  comparison  alone  is  conclusive'  as  to  tliei  future  of  the 
i  ute  r  rial  -  c  omb  usti  o  n  engimei.  The'  introduction1  of  internal- 
combustion  engines  into  general  use  lias  been  so  rapid  that 
they  necessarily  have  had  to  be'  handled  and  looked  after  by 
people  not  familiar  with  machinery  and  not  familiar  with  their 
working.  Men  experienced  in  handling  i n t&r na  1  - c o m b u st i o n 
engines  could  not  be'  developed  fast  enough  to'  look  after  the 
product,  notwithstanding  that  information  in  ban dling  the 
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iiiternal-combustion  engine  has  probably  spread  more  rapidly 
than  information  on  any  other  kind  of  power. 

A  well-developed  design  of  electric  motor  under  many  con- 
ditions give®  good  service  day  in  and  day  out  without  any  great 
amount  of  trouble,  aud  yet  there  are  danger  lines ~ a  little 
undue  moisture,  a  little  undue  beat,  a  little  neglect  of  the 
proper  lubricant  to  the  armature'  shaft,  and  the  whole  appa- 
ratus is  out  of  commission  aud  repairs  made  very  complicated  ； 
but  the  internal-combustion  engine  stands  all  kinds  of  abuse 
and  yet  will  keep  running.  I  have  seen  internal- combustion 
engines  give  regular  service  every  day,  making  many  miles 
under  conditions  that  really  to  all  human  oaniprehen'sion 
would  have  seemed  impossible.  I  have'  in  my  personal  experi- 
ence observed  gasoline  engines  running  for  a  year  at  a  tinre' 
without  ever  opening  the  crank  case  ;  without  ever  making  an 
opening  to  the  cylinder  ；  aud  without  ever  making  an  adjust- 
ment oil  the  prime  mover  as  a  mechanism  itself,  and  these 
same  engines  at  the  expiration  of  a  year  were  in  good  condi- 
tion .  The  only  human  attention  they  had  received  whatso- 
ever was  the  furnishing  of  the  supply  of  gasoline  for  the 
carburetter  and  oil  for  the  lubricator. 

In  electric  traction  equipment  the  electric  motor  runs 
normally  at  a  very  high  speed,  and  a  reduction  of  this  speed  in 
the  transmission  of  power  to  the  driving  wheels  is  done  through 
gears.  This  gear  transmission  alone  entails  a  loss  of  from  12 
to  20  per  cent,  of  the  power  developed  by  the  motor.  These 
gears  wear  very  rapidly  and  are  noisy.  While  they  are  reason- 
ably efficient  when  the  gear  teeth  are  of  the  proper  shape  and 
new,  as  soon  as  they  wear  the  loss  in  efficiency  increases 
rapidly. 

The  steam  locomotive  transmits  its  power  to  the  driving- 
wheels  from  the  cylinders  through  a  system  of  guides,  cross- 
heads,  and  rods.  This  is  a  well  developed  transmission  and  the 
parts  are  well  worked  out  from  long  experience  and  yet  there 
is  more  or  less  breakage.  The  transmission  requires  constant 
inspection  and  attention.  In  ordinary  freight  service  the 
power  used  to  drive  the  locomotive  and  tender  and  to  overcome 
the  friction  of  the  mechanism  is  from  15  to  35  per  cent,  of  the 
total  power  developed  in  steam  cylinders.  The  internal 
friction  alone  of  a  locomotive  varies  from  12  to  20  per  cent. 
― indeed,  it  is  safe  to  say  with  an  ordinary  freight  engine, 
partially  worn,  most  of  the  time  it  will  run  much  over  20  per 
cent.  The  counter-balance  of  the  large  modern  type  loco- 
motive becomes  a  very  severe  tax  on  the  track  and  road  bed, 
particularly  at  higli  speeds. 

The  application  of  steam  and  electric  power  to  transport ar 
tion  mediums  has  been  well  established  ；  the  application  of  the 
internal-combustion  engine  to  railroad  mediums  is  in  its 
infancy,  but  when  the  possible  economy  with  the  internal- 
combustion  engine  is  considered,  the  future  extensive  use  of 
this  form  of  power  is  readily  appreciated.  For  a  single  unit 
or  car  proposition  we  have  the  prime  mover,  the  internal- 
combustion  engine,  the  power  being  transmitted  to  the  driving 
wheels  by  a  chain.  Using  the  frictionless  chain,  the  chain 
pins  are  knife  edges  working  on  ea^h  other.  The  power  from 
the  generator  can  be  transformed  from  the  crank  shaft  to  the 
periphery  of  the  driving  wheels  with  a  loss  of  3  to  4  per  cent, 
when  direct  connected.  The  only  complication  in  the  use  of 
this  power  is  in  its  original  application  to  the  load.  But  with 
a  friction  cluixh  interposed  between  the  prime  mover  and  the 
driving  wheels,  which  is  a  simple  proposition,  and  a  gear,  for 
temporary  purposes,  easily  thrown  in  and  out,  the  problem  is 
solved. 

Logically,  in  the  face  of  the  economy  necessary  in  trans- 
portation business  of  the  present  day,  the  use  of  the  internal- 
combustion  engine  in  transportation  service  is  a  necessity. 
Consider  a  steam  switching  locomotive.  A  large  part  of  the 
time  it  is  merely  consuming  fuel,  water,  &c.，  at  a  rather  high 
rate ― waiting  for  work  to  be  done  ；  the  fire  must  be  kept  up 
long  before  the  working  hours  in  the  morning  until  long  after 
working  hours  are  over  in  th&  evening ~ in  fact  it  is  economical 
to  keep  the  fire  going  24  hours  each  day.  Now  compare  it 
with  the  internal -combustion -engine-propelled  locomotive  in 
which  the  consumption  of  fuel  stops  immediately  the  engine  is 
stopped .  The  steam  switch  engine  ordinarily  is  used  in  shift- 
ing cars,  and  for  the  most  part  the  reverse  lever  is  in  tlie 
corner ― full  stroke 一 no  use  whatever  being  made  of  1lio 
expansive  possibilities  of  steam .  The  steam  is  generated  in  a 
boiler  at  a  certain  pressure,  a  certain  quantity  of 
high-pressure  steam  is  transmitted  to  the  cylinders,  and  the 
cubic  contents  of  the  cylinders  are  simply  a  measure  of  the 


number  of  cubic  inches  taken  from  tin;  boiler.  This  is  an 
excessively  wasteful  method  of  generating  power,  and  yet  iliis 
is  the  condition  under  which  the  switch  engine  normally  works. 

With  a  reasonably  flexible  transmission  from  an  iiiiernal- 
combustion  engine,  the  engine  can  be  worked  at  an  econo- 
mically advantageous  speed  under  almost  all  conditions  ；  so 
that  the  necessary  appliances ~~ in  order  to  obtain  the  flexibility 
to  transmit  and  apply  the  power  from  an  internal-cojn  bust  ion 
engine  to  the  driving  wheels  of  a  transportation  medium ― are 
economical  and  advantageous  devices  ；  they  are  a  necessity  in 
the  application  of  the  internal-combustion  engine  and  yet  in 
their  action  the  internal-combustion  engine  is  enabled  to 
operate  at  all  times  on  an  economical  basis. 

The  use  of  friction  clutches  for  mining  and  lioisting 
engines,  and  for  large  bending  rolls,  is  old  and  the  results 
obtained  have  been  extremely  satisfactory  and  reliable.  The 
use  of  the  friction  clutch  on  a  transportation  medium  is  there- 
fore really  of  no  great  importance  in  the  solution  of  the  sul>jcct 
matter  at  hand. 

There1  are  already  developed  several  oil  transmissions  for 
the  transfer  of  power.  These  oil  transmissions  have  a  woikUt- 
ful  range  of  flexibility,  susceptible  of  positive  and  easy  control. 
The  gasoline  engine  as  a  prime-  mover,  therefore,  with  an  oil 
transmission  between  it  and  the  driving  wheels  of  a  switch 
engine,  would  give  a  locomotive  under  the  control  of  the 
operator,  of  far  more  scope  in  its  operation  than  a  steam  loco- 
motive ever  could  be.  It  should  not  be  difficult  to  connect 
driving  wheels  by  this  form  of  transmission  to  an  internal- 
combustion  engine. 

A  small  200  h.p.  or  300  h.p.  engine  with  this  form  of  trans- 
mission could  be  designed  to  give  more  tractive  effort  than  a 
700  h.p.  or  800  h.p.  steam  locomotive  for  starting  purposes. 
The  speed  of  a  switch  engine,  controlled  by  this  hydraulic  oil 
transmission,  would  vary  from  zero  to'  20  and  25  miles  an  hour, 
giving  an  infinite  number  of  speeds.  A  200  h.p.  gasoline 
engine  would  start  a  30  to  40  car  train  as  positively  as  a 
500  h.p.  locomotive,  the  only  difference  would  be  in  the 
acceleration.  It  is  reasonable  to  suppose  that  the  500  h.p. 
steam  locomotive  would  accelerate  the  load  faster  than  a 
200  h.p.  internal-combustion  engine  locomotive.  On  the  other 
hand,  the  economies  of  transmission,  the  efficiency,  the  applica- 
tion of  the  power,  the  facility  of  manipulation  with  the 
internal-combustion  engine  being  so  f  ar  superior  to  that  of  a 
steam  locomotive,  there  is  no  question  that  a  rated  horse-power 
internal-combustion  engine  would  more  than  compete  with  the 
steam  engine  of  very  much  higher  rated  horse -power  in  every- 
day service.  Take  a  locomotive  with  cylinders  20in.  by  24in., 
drivers  51  in.  cliam"  boiler  pressure  1801bs.，  at  three  miles  an 
hour  ；  the  horse-power  developed  by  this  steam  engine  is  only 
249，  nobwitlistanding  the  fact  that  the  engine-  is  capable  of 
developing  600  h.p.  or  700  h.p. 

Denatured  alcohol  should  be  made  at  a  small  cost,  and 
could  be  used  as  a  fuel  readily  and  easily  interchanged  in  use 
with  gasoline  in  the  ordinary  apparatus.  The-  application  of 
heat  to  carburetting  devices  will  easily  enable  the  utilisation 
of  coal  oil  or  even  crude  oil  for  switch  engine  purposes.  The 
utilisation  of  different  kinds  of  coal,  even  lignites,  by  means  of 
gas  producers  for  fuel,  furnishes  an  endless  source  of  economy 
and  development  for  the  future  of  the  internal-combustion 
engine  in  its  general  use.  With  reasonable  study  and  develop- 
ment work  there  are  a  great  many  economies  possible  in  the 
use  of  gasoline.  It  is  simply  a  question  of  time  when  these 
will  be  obtained.  Thus  it  is  that  the  internal-combustion- 
propolled-transmission  medium's  field  for  further  economies 
and  greater  adaptability  is  enormous  and  not  particularly 
difficult,  whereas  any  great  economies  in  the  use  of  the  steam 
locomotive  are  practically  restricted  to  a  very  narrow  margin, 
and  as  a  fact  possible  economies  in  steam  power  available 
to-day  seem  to  be  of  such  minor  importance  as  not  to  justify 
their  use  by  the  railroads  at  large. 

Fuel  for  the  internal-combustion  engine  properly  mixed 
with  air  and  economically  utilised  in  the  cylinders  will  give  off 
practically  no  smoke,  no  disagreeable  odours.  The  internal- 
combustion  engine  to-day  affords  us  more  efficient,  more 
adaptable,  and  more  practical  form  of  transportation  medium 
than  the  steam  engine,  whether  it  be  for  slow,  fast,  or  heavy 
service  ；  there  is  practically  no  smoke,  practically  no  noise, 
and  it  has  none  of  the  dangers,  nor  any  of  the  complicated 
restrictions  incident  to  a  third-rail  electric  system.  Its  practi- 
cal introduction  is  simply  the  combining  of  the  already- 
mentioned  parts  in  a  composite  design  and  the  adapting  of 
them  to  the  certain  specified  duty  required. 


238 


THE   MECHANICAL  ENGINEER. 


[August  23,  1912 


NEW  DEVELOPMENTS  IN  STEAM  TURBINE  ENGINEERING.11 

BY  EDWIN  D.  UKEYFUS. 

The  first  milestone  of  turbine  progress  was  reached  when 
Parsons  introduced  his  unique  turbine  in  1884,  which  lime 
witnessed  the  transition  of  the  steam  turbine  from  the  realm 
of  virtual  mysticism 一 as  these  motors  in  their  primitive  form 
probably  impressed  the  people  of  the  earlier  days ― into 
apparatus  of  connnercial  utility.  Its  advance  was  naturally 
slow  during  the  earlier  period  of  development,  but  it  "aim'(l 
notable  headway  in  the  ten  or  .15  years  following  its  intro- 
duction.     The  most  prominent  factor  in  preventing  a  more 


Fig.  1.— Duum-type  Turiunk— Larcik  Size. 


general  use  of  the  turbine  was  the  lack  of  machinery  which 
could  utilise,  in  a  practical  way,  the  power  developed.  The 
turbine  being  inlierently  high  speed,  made  the  provision  of 
a  driven  machine  of  corresponding  speed  necessary,  or  else 
connection  through  reducing  gears,  and  inasmuch  as  these 
were  not  available  in  the  infancy  of  the  industry,  turbine 
progress  has  therefore  in  the  past  been  more  or  less  closely 
related  with  the  complimentary  electrical  equipment,  chiefly 
of  the  alternating  current  type. 

The  first  generator  which  was  driven  by  a  turbine  was  of 
the  historic  bipolar  "Jumbo"  design,  operating  at  a  normal 
speed  of  18,000  revs,  per  Tiiinute  aiul  developing  a  lnaxiiiiuin 
output  of  6  e.h.p.  From  this  modest  beginning  t lie  turbine 
was  energetically  pushed,  and  by  1889  turbine  units  aggre- 
gating 5,000  kw.  were  installed  and  operated,  and  in  1894 
the  10,000  kw.  mark  had  been  reached.  This  period  not  only 
witnessed  the  initial  application  of  the  turbine  to  marine 
work,  but  also  marked  a  beginning  of  the  broad  highway  of 
turbine  progress  leading  down  to  the  present  day,  which 
claims  an  aggregate  turbine  capacity  of  25,000,000  h.p.  in 
actual  service. 

The  developments  have  been  so  far-reaching  during  the 
past  few  years  that  many  new  milestones  have  been  rapidly 
passed.  Thus,  for  instance,  the  range  of  turbine  capacities 
has  been  extended  from  1  to  20,000  kw.  and  above  ；  the  low- 
pressure  turbine,  the  automatic  bleeder  turbine,  the  improved 
non-condensing  turbine  have  been  accorded  wide  application 
in  central  station  work.  In  auxiliary  service  such  as  excita- 
tion, boiler  feeding,  and  condensing  equipment,  the  small 
turbine  is  filling  a  long-felt  need.  The  practical  develop- 
ment of  the  reduction  gear  for  high  powers  has  brought  the 
turbine  into  the  high-duty  water  pumping  field,  and  hay 
provided  for  the  application  of  large  higli-speed  turbines  to 
direct  current  generation,  and  likewise  to  non-reversing 
rolling-mill  drive. 

Thus  it  may  be  properly  said  that  the  turbine  has  invaded 
practically  every  class  of  power  application,  with  the  possible 
exception  of  those  cases  requiring  reversing  operation,  as  in 
hoisting  and  blooming  mill-work.  As  a  review  of  turbine 
development  it  may  prove  interesting  to  reproduce  the  follow- 
ing tabulation  : — 

t  Table  I. ― Performance  of  Parsons  Turbo-Gcncrators  at 
different  epochs. 


Date. 

l'owcr  kw. 

SLoam 
per  Ii\v.  hour. 

Vacuum 
30in.  liur. 

二 

SLcam  Pres. 
lb.  ])cr  si],  m. 

JS8i">  ... 

4 

200 

0 

0 

(>{) 

1SSS  ... 

.50 

0 

0 

100 

IS!»2  ... 

]()<) 

27 

27 

50 

100 

MMiO  ... 

1,250 

18-22 

125 

130 

]'H)2  ... 

：{,(»(!() 

J4-74 

27 

2：55 

J:J8 

1007-10  . 

.">,«；()(► 

1.V2 

28*8 

120 

200 

I*ti  per  prcscnU;(l  before  i\w  Wcstcni  Society  lOn^inccrs,  IMavcli  llli,  1012. 
t  l-'rom  A.  lUchurdbOU,  "  The  Involution  oi  the  ruitious  ytuiiui  Turbiuc." 


Hence  it  will  be  seen  that  the  turbine  came  up  to  the  best 
reciprocHting  engine  ])erfori nance  in  a  comparatively  short 
time,  and  to-day  excels  in  all  important  sizes. 

Ranges  in  Commercial  Sizes. ― Probably  one  of  the  most 
notable  features  of  turbine  progress  has  been  the  remarkably 
short  space  of  time  in  which  its  design  has  become  feasible 
for  both  very  small  and  very  large  powers.  A  few  years 
ago  the  concentration  of  50,000  h.p.  in  a  single  machine  was 
not  seriously  thought  of  even  by  those  who  are  customarily 
accredited  as  visionary.  Although  at  the  present  moment  vvu 
have  no  turbine  which  has  as  yet  reached  these  stupendous 
proportions,  we  are,  however,  to-day  observing  the  building 
of  units  of  30,000  li.p.，  and  the  next  step  to  the  large  size 
named  is  now  readily,  surinountable.  One  may  fully  grasp  the 
significance  of  this  advance  when  it  is  considered  that  a 
30,000  h.p.  unit  will  displace  four  of  the  largest  reciprocating 
engines  built,  and,  moreover,  occupy  about  25  per  cent,  of  tlic 
s]>;icc  and  volume.  It  is  at  once  apparent  that  there  is  a 
large  measure  of  economy  realised  both  in  investment  and 
running  expense.  With  increasing  size  of  turbines  there  is 
a  continual  improvement  in  economy,  all  conditions  being 
favourable.  The  most  important  factor  in  large  turl)ines, 
then,  is  the  question  of  mechanical  design.  There  can  be  no 
doubt  that  a  rigorous  demand  is  made  of  the  designer  that 
the  essential  details  be  executed  with  every  regard  for  operat- 
ing loads  and  stresses.  Several  different  types  of  large 
turbines  are  being  brought  to  the  fore,  but  the  pre-eminent 
fitness  of  any  will  be  properly  gauged,  of  course,  by  their 
relative  imrmiiiity  from  troubles  of  any  moment.  The  drum- 
type  turbine  has  niucli  to  reconuiiend  it,  particularly  for 
large  powered  uniis,  A  detail  section  of  a  turbine  of  this 
construction  is  presented  iu  Fig.  1，  and  which  as  proportioned 
is  capable  of  developing  20,000  kw.  or  30,000  h.p.  This 
represents  the  double  flow  type,  coinbining  tlie  impulse  and 
read  ion  prim'iples,  and  through  the  division  of  steam  be- 
tween the  right  and  left  hand  elements,  higher  rotative 
speeds  have  been  made  possible  witli  the  reduction  in  diameter 
of  the  low-pressure  rings.  As  a  result,  substantial  betterment 
in  construction,  and  a  decrease  in  weight  and  dimensions, 
have  been  effected,  ensuring  greater  lioinogeneity  of  the 
entire  structure.  It  will  be  noted  that  tlie  unit  is  constituted 
entirely  of  drum  and  blade  rings.  Discs  are  not  employed. 
Operating  at  1,500  revs,  per  minute  may  appear  somewhat 
startling  at  li rst  when  some  of  the  early  designs  of  turbines 
adopted  speeds  of  750  revs,  per  minute  for  units  of  only 
2,000  kw.  capacity.    Strange  as  it  may  seem,  the  disc  con- 


Fjc;.  i!— Convertible-type  Tuitiii.NK. 


structiou,  although  it  is  capable  of  being  worked  at  higher 
stresses  than  the  drum  type,  the  latter  may  be  constructed 
\vith  greater  facility  to  comply  with  requirements  of  good 
steam  economy  and  still  possess  the  greater  factor  of  safety. 
The  steam  consumption  witli  moderate  working  condition 
(1751bs.  gauge  pres.  100°  supt.  and  28in.  vac.)  would  at 
full  load  amount  to  13*51bs.  per  kw.  In*.  When  the  very 
small  turbines  are  considered,  the  problem  is  of  a  diflY'n'iil 
order  in  obtaining  maximum  simplicity  with  reasonable 
efficiency, 

l^etwccn  such  limits  the  variation  in  design  is  quite  mai.l"'(l. 
Single  disc  wheel  construction  is  retained  until  capacities  cf 
300  kw.  are  reached.     At    this    point,  the    steam  volume 
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beiomes  sufficient  for  using  reaction  blading  of  economical 
proportions.  There  is  manifestly  a  definite  relation  of  the 
leakage  aiinulus  or  area  over  the  tips  of  tlie  blades  to  the 
blade  lengths  which  prohibit  their  use  commercially  in 
smaller  sizes.  On  the  other  liand,  the  percentage  leakage 
loss  greatly  diminishes  with  increase  of  size,  and  the  economy 
is  correspondingly  improved. 

Consequently  there  exists  a  large  variation  in  construc- 
tion, depending  upou  both  working  conditions  and  capacities 
involved,  and  the  designs  therefore  take  either  the  form  of  a 
si m pie  impulse  wheel,  or  the  straight  Parsons  construction,  or 
else  some  effective  combination  of  the  two.  For  moderate  sizes, 
somewhat  above  and  below  1,000  kw.  capacity,  the  straight 
Parsons  type  works  out  most  advantageously  in  regard  to 
economy  and  mechanical  design.  In  larger  sizes  there  is 
much  gained  from  a  structural  standpoint  by  means  of  the 
combined  type,  although  the  efficiency  is  not  noticeably 
affected.  The  condition  is  practically  the  reverse  in  small 
units,  where  the  construction  requirements  cease  to  be  a 
factor,  while  the  efficiency  may  be  improved  by  replacement 
of  very  short  blades  in  the  high- 
pressure  section  of  a  Parsons 
turbine  by  an  impulse  wheel. 
As  the  character  of  the  work 
varies,  different  arrangements 
may  be  adopted,  and  these 
facts  simply  serve  to  illus- 
trate that  the  turbine  is  no 
longer  circumscribed  by  narrow 
limits,  but  admits  of  wide  flexi- 
bility in  its  application  Many 
of  the  features  here  described 
will  be  observed  in  the  ac- 
companying detail  views  of 
turbines  built  for  various  pur- 
poses. 

Special  Service. ― Under  this 
classification,  the  implication  is 
that  special  regard  must  be 
paid  to  the  proportioning  of  the 
turbine  with  reference  to  the 
nature  of  the  steam  supply 
as  well  as  its  speed  and  the 
output  developed.  It  is  here 
considered  that  the  complete 
expansion  of  the  steam  from 
boiler  pressure  to  the  absolute 
vacuum  maintained  represents 
ordinary  practice,  and  would 
therefore  only  require  the  regu- 
lar designs  already  referred 
to.     But  th ere  are   sets  of 

conditions  which  call  for  special  designs,  briefly  enumerated 
below,  and  which  typify  some  of  the  more  prominent  of  recent 
developments  in  the  steam  turbine  art. 

(1)  Utilising  low  steam  pressures,  atmospheric  or  less, 

(2)  Operated  strictly  non-condensing,  witli  or  without 
back  pressure.* 

(3)  Diverting  part  of  the  steam  from  the  turbine  for 
heating  purposes,  termed  bleeding  operation. 

Low-pressure  turbines  have  now  become  so  well  known 
tli at  little  mention  of  their  advantages  need  be  made  here. 
It  is  possibly  well,  however,  to  reiterate  the  salient  point 
that  tliey  profitably  utilise  the  lowest  practical  exhaust 
pressures,  where  the  reciprocating  engine  would  receive  no 
benefit,  direct  or  indirect.  One  of  the  most  convincing 
demonstrations  of  this  quality  of  the  turbine  is  the  larger 
number  of  stations  which  formerly  operated  non-condensing 
piston  engines  on  account  of  inadequate  cooling  water  supply, 
which  are  being  converted  into  condensing  plants  tlirough 
the  addition  of  low-pressure  turbines  and  cooling  towers. 
The  engines  alone  would  not  have  justified  the  cooling-tower 
investment.  Improvement  is  not  only  to  be  found  in  tlie 
existing  non-condensing  systems,  but  power  plants  formerly 
consisting  of  the  most  modern  type  of  compound  condensing 
rfciprocators  have  been  able  to  realise  a  large  betterment 

*  Curiously,  tlie  first  steam  engine  opoi-ated  altogether  on  low-pressure  steam 
(atmospheric  condenser  pressure;,  but  evidently  this  was  due  to  tho  state  of  tlie 
mechanical  art  at  that  time,  and  necessarily  involved  special  conditions. 


in  economy  l)y  supplementing  the  engines  with  low-pressure 
turbines.  A  concrete  example  will  forcibly  ； if  "'sf,  t  ho 
economic  results  attained.  An  oloni  ric  railway  power  st;il  i^n 
originally  contained  five  1,000  kw.  Corliss  compouttf I 
densing  engines.  A  low-pressure  turbine  of  2,500  kw. 
capacity  was  】ater  installed.  Concisely  the  improvement 
obtaining  is: ― (1)  Plant  capacity  increased  50  per  cent. ； 
additional  boilers  unnecessary.  (2)  Reduction  in  si  ； it  "川 
operating  force  15  per  cent.  (3)  Fuel  saving  22  per  r-ent. 
The  fuel  is  of  11,000  B.T.U.  value,  cost  7s.  (； (1.  per  ton 
delivered,  and  is  equivalent  to  a  return  of  48  per  cent,  on  I  Ijo 
investment,  or,  in  other  words,  the  new  installation  woui'l 
pay  for  itself  in  two  years'  time. 

Besides  these  items  there  is  economy  effected  in  oil,  sup- 
plies, and  repairs.  Moreover,  tins  addit io"  was  made  ； it 
(roughly)  one-half  the  cost  that  would  liave  been  necessary 
to  install  duplicate  engines.  A  type  of  low-pressure  turljino 
which  is  extensively  used,  also  embodies  1,1m  double  flow  con- 
struction, and  is  quite  similar  to  Fig.  1，  with  the  liigli- 
pressure  part,  however,  removed.    That  part  of  low-pressure 


Fig.  3— Curves  Showing  Steam  Economy. 

turbine  engineering  which  attracts  the  greatest  attention  is 
the  variety  of  the  systems  of  governing  which  have  been 
developed  to  satisfactorily  secure  'elasticity  and  efficiency 
over  a  wide  range.  These  may  be  divided  into,  approximately, 
six  classes,  as  follows : 

(1)  Without  governor ― electrically  controlled  througli 
synchronising  force  of  generators. 

(2)  Governor  control  with  auxiliary  live  steam  admission. 

(3)  Electrical  tie  between  turbine  and  belt  engines 
through  synchronous  motor. 

(4)  Automatic  by-passing  of  surplus  low-pressure  steam 
to  condenser. 

(5)  Use  of  a  reserve  high-pressure  element. 

(6)  Heat  regenerators,  accumulators,  and  storage  sys- 
tems. 

While  heretofore  the  development  of  the  low-pressure 
turbine  has  mainly  centred  about  the  governing  mechanism, 
an  important  innovation  in  the  mechanical  design  has  been 
made  in  tlie  construction  of  a  convertible  type  as  shown  in 
Fig.  2.  This  is  a  single  flow  reaction  element  with  provision 
for  the  introduction  of  a  high-pressure  impulse  wlieel  when 
operating  conditions  may  demand  it.  Such  a  type  would 
prove  of  great  value  in  the  case  of  abundant  exhaust  steam 
being  available  at  first,  but  afterwards  seriously  reduced  by 
other  changes  about  the  plant,  full  advantages  of  the  low- 
pressure  feature  may  be  thereby  lost.  By  locating  a  high- 
pressure  wheel  as  shown,  the  turbine  may  be  economically 
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operated  either  as  a  mixed  prossuro  or  indopendent  lii^li- 
]»iossure  unit. 

Mudi  lias  already  been  said  of  the  facility  with  which 
low-pressure  turbines  inay  be  adapted  to  widely  different 
requirements.  There  is  another  feature  in  combining  it  with 
a  given  engine,  worthy  of  special  comment  ：  viz"  that  of 
the  low-pressure  turbine  to  be  selected  being  not  necessarily 
confined  to  a  fixed  capacity.  But,  on  the  other  hand,  there  is 
considerable  latitude  practicable  in  tlie  selection  of  the  low- 
pressure  turl)ine,  thus  making  possible  different,  overload 
(•aj^acitics  and  li^lit-  load  economies  wit liout  greatly  affecting 
t  lio  firicifMicy  o(  I  ho  coinl)iiie(l  unit  at  i-;it  od  out  put.  Wit-Ii 


Fig.  4.— NoN-rosDKNSTNfi  Turbine. 


1  Iipsp  advantages,  the  size  of  low-pressure  turl)iiie  would  then 
\)o  influenced  either  entirely  by  present  conditions  or  by 
future  requirements  as  regards  the  combined  normal  capacity. 

The  points  tD  be  considered  centre  primarily  about  the 
selection  of  the  intermediate  pressure  between  the  engine  and 
t  lie  turbine  to  carry  normal  capacity  of  the  turbine.  Obviously 
the  liiglier  this  pressure  is  set,  the  smaller  the  low-pressure 
turtnno  frame  for  a  given  capacity.  On  the  other  hand,  the 
lower  the  pressure  taken  for  normal  conditions,  the  larger  the 
low-pressure  turbine  frame  must  be.  Evidently  in  the  first 
case  of  a  high  intermediate  pressure,  the  output  from  the 
engine  becomes  materially  reduced  and  maximum  overloads 
which  may  be  carried  are  likewise  affected.  This  fact  may 
be  best  appreciated  from  Fig.  3，  showing  the  total  water 
characteristic  of  the  high-pressure  engine  when  operated  in 
connection  with  turbines  of  different  sizes.  As  the  back 
pressure  on  the  engine  is  lowered,  the  turbine  size  must 
increase,  which,  in  addition  to  extending  the  point  of  maxi- 
mum economy  of  the  engine,  also  raises  the  capacity  of  tlie 
combined  unit.  The  range  in  operating  load  should  also  be 
considered,  since,  where  larger  turbines  are  operated  at  light 
loads,  the  economy  may  be  inferior  to  that  shown  by  the  unit 
having  the  smaller  low-pressure  turbines.  This  is  due  to  the 
fact  that  light-load  losses,  for  fractional-load  operation  of  the 
combined  unit,  are  greater  for  the  larger  than  for  the  smaller 
turbine. 

By  working  out  a  definite  case  it  has  been  fouod  that 
where  the  turbine  size  is  increased  as  above,  the  gain  in  the 
engine  due  to  lowering  the  back  pressure  slightly  exceeds 
the  loss  in  the  turbine  element  following  upou  a  decreased 
inlet  pressure  and  fractional-load  operation.  This  is  evident 
from  Fig.  3，  showing  results  that  have  been  deliberately 
worked  up  for  a  28in.  and  54in.  by  48in.  engine,  operating 
with  low-pressure  turbines  ranging  from  500  kw.  to  2,000 
kw.  capacity.  For  a  definite  quantity  of  steam  passed  by  the 
liigli-pressure  engine,  the  output  of  the  latter,  as  determined 
by  the  resultant  total  water  line  when  combined  with  a 
turbine  of  the  capacity  under  investigation,  is  simply  added 
l,o  that  developed  by  the  turbine.  In  obtaining  tlie  latter 
from  tlie  total  water  lines,  due  allowance  must  be  made  for 
moisture  in  the  engine  exhaust  and  for  the  pressure  drop 
between  engine  and  turbine  usually  taken  at  from  1  lb. 
to  ^H>s.  The  combined  output  thus  developed  is  compared 
witli  the  total  steam  passed  by  the  higl 卜 pressure  unit,  deter- 
mining the  combined  economy  curves  on  tlie  right,  Fig.  3. 
As  will  ))o  observed,  the  effect  of  turbine  size  upon  overall 
economy  is,  witliin  certain  limits,  negligible,  ami  may,  there- 
fore, be  ignored  where  other  conditions  favour  the  choice  of 


a  particular  turbino  capacity.  Tlie  reason  for  this  close  agree- 
ment in  efficiency  is  quite  plain.  Assuming  an  engine  of  ^iven 
size,  i  lici-c  is  obviously  one  turbine  capacity  that  will  give  the 
best  overall  results.  Variation  either  way  from  this  best 
turbine  size  will  cause  the  engine  performance  to  either  im- 
prm'e  or  decline,  as  the  case  may  be,  the  turbine  economy 
being  affected  in  the  opposite  direction.  Thus,  for  a  given 
'l【>p-'irt'iu'e  from  the  best  turbine  capacity,  the  improvement 
i"  one  element  offsets  the  decline  in  performance  of  the  other' 
maintaining  the  net  results  virtually  constant  witliirl  a  fixed 
range. 

Large  Non-condensing  Turbines. ― These  turbines  have  not 
hitherto  been  regarded  as  competitive  to  the  non-condensing 
('("■liss  '(》" 屮 ouikI  engine  since  the  high-presure  piston 
engim's  liave  performed  very  efficiently.  Improvements  in 
the  design  of  the  turbine  for  non-condensing  work,  have,  for 
all  pract purposes  overcome  the  advantage-  previously 
possessed  by  the  steam  engine.  In  brief,  these  results  have 
been  accomplished  by  increased  speed  ratings  and  better 
steam  distribution.  Tests  made  three  years  ago  on  a  600  kw. 
lion-condensing  turbine  (obviously  of  the  earlier  design ), 
proved  the  disparity  between  its  performance  and  that  of  a 
first  class  Corliss  compound  non-condensing  engine  to  be  less 
than  5  per  cent.  Later  modificaticms  have  virtually  placed 
the  steam  consumption  of  the  large  non-oondensing  turhino 
on  a  parity  with  tlie  engine  ；  and  witli  oil,  supplies,  main- 
t^naiice  and  investment  in  its  favour,  the  large  non-condens- 
ing turbine  should  logically  be  preferred  to  the  recipror-at  ini,', 
engine.  Reduction  of  internal  windage  losses  is  imperative 
in  the  non-condensing  turbine  if  good  efficiencies  are  to  be 
realised.  Tlie  drum  construction  is  known  to  suffer  much  less 
loss  tliau  the  disc  type,  and  is  therefore  superior.  Paradoxical 
as  it,  may  appear,  the  high-pressure  section,  which  is  the 
most  inefficient  section  of  the  complete  expansion  turbine, 
becomes  quite  satisfactory  in  the  non-condensing  unit.  The 
exfilanal  ion  is  simple,  inasmuch  as  the  quantity  of  steam 
flowing  is  doubled  (with  the  available  energy  being  halved), 
so  that  the  ratio  of  leakage  area  or  annulus  to  blade  height 
is  very  much  more  favourable  to  economy. 

The  advanced  construction  of  large  non-condensing  tur- 
bines is  shown  in  detail  in  Fig.  4，  incorporating  many 
interesting  improvements  in  working  parts.  The  smaller  non- 
condensing  turbines  are  not  capable  of  making  quite  so 
favourable  a  showing  on  the  basis  of  heat  efficiency,  but,  as  is 
now  well  understood,  the  steam  economy  in  small  operations 
is  not  so  vital  a  factor  as  in  the  case  of  large  prime  movers. 
The  sustained  efficiency  of  the  turbine,  as  compared  with  the 


Fig.  5.— Automatic  Bleeder  Turbine. 


vagaries  of  the  engine,  needs  no  emphasis,  and  it  is  probable 
that  any  lead  the  small  engine  may  possess  initially  will 
disappear  unless  the  engine  is  constantly  governed  and  cared 
for,  which  is  the  exception  and  not  the  rule. 

In  regard  to  special  applications  of  the  steam  end,  the 
design  of  the  automatic  bleeder  turbine  is  undoubtedly  the 
most  unique  of  recent  developments.  It  is  arranged  to 
profitably  serve  a  combination  of  independently  varying  light 
and  heat  loads  which  may  be  supplied  from  a  single  station. 
Previously  the  turbine  was  at  a  disadvantage  under  these 
conditions,  where  spasmodic  stage  bleeding  was  resorted  to. 
The  readiness  with  which  the  turbine  is  adapted  to  the 
automatic  bleeding  operation  will  be  appreciated  from  Fig.  5， 
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showing  a  section  through  such  a  turbine.  The  departure 
from  standard  construction  consists  in  the  main  of  locating 
a  diaphragm  A  between  the  intermediate  and  low-pressure 
stages,  the  flow  of  steam  being  regulated  by  a  gravity  con- 
trolled valve  B.  Live  steam  is  admitted  at  C\  and  on 
passing  through  the  high-pressure  and  intermediate  sections, 
part  is  diverted  to  the  heating  system  through  connection  Hy 
the  surplus  passes  through  the  low-pressure  section  to  the 
condenser.  It  will  be  seen  that  when  the  pressure  in  the 
heating  system  rises  above  any  predetermined  amount  as 
would  occur  with  a  decreased  heating  load  (according  to  the 
auxiliary  or  counterbalancing  weight  used),  the  valve  B  will 
be  elevated  and  more  of  the  steam  will  continue  through 
the  low-pressure  section  of  the  turbine,  developing  there  an 
additional  amount  of  work. 

There  are  many  manufacturing  establishments,  and  like- 
wise central  power  plants,  where  a  joint  demand  for  heat 
( from  low-pressure  steam)  and  light  occurs.  With  tlie  growing 
tendency  to  economically  proportion  the  plant  layout,  and 
with  provision  for  automatic  regulation  for  all  variations  kept 
in  view,  the  value  of  this  design  will  at  once  be  appreciated. 
Presumably  the  importance  attached  to  this  design  will 
become  plainer  when  we  examine  the  characteristics  of  the 
bleeder  type.  In  addition  to  the  economy  and  the  elasticity 
of  application,  a  wide  range  in  the  selection  of  not  only  the 
unit  itself,  but  also  of  its  complementary  condenser,  is  readily 
seen.  To  facilitate  a  proper  grasp  of  its  economic  possi- 
bilities, the  triangular  chart,  Fig.  6,  has  been  developed, 
enabling  a  ready  appreciation  of  the  relation  between  the 
steam  bled,  the  steam  supply  to  turbine  (otherwise,  draught  on 
the  boilers),  and  the  quantity  passed  to  the  condenser  for  a 
given  power  load  sustained  by  the  unit.  These  curves  have 
been  plotted  against  brake  horse-power  on  the  horizontal,  and 
weight  of  steam  bled  on  the  vertical  scale.  The  solid  lines 
extending  up  and  to  the  left  are  lines  of  constant  steam 
supply  and  show  the  increase  of  available  power  with  de- 
creased bleeding.  As  will  be  observed,  this  is  a  straight-line 
relation  within  certain  ranges,  the  power  output  increasing 
at  a  constant  rate  as  the  amount  bled  decreases,  or,  what  is 
the  same  thing,  as  the  amount  passing  through  the  low- 
pressure  stages  increases,  shown  by  the  dotted  lines  extending 
up  to  the  right.  It  will  be  noted  that  as  the  latter  reaches 
a  certain  value,  i.e.y  about  21,5001bs.,  the  slope  of  both  the 
dotted  and  solid  lines  become  steeper,  and  correspondingly 
the  rate  of  increase  of  power  output  is  appreciably  diminished. 
This  is  due  to  the  opening  of  the  secondary  overload  valve, 


Fig.  6.— Chart  Devklopkd  to  Show  Economic  Possibilitiks. 

as  the  bleeder  turbine  is  designed  for  a  normal  bleeding 
demand,  and  the  low-pressure  stages  are  accordingly  propor- 
tioned to  pass  a  certain  quantity  of  steam.  Therefore,  wlun 
this  is  exceeded,  the  turbine  output,  while  still  increasing, 
does  not  do  so  at  so  fast  a  rate. 

To  complete  the  explanation,  a  supplementary  scale,  Fig. 
0,  has  been  added  below  that  of  the  brake  horse-power,  \vhi(  h 
gives  at  a  glance  the  total  steam  consumption  of  t lie  unit 
operated  strictly  condensing  (a  limit  ing  condition).  Tlie  other 
two  interesting  limits  are  lines  AB  and  BC  The  line  AB 
gives  total  steam  with  no  work  developed  in  the  low-pressure 
cylinder;  i.e.,  all  steam  bled  at  the  particular  load,  and  AB 
establishes  the  boundary  for  maximum  power  which  may  be 


developed  wlien  a  predetermined  amount-  of  steam  is  )>lo<l . 
Ifc  should  be  noted  that  when  all  st,eam  is  ))le<l,  as  shown 
by  the  limiting  line  AH,  there  is  a  small  (liHVmirp  l)e"、'f'('ii 
the  total  amount  supplied  and  t  hat  accounted  for  by  tlio 
quantity  bled.  On  first  thought  it  would  seem  that  these 
should  be  equal,  but  owing  to  the  construction  employed,  a 
small  portion  of  the  steam  leaks  past  tlie  packing  into  1  lu» 
low-pressure  section,  whit'li  explains  tlie  apparent  discrepancy. 

A  careful  study  of  the  chart  will  furnish  a  broader  view  of 
bleeder  turbine  characteristics  and  will  considerably  assist 


Fig.  7. ― Doublk-flow  Type  of  Turbink. 

in  the  choice  of  the  condenser  capacity  best  suited  to  the 
particular  set  of  conditions.  In  the  non-automatic  bleeder, 
the  performance  could  not  be  so  clearly  demonstrated  as  the 
bleeding  is  not  so  closely  related  to  the  internal  operation  of 
the  turbine.  This  chart  obviously  applies  only  to  t he 
capacity  noted  and  for  the  conditions  set  forth.  Evident Iv 
a  change  takes  place  for  any  variation  in  size  or  nature  oi 
operation. 

Similar  conditions  are  undoubtedly  bound  to  arise  in  large 
undertakings,  and  the  point  in  question  will  manifestly  be 
the  feasibility  of  providing  large  turbines  for  the  purpose. 
This  consideration  has  already  been  given  due  thought,  with 
the  result  that  plans  have  been  prepared  for  accommodating 
large  turbines  to  the  work,  and  a  diagi'ammatic  illustration 
of  the  double-flow  construction  accordingly  arranged,  as 
shown  in  Fig.  7.  These  simple  illustrations  serve  to  show 
liow  fortunately  the  steam  turbine  has  lent  itself  to  the 
march  of  the  world's  progress, 

(To  be  continued.) 


Prizes  for  Miners'  Safety  Lamps. ― It  will  be  remembered  tliat 
in  May,  1911，  the  Secretary  of  State  tor  the  Home  Depart- 
ment announced  a  prize  of  £1,000  for  an  electric  lamp 
suitable  for  miners  which  best  fulfilled  certain  specified 
requirements.  The  amount  of  the  prize  was  placed  at  the 
disposal  of  the  Secretary  of  State  by  a  colliery  proprietor. 
Mr.  Charles  Rhodes,  a  former  President  of  the  Institute  of 
Mining  Engineers,  and  Mr.  Charles  H.  Merz,  a  member  of 
the  recent  Departmental  Committee  on  the  use  of  electricity 
in  mines,  consented  to  act  as  judges,  and  have  now  issued 
their  award,  whicli  is  in  the  following  terms  ：  "  We  have  had 
submitted  to  us  105  lamps,  varying  very  considerably  in 
design  and  construction.  We  have  awarded  the  first  prize  to 
the  C.E.A.G.  lamp  sent  in  by  Mr.  F.  Farber,  3，  Beurhauss- 
trasse,  Dortmund,  Germany,  and  inasmuch  as  a  number  of 
other  lamps  possess  considerable  merits,  we  have  apportioned 
the  amount  offered  for  competition  as  follows  -  F.  Farber, 
3，  Beurhausstrasse,  Dortmund,  Germany,  £600  ；  Attwater 
Thomas,  22,  Welham  Square,  Brighton,  £50  ；  Adolph  Bohres, 
12，  Zieterstrasse,  Hanover,  Germany,  £50  ；  Bristol  Electric 
Safety  Lamp  Works,  40，  Great  Smith  Street,  Westminster, 
£50;  Electrical  Company,  Ltd.,  122-124,  Charing  Cross  Road, 
London,  W.C.,  £50;  W.  E.  Gray,  19；  Archer  Street,  Camden 
Town,  London,  N.W.,  £50  ；  H.  F.  Joel,  134b,  Kingsland 
Road,  London,  N.E.,  £50  ；  Oldliam  and  Son,  Denton,  ^lan- 
chester,  £50  ；  Tudor  Accumulator  Company,  119,  Victoria 
Street.  Westminster,  S.W.,  £50." 
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RECENT  DEVELOPMENT  OF  THE  AMERICAN  LOCOMOTIVE.* 

BY  GEORGE  R.  HENDERSON. 

(Concluded  from  page  208.) 

Electric  Propulsion. 

In  the  last  10  years  the  wonderful  advancement  made  by 
electricity  in  all  lines  of  work  has  led  some  to  believe  that  the 
days  of  the  steam  locomotive  ar©  actually  numbered  and  that 
it  would  soon  become  a  thing  of  the  past.  This  belief  lias 
be-en  expressed  by  some  m-eii  of  liiglv  standing  in  political 
affairs,  if  not  in  meclianical,  and  the  great  successes  attending 
the  application  of  electricity  to  street-car  lines,  suburban 
transportation,  elevated  and  subway  roads  liave  rather  brought, 
about,  a  popular  opinion  liarnioiiising  with  the  above- 
jneiitioned  assertion,. 

The  difference  between  ilie  operation  of  a  stroet-car  system, 
suburban  sy&tem,  elevated  or  subway  railroad  is  so  entirely 
different  from  the  operation  of  the  average'  steam  railway  that 
there  is  really  little  actual  comparison  between  the  two. 
Estimates  have  been  made  upon  the'  cost  of  operation  of  a 
steam  line,  based  upon  the  results  found  when  th©  elevated 
railway  lines  in  New  York  City  were>  electrified,  by  comparing 
tlie  new  results  wifcli  thosei  of  the  old  steam'  operation,  and  it 
was  only  a  few  years  ago  that  some  electrical  engineers  of 
considerable  reputation  advanced  the  theory  that  if  all  the 
steam  railways  in  the  country  were  to  he  electrified  a  saving  in 
the  cost  of  operation  would  be  made  which,  while  not  quite 
( qual  to  that  claimed  by  Mr.  Brancleis,  would  be  effected  by 
adopting  economies,  yet  would  be  well  worth  considering  as 
means  for  economical  operation. 

No  one  can  deny  for  a  moment  the  groat  advantage  to  city 
and  suburban  life  of  the  trolley  car,  and  it  is  this,  probably 
more  than  anything  else,  that  has  given  our  cities  an  outlet 
for  their  increasing  population  and  made  suburban  life  a 
liappiness  instead  of  a  drudgery  ；  but  even  this  has  not  been 
altogether  without  financial  disappointment  to  the  el&ctric 
railway  companies,  as  only  a  few  years  back  many  of  them 
were  being  sold  under  foreclosure  and  only  really  made  money 
when  operating  upon  a  new  basis  of  cost,  which  had  the  result 
of  very  materially  scaling  down  their  fixed  charge®. 

When  we  consider  the  application  of  electricity  to  the  New 
York  Central  Terminal  tracks  in  the'  city  of  New  York,  it  is 
often  asserted  that  this  substantiates  the  theory  of  the'  devotees 
of  electric  propulsion ?  and  this  has'  been  made  such  capital  of 
by  electrical  engineers  in  order  to  enforce  their  pet  schemes, 
which  have  been,  no  doubt,  largely  developed  by  over- 
enthusiasm  in  their  particular  line  of  work.  As  a  matter  of  fact, 
the  profit  of  operating  the  New  York  Central  Terminal  line  by 
electricity  over  the  steam  lines  i&  not  large,  and  tho  capital 
expenditures  have  been  something  enormous.  It  was  stated 
several  years  ago  by  the  vice-president  in  charge  of  electrifica- 
tion that  the  consequential  costs'  were'  about  four  times  the 
actual  costs  of  electrification,  by  which  he  meant  the  arrange- 
ment of  depots,  tracks,  terminals,  round-hou&es,  and  other 
facilities  which  would  necessarily  enter  into  the'  electrification. 
The  fact  that  there  is  a  margin  of  profit  was  shown  very  clearly 
in  a  paper  presented  to  the  American  Society  of  Civil  Engi- 
neers by  the  official  mentioned  above,  an  analysis  of  which 
showed  that  if  the  actual  amount  of  traffic  or  the  load  factor 
had  been  less  regular  there  would  have  been  an  increased 
expense  instead  of  an  economy.  To  make  this  somewhat 
cleare-r,  we  would  state  that  if  the  power  requirements  had 
been  so  irregular  that  the  facilities  of  the  power-house  would 
need  to  be  doubled  to  carry  the  movement  over  tlie  maximum 
peaks  there  would  actually  have  been  an  extra  expense,  but, 
on  account  of  the  uniformity  of  movement,  the  power-hou&e 
equipment  could  be-  so  adjusted  that  the'  interest  on  investment 
was  not  so  great  as  to  overcome  thei  economy  effected  in  the 
actual  movement  of  the  trains. 

On  the  other  hand,  it  has  been  but  a  few  months  since  the 
New  York,  New  Haven ,  and  Hartford  Railroad  claimed  an 
increased  cost  of  operation,  due  to  electrification,  when  this 
subject  was  considered  for  the  application  of  similar  conditions 
to  the  Boston  territory,  and,  at  the  best,  it  would  seldom',  if 
ever,  be  claimed  that  the  'economy  resulting  from  electric 
operation  will  ordinarily  be  so  great  as  to  make  it  an  attractive 
「in;in('ial  proposition  for  the  substitution  of  electricity  for 
steam.      There  are  other  conditions,  of  course,  besides  the 

•  Paper  presented  at  a  meeting  of  the  Fraqklin  Institute,  April  17th,  1912, 


fmaiK'ial  part  of  tli©  problem,  sucli  as  existed  in  the  tunnel 
luideir  Park  Avenue  in  New  York  City,  where  steam  operation 
was  ； ilmost  intolerable  to  patrons  of  tlie  road,  not  only  from 
the  liability  to  accidents,  but  fronii  thei  partial  sufTocat  ion 
which  everyone  experienced  in  going  through  the  tunnel  in 
hot  weather.  The  question  of  relieving  the  city  of  the'  smoke 
of  the  locomotives  was  also  an  important  consideration,  ,and  it 
was  these  features  and  nob  the  prospect  of  financial  improve- 
ment that  forced  the  electrification  upon  these  roads,  and  we 
believe  that  we  may  well  say  "  forced,"  as  they  certainly  would 
never  have  gone  into  this  project  had  they  not  been  driven 
into  it  by  the  residents  of  New  York  City  and  the  commuters 
who  daily  passed  through  the  inferno  of  the  Park  Avenue 
Tunnel. 

The  consequential  damages  referred  t'o'  above  can  some- 
times be  reduced  or  made  into  an  actual  asset  by  utilising  tlie 
space  which  would  not  be  available  under  conditions  of  s"';mi 
operation .  Tliis  is  illustrated  by  the  New  York  Central 
construction  which  is  now  being  completed  in  New  York  City. 
The  large  amount  of  open  space  required  for  thei  escaping  of 
the  gases  and  steam  from1  the  locomotive  smokestack  can,  in 
the  case  of  electric  operation,  be  reduced  to  a  very  small 
quantity,  and  the  overhead  space  so  vacated  by  steam  and 
smoke  can.  be  utilised  for  office  buildings  and  otlier  purposes. 
Of  course,  this  depends  largely  upon  the  locality,  and  there 
are  comparatively  ？ places  in  the  world  where  this  would  be 
as  remunerative  as  in  New  York  City.  It  is  a  phase  of 
electrification,  however,  that  should  be  given  due  weight  when 
considering  the  financial  returns  on  any  scheme  of  this  kind. 

On  the  other  hand,  we  must  consider  what  actually 
happens  in  the  way  of  transportation  density  and  uniformity 
on  many  of  the  railroads  in  ihis  country,  and  perhaps  w© 
should  say  on  nearly  all  of  them，  outside  of  a  few  in  th©  most 
populous  districts.  It  has  been  claimed  ihat  the  one  require- 
ment for  successful  financial  electric  operation  was  density  of 
traffic,  but  we  believe  that  uniformity  is  just  as  important  as 
density.  For  instance,  let  us  compare  a  road  like  tbe  New 
York,  New  Haven,  and  Hartford  Railroad  or  the  Pennsyl- 
vania's Atlantic  City  line.  Here  the  passenger  travel  is  great 
at  all  times  of  the  year,  and  is  quite  uniform  during  the  day 
and  night,  so  that  frequent  train  service  is  required  at  nearly 
all  hours.  In  this  case  we  have  not  only  density  but  unifor- 
mity, and,  as  stated  above,  it  is  this  item  that  gives  us  the 
saving  in  the  electrical  operation  to  the  New  York  Central's 
Terminal  System .  The  same  is  true  of  the  New  York 
Elevated,  which  runs  trains  very  frequently  at  all  hours  of  the 
day  and  night,  maintaining  a  high  load  factor,  which,  while 
there  are  peaks,  to  be  sure,  yet  these  peaks  are  not  so  far  above 
the  average  movement  as  to  require  an  excessive  expenditure 
for  installation  in  th©  power-house'. 

From  this  let  us  go  to  the  other  extreme  and  consider  a  line 
in  the  West  where  there  is  very  little  local  traffic,  except  that 
on  one  or  two  nights  in  a  week  a  heavy  stock  business  exists  to 
bring  cattle  to  the^  following  day's  market.  This  business  is 
onerous  and  exacts  and  requires  high  speed  and  delivery  at  the 
expected  time  without  fail  ；  otherwise  consequential  damages 
may  be  assessed  against  the  carrying  road.  It  is  not  uncom- 
mon, for  this  division,  which  may  see  two  or  three  trains  a  day 
ordinarily,  to  have  12  or  15  heavy  stock  trains  pass  through 
it  in  the  course  of  a  few  hours  at  some  one  or  more  times  during 
the  week .  These  trains  are  usually  sent  in  fleets  in  order  to 
ensure'  better  dispatching  and  also  to  enable  them  to  arrive  in 
suitable  time'  for  the  next  day' &  market.  The  amount  of 
power  required  on  this  division  at  this  particular  time  would 
be  extremely  high .  If  wo  consider  such  trains  (and  they  are 
run  at  high  speeds  requiring  about  2,000  h.p.  for  their  opera- 
tion) and  that  15  are  handled,  we  see'  at  once  that  each  division 
power-house  must  be  sufficient  to  give  at  least  30,000  h.p. 
output.  The  rest  of  the  week  the'  output  would  probably  not 
be  over  3,000  h.p.  or  4,000  h.p.  at  any  one  time,  so  ihat  a  large 
amount  of  machinery  must  be  installed  in  the  power-house  to 
carry  this  exceptional  peak  load,  and  this  machinery  is  non- 
remunerative  for  the  other  six  days  a  week  and  represents  idle 
investment.  This  must  he  repeated  at  every  division  power- 
house which  is  used  to  provide  power  for  such  a  movement, 
and  shows  at  once'  the'  futility  of  arguing  tliat  electrification 
would  be  applicable  to  all  roads.  The  steam,  locomotives  can 
be  bunched,  grouped,  and  transferred  from'  one  division,  to 
another  and  make  a  particularly  elastic  medium  of  power 
transmission,  as  the  next  day  the  locomotives  can  simply  be 
placed  upon  another  division  wliore  their  services  will  be 
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needed  ；  moreover,  tho  cost  of  a  horse-power  represented  by 
steaiu  locomotives  is  approximately  $15  each,  whereas  a 
modern  power-house  with  tlio  transmission  liues  will  cost'  fully 
^100  per  horse-power,  to  say  nothing  of  the  fact  that  electric 
locomotives  are  nearly  double  the  price  of  steam  locomotive©. 

These  conditions  are  brought  to  your  attention,  not  with 
the  idea  of  belittling  by  any  means  the  use  of  electricity  for 
transportatiou  purposes,  or  of  trying  to  preveut  extensions  in 
that  line,  but  are  simply  preseuted  so  that  these  matters  may 
be  so  clearly  understood  that  the  enthusiasm  of  some'  electrical 
experts  raay  not  be  permitted  to  get  the  best  of  sound  judg- 
ment, which  will  eventually  react  and  injure  the  cause  more 
than  it  will  help.  Ou  the  other  hand,  we  would  not  be  sur- 
prised at  any  time  to  learn  that  the  Pennsylvania  Railroad, 
for  instance,  would  electrify  its  entire  system  between  New 
York  and  Washington.  The  present  New  York  Terminal  is 
operated  entirely  by  electric  locomotives  ；  the  subject  is  being 
now  studied  in  regard  to  Philadelphia  ；  the  tunnels  at  Balti- 
more will  certainly  soon  require  heroic  treatment  ；  and,  in 
order  to  prevent  the  objectionable  smoke  in  the  capital  of  our 
country,  electric  traction  would  be  considered  a  great 
advantage.  These  four  links  in  a  line  250  miles  long,  and  the 
density  and  uniformity  of  traffic  which  passes  over  the&e 
divisions,  make  this  quite  an  attractive  subject  for  electrifica- 
tion, but  there  can  b©  no  oomparisou  between  this  piece  of 
track  and  that  above  described,  and  which  is  found  in  mast  of 
our  western  States. 

We  have  refrained  from  going  into  figures  on  this  subject, 
"、 st  atistics  are  difficult  to  properly  interpret,  unless  they  ar& 
given  in  great  detail  and  carefully  analysed,  and  the  different 
factors  entering  into  the  subject  are  so  varied  that  it  requires  a 
great  deal  of  study  to  actually  determine  the  line  between  gain 
and  loss.  Each  individual  case  must  be  studied  under  its  own 
conditions,  and  only  in  a  general  way  can  we  draw  deductions 
from  one  existing  line  with  which  to  prognosticate  safely  the 
results  of  some  other  line.  There  is  no  question  but  that 
electiic  traction  will  increase,  but  we  believe  that  steam 
traction  will  increase  still  more  rapidly,  and  that  the  steam 
locomotive  will  not  be  relegated  to  the  museum  or  the  scrap 
pile  during  the  life  of  anyou©  present  at  this  meeting. 

There  are  three  different  ways  in  which  electric  locomotives 
ran  be  operated  :  first,  by  collecting  the  current  as  the  loco- 
motive moves  from  either  a  trolley  wire  or  a  third  rail  ； 
second,  by  means  of  storage  batteries  carried  on  the  engine  or 
tender  ；  third,  by  means  of  i nt&r n al -c om bu sti on  "or  other 
motors  generating  electricity  as  required  which  actuates  motors 
geared  to  the  axles.  The  first  method  has  certain  advantages 
not  enjoyed  by  the  others,  and  is  tlie  one  generally  employed 
for  handling  heavy  trains  through  long  distances.  The  great 
nrlvantage  which  results  from  this  arrangement  is  that  the  full 
output  of  the  power-house  is  available  at  the  motors  and  tlie' 
capability  of  doing  work  is  limited  only  by  the  characteristics 
of  the  motors  installed  upon  the  engine.  It  is  possible  with 
wli  a  coinbiiiation  to  obtain  much  greater  tractive  forces  with 
lii^li  speeds  than  can  over  be  hoped  for  with  a  steam  loco- 
motive, because  the  latter  is  dependent  upon  the  capacity  of 
its  boiler  and  fireman,  whereas  the  electric  locomotive  can 
r^-oive  its  power  from  a  plant  which  will  deliver  many  more 
horse-power  tlian  could  possibly  bp  obtained  from  a  locomotive 
boiler.  It  is  this  phase  of  the  question  which  has  been  urged 
so  largely  in  the  endeavour  to  place  electric  locomotives  on 
lioavy  grades  and  mountainous  sections,  but,  outside  of  some 
^|>e<  ial  pieces  of  track  where  tunnels  make  the  operation  of 
si e^tn  locomotives  objectionable,  there  has  been  little  done  in 

i  liis  country  along  this  line,  and,  although  sucli  plans  have 
bofMi  investigated,  they  have  not  ordinarily  been  found  to  be 

ii  iui  ncially  attractive.  There  is  no  question  but  what  tlie  re 
y re  grcnl  possibilities  in  this  line,  provided  tliat  the  costs  are 
not  r>ut  of  |)rr)poL'tion  to  the  benefits  developed.  The  motors, 
of  course,  have  certain  limits,  principally  governed  by  their 
<'w  of  disseininating  heat,  and  it  is  the  heat  limit  that  pre- 
vents more  power  being  put  through  any  given  motor.  There 
have  }>een  cases  in  tlie  West  where  even  water  power,  with  its 
generally  attractive  features,  has  not  been  considered  as  a 
satisfactory  financial  proposition  ；  wliere  the  cost  not  only  of 
producing  but  of  transmitting  the  electric  current  from  the 
water  power  to  the  railroad  was  found  to  be  too  great  a 
fhiaiH'ial  bunlen  to  expect  an  er|uivalcnt  return. 

K<»r  compjt  rat  ivcly  shoi  t.  lines  with  dense  and  unii*orni  trailic, 
howc*vor,1  here  is  proljably  no  oilier  rnci  liod  which  is  likely  to  be 
considered,  the  choice  lying  beiwecu  the  third  rail  and  the  over- 


head trolley  suspension.  Both  systems  have  their  advantages 
and  disadvantages,  but  either  can  be  operated  satisfactorily, 
as  demonstrated  by  the  locomotives  used  on  tlie  New  Haven 
Road，  which,  while  on  the  direct  current  territory  of  the  New 
York  Central,  collect  from  a  third  rail,  and  when  on  tlio 
alternating  current  sections  of  the  New  Haven  collect  from  an 
overhead  wire.  The  motors  in  this  case  are  single-phase  ami 
can  be  used  either  on  direct  or  alternating  installations.  In 
the  latter  case  the  current  is  transmitted  and  used  at  a  liigli 
voltage,  namely,  11,000,  while  in  the  direct  current  the  ordi- 
nary voltage  is  660.  It  is  this  clifFerence  in  voltage  that  makes 
it  feasible  to  use  third  rails  with  low  voltage,  which  would  be 
considered  unwise  with  the  voltages  used  on  the  New  Haven 
overhead  line.  Even  at  certain  points  the  low  voltage  direct 
current  must  havo  overhead  connections,  a&  at  complicated 
switches  and  crossings  where  a  continuous  third  rail  is  not 
practicable,  but  that  both  systems  can  be  operated  satis- 
factorily is  amply  demonstrated  not  only  by  the  trolley  car 
service  with  its  suburban  connections,  but  by  the  several  steam 
lines  which  have  divisions  operated  electrically. 

There  are  certain  places,  however,  where  it  seems  impracti- 
cable to  us&  satisfactorily  either  the  overhead  trolley  or  the 
third  rail,  and  these  are  in  freight  and  classification  yards 
where  niucli  shifting  is  necessary  and  a  great  number  of 
switches  are  encountered.  The'  necessity  for  men  moving  on 
foot  over  such  a  yard  to  do  their  work  in  connection  with  the 
make  up  of  trains  renders  the  third  rail  a  very  serious  obstacle, 
and  the  presence  on  top  of  box  cars  of  brake'men  giving  signals, 
&c"  readers  an  overhead  wire  dangerous  and  unattractive. 
For  such  a  condition,  either  a  steam  locomotive  burning 
antkracite  fuel  or  with  some  smoko-consuming  device*  that  is 
effective'  can  be>  used,  or  a  locomativei  operated  with  a  storage 
battery,  which  is,  perhaps,  the  most  attractive  proposition. 
These  batteries  can  be  carried  in  a  separate  car  or  tender  and 
can  be  recharged  and  simply  picked  up  by  the  locomotive, 
discarding  its  discharged  battery  car  when  necessary.  Of 
course,  the  expense  of  such  a  locomotive  is  high,  and  it  is 
possible  that  some  special  batteries  like  the  new  Edison 
quick-discharge  and  recharge  battery  would  alone  be  accept- 
able, but  the  expense,  of  course,  would  not  be  as  great  as  the 
installation  of  third  rails  and  overhead  wires,  and  the  loco- 
motive has  the  advantage  that  it  can  move  on  ordinary  track, 
pa&s  into  and  out  of  private  yards'  and  buildings  without  any 
restrictions,  and  can  simply  replenish  its  current  when  neces- 
sary as  a  steam  locomotive  would  take  on  coal  and  water.  On 
account  of  the'  great  cost  of  these  locomotives,  however,  which 
is  principally  involved  in  the  storage  battery,  it  is  not  likely 
that  such  a  system  would  be  developed  to  any  great  length  of 
line,  but  for  terminal  work  and  switching  around  a  number  of 
spurs  and  individual  properties  it  seems  like  a  very  attractive 
proposition. 

The  internal-combustioix  motor  generating  its  own  current 
has  been  made  use  of  in  a  number  of  isolated  cases,  and  for 
branch  s&rvicei  and  where  the  service  is  light  and  the  trains 
few  it  answers  the  purpo&e  admirably.  This,  however,  is  also 
quite  an  expensive  machine,  as  we  must  have  the  power 
generated  converted  into  electricity  and  back  again  by  the 
motors  into  power,  which  inakes  an  elaborate  system  of 
machinery,  and,  while  it  answers  the  purpo&e  well  for  branch 
service,  it  would  not  be  satisfactory  for  hauling  heavy  trains 
in  main  line  work.  The  cost  of  operation  of  such  motors  is 
comparatively  low,  but  the  principal  saving  is  in  reducing  the 
number  of  men  in  tlie'  crew.  A  single  car  can  be  operated 
with  two  men,  whereas  the  least  number  that  could  be  run 
with  a  steam  locomotive  and  pas&enger  cars  would  be  four  】iien. 
The  uncertain  cost  of  gasolene  is  also  a  factor  in  this  method 
of  operation,  which  is  not  entirely  satisfactory,  and  when  it 
comes  to  taking  care  of  such  a  machine  it  is  certain  the  car 
shed  will  not  be  a  suitable  place  for  doing  this  work,  nor  will 
the  round-house  be  appropriate  for  the  passenger  portion  of 
the  vehicle.  We  therefore  believe  it  safe  to  say  that  for  heavy 
main  line  work  either  the  third  rail  or  tlie  trolley  system  will 
be  found  most  acceptable,  and  that  the  second  and  third 
systems  above  described  will  be  found  useful  adjuncts  for 
certain  parts  of  a  railroad  system,  but  that  they  cannot  be 
seriously  considered  for  heavy  through  traffic. 

The  type  of  electric  locomotive  which  collects  current  as  it 
moves,  whether  by  trolley  or  by  third  rail,  has  individual 
cliaracteristics  considerably  different  from  the  steam  loco- 
motive. Several  general  arrangements  are  in  use  which  might 
be  divided  ordinarily  into  three  different  types :  first,  that  in 
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which  the  motors  are  mouuted  directly  ou  the  driving  axles  of 
tli©  locomotive,  although  this  does  not  mean  rigid  connection, 
as  they  are  generally  arranged  to  turn  the  driving  wheels 
t liraiigh  a  flexible  connection  ；  second,  that  iu  which  the 
motors  drive  the  axles  through  the  medium  of  spur  gearing  ； 
and  tliird,  that  in  which  the  wheels'  are  driven  through  con- 
necting rods.  In  the  early  days  of  the  development  of  electric 
locomotives  the  first  arrangement)  was  considered  the  most 
desirable,  as  tlie  centre  of  gravity  was  brought  quite'  low  and 
there  was  an  absence-  of  connecting  and  transmitting  machi- 
nery. For  many  years  the  increasing  height  of  centre  of 
gravity  of  locomotives  has  been  a  bugbear  to  railroad  men, 
a  ii(l，  when  t\\e>  very  low  centre  of  gravity  produced  by  the  first 
arrangement  of  locomotive  was  proposed,  it  was  considered 
1  !i;it  tliis  would  be  practically  ideal.  On©  or  two  disastrous 
wrecks,  however,  led  to  a  more  careful  study  of  this  question, 
a  nd  one  railroad  made  an  elaborate  series  of  tests  with  different 
types  of  steam  and  electric  locomotives,  both  on  straight  line 
and  curved,  to  determine  what  arrangement  of  wheels,  &c.， 
gave  the  least  strains  upon  the  track. 

While  the  high  centre  of  gravity  is  more  dangerous  by 
overturning  the  locomotive  at  excessive  rates  of  speed,  y_et 
there  is  no  question  but  what  the  low  centre  of  gravity  puts 
more  stress  upon  tli€i  outer  rail  of  the  curve  and  its  tie  con- 
nections. This  may  be  illustrated  by  the  accompanying 
diagram',  in  which  it  will  be  seen  that  while  the  centrifugal 
force  is  the  same  for  locomotives  either  with  high  or  low 
centre  of  gravity  with  the  weight,  speed,  and  radius  of  curva- 
ture the  same,  yet  the  high  centre  of  gravity  throws  an 
increased  weight  upon  the  outer  rail,  thus  forcing  it  more 
tightly  to  the  ties  and  reducing  the  shearing  effect  of  the 
horizontal  centrifugal  force.  The  later  electric  locomotives 
which  have  been  built  for  the  Pennsylvania  Railroad  are 
operated  by  a  single  motor  connected  io  ilia  wheels  by  means  of 
an  inclined  connecting  rod.  This  gives  the  advantage  of  con- 
centrating the  power  into  one  motor,  which  is  generally  more 
efficient,  and  also  raising  the  centre  of  gravity  more  to  the 
conditions  of  a  steam  loco  motive.  The  geared  locomotive 
raises  the  centre  of  gravity  to  a  position  between  the  connect- 
ing rod  and  the  engine  in  the  gear  less  type,  but  does  aaot 
concentrate  the  effort  into  a  single  motor. 

A  technical  discussion  of  the  details  and  characteristics  of 
these  different  types  would  be  out  of  place  in  such  an  article, 
and  all  of  them  are  giving  very  satisfactory  results  in  service, 
but  the  principal  points  of  interest  have  been  referred  to  so 
that  in  a  general  way  some  idea  oould  be  had  of  the  line  of 
thought  leading  to  these  three  varieties. 

As  to  the  question  between  direct  and  alternating  current, 
each  has  its  advocates  and  each  lias  some  advantages  not 
possessed  by  the  other.  Alternating-currenfc  motors,  when  of 
the  single-phase  type,  can  be  so  constructed  that  they  will 
operate  on  eitlier  direct  or  alternating  curreut,  altliaugli  a 
motor  that  is  built  for  operation  on  only  one  will  be*  more 
efficient  and  lighter  than  a  loco-motive  built  to  operate  on  both 
circuits.  One'  of  the  principal  reasons  for  increase  in  weight 
in  the  combination  locomotive  is  due  to  the  fact  that  it  must 
be  provided  with  both  resistance  grids  for  the  direct  current 
and  auto-transformers  for  the  alternating  current .  With  the 
direct  current,  the  speed  regulatiou  is  arranged  by  using  the 
series  or  parallel  operation  in  connection  with  reducing  the 
voltage  by  passing  it  through  resistance  coils  or  grids.  This 
is  wasteful  and  is  only  intended  to  be  used  in  starting  and 
uiulei*  certain  conditions  of  slow  speed.  The  alternating 
current  varies  the  voltage  by  means  of  taps  taken  off  from 
different  parts  of  the  transformer  coil,  and  is  free  from  the 
wasteful  resistance  of  the  direct  current  means  of  regulation. 
Both  types  can  be  coupled  up  to  provide  multiple  unit  control, 
so  that  one ?  two,  or  】noi'e  sections  can  be  used  in  accordance 
wit  li  the  needs  of  the  train  to  b&  hauled.  The  leading  unit 
o"】y  need  be  occupied  by  the-  motorman  and  assistant.  With 
sucli  a  combination  there  is  almost  no  limit  to  the  amount  of 
power  wliich  can  be  developed,  as  each  unit  is  limited  only  by 
t  lie  heat  characteristics  of  its  motors.  Regardless  of  the  great 
])ower  wliich  can  be  supplied  l)y  such  units,  liowever,  the 
service  so  far  performed  in  this  country  is  nearly  all  passenger, 
； I  iid  little  freight  work  is  being  done  by  electric  locomotives  on 
1  ntnk  lines.  Of  course,  i  liis  si  al cnient  is  not  strictly  true  if 
、、'（'  （'misi 山 u'  sucli  cases  ;ih  1  lie  Halt  imorc  tunnels  of  tl le  BaUi- 
m"ro  ami  Ohio,  the  i  uimcl  iin(k'r  1  lie  v'wvv  at  Detroit,  and  the 
Si^iTH  Nevada  tunnel  of  the  Great  Northern,  and  otlicr  points 


where  steam  operation  would  be  particularly  objectionable  ； 

but,  outside  of  a  few  special  cases  such  as  above  mentioned, 
the  electric  service  is  confined  almost  exclusively  to  passenger 
iiansportation. 


DEVICE  FOR  SUPPLYING  FUEL  TO  OIL  ENGINES. 

A  method  of  supplying  liquid  fuel  to  internal-coinbust  ion 
engines  of  the  kind  in  wliich  the  fuel  is  injected  suddenly 
under  extremely  high  resilient  pressure  into  a  highly-com- 
pressed charge  of  air  in  the  cylinder  has  recently  been 
designed  and  patented  by  Mr.  James  McKechnie,  of  Messrs. 
Vickers,  Ltd.,  Naval  Construction  Works,  Barrow-in-Fur- 
ness. The  apparatus  employed  for  injecting  the  fuel  com- 
prises a  tube,  the  walls  of  which  are  made  so  as  to  yield 
slightly  under  high  internal  pressure,  obtained  by  the  action 
of  a  fuel  delivery  pump  while  the  cylinder  injection  valve  is 
held  closed,  and,  on  the  opening  of  this  valve,  to  cause  a  con- 
li (川 of  tlie  tubular  volume  and  force  a  definite  charge  of 
fuel  inio  t  he  cylinder.  For  this  purpose  the  tube  is  made  of 
elli)>t i(-al  or 山 ittciied  cross-section,  so  that,  on  subjecting  it  to 
the  high  internal  liquid  pressure,  the  walls  tend  to  take  a 
cylindrical  form,  and  the  volume  is  thus  increased  to  admit 


b    ；  二 

Device  fok  Supplying  Fuel  to  Oil  Engineb. 

the  charge,  the  amount  of  liquid  admitted  being  cletennincd 
by  the  pump.  When  the  injection  valve  is  opened,  the  tube 
walls  return  suddenly  to  their  flattened  form  and  force  into 
the  cylinder  all  the  excess  liquid  admitted  by  the  previous 
expansion  of  volume. 

To  prevent  expansion  of  the  tube  until  a  predetermined 
high  pressure  has  been  reached  a  distance  piece  is  placed 
within  the  tube  which  prevents  the  full  contraction  of  the 
walls  to  their  f ree  flattened  form,  so  that,  on  the  relief  of  the 
internal  pressure,  they  contract  upon  the  distance  piece  with 
great  force.  When  the  internal  pressure  is  sufficient  to  over- 
come tliis  initial  force  the  tube  begins  to  -expand.  The  dis- 
tance piece  is  in  the  form  of  a  rod  bridging  the  shorter 
diameter  of  the  tube  throughout  its  length,  but  leaving  space 
for  the  liquid  at  each  side  and  having  channels  to  allow  it  to 
reach  the  flattened  surface  of  the  tube.  By  this  device  the 
in jeclion  of  the  full  fuel  charge  is,  it  is  claimed,  ensured  at 
each  opening  of  the  valve,  as  even  at  the  end、of  the  operation 
the  contracting  pressure  of  the  tube  walls  is  greatly  in  excess 
of  tlie  pressure  inside  the  cylinder. 

Fig. 】 is  ； i  general  view,  showing  the  application  of  i  ll" 
pressure  i  iihc  to  an  t'ltginc.  Fig.  2  is  a  luiigit  u(lin;il  sect  iou 
of  the  pressure  tube  device,  taken  ou  the  line  X  ― X  of  Fig.  3， 
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which  is  au  end  elevation  of  the  same.  Fig.  4  is  a  longitu- 
dinal section  taken  ou  the  broken  line  Y— Y  of  Fig.  2.  Fig.  5 
is  a  oross-sectiou  of  the  tube,  and  Fig.  6  is  a  detail  section  on 
the  line  Z— Z  of  Fig.  3.  A  is  the  pressure  tube.  B  is  the 
distance  piece  placed  within  the  tube  to  prevent  its  full  con- 
traction and  produce  an  initial  contracting  pressure.  C  is 
the  tube  fitting  by  which  connection  is  made  to  the  pump  1) 
and  the  engine  cylinder.  In  the  general  arrangement 
sliowu  in  Fig.  1  the  pressure  tube  A  is  placed  between  the 
pump  D  and  the  engine  cylinder,  to  which  it  is  connected  by 
the  pipes  F  and  G.  The  pump  D  is  capable  of  producing  an 
extremely  high  pressure.  The  liquid  fuel  is  admitted  to  the 
cylinder  under  the  extreme  pressure  due  to  the  contraction  of 
the  tube  walls,  which  have  been  expanded  by  the  liquid  forced 
in  bv  the  pump.  The  admission  of  the  liquid  fuol  is  con- 
trolled by  the  valve  H  at  the  cylinder  end  of  the  inlet  pas- 
sage J，  the  liquid  passing  through  fine  holes  in  a  spraying 
cap  K  over  the  end  of  the  passage.  The  valve  is  operated 
by  the  lever  L  and  cam  M，  the  cam  having  a  small  projection 
N  on  a  circular  periphery,  so  that  the  opening  of  the  valve  is 
almost  momentary,  and  during  the  injection  of  the  fuel  the 
piston  O  has  time  to  move  only  a  short  distance. 

Referring  to  Figs.  2  to  6，  the  tube  A  is  shown  of  con- 
siderably flattened  form  except  at  its  ends,  which  are  left 
eiiru】ar，  and  the  distance  piece  B  is  made  with  longitudinal 
grooves  extending  almost  throughout  its  length  and  permit- 
ting the  liquid  readily  to  reach  the  flattened  tube  walls  and 
to  be  expelled  on  the  contraction  of  the  tube.  The  ends  of  the 
grooves  are  exposed  at  the  round  ends  of  the  tube,  so  that  free 
communication  is  established  throughout  the  tube.  The 
extremities  of  the  distance  piece  are  arched  at  P  to  provide  a 
cross  passage  at  the  ends.  One  end  of  the  tube  is  covered  by 
the  screwed  cap  Q,  the  fitting  C  being  secured  on  the  other 
end.  The  connection  to  the  pump  is  made  through  the  inlet 
E  and  that  to  the  engine  through  the  outlet  S.  The  tube 
and  all  the  openings  in  the  fitting  C  are  inter-connected  by 
the  passages  T.  A  needle  stop  valve  U,  shown  in  Fig.  6，  is 
provided  at  the  air  vent  V.  This  air  vent  should  be  placed 
at  the  highest  point  of  the  tubular  pressure  device. 

The  parts  are  so  constructed  that  the  initial  pressure 
which  must  be  exceeded  before  the  tube  A  begins  to  expand  is 
about  2,0001bs.  per  square  inch,  and  the  maximum  pressure, 
when  the  tube  receives  the  full  charge,  may  be  from  4，0001bs. 
to  6，0001bs.  per  square  inch.  The  tube  must  therefore  be 
made  of  substantial  thickness  to  provide  for  such  high  pres- 
sures by  the  distortion  of  its  walls.  At  these  pressures  it  is 
very  desirable  that  there  should  be  as  few  moving  parts  as 
possible,  in  order  to  avoid  leakage,  a  small  loss  in  the  charge 
largely  decreasing  the  efficiency  of  the  engine.  The  tubular 
pressure  device  allows  of  ready  application  of  the  extremely 
high  resilient  pressure  desired  in  order  to  provide  for  the 
sudden  injection  of  the  liquid  fuel,  without  the  use  of  a 
spring-controlled  plunger  or  other  reciprocating  or  sliding 
member. 


THE  ELECTRIC  FURNACE  FOR  TEMPERING  TOOL  STEEL 

The  change  from  the  use  of  the  oW  time  carbon  steel  to  the 
present  day  special  steels,  containing  vanadium,  nickel,  chro- 
mium, tungsten,  &c.，  is,  says  B.  Henrikson,  in  a  paper  read 
before  the  Railway  Tool  Foremen,  Chicago,  working  a  revolu- 
tion in  the  methods  which  were  formerly  in  vogue  for  temper- 
ing carbon  steels.  Temperatures  are  demanded  which  cannot 
be  successfully  attained  in  the  ordinary  forge  without  danger 
of  altering  the  composition  of  the  steel. 

The  best  results  so  far  obtained  in  a  furnace  requiring  fuel 
have  been  brought  about  in  the  following  manner.  The  tool 
to  be  tempered  is  placed  in  some  sort  of  a  receptacle,  and  all 
the  space  between  it  and  the  walls  of  the  receptacle  is  filled 
with  finely  divided  charcoal.  Then  the  receptacle  is  sealed  up 
so  as  to  be  impervious  to  gas  or  air  and  placed  in  the  furnace. 
The  temperature  of  the  furnace  is  brought  to  that  required  to 
give  the  tool  the  desired  degree  of  hardness  (about  2,100°  Fab.) 
ai，d  this  temperature  is  maintained  until  the  heat  has  had  a 
diance  to  】)enetrate  entirely  through  ami  the  whole  mass  is  at 
t>"e  temperature.  This  requires  about  two  hours.  Tlien  the 
rece])ia<;le  is  removed  from  the  furn 騰 and  the  tool  taken  out 
ami  phni^ed  into  an  oil  Intli.  The  charcoal  does  not  adhere 
to  the  steel.    Jiy  this  method  an  excellent  job  is  obtained.  An 


even  heating  of  the  steel  prevents  spring,  thus  giving  accuracy 
to  the  result.  By  packing  in  charcoal  and  scaling,  exposure  to 
ail',  gas,  or  fuel  is  prevented,  and  consecjucntly  iha  clicjnical 
ctmipositiou  is  not  altered. 

The  nearest  approach  to  the  results  obtained  in  the  manner 
described  is  obtained  by  the  use  of  the  electric  furnace.  This 
supplies  the  place  of  the  sealed  receptacle,  and  as  it  requires 
no  blast  or  fuel  to  obtain  a  liigh  temperature  the  danger  of 
altering  the  chemical  composition  is  obviated.  The  lii^licsi 
desired  temperatures  can  be  obtainerl  and  by  varying  the 
strength  of  the  electric  current  any  desired  degree  of  tempera- 
ture can  be  obtained  or  maintained  constant. 

There  are  two  distinct  types  of  electric  furnaces.  On©  type 
is  so  cdiistructed  that  it  forms  an  open  vessel  in  whicli  is  place'l 
a  substance  which  becomes  a  liquid  at  the  hardening  tempera- 
tures. The  substance  generally  used  consists  of  barium 
chloride  and  potassium  chloride  】nixed  in  the  proper  propor- 
tion, this  proportion  depending  upon  the  metal  to  be  har- 
dened and  the  temperatures  desired.  For  very  high  tempera- 
tures only  pure  barium  chloride  is  used.  In  some  shops  for 
temperatures  below  700°  C.  (1，292°  Fall.)  pure  sodium  nitrate 
is  used  aud  sometimes  a  mixture  of  sodium  nitrate 
with  potassium  chloride.  The  author's  experience  does  not 
cover  use  of  nitrates.  In  practice  it  has  been  found  that  one 
objection  to  the-  use  of  this  method  is  that  the  tongs  used  in 
removing  tlie  tools  from  the  bath  decompose  and  tiny  particles 
of  iron  collect  on  cutting  edges,  and  when  plunged  these  par- 
ticles become  so  hard  that  they  can  be  removed  only  by  grind- 
ing. Often  it  is  impossible  to  grind  them  off  without  injuring 
the  tool.  Aside  from  tliis  trouble,  very  good  results  are 
obtained  in  this  furnace.  The  outer  walls  of  the  furnace  are 
never  iiot,  so  there  is  no  danger  from  fire,  and  also  the  cooling 
bath  may  be  placed  close  to  the  furnace,  thus  reducing  to  a 
minimum  the  time  between  removing  and  plunging. 

The  other  type  of  furnace  does  not  make  use  of  a  heating 
bath,  but  consists  of  a  box-like  structure  which  may  be  closed 
so  as  to  exclude  the  outside  air.  The  heat  is  generated  by  the 
resistance  of  carbon  resisters  "  located  in  the  side  walls  of 
the  furnace.  The  current  strength  and  thus  the  temper aiu re 
of  the  furnace  is  varied  by  altering  the  area  of  contact  of  these 
resisters.  The  greater  the  current  which  is  allowed  to  flow  the 
higher  is  the  temper  obtained.  It  is  generally  found  that  if 
the  furnace  is  entirely  closed  a  reducing  action  takes  place,  so 
a  door  is  provided  for  the  admission  of  outside  air  until  the 
action  is  neutral.  Care  must  be  taken  in  using  this  furnace 
that  too  much  air  is  not  allowed  to  enter,  for  then  oxidation 
takes  place  and  the  steel  to  be  tempered  will  scale. 

The  electric  furnace  has  this  further  distinct  advantage 
over  any  kind  of  a  furnace  making  use  of  a  blast.  With  such 
a  furnace  it  is  next  to  impossible  to  maintain  the  temperature 
uniform  in  all  parts  so  that  the  tool  to  be  hardened  will  become 
hotter  on  one  side  tlian  it  is  on  the  other,  and  thus  will  be 
sprung  out  of  its  true  shape.  With  the  electric  furnace  no 
draught  is  required  so  that  a  purely  soaking  action  takes  place 
and  the  tool  is  evenly  heated. 

Granted  that  the  electric  furnace  can  produce  just  as  good 
work  as  can  be  obtained  with  the  most  improved  practice  in 
the  use  of  the  furnace  requiring  fuel,  we  must  still  consider  till? 
following  points  in  the  operation  of  the  furnace.  The  furnace 
is  simplicity  itself,  so  that  highly  skilled  and  consequently 
highly  paid  labour  is  not  required  to  operate  it.  By  using  a 
pyrometer  and  knowing  the  proper  teni])3rature  at  which  a 
given  steel  is  to  be  hardened  there  is  no  longer  the  necessity  to 
depend  upon  the  judgment  or  experience  of  any  one  man,  thus 
cutting  down  labour  cost. 


Speed  of  German  Trains. ~ -The  speed  of  German  j>risseu^ei 
trains  is  not  usually  remarkable,  says  the  American  Consul  ； it 
Nurejuberg.  The  so-called  fast  ''  trains  and  ''  hurry  " 
trains — for  the  first  of  which  an  extra  charge  is  made — are 
both  ordinarily  deliberate  in  their  moveinents,  and  accomnio- 
dation  trains  aud  "  locals  "  often  spend  much  time  between 
stations,  usually  in  sight  of  each  other.  The  uew  siunmer 
time-table  for  the  German  State  systems,  he  says,  shows  sonic 
acceleration  in  speed,  principally,  of  course,  of  the  through 
trains.  The  fastest  train  in  Gerinany  is  the  so-called 
" D-Zug  20  "  between  Berlin  aiul 丄丄 aiiibiu'g,  which  maiiitains 
an  average  speed  of  55*177  miles  an  hour. 
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INDUSTRIAL  AND  TRADE  NOTES. 

Engineers'  Wages  Advanced. 一 It  is  officially  annouiicod  that  as 
:i  tcsult  of  tho  negotiations  with  the  FecUir;itod  Admiralty  con- 
I  ractor.s,  Ur'  "  ag"s  of  tlic  engineers  have  been  incranscd  Ijy  Is.  per 
week,  making  the  current  rate  39s.  per  week  of  48  hours.  A 
i  urther  advance  of  Is.  per  week  will  take  effect  in  January  next. 

New  Locomotives. ― Fifty  powerful  locomoti\  es  with  superheating 
apparatus  are  being  constructed  at  the  Hvde  Park  works  of  tlic 
North  British  Locomotive  Company  for  the  Great  Central  K aihvay 
Coinpany's  mineral  traffic  at  the  Imminghain  Docks.  Or  tliesc  1 1 ) 
are  practically  completed.  The  engines  are  of  the  4 ― 4 ~ 0  typo. 
The  weight  of  each  locomotive,  with  tender ,  is  (J4  tons,  and  with 
coal  and  water  about  110  tons. 

Trade  Circulars. ― The  St.  Helens  Cable  and  Hubber  Conip;niy, 
Ltd.,  send  us  price  list  of  a  new  form  of  their  patent  cab  tyre 
^lie;itlied  cable,  for  which  special  qualities  of  ciulurjuico  against 
\\ car,  tear,  ； uid  climatic  differences  are  claimed.  From  Mcsm's. 
l3owes5  Scott,  &  Western,  Bradways  Chambers,  Westminster,  we 
have  received  a  circular  descriptive  of  their  water  softening 
apparatus,  with  illustrations  of  several  installations. 

Light  Railway. ― The  Board  of  Trade  have  recently  coniirmed  tho 
uiider-mciitioned  Order  made  by  the  Light  Railway  Coimnissioners  : 
Quarry  Bank  and  District  Light  Railway  (Transfer,  cV-c.)  Ordor, 
1912,  transferring  to  a  company  the  i)o、、'<"'s  coniei-rt'd  upon  the 
luhaii  District  Councils  of  Quarry  Bank,  of  JJrierley  Hill,  and  oi 
Jiow  loy  Regis  by  the  Quarry  Bank,  Brierley  Hill,  and  Rowley 
Regis  Light  Railway  Order,  1903,  and  amending  that  Order,  and 
for  other  purposes. 

Electricity  in  Textile  Mills.  ―  The  Welsh  Flannel  Company  at 
Holywell,  wliich  comprise  a  weaving  shed  and  piece-drying,  tweed- 
iiiiisliiiig,  carbonising,  dyeing  and  wool-washing  rooms,  is  being 
oq uipped  with  electrical  plant  to  drive  the  looms  and  spinning 
nuifliinory  in  the  works  in  place  of  a  combination  of  gas,  steam, 
and  wator  power.  Two  engines,  of  200  h.p.  and  100  h.p.  respec- 
tively, have  been  supplied  by  Messrs.  Belliss  &  Morcom,  and  the 
electrical  apparatus  has  been  provided  by  the  Lancashire  Dynamo 
and  Motor  Company. 

Openings  for  British  Trade  in  Honduras. ― In  his  annual  leport  on 
the  trade  of  Honduras  the  British  Consul  comments  on  the  fact 
that  practically  all  the  industries  of  the  country  are  in  the  hnnds 
of  II nited  States  capitalists,  and  that  tho  States  also  handle  the 
greater  part  of  its  trade.  The  latter  hej  in  part,  attributes  to  the 
fact  that  at  present  it  takes  some  eight  months  for  an  or(k、r  ^ivou 
in  the  United  Kingdom  to  reach  Honduras,  while  the  United  States 
can  supply  the  same  in  a  similar  number  of  weeks.  The  business 
toi'ins  offered  by  United  States  firms  are  not  so  advantageous  as 
those  in  the  United  Kingdom3  however,  and  the  Consul  states  that 
there  is  a  good  opening  in  Honduras  for  British  firms  dealing  in 
general  merchandise.  Honduras  has  been  almost  entirely  neglected 
by  foreign  mining  interests,  but  its  gi'eat  wealth,  says  the  Consul, 
is  now  attracting  some  attention  both  in  New  York  and  London. 
He  considers  there  are  openings  for  investment  of  British  capital 
in  the  mines,  agriculture,  and  public  works,  and  adds  that  the 
Government  are  anxious  to  attract  foreign  and  especially  European 
capital. 

Oil  as  a  Substitute  for  Coal. ― The  recent  coal  strikes  in  Germany 
have  had  the  result  of  intensifying  public  interest  in  that  country 
in  the  (jiuvstion  of  substitutes  for  coal.  In  many  industrial  works 
requiring  n  large  amount  of  coal,  says  the  British  Consul-Gt'iit'iiU 
tor  Westphalia,  and  the  Rhenish  Provinces,  steam  engines  have  of 
late  years  been  partly  replaced  by  engines  worked  witli  benzol  and 
oils  of  various  kinds.  As  coals  become  more  expensive  technical 
improvements  in  oil  engines  are  being  made,  which  will  in  time 
cause  the  use  of  coal  to  (l('(  n';is(、  Oils  of  all  kinds,  particularly 
pctroicuni,  s;i \  s  the  Consul-General,  surest  themselves  as  substi- 
tutes for  co a  I .  Of  late  the  Diesel  engine  has  attracted  a  great 
amoiuit  of  attention,  and  ill  connection  therewith  the  iniprove- 
nients  in  the  process  of  obtaining  oils  from  coal.  It  is  only  quite 
rocciitly  tlmt  tlic  difficulties  experienced  wit^i  these  oils  have  been 
overcome.  Since  the  last  coal  strike  many  firms  have  turned  to  oil 
in  ordri-  to  lessen  tho  (hm^cr  ol  rumiiug  short  of  coal ,  iuid  nnuiy 
firms  l"iv(，  made  slight  nltciationrs  in  uoitions  of  thoir  furnaces  iu 
order  to  ho  al)lc  to  bui'ii  the  oil  i'u«'l  in  case  tlicy  run  short  of  coal. 
C1oal-tar  oil  promises  to  have  a  great  future  as  ;\  general  fuel . 

Labour  Outlook  in  New  Zealand. ― Altlioiiuli  Im^incss  is  ivp("t(、（l 
as  i'airly  good  in  all  parts  of  tlic  Doniinion  of  Now  Zeiiland,  there 
:\vv  (listurhiujj;  olonuMits  wliicli  cause  disquietude,  savs  tlic 
American  Consnl-OciuMal  at  A ucU1;uk1.  As  in  other  p;u.ts  of  the 
world,  labour  seems  to  be  in  n  state  ot  unrest.  Tl"'  lahoiir  unioms 
； in'  l';ist  (；， '"'（'lliiig  tlicir  ic^istrjitions  undcf  tlic  Conciliation  ； ind 
A rhitiiitioii  Act,  in  older  to  al)lc  to  ！ stop  w oik  ； it  ;ui>  time 
should  they  tk'riii  it  ndvjiiitagcous  to  do  so.  At  tlio  sanu!  time" 
aoine  oi  them  arc  joining  tho  New  Zealiind  Kcdciiitioii  oi  Liil>our 


rcc(Mitly  (>i'fi;;misod?  which  advocates  the  principle  of  the  g<'ii('r:il 
strike.  Under  these  conditions  omployer«j  especially  contractors, 
are  becoming  timid3  and  hesitate  to  engage  in  new  und<Mt;i!dii^s. 
The  total  foreign  trade  of  the  Dominion  last  year  was  £37,510,100, 
composed  ot  imports  of  £19,007,400,  and  exports  of  £1H,5(H>,70D. 
AVhile  tho  value  of  imports  exceeded  that  of  the  preceding  year  by 
over  £2?400;000;  the  value  of  exports  diminished  over  £3)UK))0(M»3 
converting  tho  favourable  balanco  of  trade  in  1910  of  nearly 
£5,000,000  to  an  unfavourable  one  in  1911  of  over  £500,000. 

Examinations  for  Colliery  Managers. ― The  Board  for  Mining 
ExainiiKitions  h;\ \e  issued  a  notice  relating  to  the  arrangeinoiits 
under  tho  Coal  Mines  Act,  for  the  examinations  for  ccttili 

cates  ot  competency  as  manager  and  under-nianager  of  coal  iniiu»s, 
and  for  certificates  of  qualification  as  mining  surveyor  which  have 
been  approved  by  the  Secretary  of  State.  Two  examinations  will 
be  held  in  each  year  commencing  on  Tuesday  in  the  last  complete 
week  of  May  and  in  the  last  complete  week  of  November  respec- 
tively. Each  examination  will  bo  held  simultaneously  at  the 
following  centres  :  Sheffield,  Edinburgh,  Newcastle,  Wigan,  Cardiff , 
Birniingham.  The  first  examination  will  take  place  next  Novem- 
ber. Candidates  will  be  expected  to  sit  for  examination  at  the 
centre  in  the  district  in  which  they  have  chiefly  gained  their 
practical  experience.  Tho  Board  desire  it  to  be  made  specially 
known  that  every  candidate,  whether  for  a  first  or  second  class 
certiticate,  will  be  required  to  possess  a  first-aid  certificate  oi  tlio 
St.  John  Ambulance  Association,  oi'  the  St.  Andrew's  Ambulance) 
Association,  or  other  society  or  body  approved  by  tl"'  Scci-eta ry  ol 
State,  and  n  fireman's  certificate  under  Section  lo  (1)  (b)  ot  the 
Coal  Mines  Act,  1911.  A  list  of  subjects  in  which  the  caudidates 
will  be  examined  is  given  in  the  notice. 

American  Coal  Production  in  I9H..— A  report  recently  issued  by 
the  United  States  Geological  Survey  states  that  the  total  coal  pro- 
duction of  that  country  in  1911  amounted  to  496,188,308  net  tons 
(2,(XX)lbs.),  valued  at  the  mines  at  $(>25/J10,113.  Of  this  produc- 
tion; autliracito  (Pennsyl\  ;uiia)  amounted  to  90;4(34?067  tons,  valued 
at  $174,952,415,  and  bituminous  coal  and  lignite  to  405,721/211 
tons,  valued  at  $450;y57,G98.  The  total  production  in 
decreased  5,408,070  tons3  or  a  little  over  1  per  cent,  in  quan- 
tity, and  $3,64G/J08,  or  a  little  over  0*5  per  cent,  in  value,  as 
compared  with  1910.  The  decrease  is  attributed  wholly  to  tho 
depressed  condition  of  the  iron  and  steel  trade  in  1911,  which  was 
reflected  in  tlie  decreased  production  of  coke.  The  three  leading 
coke-producing  States  alone  showed  an  aggregate  decrease  of  nearly 
9,000,000  tons  of  coal.  The  total  number  of  men  employed  in  tlie 
coal  niiues  of  the  United  States  in  11)11  was  722,322.  The  average 
production  per  man  u  as  tons  a  day  in  tlie  bituminous  and  lignite 
mines,  and  213  tons  a  day  in  the  anthracito.  Tlie  time  lost  by 
strikes  in  1911  、vas  insignificant.  The  average  price  for  bitumiiiou.s 
coal  was  1  cent  per  ton  lower  in  1911  than  in  1910  and  that  of 
anthracite  was  3  cents  higher. 

Machinery  Exhibit  at  Olympia.— Tlie  International  Enginocriiig 
and  Machinery  Exhibition  to  open  at  Olympia  on  October  4th, 
which  is  being  organised  by  the  Machine  Tool  and  EnginccriM^; 
Association,  Ltd.,  promises  to  be  exceptionally  interesting.  The 
stands  will  be  arranged  so  as  to  carry  out  the  idea  of  a  large,  、、  cll- 
equipped  engineering  workshop.  The  impression  often  conveyed 
by  exhibitions  is  of  a  large  number  of  signs  and  partitions,  and 
that  live  exhibits  require  careful  search.  In  the  Engineering  Ex- 
hibition no  enclosed  offices  or  partitions  will  be  allowed  oa  the 
stands.  A  further  important  point  in  coiinectioii  with  this  exhibi- 
tion is  that  for  the  first  time  in  British  engineering  the  trade  itself 
has  decided  how  and  what  it  will  exhibit  so  that  the  display  "  ill 
not  be  a  mere  trade  show,  but  a  large,  well-orclered  aggregation  of 
milchinery  controlled  in  the  best  interests  of  the  exhibitors.  The 
exhibits  will  include  machines  for  turning  out  wire  nails  in 
millions,  without  any  waste  material  "liatt、vci、  and  automatics 
turning  out  screws,  nuts  and  bolts  quicker  than  one  can  think  of 
thein.  An  outstanding  exhibit  will  be  a  bone  boiler,  which  will 
be  shown  iu  operation.  A  distinctive  feature  will  be  the  coiiipai'a 
tive  absence  of  noise,  demonstrating  the  progress  made  iu  recent 
years  by  cut  gearing  and  other  appliances  to  reduce  this  nuisaiu-o. 
There  will  in  all  be  a  working  area  oi  upwards  of  40,000  square 
feet ,  and  close  upon  300  firms  will  be  represented. 

Amalgamated  Society  of  Engineers. ― The  report  states  that  tho 
inoinljorship  had  reached  134,2(37,  an  increase  of  7,003  for  the  [>;ist 
month.  The  Executive  also  make  the  following;  statement  witli 
regard  to  the  Parliamentary  voluntary  fund  :  11  Again  tho  Coni- 
mitt (屮 of  management  for  this  fund  desire  to  dra\v  the  attention 
of  monibers  to  the  absolute  noces.sity  of  tlii.s  fund  being  consider 
a  lily  an^iiH'jited  if  we  are  to  coiitimie  tlie  work  of  Labour  ropro 
sontiition.  Although  the  Govern inont  luis  】iia(le  provision  for  tl"' 
\  nifiit  of  MeniUcrs  \\a  have  still  to  】m't、t  tho  expenses  incurrod 
in  lioldinjj;  tlic  coiistitiKMicy  、、(>ii，  as  the  cost  of  re^istriition  ;uh1 
organisation  is  no  si  mi  II  item.  wo  have  our  responsibility 

to  i lie  lialnmr  l';irt、v,  ； md  otlicr  coutributioiis  lo  tho  I'a rlianuMtlju y 
KuihI,  and  our  present  iiicomo  is  far  i'rom  nicotine  tlic  expenses 
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lUM'essa ry.  We  are  prohibited  by  law  from  asking  for  levies  as  in 
forinor  years,  and  a  re  compelled  if  we  are  to  continue  in  this  work 
to  ask  for  increased  contributions  to  our  voluntary  fund.  Whether 
、vt»,  as  a  Society,  shall  bear  our  share  of  expenses  of  the  Laljour 
Pa rty,  and  retain  the  constituencies  rests  with  the  nit'inl'Grs,  as 
the  prompt  response  to  this  appeal  will  decide  the  position  ； is 
regards  the  A.S.E.  In  order  that  you  may  know  our  financial 
position  wo  may  inform  you  that  the  Executive  Council,  General 
Office  Trustees,  General  Secretary,  ami  Mr.  C.  Duncan,  M  P., 
have  become  guarantors  to  the  bank  for  an  overdraft  of  £1,000  on 
behalf  of  the  members  to  meet  our  liabilities." 

Canal  Development  in  Germany. ― A  report  made  hy  the  British 
Consul-General  for  Westphalia  and  the  Rhenish  Provinces  gives 
some  interesting  particulars  respecting  the  rapid  development  of 
German  canals.  Encouraged  by  the  economic  success  of  the 
Dortmuiid-Ems  and  Kiel  Canals,  he  says,  the  Government  proposes 
to  continue  building  waterways  wherever  feasible.  It  is  proposed 
to  build  a  trans-Continental  canal  due  east  beyond  Dortmund. 
Further,  all  the  rivers  running  from  south  to  north  into  the  Baltic 
and  North  Sea  are  to  be  joined  together  by  a  large  canal  running 
from  west  to  east,  thus  bringing  the  east  and  south-east  in  direct 
communication  with  the  North  Sea  via  the  Rhine-Herne-Dortmund- 
Emden  Canal.  The  construction  of  the  Rhine-Weser  Canal  and 
the  enlargement  of  the  Berlin-Stettin  Canal  have  already  been 
taken  in  hand.  The  River  Ruhr,  at  Essen,  in  Westphalia,  is  to 
be  deepened  and  widened.  At  Bingen,  on  the  Rhine,  the  danger- 
ous Bingen  Loch  is  to  be  made  more  easily  navigable.  The  Rhine 
itself,  which  is  only  navigable  for  large  ships  as  far  as  Strassbur^, 
is  to  be  made  navigable  as  far  as  Basel.  The  Mosel  and  Saa r, 
tributary  rivers  of  the  Rhine,  are  also  to  be  deepened  and  canal- 
ised. By  this  means  the  industrial  districts  oi  Alsace-Lorraine 
and  Luxemburg  will  gain  immensely.  The  River  Lahn,  an  impor- 
tant tributary  of  the  Rhine,  is  to  be  deepened  and  canalised  at  a 
cost  of  £13000,000,  in  order  to  enable  some  of  the  Rhine  ships  to 
navigate  up  the  Lahn.  The  Consul  General  adds  that  so  tar 
experience  has  proved  that  canals  have  not  in  any  way  lessened  the 
Government  income  derived  from  State  railways. 

Employment  in  July. ― The  labour  department  of  the  Board  of 
Trade  report  that  employment  in  July  continued  good,  and  showed 
some  improvement  on  a  year  ago.  The  percentage  of  trade  union 
members  unemployed,  so  far  as  reported  to  the  Department,  was 
the  lowest  iu  any  July  since  1900,  a  year  of  exceptionally  good 
employment.  The  upward  movement  in  wages  continued.  Com- 
pared with  u  month  ago  there  was  an  improvement  in  the  pig-iron, 
tinplate,  aud  shipbuilding  trades.  Employment  in  the  engineer- 
ing trade  continued  very  good,  with  much  overtime.  The  coal 
mining  and  building  industries  remained  about  the  same  as  in 
June.  Compared  with  a  year  ago  the  principal  industries  showed 
an  improvement,  which  was  most  marked  in  the  pig-iron  and  steel 
trades.  In  the  390  trade  unions,  with  a  net  membership  of  863,456, 
making  returns,  22,222,  or  2*6  per  cent.,  were  returned  as  unem- 
ployed at  the  end  of  July,  1912,  compared  with  2*5  per  cent,  at 
the  end  of  June,  1912,  and  2  9  per  cent,  at  the  end  of  July,  1911. 
Returns  from  firms  employing  421,839  workpeople  in  the  week 
ended  July  27th,  1912,  showed  a  decrease  of  U'3  per  cent,  in  the 
number  employed,  and  of  0-8  per  cent,  in  the  amount  of  wages 
paid,  as  compared  with  a  month  ago.  Compared  with  a  year  ago 
there  was  an  increase  of  2*1  per  cent,  in  the  number  employed, 
and  of  G*l  per  cent,  in  the  amount  of  wages  paid.  The  changes  in 
rates  ot  wages  reported  for  July  were  all  increases,  and  amounted 
to  £13/XX)  per  week  on  the  wages  of  the  290,000  workpeople 
affected.  / 

Board  of  Trade  Intervention  in  Labour  Disputes. ― The  Council  of 
tli"  London  Chanil>or  of  Commerce  has  adopted  and  has  forwarded 
t<>  tho  President  of  the  Board  of  Trade  a  report  by  a  Special 
Coniniittce  relative  (a)  to  action  taken  by  the  London  Labour 
Conciliation  and  Arbitration  Board  during  recent  labour  troubles 
"i  London  ；  (,,)  to  the  relations  between  that  Board  and  the  Board 
ol  T'  ad?;  and  (,)  to  tho  desirability  of  forming  district  conciliation 
boards  in  various  ports  and  centres  in  the  United  Kingdom  on  a 
voluntary  l>asis  and  on  similar  lines  to  those  adopted  successt'ull> 
],y  t,,u  Lo"don  Board.  The  report  deals  in  detail  with  the  subject 
matter  of  the  reference.  Complaint  is  made  that  notwithstanding 
the  existence  of  awiirds  made  by  the  London  Board  in  respect  of 
th(，  liKlitcrmen  of  the  Thames  by  which  employers  and  onipIoyc<l 
were  I)oiiik1  to  notice  of  termination  and  to  refor  any  (lis 

1" 山' s  to  that  Hoard,  the;  】J()ard  of  Trade  intervened  botwoen  tlio 
partics  concluded  ； i  frosh  ； iri  ;ui^<»moiit  with  tli^n  d  uring  tl"、 
(Wk  strike  of  11)11.  This  was  the  first  instance  (luring  the  oxis 
t<""e  of  the  Board,  oxtendin^  over  20  years,  whoro  one  of  its 
； i、v:ir(ls  had  boon  violated  and  where  a  Oovcriinient  Department 
had  din-ctly  intervened  in  a  matter  wliich  wns  properly  within 
tl,u  splim  of  a  district  conciliation  board.    This,  it  is  pointed 


out,  was  the  more  remarkable  as  under  tho  Conciliation  Act  oi 
189(3  its  int(»nu、iitioii  would  only  bo  justified  where  "  adequate 
means  do  not  exist  for  liaviiig  disput(、s  submitted  to  a  conciliation 
hoard  for  the  district  or  trade."  Tlio  report  also  reoonnncii<l.s 
that  a  conferiMice  of  representatives  of  vohuitary  district  and  other 
conciliation  boards  now  in  existonco  .sliould  1，"  u  itli  tlic  oltjcct 
ot  (establishing  additional  boards  where  not  already  provided  for. 
The  Council  of  the  London  Chamber  of  Commerce  decided  to  lor 
ward  the  report  to  the  President  of  the  IJoard  of  Trade  with  an 
expression  ot*  opinion  "  that  the  direct  intervention  of  tho  Govern- 
ment in  labour  disputes  where  voluntary  conciliation  boards  exist 
is  most  undesirable  except  in  cases  of  national  emergency." 

Output  and  Working  of  Mines  in  1911. 一 The  annual  】eport  of 
Mr.  R.  A.  S.  Redmayne,  chief  inspector  of  mines,  just  issued  l>y 
the  Home  Office,  gives  particulars  oi  the  output  and  working  of  tho 
in  in os  of  the  United  Kingdom  during  the  year  1911.  According  to 
this,  the  total  number  of  persons  employed  in  and  about  all  tin? 
mines  of  the  United  Kingdom  was  1, (細， 238，  of  whom  1,067,213 
worked  at  the  3j325  mines  under  the  Coal  Mines  Act,  and  2!— ),02:) 
at  the  652  mines  under  the  Metalliferous  Mines  Act.  Compared 
with  1910  there  is  an  increase  of  17,800  persons  at  the  mines  under 
the  Coal  Mines  Act  and  an  increase  ot  349  persons  at  the  mines 
under  the  Metalliferous  Mines  Act.  At  the  quarries  under  tlie 
Quarries  Act  there  were  82,863  persons  employed.  Compared  with 
1910  there  is  a  decrease  of  2，974  in  the  number  of  persons  employed 
at  quarries.  The  total  output  of  minerals  at  the  mines  under  the 
Coal  Mines  Act  was  285,942,232  tons,  of  which  271,878,124  were 
coal,  2,482,846  fireclay,  7,886,898  ironstone,  3,116,803  oil  shale,  and 
577,o01  sundry  minerals.  Adding  13;775  tons  from  open  quarries, 
the  total  output  of  coal  was  271,^\)l,H9d  tons,  which  is  an  iikt(':is(' 
of  7,458^8/ 1  tons  on  that  of  the  previous  year,  and  the  greatest 
output  yet  recorded.  The  average  output  of  mineral  at  mines 
unclor  the  Coal  Mines  Act  was  331  tons  pex*  person  employed  undrr- 
ground,  an  increase  of  thfee  tons  on  the  preceding  year.  The  total 
output  of  minerals  at  the  mines  under  the  Metalhterous  Mines  Act 
was  3,2223950  tons,  of  which  1,823； 7 95  tons  were  iron  ore.  The 
total  quantity  ot  stone  and  other  minerals  obtained  from  the 
quarries  under  the  Quarries  Act  was  5，81U，7(5(i  tonSj  of  Avhich 
o,316,525  tons  、vere  iron  ore.  Adding  to  the  produce  ot  mines  and 
or  quarries  over  20ft.  deep  492,206  tons  obtained  from  shallow  open 
wor Kings  we  arrive  at  a  total  output  of  iron  ore  of  15,519,424  tons. 
At  the  mines  under  the  Coal  Mines  Act  there  were  1,212  separate 
fatal  accidents,  causing  1,265  deaths.  Compared  with  191U  there 
is  a  decrease  of  30  in  the  number  of  accidents,  and  of  510  in  the 
number  of  deaths.  But  in  the  year  1910  occurred  the  two  unusually 
great  colliery  disasters  ot  Whitehaven  and  Hulton3  in  which  respec- 
tively 130  and  34-1  persons  lost  their  lives.  At  the  mines  under  the 
Metaiiiterous  Mines  Act  there  were  41  fatal  accidents,  which  caused 
43  deaths.  Compared  with  1910,  there  is  an  increase  of  three  in 
the  number  of  fatal  accidents 5  、vhilst  the  number  of  deaths  was  the 
same.  The  returns  under  Section  1  of  the  Notice  of  Accidents  Act, 
1906,  show  that  the  total  number  of  11011-tatal  accidents  occurring 
during  the  year  which  disabled  for  more  than  seven  days  was 
lOtijloS  at  mines  under  the  Coal  Mines  Regulation  Act,  by  a\  hich 
1(30, <)16  persons  were  injured  ；  at  mines  under  the  Metalliferous 
Mines  Act,  1750，  by  which  1,744  persons  were  injured  ；  at  quarrios 
under  the  Quarries  Act,  5,1(57,  by  which  53189  persons  were  iuj  11  red. 
Compared  with  1910。  there  is  an  increase  of  7,574  in  the  number 
of  persons  injured  at  mines  under  the  Coal  Mines  Act,  of  148  at 
mines  under  the  Metalliferous  Mines  Act,  and  of  14  at  quarries 
under  the  Quarries  Act.  The  death  rate  of  the  underground 
workers  at  the  mines  under  the  Coal  Mines  Act  w  as  1*29  per  1,000 
persons  employed,  as  against  1*91  in  1910.  The  total  number  of 
deaths  from  accidents  at  mines  under  tho  Coal  Mines  Regulation 
Act  is  the  lowest  since  1907,  and  from  explosions  the  lowest  since 
11)04.  Mr.  Redmayne  states  that  death  rates  from  all  accidtnits 
undci  ground  and  from  surface  and  underground  combined  for  the 
year  1911  arc  the  lowest  011  record. 


Two  Men  "Gassed"  at  an  Ironworks. 一 A  double  fatality 
occurred  at  the  Cargo  Fleet  Ironworks,  Middlesbrough,  011 
Tuesday  last,  Mr.  Henry  Watts,  assistant  blastfurnace 
manager,  and  a  labourer,  losing  tJieir  lives  through  being 
" gassed,"  while  a  third  man,  a  labourer,  lies  in  hospital  in  a 
dangerous  condition.  The  fatality  occurred  while  the  flues 
of  the  blastfurnaces  were  being  cleaned  out.  It  is  not  known 
whether  the  two  labourers  entered  the  flue  together,  but 
they  were  both  "gassed"  on  entering  the  flue.  Mr.  Watts, 
who  was  near,  discovered  tlieir  dangerous  condition,  and 
immediately  entered  the  flue  to  rescue  them.  He,  however, 
was  soon  rendered  unconscious  by  the  deadly  fumes.  An 
alarm  was  raised  and  the  men  got  out.  Artificial  respiration 
was  at  once  applied,  which  resulted  iu  ouly  oue  of  the  llircu 
men  being  brought  round. 
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NEW  PATENTS. 

Spccijicaf  ions  oj  (he  following  are  now  jxthlish  aJ,  (tiul  ire  slitill 
be  pleased  to  forward  copies  post  free  on  receipt  of  lOd .  Adtlrcss 
il  Mechanical  Engineer^  53,  'New  Bailey  Street^  Manchester. 
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Utilisation  of  peat  in  gas  i>r(>(lu('("s.    Socictn  [xir  l'utilizzii/.ionc  d('i 

Coml>ustil)ili  ltaliani  A:  Ci\it;i.  1743l>. 
A|>i)iu*atus  for  raising  or  lowering;  mntci  ials.      I  "mail  iV  Fioudc, 

Lt(l.，  and  Hood.  17457. 
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Turret  rotating  mechanism.    Herlx'i  t  A:  Vernon.  28441. 

Method  of  compressing  metal  turnings  or  filings  into  solid  l.)locks, 

and  m achinery  to  be  used  for  such  purpose.  Punnctt.  285 7 -L 
Engino    spood-controllin^   gear    for   i)ro\  enting    ov(、i'\、  indiiig  in 

collieries.    G.  Inglis  &  Co.,  and  Inglis.  28785. 
Mt^ans  for  converting  a  continuous  rotary  mox  enieiit  into  a  step-by- 

step  rotary  movement.    Dusseris.  21)210. 
Veitical  liquid  fuel  burning  devices.  Falkenber^. 

1912. 

Recovery  of  tin  from  tiii-U'ariiig  ores  l^y  conversion  into  volatile  tin 

compounds.    】{k'luu'ds.  56. 
A utomatic    lubricating   apparatus    for   oxployion    niotoi.s.  V;ui 

Lyndon.  1008. 
Sciews.    Stoinnian.  15G3. 

Sl"'(、cl-cl，iuiging，  reversing,  and  braking       r.    Pci  ret.  1853. 
Railu  ay  train  controlling  systems,     t'lh  ich.  2802. 
Cotter  pins.    Gcrmoiiprcz.  312*2. 

Field  tul)c  stea m  superhoatcM*  i'or  .sinoko-tubt1  boiloi 
4i)2(i. 

M<*iuis  for  presenting  o\  oi'\\  indium  :md  o\  oi\sp cd  in 

Hirst.  5171. 
Well  l>orii)<r  rotary  l>its.     l)odg(、.  54o8. 
St (、； im  liciitiii*;  ； qtj)aratus.     Wa^uci*.  0407. 
Saloty  hook.    Kv;ins.  7210. 

(M»nr cutting  liiiu-liincs.     、V.  I).  K^lin,  Ltd.,  ;m(l  K^lin. 
( 'ontrollin^;  g ('； ir  ior  w  inding  and  hauling  (Mi^incs.  Mcllin^;. 
Mc;ins  ior        ('； itiiig  tli<、  op(Miin^;  ； uid  closing  liiovciiKMits  of  、；， lv<" 

at  :，  distance.    Soc.  Cmirt;iiul,  (i .  G;u'ni('r,  (ii! ,  *、t  Ci('.  7<S."j2. 
Measuring  (Un  ices  of  apparatus  ior  cailmrcttin^;  air.      I)t*  I'aittr 

.Mi  UkhI  lot-  insuhitiiig  of  piping.    L\  in;m.  8*21)2. 
.MiiMiiincliii'*'  ol'  aliiiniuidin  niti-idc.      Soc.  CU'm'i'iik'  tics  IS'iLruros 
8317. 


shat  Ls. 


r:>i:i. 


M ountings  Jor  tiirhiin'  ^onci  iitot  s.      l^jungstrom  A:  Akticl)<>l;)^ct 

Ljun<i;.st?'{)Uis  An^turhiti .     S  100. 
Fou r-stroko  ('、(1('  oscillating  cvliiuler  iut(、riiiU  ('ombuistioii  engines. 

iMaylmch.  870(>. 
lloisting  ;»i>|)iu;itu.s.     Fonnan.    9291 . 

ELECTRICAL  1911. 


Thi-elfall.  10142. 

r  controilin^;  electric  circuits.     I  lop<\     1  I8< »M. 

3    pbciioiiKMia    to    telephony.  Vojtui. 


Klcctric  Co in- 


Kk'cti'()l\  t  ic  'ills. 
I^usilflc  cut  outs  1.' 
A  pplication    of  r 
17027. 

Kk'ctric  motors  ； md  dyiianios.    Cooper.  1771(i. 
Automatic  toleplionc  oxcliang**  svstonis.  W(»sto: 
pany.    18 暖 

Hc^ulators    tor   ('l(u'tri('all.、-(lriv<»n    ring    spinning    and  douUlin^; 
mm'liiiics.      SiciiKMis  Bros.  Dynamo  Works,  J  .tel.,  and  KicftVr. 

19083. 

Spi'(、（l  regulation  of  electric  motors.    AV;i^ncr.  1U3G2. 
H('cci\-injj;  apparatus  ior  use  in  radio  t('k、grapliv  and  t(»k*phon\'. 
Mower.  19829. 

Switches  for  high-tension  electric  currents.      Marconi's  Wireless 

T(、l(w'iipli  Company,  Ltd.  20153. 
AcciitMiilatoi-  plates.     Zyttkow .ski.  20550. 

Eloctric  niaximum  and  ininiinuin  excess  A'oltagr  s\\  ii<*hcy.  Eise- 

iii;mn,  ； uxl  Krnst  Eisoniann  it  Co.j  Ges.  27729. 
Dynamos.    .1  u.ston.  28750. 

1912. 

Rcuistct'in^;  (； ills  l>otu e<»n  tel(、i)hon(、  exdianges  provided  with  auto- 

matic  selectors.    Siemens  Bros.  &  Co.  1658. 
Roc(M\in^;  ii])i)iiratus  tor  electric  oscillations.    G(»s.  iuv  Dralitlost; 

Tclc-niphio.  2383. 
Klrt'tm  ma^nots.     Harnos  tV'  Jciis(mi.  2702. 

Urush-fsliiftin*;  im'clKUiisni  tor  dynanios.     British  'riionisoii-Houstoii 

ConipMny,  and  Y(n 川 4088. 
Negative  electrodes  tor-  electric  soai'chli^hts.    Gch.  Sioniens  A:  Co. 

4780. 

SusjXMision    of   overhead   conducting;    w  ires    lor  electric   rail 、、  ；i,v-s. 

Bloxam.  6(570. 
KU'ctric  i^nitei's.     Horn.  83'27. 

S[xM'(|  rc^ulntion  of  alternating— ("invnt  iiuluctioii  motors.  Sieni(*ns 

Bros.  Dynamo  Works,  Ltd.  9134. 
TcI(,1)1h)jic  systeiii.s.    Derrinian.  15135. 


METAL  QUOTATIONS. 

TUESDAY,  AUGUST  20th. 

Aluminium  ingot  •   80/-  per  cwt. 

，，         wire,  according  to  sizes,  &c  from  】02/—  ，， 

，，        sheets        ，，  ，，   ，  120/-  ，， 

Antimony   £28/-/-  to  £20/-/-  per  ton. 

Brass,  rolled    per  lb. 

，，    tubes  (brazed)    1  l^d. ，， 

，，       ，，      (solid  drawn)   9}d.  ，, 

，，       ，，      wire   8|d.  ,, 

Copper,  Standard   £78/7/0  per  ton. 

Iron,  Cleveland   ，, 

，， Scotch   67/6  ，, 

Lead,  English    £19/17/0  ，， 

，， Foreign  (soft)    £19/12/6  ，， 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

，，  ，，  ，,       medium   3/6  to  6/-  ，， 

，，  ，，  ，，       large    7/6  to  11/- ，， 

Quicksilver   £8/5/-  per  bottle 

Silver  ：   28gd.  per  oz. 

Spelter   :   £2(5/10/-  per  ton. 

Tin,  block   £209/15/- ,， 

Tin  plates   14/74  ,, 

Zinc  sheets  (Silesian)   £29/5/-  ，， 

，，  (Stettin  ；  Vieille  Montague)   £29/7/6  „ 


Curious  Explosion.  -―  An  inquest  was  held  at  West  Brom- 
widi,  on  the  ]  3th  inst. ,  respecting  the  death  of  a  man  who 
died  from  injuries  sustained  the  same  day  while  at  work  at 
Ac<-les  &  Pollack's,  Ltd.,  Oldbury .  Th?  man  was  passing  one 
of  the  muffles  in  which  a  tube  was  drying  when  an  explosion 
occurred  and  the  tube  was  blown  out,  striking  him,  and  injur- 
ing him  so  badly  that  he  died  a  few  hours  after.  It  was 
stated  that  the  tube  was  wet,  and  must  have  been  blocked 
with  dirt,  so  that  pressure  was  generated  in  the  tube  until 
eventually  tlie  pressure  blew  out  the  plug  of  dirt  and  the 
tul>p  was  1  hen  shot  out  of  tlio  iHufllc  like  a  rocket,  with  the 
I'csull  staled.  TIr、  jury  ret  urnetl  a  verdict  of  ''Accidental 
death. ' ' 
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The  man  stood  on  the  boiler  top,  whence  all  but  he  had  flown, 

For  one  and  then  another  of  the  blessed  joints  had  blown  ； 

'Twas  there  we  found  him  swearing,  when  we  took  him  underhand, 

Now  a  smile  he's  always  wearing,  he's  found  '•  NONtiEAK  "  will  stand. 


WHY  NOT  WEAR  A  SMILEP 

NHNL EAK  Jointing 

llUllLtMIV  COMPOUND 

Will  Put  a  Stop  to  Leaking  Joints  &  Blow-outs. 


BRITISH  MAZE  I 


FBEB  FROM  LEAD  I 

IMPROVES  WITH  AGE  1 


TK8TIUa  BAMPLES. 


WILL  NEVER  BLOW  OUT,  SOAI>E,  OR  ROT. 

88,  Leeds  Road, 
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Electricity  in  the  Home. 

This  year  has  witnessed  something  more  than  an  isolated 
attack  on  the  domestic  field  for  ihe  us&  of  electricity.  Not 
all  the  attacks  have  been  carefully  correlated,  but  on  the 
whole  they  fit  into  a  general  campaign  which  received  the 
sanction  and  practical  assistance  of  the  Institution  of  Elec- 
trical Engineers.  lu  spite  of  all  the  talk  about  educating  the 
people  we  shall  be  quite  safe  in  thinking  that  electrical 
engineers  have  entered  upon  this  campaign  for  commercial 
ends.  This  is  quite  as  it  should  be,  and  is  mentioned  here 
simply  to  emphasize  the  fact,  which  is  so  often  lost  sight  of, 
that  the  application  of  electricity  to  various  uses  in  our  homes 
should  be  treated  as  a  commercial  proposition,  and  not  dic- 
tated in  either  direction  by  mere  appeals  to  prejudice  and 
precedent  011  the  one  hand,  or  to  novelty  aud  social  rivalry 
oij  the  other. 

On  the  other  hand  it  would  be  a  mistake  to  give  the 
impression  that  of  two  methods  of  performing  a  given  house- 
hold duty  the  one  which  costs  the  least  is  necessarily  the 
best.  Even  in  business  the  immediate  cost  is  not  the  only 
factor  considered.  Every  broad-gauge  business  man  takes  a 
wider  and  longer  view,  aud  the  same  is  even  more  necessary  in 
the  home.  The  essential  thing  is  to  compare  costs,  and  then 
balance  any  advantage  one  method  may  possess  over  the  other 
iii  this  respect  against  its  disadvantages  in  other  respects  ； 
such  as  convenience,  leisure,  health,  character  formation,  and 
social  duties.  There  are  enthusiasts  who  preach  the  gospel 
of  the  electric  home.  All  artificial  lighting  is  to  be  clone  elec- 
trically. The  ovens,  grills,  toasters,  milk  warmers,  aud  other 
cooking  appliances  are  all  to  be  electrically  heated.  Radiators 
are  to  heat  the  rooms  and  electrical  liot- water  heaters  to  serve 
the  lavatory,  bathroom,  and  all  general  domestic  purposes. 
The  washing  machiue  and  the  mangle  are  to  be  coupled  to 
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motors,  and  an  electric  flat  iron  operate  upon  the  Iiiumi, 
blouses,  and  the  like.  Other  electric  motors  are  to  drive  boot 
cleaners,  plate  washers,  silver  cleaners,  vacuum  r;i 
cleaners,  rotary  floor  scrubbers,  and  window  polishers.  There 
are  also  a  few  miscellaneous  things  such  as  bells,  cigar  lighters, 
and  clock  regulators,  which  come  within  the  definition  of  H('r 
tiical  apparatus,  whilst  a  few  enthusiasts  urge  the  claims  of 
au  electrolyser  for  ensuring  white  linen  and  disin tVcted 
clothes  in  the  wash,  an  ozoniser  for  purifying  the  water  and 
converting  a  town  house  into  a  seaside  summer- house,  and 
even  one  or  】nore  electric  lifts.  No  doubt  liouse  pi()|)prlv 
equipped  on.  the  above  lines  could  be  made  very  coiufortable 
for  the  ladies  of  the  household,  but  the  master  would  prolmhly 
complain  that  it  lacked  one  thing ― an  electrical  device  for 
earning  money. 

Whatever  the  future  may  have  in  store  t  1hi  romplei  e  elec- 
trical home  is  outside  the  range  of  practical  politics  at  pre- 
sent. "First  walk  and  then  leap"  is  a  useful  guide,  and 
each  separate  electrical  proposal  must  be  treated  as  a  problem 
by  itself  and  not  as  something  inextricably  bound  up  with  an 
accepted  social  or  domestic  policy.  Elertric  lighting  is  the 
first  claimant  for  admission  to  the  liome,  and  it  is  now  such 
an  old  applicant  and  so  thoroughly  established  in  many  cases 
that  i't  is  perhaps  hardly  necessary  to  deal  with  it  at  length. 
It  is，  indeed,  difficult  to  compare  it  closely  with  its 
principal  rival,  incandescent  gas.  It*  is  true  that  there  are 
instruments  for  measuring  illumination,  but  not  many  of  us 
possess  them  or  could  properly  compare  two  illuminations 
differently  distributed.  The  first  test  the  householder  makes 
is  the  size  of  his  lighting  bill,  and  in  general  it  seems  to  work 
out  that  gas  scores  here,  although  naturally  gas  and  current 
prices  affect  the  result.  On  the  other  hand,  electricity  pre- 
serves the  ceilings  and  decoratious,  a  solid  commercial  advan- 
tage, which  it  is  not  easy  to  assess.  Convenience  is  another 
advantage  which  counts  in  something  like  the  inverse  ratio 
of  one's  income.  The  result  is  that  poor  people  and  those  who 
study  economy  generally  prefer  gas,  whilst  others  and  those 
who  take  what  is  offered  them  without  consideration  use 
electricity. 

When  the  electric  heating  of  rooms  comes  up  for  discussion 
a  more  considered  attitude  tends  to  show  itself.  Accurate 
comparisons  are  still  difficult  to  make，  but  certain  facts  are 
indisputable,  and  certain  others  admitted  with  some  quali- 
fication. Thus,  electric  energy  is  produced  indirectly  by  the 
combustion  of  coal,  and  in  a  first-class  electric  generating 
station  each  unit  of  electricity  involves  the  burning  of  3Ibs. 
of  coal,  so  that  the  efficiency  considered  merely  as  a  heat  pro- 
blem is  about  8*5  per  cent.  This  takes  no  account  of  losses 
in  transmission  or  the  fact  that  fuel  cost  is  only  a  portion, 
usually  between  a  quarter  and  one-sixth,  of  the  charge  to 
the  consumer  for  electric  power  for  beating  purposes.  Hence 
the  equivalent  commercial  or  cost  efficiency  of  electrical  heat 
up  to  but  not  including  the  radiator  is  about  1*5  per  cent., 
with  electricity  at  Id.  a  unit.  Another  way  of  looking  at 
the  question  is  as  follows.  With  fair  steam  coal  at  10s.  a 
ton  Id.  will  buy  about  250,000  B.Tli.U.，  but  one  unit  of  elec- 
tricity is  equivalent  to  3,410  B.Th.U.  only,  so  that  if  charged 
for  at  Id.  a  unit  the  efficiency  of  transmission  from  the  coal 
pile  to  the  consumer's  meter  is  only  1'36  per  cent.  The  effi- 
ciency of  an  ordinary  coal  fire  in  an  open  grate  is  not  easily 
determined.  Some  electrical  enthusiasts  put  it  as  low  as  2  per 
cent.,  but  others  admit  10  per  cent.,  and  one  authority  stated 


tliat  his  experimeni  s  .showed  an  efficiency  of  ； ibm"  1 4  ]>er  cent. 
The  efficiency  of  an  electric  radiator  is  from  one  point  of 
view  100  per  cent.,  but  a  strict  comparison  between  two  diffe- 
rent methods  of  heating  is  difficult  to  make  because  the  con- 
ditions are  not  alike.  Thus  the  fire  warms  hy  radiation  only, 
but  the  room  is  cooled  by  the  continuous  influx  of  cold  air. 
The  elect ri<-  r;i diator  wmi  iiis  i>arl  ly  by  radiat  ion,  like  t  it''  lire, 
and  partly  by  convection  currents.  These  latter  are  also 
active  coolrrs  of  a  room  where  there  aw  unpr()te('"、d  wiiulows, 
1川（' on  1  he  ot  her  hand  there  is  not  the  .same  influx  of  cold  air 
t'roii)  outside  t  liat.  there  is  wit  h  eil  her  the  ('o;il  or  g;is  fire. 
Taking  the  average  efficiency  of  the  coal  fire  at  12  per  cent., 
and  of  the  ele<^tric  radiator  ai  100  per  cent.,  the  ratio  of  their 
efficiencies  is  about  8  to  '1  in  favour  of  coal.  This)  of  course, 
is  only  the  thermal  efTiciency.  If  house  coal  costs  20s.  a  ton 
as  against  10s.  for  steam  coal,  tlie  ratio  is  reduced  to  4  to  1. 
The  balance  is  thus  ]ie;i.vily  in  favour  of  com!.  On  the  other 
hand,  an  electric  radiator,  if  not  so  companionable  as  ； ni 
open  coal  fire,  is  nmch  cleaner  and  more  coiiveiiieni.  Where 
t he  】i()usewil'n  does  all  her  own  work  cleanliness  and  con- 
venience vr  。1'"mi  a.  very  real  value,  hul  in  many  small 
houses  where  social  ideals  demand  a  servant  the  combined 
domestic  force's  are  not  so  overworked  that  convenience  at 
least  has  any  appreciable  commercial  value. 

From  tlie  radiator  one  passes  naturally  to  the  water  heater. 
Large  quantities  of  hot  water  are  a  necessity.  The  ordinary 
house  obtains  its  supply  in  the  form  of  a  by-product  of  the 
kitchen  fire,  and  any  form  of  electric  hot-water  heater  is 
liojtelessly  l)e;itcn.  On  t he  other  liand,  it  sometimes  ha])j)cns 
tli at  an  independent  heater  is  necessary.  A  coal-fired  heater 
would  probably  have  an  efficiency  of  40  or  50  per  cent.,  and 
cost  only  about  a  tonth  as  much  as  its  electric  rival,  allowing 
something  for  losses  at  starting  and  stopj)ing.  Gas  would  cer- 
tainly prove  a 】nore  serious  rival.  However,  water-heating  is  be- 
ing rather  left,  alone  by  the  electric  supply  engineer, who  prefers 
to  devote  his  attention  to  advocating  electric  cooking.  Cooking 
is  largely  a  matter  of  heating,  and  the  electric  cooker  suffers 
in  this  respect  very  much  like  the  radiator  and  water  heater. 
Cooking  is  n oi ,  however,  wholly  a  matter  of  the  quantity  of 
heat.  Flexibility,  constancy  of  conditions,  and  convenience 
are  very  important,  and  these  factors  have  already  made  the 
gas-cooker  a  strong  rival  of  the  coal  fire.  The  electrical 
engineer  claims  that  the  electric  grill,  toaster,  and  oven 
possess  all  these  advantages  of  the  gas  cooker,  but  in  a  greater 
degree.  Some  improvement  may  be  conceded.  The. electri- 
cians have,  however,  discovered  a  claim  which  makes  the 
others  look  pale.  Meat,  and  perhaps  other  things,  contains  a 
good  deal  of  water.  If  the  first'  process  of  cooking  is  that  of 
browning  the  meat  this  water  is  largely  retained  and  the  loss 
of  weight  much  reduced.  The  electrical  advocates  argue  that 
this  retained  water  is  just  so  】mi('h  food.  No  doubt 
it  has  some  palatable  value,  and  even  a  digestive 
value,  but  in  the  long  run  it  can  hardly  perform  the 
functions  of  a  food.  The  electrical  cooker  deserves 
the  thanks  of  its  rivals  for  raising  this  question,  for  if 
radiant  heat  is  so  much  better  than  hot  air  for  cooking  there 
is  no  doubt  that  the  gas  cooker  at  lea^st  will  supply  it.  In 
this,  as  in  so  many  other  instances,  competition  is  a  powerful 
agency  of  invention  and  improvement.  The  campaign  of  the 
electrical  engineers  also  shows  how  important  considerations 
of  cleanliness  and  convenience  are,  and  rivals  will  do  well  to 
learn  iliat,  whilst  the  home  must  inevitably  stand  oti  an 
economic  basis,  yet  other  considerations  are  important  and 
must  not  be  neglected. 
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ELECTRIC  PROPULSION  OF  THE  U.S.  COLLIER  "JUPITER." 

Some  interesting  details  of  the  equipment  of  the  U.S.  collier 
" Jupiter,"  which  is  the  first  instance  of  electric  ship  propul- 
sion on  a  large  scale,  are  given  iii,  the  August  issue  of  the 
" Electrical  World."  The  generating  unit  consists  of  a  6-stage 
Curtis  turbine  connected  to  a  bipolar  alternator,  the  speed  of 
t  Iiis  unit  at  14  knots  being  about  2,000  revs,  per  minute,  and 
i  lie  voltage  about  2,200.  This  generating  unit  delivers  its 
output  to  two  motors,  one  mounted  directly  upon  each  pro- 
peller shaft.  These  motors  have  36  poles,  and  therefore  the 
ratio  of  synchronous  speed  reduction  is  18  to  1，  the  propellers 
at  14  knots  beiug  designed  to  operate  at  110  revs,  per  minute. 
In  addition  to  this  apparatus  there  is  a  switchboard  equip- 
ment which  embraces  oil  switches  for  connecting  the  motors 
tor  either  direction  of  rotation,  and  instruments  which  show 
and  record  the  electric  power  delivered  to  the  motors.  There 


A  -  Turbine  Generator. 
B  •  Motors. 
C  -  WaUr-Rheo3tats. 
D-  Switchboard. 
E  -  D.C.  Turbine  Generator. 
F  •  Condenser. 

G  -  Door  for  Admitting  Air*  Section  through  Frame  No.  173  looking  Forward 

Fig.  1.— General  Auuangement  of  E^uipjient  on  U.S.  Collier  "  Jupiteh.'' 

are  also  two  water-cooled  resistance  devices,  which  are  placed 
in  circuit  with  the  revolving  elements  of  the  motors  during  the 
process  of  reversing.  Connections  for  the  insertion  of  these 
resistances  are  made  by  sliders  on  the  motor  shafts,  operated 
by  levers  attached  to  the  motor  frames.  The  generating  unit 
and  motors  are  self-lubricating  and  self-ventilating.  Sheet- 
metal  ducts  will  be  connected  to  their  air  outlets  in  such  a 
liianner  that  the  heated  air  will  be  led  to  the  suction  of  the 
fire-room  blowers,  so  that  it  will  not  be  released  in  the  engine 
room. 

Since  in  such  an  equipment  it  is  only  necessary  to  generate 
iMiougli  energy  for  the  actual  driviitg  of  tlie  ship,  it  is  possible 
so  to  design  the  equipment  that  the  maximum  power  which 
ran  be  delivered  by  tlie  generator  is  not  greatly  in  excess  of 
the  normal  requirements,  and  this  fact  practically  overcomes 
the  possibility  of  destructive  trouble  through  wrong  connec- 
"oiis.  It  has,  however,  been  thought  desirable  to  arrange 
interlocks  in  such  a  lnanner  that  wrong  connections  cannot 
J)e  made,  tlie  conditions  being  sucli  that  these  interlocks 
川 volve  no  coni])lication  or  uncertainty.  Provision  is  tmis 
made  by  which  the  go-aliead  switch  and  the  reversing  switch 
(•amiot  be  closed  at  the  same  time  and  by  which  neither  switch 
('a"  be  closed  unless  the  resistance  is  in  circuit  with  the  motor 
sccoinlary.  For  the  levers  which  throw  the  resistances  in  and 
out  of  circuit  magnetic  locks  are  provided  which  in  turn  are 
('"ergised  from  the  field  circuit  of  the  generator.  These  locks 
),reVeilfc  the  movement  of  the  levers  until  the  generator  has 
,ost  field  magnetism,  and  thus  prevent  any  possibility  of 
burning  of  contacts  through  rnovemeiits  at  the  wrong  time  or 
in  an  improper  manner. 

:riie  speed  of  the  motors  in  this  vessel  will  be  changed  by 
variations  in  the  speed  of  the  generating  unit,  the  ratio  o'f 
speed  reduction  remaining  fixed.  Tlie  dianges  of  speed,  how- 
ever，  are  not  made  by  throtiling,    as   is  usual   witli  sliii> 


turbines.  The  turbine  is  cfjuipped  wii  li  n  governor  oi"  novel 
construction,  which  is  so  arranged  t Jiat  ii  is  capable  of 
automatically  holding  the  speed  at  any  point  from  a(j(jui 
5  knots  up  to  the  maximum.  The  setting  of  this  governor  is 
accomplished  by  the  movement  of  a  fulcrum  whicli  is  controlled 
from  a  point  near  the  switchboard  and  operating  levers.  Thus 
the  operating  engineer,  without  changing  his  position,  '"ii 
run  the  vessel  at  any  desired  speed  ahead  or  astern,  can  stop 
and  start,  and  from  his  instruments  can  see  the  speed  ； i  nd 
amount  of  power  delivered  to  each  propeller.  When 
apparatus  is  installed  in  the  ship  arrangements  will  also 
made  by  which  in  the  same  position  he  can  open  and  ch-se 
the  main  throttle  valve  by  hand  or  trip  it  ho  that  it  fl  js^s 
instantly.  The  generating  unit  is  also  equipped  with  a 
simple  automatic  device  entirely  separate  from  the  governor 
which  trips  the  main  throttle  in  case  the  speed  of  turbine 
exceeds  a  certain  predetermined  limit. 

The  propulsion  methods  used  on  this  ship  constitute  the 
simplest  known  form  of  electric  power 
transmission.  Apparatus  of  similar 
character  is  used  for  a  great  variety  of 
purposes  on  shore  under  conditions  far 
more  complicated  and  difficult,  and  yet 
with  an  immunity  from  trouble  which 
is  practically  complete.  No  insulation 
difficulties,  with  the  voltages  here  used, 
are  anticipated.  The  equipment  itself 
is  particularly  rugged  and  represents 
no  departures  from  long-established 
practice.  The  switching  apparatus  is 
of  an  entirely  reliable  standard  type, 
can  be  easily  replaced  or  repaired,  and 
if  it  were  all  removed  the  ship  could 
easily  be  operated  with  temporary 
connections. 

The  turbine  is  so  designed  that  all 
of  its  parts  are  accessible  and  replace- 
able, and  extra  parts  will  be  carried 
on  the  vessel,  so  that  it  seems  impossi- 
ble that  the  machine  will  be  subject  to 
any    serious   interruption   of  service. 
While  it  is  normally  controlled  by  the 
governor  as  described,  it  is  in  no  way 
dependent  upon  the  governor,  since  by 
a  simple  disconnection  it  can  be  oper- 
ated   by    the    throttle  from  a  point 
near  the  switchboard  and  motor  levers.     The  turbine  has 
six  separate  stages,  and  in  the  event  of  loss  of  blades  in  one 
or  more  of  these  stages  it  could   quickly   be   arranged  to 
operate  on  the  remaining  stages  without  any  renewals.  Any- 
one stage  of  the  turbine  would  propel  the  ship  above  half 
speed. 

The  whole  apparatus  was  recently  set  up  in  the  manufac- 
turer's shops  for  a  test,  the  turbine  being  connected  to  a 


Fig.  2. 
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-Test  Curves  of  Gknkkating  Unit. 


condenser  and  one  motor  being  installed  iu  the  same  position 
which  it  will  occupy  on  board  ship  with  relation  to  the 
switchboard  and  controlling  nieclianism.  The  other  motor 
was  arranged  as  a  generator  and  coupled  to  the  first  motor  so 
that  it  afforded  a  load.  Using  this  generating  motor  as  a 
load,  the  conditions  of  service  were  approximated,  although 
they  were  actually  more  difficult  than  the  driving  of  a  pro- 
peller, since  the  load  falls  off  only  slightly  with  diminutions 
of  speed  unless  the  exciting  current  is  reduced.     With  Hie 
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apparatus  so  installed,  the  processes  of  starting,  stopping, 
changing  speed  and  reversal  can  be  accomplished  very  much 
as  they  would  be  on  board  ship  and  the  time  and  difficulty 
involved  can  be  correctly  judged.  The  motor  can  be  oper- 
ated at  its  full  load  or  any  desired  proportion  of  this  load 
and  at  any  desired  speed,  the  control  being  accomplished  by 
mechanical  connection  to  the  governing  mechanism  of  t  Ijc 
turbine,  substantially  the  same  as  on  shipboard. 

This  arrangement  afforded  means  of  experimenting  with 
the  operation,  but  did  not  afford  means  of  testing  the  water 
rates,  since  only  one  motor  could  be  loaded.  The  water  rates 
of  the  generating  unit  have  been  tested  under  all  loads  and 
conditions  by  delivering  its  power  to  a  water  rheostat  in 
the  usual  manner,  and  the  record  of  these  tests  is  shown  by 
the  accompanying  curve  sheet  in  Fig.  2.  In  these  tests  the 
effects  of  speed,  voltage,  vacuum  and  superheat  were  all 
thoroughly  investigated,  and  a  series  of  tests  was  ran  uiuler 
almost  exactly  the  conditions  of  load,  speed,  and  voltage 
which  will  be  characteristic  of  the  ship's  operation.  The 
tests  were  made  under  almost  the  precise  conditions  of  steam 
pressure  and  vacuum  specified  for  the  ship. 

In  the  interval  since  the  turbine  for  this  vessel  was 
designed  new  developments  have  been  made  which  indicate 
that  certain  changes  of  design  would  accomplish  a  material 
improvement  in  the  water  rates  shown  by  the  tests  above- 
mentioned.  Inasmuch  as  it  is  desired  to  make  this  installa- 
tion representative  of  the  best  practice,  it  is  proposed  to 
rebuild  the  turbine  if  the  Government  will  allow  the  neces- 
sary time  The  new  data  indicate  that  by  such  rebuilding 
the  water  rate  at  14  knots  will  be  reduced  from  121bs.  per 
shaft  horse-power  hour  to  about  ll'251bs.  per  shaft  horse- 
power hour.  The  entire  equipment  is  being  furnished  by  the 
General  Electric  Company. 


THE  RELATION  OF  THE  BRICK  ARCH  TO  LOCOMOTIVE 
OP 已 RATION, 

BY  JOHN  P.  NEFF. 

Because  of  the  tremendous  activity  of  combustion  on  the  grate 
of  a  modern  locomotive  an  infinitesimal  time  is  available  for 
the  combustion  of  the  gases  given  out  by  the  coal.  These  gases 
move  with  great  velocity  and  the  distance  through  which  they 
must  pass  while  burning  is  extremely  short ― shorter  than  in 
any  other  well-known  type  of  steam  boiled,  and  yet  the  activity 
of  combustion  is  greater  than  in  any  other  type.  These'  gases 
must  burn  before  they  reach  the  tubes.  The  tubes  chill  the 
gases  and  extinguish  th&  flame.  Therefore  the  gases  must 
burn  in  the  firebox  if  they  burn  at  all.  The  purpose  of  the 
firebrick  arch  is  to  form  a  baffle  wall  in  the  firebox,  compelling 
the  flame  to  double  over  it,  thus  increasing  the  length  of  the 
flame.  In  doubling  over  the  wall  of  incandescent  firebrick  the 
gases  from  the  coal  are  compelled  to  mix  with  the  air  coming 
through  the  grate,  causing  complete  combustion  of  the  gases 
and  increasing  the  temperature  of  the  fire.  Furthermore,  it 
drives  this  hotter  flame  to  the  back  and  crown  sheets,  com- 
pelling the  flame  to  impinge  against  the  entire  surface  of 
the  firebox.  It  compels  every  pound  of  coal  to  give'  up  more 
heat.    This,  in  brief,  is  the  theory  of  the  arch. 

As  the  maximum  of  heat  means  a  maximum  of  water 
evaporated,  it  is  the  function  of  the  arch  to  supply  a  maximum 
of  steam  from  the  ooal.  With  all  modern  improvements  in 
the  locomotive,  such  as  valve  gears  for  improving  the  distribu- 
tion of  steam?  and  superheater  for  improving  the  condition  of 
operation  of  the  cylinders,  large  boilers  to  increase  the  amount 
of  water  evaporated,  we  still  fall  back  upon  the  firebox  and 
upon  the  fire  to  extort  the  necessary  amount  of  heat  from  the 
coal.  For  years  arches  have  contributed  to  better  perform- 
ance of  fireboxes^  but  it  was  not  until  the  demand  for 
maximum  capacity  was  felt  that  the  present  vital  necessity 
for  the  arch  was  finally  realised.  Because  the  arch  produces 
more  heat  from  the  coal  it  is  an  important  part  of  the  founda- 
tion for  the  effectiveness  of  other  improvements  which  have 
been  made  in  recent  years  in  the'  locomotive. 

With  the  realisation  of  the  possibilities  of  the  arch  in  this 
direction  came  improvements  in  the  arch  it&e】f，  in  the  material 
employed,  in  the  structure  and  method  of  support,  and  in  the 
form  of  the  brick  which  have  added  to  the  other  good  features 
of  the  arch,  that  of  convenience  in  application,  low  cost  of 
maintenance,  and  facility  for  inspecting  the  firebox  sheets  and 

*  Abstract  of  paper  read  before  the  Itailway  Club  of  Pittsburg. 


conducting  necessary  repairs.  The  arch  to-day  enables  the 
fireman  "bo  shovel  more  hor&e-power  through  the  fir©  door." 
Recent  improvements  in  ihv  arch  rrnder  it  possible  to  secure 
this  advantage  and  increase  the  capacity  of  the  fireman,  with 
a  niiniinum  of  nuiintenance  cost  and  a  maximum  of  con- 
venience at.  locomotive  terminals. 

The  brick  arch  is  like  the  superheater  in  one  respect ~ the 
harder  you  drive  your  boiler,  the  better  showing  it  makes. 
This  fact  largely  account's  for  the'  revival  of  the  brick  arch. 
When  the  progress  of  locomotive  design  reached  that  point 
where  clearances  and  weights  became  the  limiting  features^  it 
then  becaitK'  necessary  to  crowd  greater  boiler  capacity  into  the 
limits  already  reached.  To  meet  the  still  crying  need  of 
greater  hauling  capacity,  boilers  had  to  be  forced  harder  than 
ever  before,  and  very  soon  the  lii-finaiiK  capacity  became  the 
limiting  feature.  Still  we  had  with  us  the  need  for  greater 
sustained  boiler  power  in  order  that  trains  with  their  increas- 
ing tonnage  imght  have  their  schedules  maintained  or 
improved.  Then  the  qiu'stion  hecame,  "  What  can  be  done  to 
get  more  hauling  power  for  a  given  aniount  of  coal  consumed  V 

Valve  motion  experts  have  long  be'eii  working  on  steam  di&- 
tribution  to  get  the  best  possible'  results  out  of  the  cylinders, 
but  in  their  work  they  have  had  to  take  the  steam  just  as  it 
came  from  the  boiler,  and  it  would  appear  that  they  have 
reached  the  point  where  more  power  can  be'  had  only  by  calling 
for  more  steam  or  for  steam  of  better  quality.  The  super- 
heater experts  have  done  a  great  deal  by  providing  the  best 
quality  of  steam,  but  back  of  the  steam  distribution  proposi- 
tion and  back  of  the  superheater  work  we  come  to  the  founda- 
tion, the  trick  of  getting  heat  units  transferred  from  the  coal 
to  the  steam  with  the  least  possible  loss.  Anyone  riding  and 
ob&erving  a  modern  locomotive  being  forced  to  its  maximum 
must  admit  that  the  firebox  is  the  real  business  end  of  the 
power  plant. 

In  order  that  the  superheater  may  best  perform  its  function 
it  is  desirable  that  the  duties  of  the  firebox  be  so  performed 
that  the  hottest,  cleanest  gases  are  supplied  to  the  flues,  so  that 
the  proper  degree  of  superheat  may  be  attained  with  the  least 
possible  sacrifice  of  evaporating  surface.  That  is  why  you  see 
the  superheater  people  so  favourable  to  the  use  of  brick  arches. 
The  brick  arch  really  performs  a  double  duty  in  this  connection 
— first,  it  increases  the  firebox  temperature  for  any  given  con- 
dition, due  to  the  more  nearly  perfect  combustion  brought 
about  by  the  mixing  effect  on  the  ga&es  and  air  and  the 
lengthening  of  time  for  combustion  ；  and,  second,  the  arch,  by 
virtue  of  its  position,  forces  every  part  of  the  firebox  heating 
surface  to  do  its  full  duty  in  the  】iiat4>er  of  evaporation. 

That  substantially  higher  temperatures  are  produced  by 
the  arch  is  proved  by  many  conclusive  tests.  The  arch  must 
necessarily  show  a  much  moro  even  distribution  of  temperature 
in  the  firebox.  A  modern  hand-fired  locomotive  working  well 
up  to  the  physical  capacity  of  its  fireman,  has  its  fire  door  open 
at  least  50  per  cent,  of  the  time.  Without  the  baffling  effect 
of  the  arch,  sudden  and  extreme  fluctuations  of  temperature 
over  part  of  the  flue  sheet  must  result.  Locomotives  with  we】l 
designed  arches  are  known  to  give  30  to  50  per  cent,  less  flue 
trouble  than  the  same  engines  without  arches. 

A  very  elaborate  report  was  presented  at  the  recent  con- 
vention of  the  Master  Boiler  Makers'  Association  on  the  subject 
of  u  Advantages  and  Disadvantages  of  the  Brick  Arch  and 
Arch  Tubes  in  Locomotive  Fireboxes.  "  In  this  report  some  50 
members  contribute  statement's  of  conditions  and  facte  as  they 
have  been  found  to  exist  on  30  of  the  prominent  roads  in  this 
country  using  brick  arches.  A  composite  of  the  50  reports 
reads  as  follows  :  Average  coal  saving  due  to  brick  arch, 
119  per  cent.  ；  average  &moke  abatement,  40  per  cent. ； 
average  reduction  in  frequency  of  caulking  flues,  40  per  cent. ； 
attitude  of  engineers  and  firemen,  favourable.  A  majority  of 
the  reports  from  the'  various  roads  shows  that  the  arch  is 
effective  in  improving  steaming  qualities  and  reducing  engine 
failures.  There  were  many  other  features  reported  on  by  the 
boilermakers,  but  the  above  points  are  the  ones  that  bear 
directly  on  our  subject  which  has  to  do  with  the  locomotive 
operation. 


Personal. ―  The  Home  Secretary  has  appointed  Mr.  Arthur 
L.  Flint  to  be  a  Junior  Inspector  of  Mines  under  tlie  Coal 
Mines  Regulation  Acts,  and  has  dirccterl  him  to  act  also  as 
an  Inspector  for  ihe  purposes  of  the  Metalliferous  Mines 
Regulation  Acts,  and  of  the  Quarries  A('t，  and  has  furtlier 
appointed  him  to  be  an  Inspector  of  Factories  and  Workshops. 
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NEW  DEVELOPMENTS  IN  STEAM  TURBINE  ENGINEERING. 


BY  EDWIN  D.  DREYFUS. 


(Continued  from  page  241). 
Application  to  Power-house  Auxiliaries.  ― In  the  development 
of  the  turbine,  attention  was  first  paid  to  the  building  of 
main  units  where  it  was  perceived  that  the  reciprocating 
engine  had  its  limitations.  Evidently  almost  as  many  factors 
commend  the  turbine  for  auxiliary  drive  as  for  the  large 
prime  mover.  They  are,  in  brief,  uniform  rotation,  absence 
of  vibration  and  shock,  elimination  of  oil  in  the  exhaust, 
reduced  floor  space,  and  decreased  maintenance  and  invest- 
ment charges.  Consequently  turbines  are  now  being  success- 
fully used  to  drive  :  (1)  Exciter  sets,  (2)  Condenser  air  and 
circulating  or  evacuating  pumps,  (3)  Centrifugal  boiler  feed 
pumps,  (4)  Blowers  for  mechanical  draught. 

Direct-current  Turbine  Generator  Sets  for  Excitation  Pur- 
poses.― These  sets  naturally  followed  in  the  wake  of  the 
large  alternator,  in  spite  of  the  fact  that  the  first  turbine 
unit  generated  direct  current.  The  commutator  problem  was 
the  most  difficult  to  overcome  in  direct  current  work,  and 
therefore  this  type  has  proceeded  slowly.  While  this  feature 
has  been  completely  solved  in  all  small  sizes,  the  use  of  the 
large  direct-coupled  generating  unit  is  still  open  to  debate. 
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Fi«.  8.— Turbine  with  Nozzle  Block  and  Reversing  Chajvibkr. 

There  are  various  types  of  small  turbines,  but  they  are  in 
practically  every  case  of  the  impulse  class,  since  the  reaction 
type  does  not  lend  itself  commercially  for  small  powers. 
Simplicity  being  the  byword  in  the  design  of  small  turbines, 
the  axial  re-entry  principle  has  many  merits,  the  main 
feature  being  that  a  single-bladed  wheel  only  is  required, 
multiple  pressure  and  velocity  drop  being  attained  through 
re-entry  nozzles  and  passages.  The  construction  has  been  in 
general  use  for  some  time,  and  hence  is  familiar  to  power- 
plant  operators. 

In  this  arrangement,  relative  changes  in  the  parts  for 
varying  operating  conditions  is  carried  out  in  a  most  simple 
manner,  either  by  increasing  or  decreasing  the  nozzle  and 
reversing  chamber  areas  and  angles  according  to  require- 
ments, one  set  of  castings  thus  being  applicable  to  a  wide 
variation.  This  is  extremely  important  in  small  sizes  on 
account  of  the  greater  possible  range  of  working  pressures, 
and  such  characteristics  as  noted  are  necessary  in  order  that 
they  may  be  properly  taken  care  of.  The  nozzle  block  and 
reversing  chambers  in  Fig.  8  (a  detail  of  a  50  kw.  exciter 
set)  exhibit  the  re-entry  principle. 

Although  centrifugal  pumps  have  been  used  since  about 

•  Paper  presentedlbefore  the  Western  Society  of  Engineers,  March  4th,  1932. 


1880，  or  possibly  a  little  earlier,  for  working  against  lii^h 
heads,  they  have  come  into  vogue  in  the  boiler  plant  only 
within  the  last  five  years.  Centrifugal  boiler  feeders  might 
be  conveniently  operated  by  electric  motors,  but  the  usual 
demand  for  exhaust  steam  for  feed-water  heating  requires 
that  they  be  steam  driven,  hence  the  direct  coupled  turtjitie 


Fig.  9.— Turbine  and  Three-stage  Centrifugal  Pump. 

unit.  Owing  to  the  relation  of  capacity,  pressure,  and 
impeller  diameter,  the  centrifugal  pump  is  not  suited  to 
small  capacities  and  high  head,  and  this  design  may  therefore 
be  employed  only  in  plants  exceeding  2,500  h.p.  Ordinarily 
a  stage  is  provided  to  create  501bs.  to  701bs.  pressure.  Con- 
sequently for  in  the  neighbourhood  of  1751bs.  gauge  pres- 
sure, a  three-stage  unit  is  required.  A  sectional  exhibit  of 
a  three-stage  pump  and  the  driving  turbine  is  shown  in  Fig. 
9，  which  displays  fundamental  simplicity  in  contrast  with 
the  multi-deck  valve  plunger  pump.  Difficulty  with  valve 
packing  and  of  close  governing  has  been  obviated  in  this 
type.  There  is  no  definite  way  of  comparing  efficiencies,  but 
it  is  reasonable  to  assert  that  where  the  centrifugal  pump  is 
operated  beyond  two-thirds  of  its  rated  load,  it  should  excel 
in  efficiency.  Actual  experience  with  the  two  types  of  boiler 
feeders  should  be  a  criterion  by  which  to  correctly  judge 
them.  One  operator  who  installed  this  type  of  apparatus  in 
1906，  has  expended  practically  nothing  so  far  for  repairs. 

A  turbine-driven  vacuum  air  pump  evidently  involves  the 
most  radical  departure  from  preceding  power-plant  practice. 
An  air  pump  employing  water  jets  or  sheets  to  eject  or 
evacuate  the  air  from  the  condenser  was  invented  by  M. 
LeBlanc,  and  is  capable  of  being  operated  at  the  high  speeds 
suitable  for  direct  connection  to  small  turbines.  The  prin- 
ciple is  simple.  An  impeller,  B，  Fig.  10，  with  shallow 
blades,  imparts  a  high  velocity  to  sheets  of  water  collected 
in  passing  the  nozzle  Ay  and  which,  ejected  into  the  air 
passage,  entraps  layers  of  air.  By  means  of  a  diffuser  its 
velocity  is  transformed  into  pressure,  forcing  the  mixture  of 
air  and  water  out  against  atmospheric  pressure,  or  a  some- 
what greater  head,  as  the  case  may  demand.  The  advantages 
of  this  type  are  quite  plain.    We  again  evade  the  necessity 


Fig.  10.— LeBlanc  Air  Pump  for  Condenser. 

of  closely  fitted  parts  and  rubbing  surfaces,  requiring  lubrica- 
tion and  frequent  adjustment  and  the  separation  of  the  oil 
from  the  exhaust  steam  where  used  in  connection  with  an 
open  heater.  As  there  are  no  reversals  in  operation,  the 
harmful  effect  of  clearances  in  the  reciprocating  air  pump 
is  avoided  and  a  low  absolute  back  pressure  may  be  main- 
tained.    The  operating  characteristics  of  the  LeBlanc  and 
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the  reciprocating  air  pumps  are  divergent,  which  may  be 
best  illustrated  in  the  manner  shown  in  Fig  11，  determined 
from  actual  test.  Above  the  line  A  A  the  LeBlanc  pump 
would  always  be  superior  to  the  reciprocating  pump,  even  if 
its  power  consumption  were  in  excess.  If  the  latter  were 
identical  in  the  two  cases,  the  LeBlanc  pump  would  always 
be  more  efficient  when  working  the  region  above  BB,  and 
inferior  below  BB,    The  conditions  for  high  vacuum  service 
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Ftg.  11.— Cttrves  sHOWiNfi  Comparison  of  Aik  Removed  ht  HF.riPROfATiNrt 
Air  Pump  and  LkBlanc  Air  Pump. 

are  generally  such  that  the  air  tensions  to  be  maintained  are 
above  BBy  so  that  the  question  of  power  consumption  is 
therefore  not  the  final  criterion.  The  question  of  air  tension 
maintained  must  also  be  considered.  Where  condensers  are 
used  with  steam  turbines,  the  |in.  lower  air  tension  which 
would  be  secured  with  the  LeBlanc  pump  would  result  in  a 
decrease  of  2  per  cent,  or  more  in  the  steam  consumption  of 
the  turbine.  This  (considered  together  with  the  use  of  the 
auxiliary  exhaust  in  the  feed-water  heater)  may  closely  com- 
pensate for  the  whole  power  consumption  of  the  condenser. 

The  general  conclusion  to  be  drawn  from  both  theory  and 
practice  is  that  for  high  vacuum  performances,  the  LeBlanc 
pump,  on  account  of  the  characteristics  shown  in  Fig.  11，  in 
nearly  all  cases  will  show  a  net  saving  in  plant  economy, 
either  by  giving  a  better  vacuum  for  the  same  power  as  would 
be  required  by  a  reciprocating  pump,  or  by  the  reduced  air 
tension  in  the  condenser,  making  it  unnecessary  to  circulate 
as  much  cooling  water  to  maintain  the  same  vacuum.  As  an 
illustration,  it  is  of  interest  to  review  the  facts  brought  out 
in  a  recent  installation  of  a  surface  condenser  plant  equipped 
with  a  LeBlanc  air  pump.  In  this  particular  plant,  high 
vacuum  was  desirable  as  the  condensers  are  to  be  used  in 
conjunction  with  steam  turbines.  The  reciprocating  air 
pumps  were  giving  fairly  good  results,  but  were  not  quite 
large  enough,  and  it  was  decided  to  install  greater  pumping 
capacity,  either  by  putting  on  larger  air  cylinders,  pur- 
chasing a  new  reciprocating  pump,  or  installing  a  LeBlanc 
air  pump.  The  LeBlanc  air  pump  for  this  work,  while 
requiring  40  per  cent,  more  power,  had  a  capacity  sub- 
stantially the  same  as  the  reciprocating  pump  for  a  vacuum 
of  approximately  28in.  of  mercury,  but  with  29in.  of 
vacuum,  its  volumetric  capacity  was  practically  three  times 
that  of  the  reciprocating  pump,  characteristically  brought 
out  in  Fig.  11.  The  net  result  was  that  the  LeBlanc  pump 
enabled  the  maintenance  of  half  an  inch  better  vacuum  under 
winter  conditions,  so  that  the  bettering  of  the  economy  of 
the  prime  mover  far  offsets  the  slightly  increased  power  con- 
sumption of  the  LeBlanc  air  pump  over  that  required  by  the 
reciprocating  pump. 

The  unit  shown  in  Fig.  12  has  a  hot-well  pump  attached, 
and  would  be  employed  in  surface  condenser  work,  gr,  without 
tlie  hot-well  pump,  for  barometric  condensers.  Heretofore 


the  LeBlanc  air  pump  has  l>een  more  rotnnionly  employed 
with  low-level  jet  condensers,  Fig.  13，  showing  an  improved 
type  specially  designed  to  embody  this  principle.  This 
equipment  may  be  neatly  tucked  away  boneatli  the  turbiiio, 
and  thereby  occupies  no  space  outside  of  the  boundary  of  the 
turbine  proper,  as  the  layout  appended  shows. 

Mechanical  Draught. 一 In  tlie  past  mechanical  draught  has 
not  met  with  universal  favour  for  boiler  plant  operation.  A 
new  condition  is  rapidly  coming  to  the  fore,  manifesting 
itself  in  the  nature  of  forcing  boilers  to  double  and  even 
more  tlian  treble  their  accustomed  ratings  to  accommodate 
peak  loads  and  still  maintain  good  efficiencies  in  the  boiler 
house  (luring  tlie  hours  of  liglit  load  on  the  plant.  Iligli 
j-ates  of  driving  boilers  require  forced  drauglit.  In  the 
main,  large  "  paddle  wheel  ，，  fans  driven  by  small,  high-speed 
engines  have  been  used  in  this  service.  Tlie  same  trend 
which  has  influenced  the  replacement  of  tlie  reciprocate  no 
engine  in  other  classes  of  auxiliary  work  has  already  been 
observed  in  blower  operations.  On  top  of  tlie  other  common 
advantages  of  tlie  turbine,  which  have  been  note,d  before,  the 
shaking  and  racking  of  the  blower  casing,  ducts,  and  supports 
are  removed.  The  blower  in  its  old  form  proves  itself 
deficient  for  connection  with  the  turbine  in  the  present  stale 
of  the  art.  A  shallow  blade  construction,  with  guide  vanes 
for 】ow  pressure  (as  shown  in  the  upper  part  of  Fig.  14), 
propels  the  air  with  the  least  losses  and  power  consumption. 
The  vertical  type  is  exhibited  to  indicate  tlie  flexibility  of 
tlie  turbine  ； ippliration.  This  specific  design  has  been  pre- 
pared for  use  aboard  United  States  torpedo-boat  destroyers, 
for  forcing  air  under  pressure  into  the  boiler  room.  A  down- 
draught,  durt  from  tlie  deck  connects  with  the  blower  intake, 
and  the  discharge  is  made  directly  into  the  room.  The  tur- 
bine in  this  position  is  most  accessible,  and  it  is  a】so  evident 
that  this  arrangement  requires  but  a  minimum  of  duct 
lengths  and  bends.  In  a  similar  way  some  special  problems 
in  land  practice  may  arise  and  be  met  by  a  corresponding 
design,  although  with  the  latitude  permitted  in  power  plants, 
a  more  standard  construction  will  be  unquestionably  adopted . 

Extended  Utility  of  the  Turbine  by  Perfection  of  the  Large 
Reduction  Gear. —— Use  of  reduction  gears  in  turbine  work 
dates  back  to  the  introduction  of  the  de  Laval  turbine  in 
1886.  These,  however,  were  of  small  size  and  of  the  sol  id - 
bearing  type.  Where  the  power  transmitted  becomes  of  any 
magnitude,  with  dimensions  correspondingly  increased,  the 
minute  errors  in  gear  cutting  may  greatly  magnify  or  in- 
tensify the  unit  pressures  on  the  teeth  with  excessive  wear 
or  fracture  resulting.  A  compensating  element  must  then 
necessarily  be  provided.  The  development  of  the  Westing- 
house  reduction  gear,  which  was  instituted  in  1904，  has  had 
for  its  essential  feature  the  carrying-  of  the  pinion  in  a  float- 
ing frame,  which  prevents  the  concentration  of  abnormal 
pressures  at  any  one  point  by  automatic  readjustment  of  its 


Flft.  12.— HOT  WELL  PUAfP-CONDENSTNfi  Appakatus. 


position.  This  gear  lias  alr&ady  been  described  at  great 
length  in  preceding  articles,  and  its  detail,  therefore,  will  only 
be  treated  generally  in  this  paper. 

The  important  structural  and  operating'  features  may  be 
understood  from  the  following  sunnnary :  (1)  Self-aligning, 
hydraulically-supported  floating  frame  for  pinion  ；  (2)  pinion 
frame  pivoted  at  centre  bearing  on  fulcrum,  permitting  small 
oscillations;  (3)  hydraulic  pressure  in  cylinders  a  measure 
of  the  power  transmitted  ；  (4)  spray  lubrication  for  gear 
teeth  ；  (5)  divided  helical  gears  cut  right  and    left  hand, 
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neutralising  end  thrust  ；  (6)  teeth  of  gear  cut  in  special  steel 
rim  mounted  on  spindle ;  (7)  depth  of  mesh  easily  regulated 
by  hand  adjustment  ；  (8)  flexible  d riving  shaft  extending 
through  hollow  pinion  ；  (9)  flexible  disc  coupling  to  turbine. 

A  detail  section  through  the  pinion  and  floating  frame  is 
given  in  Fig.  15.  The  most  interesting  feature  of  the  gear 
lies  in  the  means  provided  for  preserving  line  contact  of  the 
teeth  and  the^automatic  adjustment  of  any  slight  wear  which 


Fifi.  13.— LkBlancIPujip  \vith  Low  Level  Jet  Condenser. 


may  occur.  This  is  done  by  carrying  the  pinion  shaft  in  a 
three-bearing  frame,  supported  by  hydraulic  pressure 
beneath  each  bearing.  The  frame  itself  is  rigid  and  is  split 
horizontally  to  receive  the  pinion.  On  the  lower  side  of  the 
pinion  frame,  and  cast  integral  with  it,  are  the  three 
cylinders  above  referred  to,  and  into  which  project  sliort 
stationary  pistons  resting  upon  planed  pads  of  a  girder  cast 
into  the  gear  frame.  Oil  pressure  is  led  to  the  space  over 
the  upper  surface  of  the  pistons  through  passages  cored  out 
in  the  pinion  frame,  and  which  communicate  with  all  three 
cylinders,  establishing  uniform  pressure.  Hence  any  in- 
equality of  tooth-bearing  pressure  would  be  conveyed  to  the 
pistons  and  thus  instantly  neutralised.  The  prominent  use 
of  the  geared  turbine  will  be  in  connection  with:  (1)  Large 
direct-current  generators  ；  (2)  large  centrifugal  pumps  ；  (3) 
large  slow-speed  propellers  ；  (4)  rolling  mill  trains. 


Fi". 】4. 一 Tt'itmNE  and  Fan  for  Forced  Draught. 

Direct-current  Service. ― While  there  have  been  many  large 
direct-coupled  direct-current  generators  built,  especially 
abroad,  such  skilful  attendance  is  necessary  that  they  cannot 
be  so  far  termed  a  complete  mechanical  success.  There  is  no 
room  for  argument  tliat  the  best  efficiency  is  sacrificed  by  a 
compromise  in  the  design  of  the  two  elements,  and  this  plainly 
opens  up  a  large  field  for  the  geared  unit.  Contrary  to 
ordinary  expectation  the  length  of    the    complete  direct- 


current  unit  is  not  increased  in  placing  the  gearing  between 
turbine  and  generator,  and  principally  for  two  reasons : 
First,  the  length  of  the  high-speed  turbine  is  much  less  than 
a  lower  revolution  machine  of  equal  capacity  ；  and  second,  a 
higl 卜 spee(l，  continuous-current  generator  for  direct-coupled 
units  requires  a  long,  slender  commutator.  Direct-coupled 
geared  units  as  large  as  1,000  kw.  are  now  successfully  operat- 
ing in  railway  service  with  a  turbine  speed  of  3,600  revs,  per 
minute. 

Centrifugal  Pumping. ― Undoubtedly  further  use  will  now 
be  made  of  the  large  turbine-driven  centrifugal  pumps  by 
reason  of  advances  in  economy  resulting  from  the  introduction 
of  the  reduction  gear.  Direct  drive  has,  however,  been 
applied  to  this  class  of  service,  an  exam  pie  of  which  may  be 
found  in  a  municipal  pumping  plant  in  Canada,  where  two 
1,125  h.p.  1,500  revs,  per  minute  turbines  were  installed  in 
190(3.  Another  installation  of  this  kind  was  made  comprising 
a  1,800  revs,  per  minute,  6,506  h.p.  turbine  and  centrifugal 
pump.  The  latter  did  not  experience  a  very  large  measure 
of  success  owing  to  tlie  liigh  speed  employed,  and  accordingly 
has  since  been  removed,  a  generator  being  substituted  for 
the  pump  and  an  electrical  load  supplied. 

An  interesting  installation  of  a  pumping  unit  having  a 
reduction  gear  interposed,  has  been  in  operation  for  some  time 
in  an  eastern  steel  mill.  The  pump  is  driven  by  a  700  h.p, 
low-pressure  turbine,  as  this  application  was  the  most  profit- 
able use  to  which  the  surplus  exhaust  steam  could  be  turned. 


Fig.  15.— Arrangement  with  Reducing  Geab. 


A  reciprocating  pump,  under  the  existing  conditions,  would 
obviously  have  worked  iu  very  poorly.  Well-designed  triple- 
expansion  engines  ordinarily  have  a  duty  of  150,000,000 
ft.-lbs.*  per  l，0001bs.  of  steam  (1501bs.  dry-saturated),  while 
the  direct-coupled  turbine  and  pump  may  show  only  about 
half  as  good  a  performance  as  that  of  the  reciprocating  type. 

The  750  h.p.  low-pressure  outfit,  when  operating  with 
27in.  vacuum,  has  been  guaranteed  to  develop  a  duty  of 
52,074,000  ft. -lbs.  per  1,000  lbs.  of  dry-saturated  steam  sup- 
plied at  a  pressure  of  151bs.  absolute.  The  pump  is  designed 
for  an  efficiency  of  75  per  cent.,  and  the  gear  is  included  at 
97  per  cent.,  a  water  rate  of  28*61bs.  per  brake  horse-power 
having  been  used  in  determining  the  above  duty.  With  a 
complete  expansion  turbine  driving  through  a  gear,  the  com- 
bination would  attain  a  result  of  about  1 10,000,000  ft. -lbs" 
and  probably  120,000,000,  or  better,  with  a  greater  pump 
efficiency,  which  we  believe  possible ― an  interesting  approach 
to  the  triple-expansion  engine  above  noted.  In  cases  where 
the  pumping  equipment  is  to  be  operated  intermittently,  the 
commercial  economy  of  the  geared  turbine  set  should  become 
superior,  owing  to  its  lower  first  cost  and  repair  charges, 
considering  its  inherent  simplicity  as  compared  with,  for  in- 
stance, the  vast  number  of  small  deck  valves  employed  on  the 
reciprocating  unit. 

(To  be  continued.) 


Light  Railway. ― The  Board  of  Trade  have  recently  con- 
firmed the  Halesowen  Light  Railways  (Extensions,  &c.)  Order, 
1912,  reviving  the  powers  granted  by  the  Halesowen  Light 
Railway  Orders,  1901  to  1909，  and  extending  the  period 
limited  by  those  Orders  for  the  completion  of  part  of  the 
light  railways  and  works  thereby  authorised,  and  authorising 
the  construction  of  additional  light  railways  in  the  urban 
district  of  Lye  and  Wollescote,  and  in  the  urban  district 
of  Rowley  Regis,  in  extension  of  the  said  light  railways 
authorised  by  the  said  Orders  of  1901  to  1909，  and  for  other 
purposes. 

*  Hifihesfc  record  with  superheat,  reheating.and  steam  jacketing,  184,476,-200  ft -lbs. 
Philadelphia  pumping  station. 
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VALVELESS  STEAM  AND  GAS  ENGINES. 

A  recent  patent  granted  to  Messrs.  Mather  k  Piatt,  Ltd., 
and  Mr.  A.  E.  L.  Chorlton,  Salford  Ironworks,  Manchester, 
relates  to  fluid  pressure  engines  (including  internal-com- 
bustion engines)  of  the  valveless  type,  in  whicli  two  double- 
acting  pistons  connected  to  the.  same  crank  shaft  work  in 
cylinders  placed  side  by  side  and  communicating  with  each 
other  by  connecting  chambers  at  each  end.  In  an  eii^ine 
of  this  type  one  piston  serves  as  an  admission  valve  for  \  lie 


N 


Fig.  1.— Valvklers  Stkam  Enoink. 


the  doub】e-act,ing  inlet  and  exliaust  pistons  with  piston  rods 
passing  tlirougli  glands  in  tlie  lower  ends  of  tlie  cylinders. 
Tlie  inlet  and  exliaust  ports  E  are  placed  .  centrally  and 
extend  around  ilie  circurn Terence  of  each  cylinder,  estahlisliing 
coTiiniunication  (luring  the  required  intervals  between  the 
cylinders  and  the  annular  inlet  and  exhaust  chambers  F,  wliicli 
are  secured  between  cylinder  flanges.  The  cylinders,  which 
are  of  special  construction,  consist  of  two  single-walled 
U-sliaped  tubes,  one  inverted  over  the  other  and  carrying 
the  annular  inlet  and  exhaust  boxes  between  their  uniting 
flanges. 

Referring  to  Fig.  1，  the  inlet  piston  C  is  of  different  form 
to  tlie  exliaust  piston  D，  and  is  substantially  longer.  The 
central  portion  or  body  of  the  piston  is  reduced  to  form  end 
flanges  and  a  central  annular  rhainhor  or  cluiniiel  G,  which 
is  o])cn  i o  i.lio  inlei  cli;i]ril)er  F  through  the  ports  E  towards 
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charge  and  the  other  as  an  exhaust  valve.  In  the  design 
under  notice  the  double-acting  piston  serving  for  ad  mission  of 
the  motive  fluid  is  given  a  lead  with  regard  to  the  other 
piston  by  setting  the  crank  pin  to  wliicli  it  is  connected  at 
an  angle  to  the  crank  pin  of  the  exhaust  piston.  The  lead 
of  the  admission  piston  may  be  adjusted  by  varying  the  set- 
ting of  the  crank  pins  so  as  to  obtain  the  best  result  under 
varying  conditions.  In  the  case  of  valveless  steam  engines 
the  admission  piston  has  a  backward  lead  over  the'  exliaust 
piston  and  is  formed  with  a  steam  channel  affording  com- 
munication at  the  end  of  each  stroke  between  a  centrally- 
placed  steam  inlet  and  a  by-pass  in  the  cylinder  admitting 
steam  to  the  working  space  of  both  cylinders.  As  applied  to 
double-acting  internal-combustion  engines  of  the  2 -stroke 
kind  tlie  exhaust  piston  is  set  a  little  in  advance  of  the 
admission  piston,  so  that  the  exhaust  port  is  opened  shortly 
before  the  admission  port  and  the  pressure  in  the  cylinders 
and  the  connecting  chamber  at  either  end  is  released  before 
the  scavenging  air  enters  and  drives  out  the  remaining  pro- 
fhu'ls  of  combustion.  As  the  inlet  port  remains  open  after 
the  exhaust  is  closed  a  larger  charge'  can  be  introduced  than 
would  be  the  case  without  such  lag  in  the  closing  of  the 


Fig.  4.— Valyf.lkrh  Gas  Engine. 

inlet  port,  full  advantage  being  taken  of  the  pressure  in  the 
inlet  pipe.  The  difference  in  phase  between  the  cranks  may 
be  such  that  the  inlet  port  both  opens  and  closes  after  the 
exhaust  closes. 

Fig.  1  is  a  vertical  section  of  the  steam  engine,  and  Figs. 
2  and  3  are  respectively  a  typical  indicator  diagram  (for  the 
exhaust  cylinder)  and  valve  diagram  of  tlie  steam  engine. 
Fig.  4  is  a  vertical  section  of  the  internal-combustion  engine 
showing  the  relative  positions  of  the  pistons  at  about  the  end 
of  a  stroke.  A  B  are  the  inlet  and  exliaust  cylinders  having 
contracted  connecting  passages  N  of  venturi  type.    C  D  are 


Figs.  2  &  3. — Diagrams  from  Valveless  Stf.am  Engine. 

the  end  of  a  stroke,  and  establishes  communication  between 
these  ports  and  the  lower  end  of  the  by-pass  H  leading  to  the 
back  of  the  piston.  The  illustration  shows  the  position  of 
the  piston  when  steam  is  being  admitted  to  the  upper  end  of 
the  cylinderSj  a  by-pass  H  being  placed  at  each  end  of  the 
inlet  cylinder.  The  cranks  to  which  the  pistons  are  con- 
nected are,  as  shown  diagrammatically  in  Fig.  3，  set  at  an 
angle  to  each  other,  d  indicating  the  position  of  the  exhaust 
crank  and  D  the  position  of  the  inlet  crank  near  the  dead 
centre,  the  former  crank  being  set  in  advance  of  the  latter 
so  that  the  inlet  piston  lags  behind  the  exhaust  piston,  and 
the  relative  position  of  the  pistons  at  about  the  end  of  a 
stroke  is  approximately  as  shown  in  Fig.  1. 

Figs.  2  and  3  are  diagrams  for  one  end  of  the  cylinders 
(Fig.  2  is  drawn  for  the  exhaust  cylinder  only),  tlie  points  D 
and  D,  showing  the  positions  of  admission  and  cut-off  in  the 
inlet  cylinder  and  <1  and  d 、  in  the  exliaust  cylinder  and  d2 
and  »7.i  the  positions  of  opening  and  closing  of  the  exhaust  in 
tlie  exhaust  cylinder.  The  angle  of  lead  given  to  tlie  inlet 
crank  may  be  adjustable  to  suit  varying  conditions  of  work- 
ing. The  cycle  of  operations  is  the  same  for  both  ends  of  the 
cylinders,  and  is  clearly  shown  by  the  diagrams,  Figs.  2  and 
3，  wliich  are，  however,  to  be  regarded  only  as  typical  examples 
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subject  to  considerable  changes  in  the  positions  both  of  the 
cranks  and  of  the  points  of  opening  and  closing  of  the  inlet 
aud  exhaust. 

In  the  interual-combustiou  engine  shown  in  Fig.  4  the 
inlet  aud  exhaust  pistons  C  and  D  are  similar  to  each  other, 
and  the  exhaust  pistou  D  is  set  a  little  in  advance  of  the  inlet 
piston  C,  so  that  the  ports  E  of  the  exhaust  are  uncovered 
before  the  iulet  ports,  and  the  incoming  charge  meets  with 
no  appreciable  back  pressure  until  the  exhaust  closes,  which 
occurs  shortly  before  the  closing  of  the  inlet,  permitting  a 
full  charge  under  the  pressure  of  the  delivery  pump  to  be 
introduced.  The  annular  inlet  chamber  J  may  be  provided 
with  one  or  two  partitions  K  to  admit  separate  air  and  fuel 
charges,  tlie  valves  of  the  gas  and  air  pumps  being  set  so  that 
the  air  enters  first  as  a  scavenging  charge,  to  be  followed  by 
the  combustible  mixture.  As  in  the  case  of  the  steam  engine 
first  described,  the  cycle  of  operations  is  the  same  for  both 
ends  of  the  cylinders. 


THERMAL  PHENOMENA  IN  INDIA-RUBBER.* 

A  series  of  experiments  on  the  elasticity  of  rubber  was 
conducted  in  1843  by  Joule,  who  states  that  a  piece  of  india- 
rubber,  softened  by  warmth,  may  be  exposed  to  a  tempera- 
ture of  0°  Fall,  for  an  hour  or  more  without  losing  its 
pliability,  but  that  a  few  days'  rest  at  a  temperature  con- 
siderably above  the  freezing  point  will  cause  it  to  become 
rigid.  Joule  also  carried  out  an  extended  investigation  on 
the  thermal  effects  of  stretching  both  vulcanised  and  unvul- 
canised  rubber.  The  rise  or  fall  in  temperature  was  measured 
by  means  of  a  thermo-junction  consisting  of  thin  copper 
and  irou  wires.  A  cooling  effect  was  first  observed  on 
extending  the  rubber  specimen,  which  changed  to  a  heating 
effect  with  larger  tensions.  In  connection  with  these  ex  per  i- 
meuts,  Joule  makes  the  important  statement  that  "  at  tem- 
peratures a  few  degrees  higher,  the  reverse  action  with  weak 
tensile  forces  did  not  take  place,  but  that  there  was,  ou  the 
contrary,  a  very  slight  heating  effect."  Joule  also  made  the 
following  statements  with  regard  to  vulcanised  rubber :  (1) 
That  the  quantitative  effect  of  laying  on  the  weights  was  not 
sensibly  different  from  the  reverse  effect  of  removing  them  ； 
and  (2)  that  with  light  weights  and  a  low  temperature  there 
was  a  slight  cooling  on  the  application  of  tensile  force, 
which  ultimately  changed  into  a  heating  effect,  increasing 
much  more  rapidly  than  the  stretching  weight.  A  theory  to 
account  for  this  double  effect  of  heating  and  cooling  has  been 
developed  by  Chauveau. 十  The  molecular  changes  which  the 
rubber  undergoes  when  in  tension  are  divided  into  two 
classes,  each  of  which  produces  its  own  characteristic  pheno- 
mena.   The  two  effects  may  be  briefly  described  as  follows  ： ― 

(1)  A  displacement  of  the  position  of  the  molecular  groups 
relatively  to  their  positions  of  equilibrium. 

(2)  A  change  in  the  dimensions  of  tho  inter-rnolecular 
spaces. 

The  first  effect  always  produces  heating,  and  the  second 
sometimes  heating  and  sometimes  cooling.  The  net  result  is 
sometimes  heating  and  sometimes  cooling.  In  one  condition 
no  thermal  change  results  at  all.  The  displacement  of  the 
molecular  groups  relatively  to  one  another,  constituting  a 
source  of  heating,  is  proportional  to  the  total  work  done 
upon  the  specimen  in  extending  it.  Chauveau  states  that 
the  work  due  to  the  change  in  the  dimensions  of  the  inter- 
molecular  spaces  is  simply  a  function  of  the  distance  tra- 
versed by  the  load,  assuming  that  the  changes  of  volume 
experienced  by  the  body  are  proportional  to  the  alteration  of 
longitudinal  extension,  which  is  practically  so  in  the  case  of 
rubber.  Consider  a  cubical  specimen  the  length  of  whose 
side  is  x.  The  body  is  put  into  tension  along  one  axis  and 
becomes  lengthened  along  that  axis,  the  cross-sectional  area 
simultaneously  (liminishiiig.  het  tho  Jiew  leuytli  be  /、，  and 
Poissoii's  ratio  for  this  particular  specimen  be  <r,  the  value 
of  which  changes  with  load.  Then  the  new  breadth  is  equal 
to  x—(r{xl  ―  /  )  and  the  new  volume  becomes  /  ,(/;—  cr (x*! - x)'-) . 
The  ratio  of  this  new  volume  to  the  new  length  comes  out 
constant  within  1  j)er  cent,  throughout  the  range  of  stretcli- 
ing  weiglits  used.     If  the  thermal  neutral  point  is  known, 

*  From  an  artioh;  \>y  A.  ScIiwm rt/  »nd  1'.  Kcinp  in  ''!"'(:  ('noutclionc  ct  l;i  Giitt"- 
perch  a.''  Kcproflun-d  from  Vol.  V.  of  tlic  "  .lournal  of  tht;  Municipal  School  ot 
TcchnoloKV,"  Miinclicslcr. 

t 丄 'wis  rAcadeuiio  des  Sciences,  February,  lbd'J. 


at  which  neither  heating  not  cooling  results  upon  the  a 川, 
tiou  of  tension,  tlien  it  is  possible  to  (ralculatei  the  slwij^-  of 
the  thermal  curve  for  different  tension.s.  Cliauvcan's 
hypothesis  does  not  explain  the  fact  that  Miis  double  ('fl、' t 
of  heating  and  cooling  is  not  obtained  at  the  ordinary  tem- 
peratures of  the  atmosphere. 

Mechanism  of  Extension. 一 Ceri ain  molecula r  ,'h;i  w  、  lake 
place  in  rubber  wlien  it  is  subjected  to  tension.  Tlio  pit- 
vious  histoiy  of  the  specimen  affects  the  rate  of  extension 
on  the  application  of  tension.  One  may  conjecture  that  two 
or  more  types  of  molecular  agglomeration  exist.  The  ordi- 
naiy  form  of  extension  curve  for  a  specimen  of  vulcanised 
rubber  is  fairly  straight  at  its  commencement.  As  t  he  ten- 
sion is  gradually  increased  the  rate  of  extension  with  load 
increases  considerably,  and  the  rubber  is  now  in  such  a 
condition  that  wlien  the  stress  is  removed  the  retraction  curve 
does  not  trace  a  path  coincident  with  the  extension  (m'v(、 
but  forms  a  new  curve  in  which  the  deformations  are  mudi 
greater  for  a  given  tension  than  they  were  for  tlie  correspond- 
ing tension  on  the  extension  curve.  This  behaviour  can  be 
explained  on  the  hypothesis  that  the  material  under  test 
consists  of  at  least  two  kinds  of  molecular  agglomerations. 
When  subjected  to  small  stresses  each  of  these  behaves  in  tlie 
same  manner,  causing  an  extension  of  the  whole  proportional 
to  the  applied  stress.  As  the  tension  is  gradually  increased 
one  type,  of  molecular  grouping  is  stressed  to  its  limit,  ana 
consequently  breaks  up.  The  extension  curve  now  begins 
to  leave  the  straight-line  formation  and  enter  its  second  stage. 
In  the  second  stage  some  of  the  weak  molecular  groups  break 
up,  whilst  the  stronger  and  more  stable  ones  still  persist  in 
their  original  behaviour  ；  the  resultant  extension  curve  being 
due  to  the  combination  of  these  two  factors. 

Effect  of  Temperature  on  Extension.— This  question  has  been 
studied  by  Schmulewitsch,*  who  considered  the  resultant 
change  of  length  to  be  influenced  by  two  different  factors, 
viz.  :  (1)  The  change  of  length  due  to  the  natural  expansiu" 
or  contraction  of  the  body  with  rise  of  temperature  ；  and  (2) 
the  expansion  or  contraction  due  to  a  change  in  the  modulus 
of  elasticity  of  the  rubber.  It  lias  been  recently  shown  by 
the  authors  that  virgin  rubber  has  a  positive  temperature 
coefficient,  and  also  that  the  effect  of  raising  the  temperature 
is  to  render  the  body  less  extensible  when  subjected  to 
tension.  Thus  a  positive  temperature  coefficient  of  linear 
expansion  and  an  increase  in  the  modulus  of  elasticity  repre- 
sents the  actual  state  of  affairs.  The  effect  of  the  tempera- 
ture coefficient  of  linear  expansion  is  to  raise  the  curve 
parallel  to  itself  when  the  temperature  is  raised,  and  the 
effect  of  the  increase  in  the  modulus  of  elasticity  is  to  decrease 
the  slope  of  the  curve.  Taking  the  algebraic  sum  of  these 
two  component  effects,  it  is  seen  that  the  extension  curves 
for  two  different  temperatures  cut  one  another,  and  the 
higher  the  temperature  the  flatter  the  curve  (within  certain 
limits).  Following  out  this  reasoning,  it  is  possible  to  obtain 
a  contraction  on  heating  up  the  specimen  if  it  is  subjected 
to  tensions  above  a  certain  value.  The  expansion  curves 
xuuler  constant  load  all  showed  two  distinct  stages,  thesa 
being  more  marked  in  the  cases  where  the  specimens  were 
subjected  to  considerable  tensions.  The  first  stage  of  the 
curve  consisted  of  a  fairly  flat  portion  which  continued  up 
to  a  certain  temperature,  usually  between  20°  C.  aud  30°  C" 
at  which  a  sudden  change  occurred.  The  curves  then  trended 
rapidly  upwards  until  the  specimen  broke.  It  is  quite  pos- 
sible that  the  discrepancy  between  these  results  and  those 
obtained  by  Schmulewitsch  is  caused  by  the  latter  experi- 
menter having  used  vulcanised  rubber,  whereas  the  authors 
employed  spread  rubber  tape,  or  to  the  fact  that  the  rubber 
used  by  Schmulewitsch  may  have  been  previously  extended, 
whereas  that  employed  by  the  authors  was  in  a  virgin  state. 

- N'iertcliahrsseli  dcr  Naturforsch.    ("mil  Zurich.  lStiii. 


New  Naval  Airship. ― A  new  naval  airship  for  the  British 
Admiralty  is  to  be  built  at  Barrow.  For  some  time  past  the 
work  of  demolishing  Airship  No.  1，  which  was  wrecked 
some  months  ago,  has  been  proceeding.  This  task  has  been 
well  nigh  accomplished  preparatory  to  the  laying  down  of 
Airship  No.  2,  the  design  for  which  has  been  in  preparation 
for  some  time  past,  and  has  now  beeu  approved.  The  work 
will  be  undertaken  by  Vickers,  Ltd. 
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BOILER  ECONOMICS  AND  THE  USE  OF  HIGH  GAS  SPEEDS.* 

BY  J.  T.  NICOLSON. 

(Continued  from  page  236.) 
Pakt  V. ― Results  of  Trials  by  Mr.  Longridge. 
The  objects  of  the  construction,  running,  and  testing  of  this 
experimental  boiler  plant  were  as  follows  ： ― 

1.  To  show  that  a  greatly  increased  rate  of  evaporation 
per  unit  of  heating  surface  could  be  attained  by  a 
mere  increase  of  the  gas  speed. 

2.  That  this  increased  evaporative  power  could  be  got 
without  any  sacrifice  of  evaporative  or  thermal 
efficiency. 

3.  To  prove,  by  continuous  working,  that  the  narrow 
flues  which  the  use  of  a  high  gas  speed  entails  do  not 
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choke  up  with  tar  or  coal  dust,  and  do  not  corrode  at 
the  outlet  end  of  the  flues. 

4.  To  show  that  by  the  use  of  high  speed  directed  flow 
of  the  feed  water  in  small  bore  tubes,  the  deposit  of 
sediment  is  avoided,  and  that  corrosion  due  to  pitting 
cannot  take  place. 

5.  To  verify  Osborne  Reynolds'  law  of  lie  at  transmission. 
A  portion  of  the  report  by  Mr.  Longridge  is  given  in 

Appendix  V.  ；  but  for  convenient  reference  the  principal 

'  Table  IV 


This  is  most  directly  shown  by  collecting  some  of  Mr. 
Longridge's  results  with  others  taken  from  ordinary  practice. 
Thus, 豎 Table  V.，  line  2  (last  five  columns),  the  average  gas 
speeds  through  the  author's  boiler  have  been  written  down, 
and  in  the  next  two  lines  the  evaporations  per  hour  per 
square  foot  of  heating  surface  actually  obtained.  In  line  3 
these  are  per  square  foot  of  boiler  only,  in  line  4  for  both 
boiler  and  economiser.  In  the  first  three  columns  of  the 
same  table  a  few  results  of  land  boilers,  taken  from  Bryan 
Donkin's  book,  are  given  for  comparison.  It  will  be  seen 
that,  roughly  speaking,  the  rate  of  evaporation  in  pounds  per 
hour  per  square  foot  of  total  heating  surface  (boiler  and 
economiser)  increases  directly  with  the  gas  speed,  being  equal 
in  pounds  per  square  foot  per  hour  to  from  one-eighth  to 
one-tenth  of  that  speed  in  feet  per  second.  Thus,  with  a 
speed  of  20  feet  per  second  (common  in  land  boilers  of  the 
Lancashire  or  Babcock  type)  the  evaporation  is  21bs.  or  31bs. 

per  square  foot  of  total  heating  surface 
per  hour,  whilst  with  100ft.  per  second 
tlie  evaporation  is  lllbs.  or  121bs.  per 
square  foot  per  hour. 

2.  In    Table    V.，    also,    the  tlienn;il 
efficiencies  have  been  entered  in  line  5， 
i.e.,  the  ratios  of  lieat  transferred  to  water 
to  the  whole  heat  in  tlie  coal.    In  line  6 
the   net   efficiency    of   the  experimental 
plant,  as  determined  by  Mr.  Longridge, 
has  been  added.    These  figures  allow  for 
the  steam  spent  upon  driving  the  fan  and 
circulating  pump.    Ket'erring  to  line  5，  it 
will  be  seen  that  the  efficiencies  of  the 
high-speed  boiler  compai  e  quite  favourably 
with  those  of  the  slow-speed  type,  as  exem- 
plified by  present-day  land  boilers  ；  whilst 
line  6  shows  that  the  net  efficiency  does 
not  fall  off  nearly  so  much  with  the  high- 
speed boiler  as  it  does  with  the  ordinary, 
when    high    rates    of    evaporation  are 
attempted.    The  matter  can  be  well  shown 
by     a     diagram     (Fig.  14).       In  this 
figure,    boiler    efficiencies    are  plotted 
.       against  rates  of  evaporation  per  square 
foot  of  boiler  heating  surface  only.    The  line  marked  B  D  is 
the  curve  given  by  Bryan  Donkin  (on  page  223  of  his  book 
on  "  Heat  Efficiency  of  Steam  Boilers")  as  the  mean  of  the 
results  of  377  experiments  made  upon  various  types  of  boiler 
by  standard  authorities.    The  line  L  F  expresses  the  average 
of  the  results  given  by  Mr.  Lawford  Fry  in  his  great  paper 
on  locomotive  boilers.    The  line  marked  Y  Y  is  plotted  from 


Mr.  Yarrow's  tests  with  a  Yarrow  boiler,  as  reported  in  1898 
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results  have  been  summarised,  and  are  given  in  the  annexed 
Table  IV.  The  extent  to  which  the  objects  aimed  at  in  the 
tests  were  attained  will  now  be  commented  upon  ： ― 

1.  Increase  of  rate  of  evaporation  due  to  increased  gas 

speed  in  experimental  boiler. 
*  l'upcr  read  before  the  Institution  of  En^incci'^  and  Sbiiibuilclui's  of  Scotilund. 


to  the  Institution  of  Naval  Architects.  Lines  marked  M  L, 
a，  and  b,  give  the  efficiencies  and  rates  of  evaporation  (per 
square  foot  of  boiler  surface),  as  reported  by  Mr.  Longridge. 

It  is  seen  at  a  glance  that;  as  Mr.  Longridge  puts  it  in  his 
report,  "  no  other  boiler  has  given  so  high  an  evaporative 
efficiency  combined  with  so  high  a  rate  of  evaporation  per 
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square  foot  of  heating  surface."  The  dotted  line  marked 
B  B  gives  the  results  of  the  best  trials  on  record. 

When  it  is  remembered  that  on  the  trials  of  the  author's 
boiler  from  10  to  15  per  cent,  of  all  the  heat  in  the  fuel 
was  wasted  by  small  coal  blown  away,  owing  to  the  hard 
firing  with  small  and  dusty  coal,  which  was  necessitated  by 
the  unduly  small  grate  area  (18*1  square  feet  for  7，0001bs. 
of  steam  per  hour),  and  that  those  losses  can  be  largely,  if 
not  altogether,  eliminated  by  a  larger  grate  area  and  easier 
firing,  or  by  a  more  successful  application  of  the  reverberatory 
chamber  principle  behind  the  fire  bridge,  the  author  thinks 
his  readers  will  not  demur  to  the  claim  that  it  may  confi- 
dently be  expected  that  a  high-speed  counter-flow  boiler  to 
give  a  net  efficiency  of  80  per  cent,  when  evaporating  at  the 
rate  of  201bs.  of  steam  per  square  foot  of  heating  surface 
per  hour  will  shortly  be  constructed. 

3.  Freedom  from  choking  up  of  the  narrow  flues  and  of 
corrosion  at  the  outlet  ends. 

Since  being  erected  in  its  present  form,  the  boiler  has 
been  run  for  60  days  at  draughts  from  15in.  to  20in.  of  water 
gauge  for  eight  hours  per  day,  and  has  stood  with  a  banked 


Table  V. ― Effect  of  Gas  Speed  on  Bate  of  Evaporation 
and  Efficiency. 


Bryan  Donkin. 

Mr.  Longridge  on  Author's  Experi- 
mental Boiler,  October,  1909. 

TB1AI-. 

Page 
32. 
No  M 

Page 
37. 
No.  6. 

Page 
45. 
No.  46. 

14. 

19. 

12. 

20. 

21 

1 

Average  Gas  Speed 

10 

18 

22 

73 

86 

99 

101 

105 

2 

Evapora- 、 
tion  from 
and  at 
212°  per 
sq.  ft.  of 
heating 
surface 
per  hour  t 

Boiler 
only 

451 

7-2 

83 

1187 

1544 

19-25 

22-77 

23  06 

3 

Boiler 
and 
Econo- 
miser 

1-58 

1-46 

35 

656 

8-53 

1065 

12-58 

12-75 

4 

Thermal 

' Gross 

796 

612 

64 

79  1 

776 

國 

73-8 

750 

5 

Efficiency 

tNet 

68-9 

69-1 

660 

04-4 

66-1 

6 

fire  for  the  remaining  16  hours  of  those  days.  The  extension 
of  the  run  for  this  length  of  time  without  the  necessity  (as, 
indeed,  there  was  not  the  possibility)  of  cleaning  the  gas 
side  of  the  heating  surface  from  soot  in  the  narrow  parts  of 
the  flues,  appears  to  have  conclusively  established  the  fact 
that  the  scouring  action  of  the  high-speed  gas  flow  is  quite 
sufficient  to  prevent  choking  by  the  accumulation  of  adhering 
clust  or  soot  to  such  an  extent  as  materially  to  affect  the  rate 
of  heat  transmission.  There  is  a  permanent  thin  coating 
of  dust  on  all  the  tubes  ；  but  it  seems  rather  to  operate  as 
an  excellent  preventive  of  external  corrosion  than  to  be 
seriously  effective  in  obstructing  heat  flow.  The  fact  remains 
that,  notwithstanding  this  coating  of  soot  (of  about  g^in. 
thickness),  the  heat  transferring  power  is  so  much  improved 
by  the  high  gas  velocity  that  the  high  rates  of  evaporation 
cited  above  are  obtained,  and  the  waste  gas  temperatures 
finally  reduced  to  about  230°  Fah.，  with  feed  entering  at 
' )  Fah.  This  seems  to  the  author  a  remarkable  physical 
result.  It  is  certainly  of  fundamental  importance  to  the 
successful  application  of  the  high-speed  principle  to  steam 
boilers  fired  with  coal.  Although  there  is  no  difficulty  in 
arranging  for  narrow  flues  in  the  form  of  spaces  between 
plane  sheets  of  closely  pitched  tubes  of  small  diameter,  in  such 
a  manner  that  frequent  cleaning  of  the  surfaces  by  brushing 
can  be  carried  out  without  trouble,  yet  the  results  of  the 
60  days'  running  of  the  experimental  plant  appear  to  sliow 
that  such  cleaning  will  be  quite  unnecessary,  and  that,  on  the 
contrary,  the  surfaces  will  maintain  a  permanent  condition, 
under  the  action  of  the  high  blast,  such  that  protection  to 
the  surfaces  against  corrosion  will  be  afforded  without 
obstruction  to  heat  flow. 

4.  Complete  avoidance  of  internal  incrustation  and  cor- 
rosion by  the  use  of  high-speed  directed  flow  of  the  feed 
water  in  narrow-bore  tubes. 


In  the  ecoiiorniser  of  the  experimental  plant  the  ^in.  diarri. 
tubes  used  were  of  fin.  bore  and  14ft.  6in.  long  ；  but  each 
tube  had  a  bar  of  ^in.  square  stuff  inserted  throughout  its 
length,  so  that  the  feed  water  had  to  thread  its  way  through 
four  narrow  segmental  spaces  of  ^in.  across  at  the  widest  part 
(Fig.  12).  After  use  for  60  days  and  nights,  with  untreated 
canal  water,  the  square  bars  were  drawn  out,  and  to  quote 
Mr.  Longridge's  words,  "  were  quite  free  from  deposit  or 
internal  corrosion."  This  seems  to  the  author  indisputable 
evidence  that  all  that  is  necessary  in  order  to  avoid  incrusta- 
tion and  corrosion  is  the  maintenance,  by  the  use  of  small- 
bore water  tubes  (as  few  in  number  as  the  required  area  of 
flue  suction  will  allow)  of  a  sufficiently  high  speed  of  the  feed 
water  during  the  period  of  its  heating  to  the  boiIing-p。ii】t , 
and  whilst  it  is  giving  up  its  air  or  other  dissolved  gases  and 


Table  VI. 


Date  of  Trial ― October. 

13. 

14. 

19. 

20. 

21. 

Average     丄 h .  U .  trans- 

mitted per  square  foot 

per  hour  (H)  : ~ 

Through  plug  flue 

33,400 

12,200 

14,540 

32,400 

32,200 

Through  evaporator 

6,850 

5,130 

5,480 

6,550 

7,530 

tubes 

4J20 

2,890 

5,070 

5,200 

Mean  temperature  differ- 

ence (/\)  between  gas 

and  steam  or  water  : ~ 

1,811 

1,242 

1,191 

1, 曙 

1,859 

726 

586 

568 

771 

798 

370 

278 

288 

398 

410 

Average  transmission  per 

square  foot  per  hour  per 

degree  (H  +  △) :— 

17-30 

Through  plug  flue  ... 

18-40 

9-82 

12.20 

Through  evaporator 

9-45 

8-55 

9-50 

8-75 

9-65 

Through  economiser 

12-76 

10-4 

12-1 

12-73 

Mean  velocities  of  gas, 

feet  per  second  (w) ： 一 

In  plug  flue  u  

104 

64 

75 

105 

11(1 

In  evaporator  

10" 

75 

90 

110 

11.5 

In  economise!'  

86 

00 

74 

89 

91 

Mean    densities   of  gas, 

lbs.  per  cubic  foot  ( p ) ： ― 

00176 

0-0173 

0-0178 

0-0209 

0-0216 

0-0279 

0-0304 

0*0300 

0-02lifi 

0-02(57 

0-0432 

0*0465 

0*0458 

0  0419 

0  0421 

Values  oi  u  p  ~  ( " ) ： 一 

1()7 

1-27 

1-55 

1-67 

1-72 

2-89 

2-20 

2-08 

2-88 

2-98 

3-4G 

2-65 

3-20 

3-45 

3-57 

Values  of  -r —  ： ~ - 

11-00 

774 

7-90 

10-fiO 

10- ]0 

For  evaporator   

328 

3-98 

3-64 

2  •  ！ )(i 

3-l!t 

3-09 

3*93 

377 

3-70 

3 '55 

its  impurities,  cjj.,  carbonates  and  sulphates.  In  this  way- 
pitting  and  corrosion  are  prevented,  because  they  can  only 
go  on  when  air  bubbles  are  allowed  to  adhere  to  the  tubes, 
as  when  the  water  has  only  a  slow  movement  or  is  altogether 
stagnant.  If  the  water  is  rushed  through  narrow  spaces  at 
a  high  speed  whilst  throwing  off  its  impurities,  and  is  then 
led  into  a  roomy  space  where  these  may  settle  without  danger 
or  trouble,  before  being  passed  through  the  evaporating  tubes, 
the  incrustation  difficulty  which  has  been  so  much  held  up 
against  the  adoption  of  small-bore  tubes  is  really  obviated 
by  their  use.  With  tubes  of  large  bore,  such  as  lin.  or  more, 
the  gas  channels  have  to  be  of  considerable  width  :  that  is, 
the  tubes  have  to  be  widely  spaced,  and  their  lengths,  for 
the  large  values  of  the  surface-section  ratio  employed, 
become  unmanageable.  The  water  movement  also  becomes 
sluggish,  and  the  deposit  of  adhering  bubbles  of  gas  and  of 
solid  incrustations  is  unavoidable.  Thus,  small-bore  tubes 
are  really  a  necessary  accompaniment  of  high  gas  speed.  If 
the  high  gas  speed  causes  great  rates  of  heat  transmission, 
then  rapid  circulation  is  necessary  to  keep  the  tubes  cool,  and 
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a  high  water  speed  can  only  be  obtained  by  tubes  of  small 
bore  if  the  gas  channels  are  narrow. 

5.  The  degree  of  verification  of  Osborne  Reynolds'  law  of 
heat  transmission  has  been  to  some  extent  studied  by  Mr. 
Longridge  on  pp.  7  and  8  of  the  report.  The  method  is  as 
follows  ： ― 

For  roughly  correct  estimates,  Osborne  Reynolds'  law  may 
(as  already  stated)  be  written ― 

H  =  cpuA^c9^  A    (1) 


gases  entering  and  leaving  the  flue,  given  in  lines  22c  and  226. 
W  the  weight  of  dried  fuel  fired  per  hour,  given  in  line  lia. 
The  numerical  values  of  this  expression  divided  by  the  heat- 
ing surface  give  the  average  transmission  through  plates  per 
square  foot  per  hour.    And  this  average  transmission  divided 

by 

~~2~ 


一  i(t=  350), 


gives  the  heat  transmitted  per  hour  per  square  foot  of  heat- 
ing surface  per  degree  of  difference  between  the  mean  tem- 


Fig.  15.— High-speed  Boiler.     Sectional  Elevation  and  t'noNT  View. 


where 


p  is  the  density  of  the  hot  gases  (lbs.  per  cubic  foot). 
u  is  the  velocity  of  the  hot  gases  (feet  per  second). 
w  is  the  weight  of  gas  passing  per  second  (lbs.). 
a  is  the  area  of  cross-section  of  the  flues  through  which 

the  gases  pass  (square  feet). 
A  is  the  average  difference  between  the  gas  and  water 

temperatures  (degrees  Fah.). 
c  is  a  supposed  constant  quantity. 


Since  iv  =  pau;  therefore  ―  =  pu  ；  and  either  of  these  quan- 

tities  may  be  described  as  the  mass-flow  per  second  per  unit 
of  area  of  flue  section.  To  determine  whether  c  is  a  constant, 
the  value  of 


H 

pu  A 


has  to  be  found  for  several  different  experiments  in  which, 
whilst  A  varies  but  little,  pu  varies  as  much  as  possible.  These 
things  being  premised,  a  direct  quotation  from  Mr,  Long- 
ridge's  report  may  now  be  made  as  follows  ： ― 

" The  heating  surface  of  the  flue  beyond  the  combustion 
chamber  was  130  sq.  ft.  The  heat  lost  by  the  gases  per  hour 
in  passing  over  this  surface  was  w  cr  (Tx ― T2)  x  W,  where 
w  cr  is  the  heat  capacity  of  the  gases  per  pound  dried  coal 
given  in  line  23",  total.    Ti  and  T2  the  temperature  of  the 


perature  of  the  gas  on  one  side  of  the  plate  and  the  tempera- 
ture of  the  water  or  steam  on  the  other.  Similar  calculations 
can  be  made  for  the  evaporator  and  economise!*,  whose  heat- 
ing surfaces  were  192ft.  and  293ft.  respectively.  The  veloci- 
ties and  densities  of  the  gases  entering  and  leaving  the  plug 
flue,  the  evaporator,  and  the  economiser  are  given  in  line  56/ 
to  56o，  and  from  them  the  mean  velocities  "，  the  mean  densi- 
ties p,  and  the  mean  value  of  u  f)  can  be  calculated.  The 
result  of  the  calculations  will  give  the  figures  needed  to 
answer  the  questions  ia  and  Ah.  {See  Table  VI.)  If  the 
transmission  per  square  foot  per  hour  per  degree  tempera- 
ture difference  were  strictly  proportional  to  the  product  of 
the  density  and  speed  of  the  gas,  the  values  of  H  ~r  ^pu 
would  be  constant  in  each  of  the  above  lines, 
though  these  constant  values  might  be  different 
for  the  plug  flue,  for  the  evaporator,  and  for 
the  economiser.  The  table  shows  that  in  the  case  of  the 
economiser  they  are  approximately  constant,  and,  therefore, 
approximately  in  accordance  with  the  law  H  +  Apu  = 
constant.  In  the  case  of  the  evaporator  the  variation  is 
greater,  and  for  this  there  are  two  reasons ― first,  greater  un- 
certainty as  to  temperatures  and  radiation  losses  ；  second,  the 
fact  that  owing  to  some  of  the  tubes  being  bent  the  gas  cur- 
rent was  not  evenly  distributed  over  the  cross-section  of  the 
flue.    In  the  case  of  the  plug  flue,  the  variation  is  consider- 
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able  ；  but  here  it  must  be  remembered  that  the  plug  was  white 
hot  at  one  end  and  more  than  red  hot  at  the  other,  and, 
therefore,  that  the  radiation  from  it  was  very  great,  conse- 
quently the  heat  absorbed  by  the  flue  plate  was  much  greater 
than  if  the  plate  had  received  heat  from  contact  with  the  hot 
gases  only.  This  explains  why  the  transmission  was  greater 
in  the  plug  flue  than  it  was  in  the  evaporator  and  economiser, 
and  why  it  was  greater  on  the  13th,  20th,  and  21st  than  on 
the  14th  and  19th,  when  the  temperature  of  the  plug  was 
lower." 

In  that  part  of  the  boiler  where  the  radiation  was  negli- 
gible, e.f/.,  the  economiser,  it  was  therefore  found  that  the 
law 

Q  =  clpiulA 

was  approximately  true  ；  the  constant  having  the  value 
r  =3  73  as  an  average  of  five  trials.  Taken  in  conjunction 
with  the  numerous  other  experimentally  determined  values 
the  author  brought  forward  in  his  paper  before  the  Junior 
Institution  of  Engineers,  p.  242,  he  submitted  that  Osborne 
Reynolds'  law  had  been  shown  to  hold  over  a  great  variety 
of  conditions  ；  and  if  used  in  the  more  extended  form  given 
above,  he  was  prepared  to  show,  had  time  and  space  per- 
mitted, that  the  formula  he  had  brought  forward  contained 
a  roughly  correct  approximation  to  the  truth . 

Part  VI. ― Eational  Design  of  Steam  Boilers. 

The  author  now  proceeds  to  show  how,  by  the  application 
of  Stefai 卜 Boltzmann，s  law  of  radiation,  and  Osborne  Rey- 
nolds' law  of  heat  transmission,  the  designing  of  a  steam, 
boiler  】nay  be  rationally  carried  out,  with  the  assured  expec- 
tation that  the  results  actually  obtained  on  trial  will  be  in 
close  accordance  with  those  predetermined  by  calculation. 
The  general  type  of  boiler  selected  for  study  is  the  high- 
speed counter-flow  boiler,  shown  by  Fig.  15.  The  furnace 
(1)  is  not  arched  over  with  firebrick,  but  tube  surface  is  pro- 
vided to  take  the  fire  radiation  for  evaporative  purposes.  A 
reverberatory  chamber  (2,  3)  is  provided  between  the  fire  and 
the  evaporator  for  the  purpose,  already  alluded  to,  of  com- 
pleting combustion,  so  that  not  only  all  unburnt  gases,  but 
also  all  small  coal  blown  out  of  the  fire  may  be  entirely 
burnt  with  an  additional  supply  of  air.  The  products  of 
complete  combustion  then  pass  through  the  evaporator  (4,  5)， 
which  consists  of  sheets  of  closely-pitched  tubes  |in.  diam. 
and  §in.  bore,  expanded  into  headers  at  each  end,  and  en- 
closed in  a  sheet-steel  casing  lined  with  thin  firebricks,  with 
hollow  spaces  for  air  behind.  The  gas  flue  is  formed  by 
the  spaces  between  the  tubes  and  within  the  casing. 

From  the  evaporator  the  gases  pass  through  a  similarly 
constructed  nest  of  tubes,  called  the  economiser  (6,  7),  to  the 
fan  suction  (8).  The  (； old  feed  enters  at  A，  passes  up 
through  the  (Jin.  diam.,  \in.  bore)  tubes  of  the  economiser, 
in  counter-current  to  the  gases,  to  the  drum  B.  The  pro- 
portions are  such  that  the  feed  is  brought  almost  to  the  boil- 
ing point  by  passage  through  the  economiser,  and  most  of  the 
evaporation  is  done  in  (4,  5).  If  tlie  feed  is  impure,  a  mud 
drum  C  is  provided,  and  the  boiling  feed  is  led  thereto  from 
B.  After  settling,  it  is  led  by  a  number  of  bent  pipes  in  C 
to  the  U- shaped  chamber  below  C，  and  is  forced  to  pass  along 
the  radiation  tubes  to  D.  Thence  it  goes  via  the  iC  convec- 
tion evaporator"  tubes  to  the  steam  drum  E.  The  fan  is 
driven  by  a  steam  turbine,  and  draughts  up  to  50in.  or  60in. 
of  water  gauge  can  be  induced  in  the  fan  suction  (8)  by  one 
wheel  only,  running  at  from  2,000  to  3,000  revs,  per  minute. 
The  main  feed  pump  G  and  rotary  pump  F  are  driven 
through  worm  gearing  by  the  same  turbine.  The  rotary 
pump  F  can  draw  water  from  E  and  discharge  it  via  the 
radiation  evaporator  and  drum  D  back  into  E,  so  as  to  pre- 
vent these  tubes  from  being  burnt  when  the  main  feed  is 
turned  off.  When  under  full  steam,  experience  has  shown 
that  the  ' ' i rr ii  1  ation  due  to  the  main  feed  pump  alone  is 
sufficient  to  keep  the  tubes  in  (4，  5)  quite  cool  ；  and  F  can  be 
stopped.  The  power  of  the  boiler  is  instantly  varied  by  the 
steam  supply  to  the  fan  turbine  ；  and  owing  to  the  small 
volume  of  water  to  be  initially  lieated,  the  full  steam  pres- 
sure can  be  got  up  from  cold  within  15  minutes,  provided 
stand-by  steam  for  the  turbine  is  available. 


The  general  heat  equations  fundamental  to  the  design  of 
such  a  boiler  may  be  written  down  as  follows : — 

Heat  generated  in  the  fire  =  heat  radiated  +  heat  given  to 
gases ~ - 

Q_50F  =  i6I?°(luT0u)'  +  />(A+1)(T"-521) . . 

The  solution  of  this  equation  for  any  given  rate  of  firing 
gives  the  fire  temperature  (T0). 

Heat  radiated  from  fire  per  pound  of  coal  =  weight  of 
water  evaporated  in  furnace  per  pound  of  coal  x  latent  heat 
(from  and  at  steam  temperature). 

1600  (  r„  、'    R     e  L  (2) 


F 


Thus  the  evaporation  due  to  radiation  is  known.  If  there 
be  no  ultimate  furnace  loss,  i.e.,  if  all  the  furnace  loss 
(50  F  units  per  pound  of  coal)  be  recovered  in  the  reverbera- 
tory chamber,  the  gases  will  rise  in  temperature  from  T0  to 
T,,  according  to  the  equation, 

50F  =  o-(T1-T„)  (3) 

where  (r  =  hX)  (A  +  1). 

Hence  T,,  the  temperature  at  entry  to  the  evaporator,  is 
known.  (This  neglects  convective  evaporation  in  the  fur- 
nace, which  is  relatively  small.)  In  ordinary  dry  boilers  we 
may  take  Tt  =  T0. 

Tf  one  assumes  a  waste  gas  temperature,  T3  (say,  220° 
Fall,  for  a  counterflow  high-speed  boiler),  then  the  total 
evaporation  per  pound  of  coal,  e,  is  known  from 

Q-o-(T3-60)=e[L  +  £-  60]  (4) 

Hence  e2  =  e  —  t^,  the  weight  to  be  evaporated  in  the  con- 
vective evaporator,  is  now  known. 

T2，  the  gas  temperature  at  entry  to  the  economiser,  can 
now  be  found,  for  the  heat  lost  therein  by  the  gases  per  pound 
of  coal  —  the  heat  required  to  raise  the  whole  of  the  feed 
evaporated  per  pound  of  coal  (e)y  from  60°  to  the  boiling 
point  (t). 

,r(T.-Ts)  =  e(t-Q0)  (5) 

Finally,  and,  as  a  check,  the  temperature  drop  from 
to  T2  taking  place  in  the  evaporator,  multiplied  by  the  ther- 
mal capacity  of  the  gases  from  lib.  of  coal,  should  be  the 
equivalent  of  the  convective  evaporation  e2  —  (e  —  e^)  pounds 
of  steam  from  and  at  the  steam  temperature  (t)  per  pound  of 
coal ；  or 

^(T.-T,)  =  e.J,  (6) 

The  value  of  the  product  of  the  density  and  speed  of  the 
gases  through  the  flues  must  now  be  determined  ；  or  (what  is 
tJie  same  thing)  their  rate  of  mass- flow  pounds  per  second  per 

square  foot  of  cross-section  thereof  (piul  = ~  =  Mj).  The 

usual  value  in  ordinary  boilers  of  this  quantity  is  from  0'25 
to  1  ；  but  in  locomotive  and  destroyer  boilers  it  sometimes 
reaches  3  or  4.  In  high-speed  boilers  it  may  have  values  up 
to  12,  or  even  more,  according  to  the  relative  values  of  floor 
space  and  of  steam  generated.  The  greater  the  value  of  the 
space  saved  by  the  use  of  the  high  gas  speed,  or  of  the 
diminished  weight  of  boiler  secured  by  increasing  the  rate  of 
heat  transmission  and  so  reducing  the  area  of  the  heating 
surface,  the  larger  the  amount  of  steam  which  can  profitably 
be  wasted  on  the  fan  plant  and  the  higher  the  value  of 

Mj  =         The  mass-flow  (Mj)  having  been  fixed  from  such 
ai 

considerations,  and  the  weight  of  gas  discharged  par 

square  foot  of  fire  being  fixed  by  the  rate  of  combustion 
decided  on, 

, — (A  +  1)F  — 300  +  10F ―】  F 
3,600   =    3,600    =12  +360 

then 


， and  the  flue  section  is  known  .     .  (7) 


If  in  this  expression  "、  represents  the  weight  of  gases 
passing  per  second  per  square  foot  of  grate  area,  then  at  will 
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Table  VII. ― Particulars  of  High-speed  Boilers  with  Various 
Draughts  to  JEva/porate  10 ,0001b s.  of  Useful  Steam  of  150lbs. 
Pressure  from  Feed  at  60°  Fait. 

Eoonomiscr  portion. 


10 


Mass-flow  ll)s.  per 
second  per  sq. 
ft.  of  Hue  (MJ. 

Average  gas 
sfM'cd,  fiM-t  per 
second  (nx)  ... 

Fliu*  ai't-a  }ivv  sq . 
ft.  of  (； rato  (at) 

M;iss    How  ratio 

(H)  

(B,  +  B:tR^) 


Number  of  tubes 
per  sq.  ft.  grate 
(ii)  (Jin.  t  u l«'s 
]>i( cli  ifin.)  ... 

Heating  surface 
of  1  running 
foot  of  n  tu  bos 

Su  rfaco  section 
ratio  Se,./Aee  ... 

Heating  surface 
required  pi'rsq. 
ft.,  of  gi'at'i'  (.^.e) 


LciiL'lh  of  lubes, 
feet  


1 

r>o 
no 

,020 


SL>.i; 


35 
548 


91-4 


8.83 


3 

](>(i 

0-0555 

20 
l.OfiO 

27  T) 

3"i 
570 

32  05 


n-07 


(i 

333 

0.0278 

10 
]，120 

13.75 

1.8 

602 

!(；•/：( 


0-3 


9 

500 

0-0185 

(i.fiO 
1,180 

n-17 

1.2 

634 

11-8 


0-8 


12 

am 

0  0139  sq.ft. 

r» 

1,240 
0-88 


()•!) 


9-28 


10-3 


K  =  247  ；  p.,u.,  =  60  x  1  =  60  ;  pxul  variable, 
as  shown  in  Table  VII. 


,  T,  一  t 
lo-T^60 


d,     0-25     ―  Kk, 
，      974-366     ，      608  ， 

= lQge  22Q  _  60    =  ^geJey  =  l0g«=3  '8  =  1>3350- 

Table  VIII. 一 Evaporator  portion. 


20 

21 

22 
23 

24 


Mass-flow  lbs.  per 
second  per  sq.ft. 
of  flue  (MJ  

Average  gas  speed, 
feet  per  second 
K)  

Flue  area  per  sq.ft. 
of  grate  (aKV ) ... 

6  32(Ml  +30)  sur- 
face 一  section 
ratio  

Heating  surface 
per  sq.   ft.  of 

grate  (sev )  


1 

27 
0-1066 

1958 

32-62 


3 

81 

00555 

208-5 
11-57 


0 
I  (18 

00278 
227-5 


9 


270 


■ 

0  0185 0-0139  sq.  ft. 


240  5 


6-32       4  56 


12 


205 


3-68 


Steam  per  sq.  ft. 
of  heating  sur- 
face of  evapora- 
tor per  hour  ... 


10-87 


30- 05 


50-1  77-8 


96-4 


25 


2(i 


27 


Number  of  tubes 
per  sq.    ft.  of 

grate  (n)  

Surface  (^in. 
tubes,  pitched 
lin).  of  lft.  of  n 
tubes   

Length  of  tubes, 
feet   


3734 

4-89 
0-08 


11-93 

1-501 
7'4】 


5-97  3-98 


0-78 
8-10 


：!0 


T  o  t  al  heating 
surface  of  eva- 
porator and 
economiscr  per 
sq.  ft.  of  grate... 


124-02 


44  22 


23  05 


Steam  per  sq .  ft. 
heating  suilacc 
|)(t  lumr,  total.. 


2.855 


8-02  15 


052 
8-77 


299 

0-391 
9-42 


21  05 


27：?5 


•  Speed  of  gas  ； it  exit  from  counterflow  heater,  feet  per  second. 
Fig.  16. 

If  the  nests  of  tubes  be  of  outside  diameter  dt  inches, 
pitch  i>  inches,  and  length  /  feet,  and  there  be-  "  tubes  per 
square  foot  of  grate,  then  (for  hexagonal  pitching) 

(0-866p-  -0-7854rf1>  =  144al   ....  (13) 
in  which  at  is  known  from  equation  (7),  and,  therefore,  n  is 
determined.  Again, 

-^J  L  (oi-  U  =  *v  (or  sev)    .    .    .    .  (14) 

and  since  sei.  (or  sev)  are  known  from  equations  (8)  and  (9), 
/，  the  length  of  the  tubes,  is  known. 

In  the  present  case  take  F  =  30,  as  being  near  the  value  of 
I'，  (Fig.  3),  which  gives  best  furnace  efficiency.  Then  A  +  1 
=20  ；  /,[  -  0-24  ；  pressure  by  gauge,  1501bs.  per  sq.  in.;  feed 
temperature,  /,,  =  60°  Fah.  ；  waste  gas  temperature,  T3  =  220° 

Fah.;  it  is  found  that  T0  =  2,210°  Fah.  ;  T,  =  2,522  ;  —  =  2  700 

1  Y 

thermal  units  per  lb.  of  coal  ；  e,  =  =  3151bs.  from  and 

oOO 

at  .0.6G°  Fah.;  e  =  11-82,  the  evaporation  from  60°  Fah. 
at  3G6°  Fah.  per  lb.  of  coal.  e2  =  ll,82  ―  3-15  =  8-67.     T2  = 

975。  Fuh.  ；       =  F|5A-^  =  Alb.  per  second. 

K"r  tin-  deduction  of  o(juations  (8)  and  (9)  see  Appendices  II.  and  III. 


o 


g 


be  the  cross-section  of  t'lie  flue  per  square  foot  of  grate  area 
(sometimes  called  the  "  calorimeter  ，，！ ). 

The  ecoiiomiser  heating  surface  per  square  foot  of  grate 
area  can  now  be  found  : — 

ser_lev_Bevkl(l+B/3)  ^ 

Similarly,  the  evaporator  heating  surface  per  square  foot 
of  ^rate  area  can  be  found,  for 

~^~mec^  K^l  ^+V2BB    S'  T^60     •    {  } 
Tn  these  forrau】？e  put 

K=Jf2  ―        eF  _T2-T, 

— ~'，i  — & (: 化 0+10F)—  T2  —  《3 [  } 
H  一/>2"2  —  w，2/a2  — M?  ii、  fin  which  M2  may  be 

pxux    wja1  ~  Mj    •    、    '  \  taken  equal  to  60. 
o__d^_  diameter  of  tube  on  water  side  .  9 

卜     dx      diameter  of  tube  on  g<as  side  ^ 
B2  =  600  according  to  Stanton's  experiments, 
I  v,  =  1,000  for  the  economiser  "1  from  the  author's  experi- 
Bev  =  600  for  the  evaporator    J  ments. 


(J3JU-W  jo  sotpu 一)  uo 一 uns  uej  je  Jq3n2Q 

o  o  o  o  o  o  D  3  3  3) 


•3JB」S  p  -bs  J3d  3〕eJ」ns 


T  ;T 
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Thus,  the  surface-section  ratio  for  the  economiser  is- 


= 0  403  x  1 


f1020、 

548、 

r  1 

1060  1 

570 

3 

335  - 

1120'—  =  - 

602 

ll 

二 

G 

1180  I 

634 

9 

J240) 

^666； 

J2 

Now,  ax 


0-1666 


Take  the  tubes  to  be  iin.  outside 


diameter  and  fin.  pitch  ；  the  area  for  gas  per  tube  is  (0'866;r  - 
.  a.       0166  x  144 

0*7854{fJ)  =  0*291  square  inches  and  n  =  q.^i  =  M  x  0'29V 

The  resulting  quantities  are  given  in  the  annexed  Table  VII. 
(lines  1  to  10).  Similarly  for  the  evaporator,  F  =  30  ； 
A  +  1  =  20  ：  )(\  ―  ^，  as  before.  l\  must  now  he  taken  =  0'25 
to  allow  for  increase  of  specific  heat  of  COL,  with  temperature  ； 


2522  ―  366  215G 


T,-t 
If  the  tubes 
then  : 


So  that  : 


975  -  366  609  =  3-54J=l0-3-54  =  ^2641" 
are,  as  before,  |in.  in  diameter  and  ^in.  bore, 


Re 


30 


1  +  Re     M,  +  30 


c,  -  6. 


6 


30 


4/ 


36UU(M,  +  30)  d, 


= 1-2641, 


or 


5py 


4/ 


j-=  5  (Mt  +  30)  ,;  1-2G41  =  6*32  (M,  +  30). 


The' results  are  tabulated  in  lines  20  to  27  of  Table  VIII. 
The  heating  surfaces  of  economiser,  evaporator,  and  the  whole 
boiler  have  been  plotted  cn  a  base  of  gas-speed  or  mass-flow 
on  Fig.  16. 

[To  be  continued.) 


THE  MELTING  POINTS  OF  FIREBRICKS. 

In"  a  technologic  paper  to  be  issued  shortly  by  the  U.S.  Bureau 
of  Standards  the  results  of  some  experiments  to  ascertain  the 
melting  points  of  firebricks  are  given  by  C.  W.  Kauolt  as 
follows : —— 

We  are  accustomed  to  thinking  of  a  melting  point  as  a 
temperature  at  which  a  substance  changes  from  a  rigid  to  a 
fluid  condition,  but  a  melting  point  can  be  precisely  and 
rationally  defined  only  as  the  temperature  at  which  a  crystal- 
line or  anisotropic  phas3  and  an  amorphous  or  isotropic 
phase  of  the  same  composition  can  exist  in  contact  in  equili- 
brium. While  this  definition  is  satisfactory  for  pure  sub- 
stances, so  complex  a  mixture  as  an  ordinary  firebrick  usually 
has  no  single  definite  melting  point  according  to  this  defini- 
tion, since  several  anisotropic  phases  may  be  present,  all 
differing  in  composition  from  the  isotropic  phase  produced 
by  fusion.  We  can  then  only  select  the  temperature  at 
which  the  transition  from  a  rigid  to  a  fluid  state  seems  most 
distinct,  and  can  call  this  the  melting  point  only  by  apology. 
In  the  case  of  firebricks,  the  transition  temperatures  so 
found  are,  fortunately  sufficiently  distinct.  I  have  taken  as 
the  melting  point  the  lowest  temperature  at  whicli  a  small 
piece  of  the  brick  could  be  distinctly  seen  to  flow. 

The  experiments  were  conducted  in  an  Arsem  graphite 
resistance  vacuum  furnace.  The  samples  were  usually 
enclosed  in  a  refractory  tube  made  of  a  mixture  of  kaolin 
and  alumina  in  the  proportions  to  form  sillimanite,  to  pro- 
tect them  from  the  small  Amount  of  reducing  gas  in  the 
furnace,  although  the  action  of  this  gas  was  slight.  The 
samples  were  observed  through  a  glass  window  in  the  top 
of  the  furnace. 

The  temperatures  were  determined  by  means  of  a  Morse 
optical  pyrometer  of  the  Holborn-Kurlbaum  type,  which 
was  sighted  vertically  downward  through  the  glass  window. 
The  carbon-filament  pyrometer  lamp  was  calibrated  by  two 
metliods.  In  the  first  calibration  it  was  sighted  into  a 
platinum  resistance  furnace  in  which  black-body  conditions 
were  obtained,  and  the  temperature  of  whicli  was  measured 
by  platinum  platinum-rliodium  thermocouples.  These  ther- 
niorouples  had  been  calibrated  against  the  freezing  points 
of  p，，re  metals.  In  tlie  second  calibration  tlie  lamp  was 
calibrated   against  tlie   freezing   points   of   motals  directly, 


without  the  intermediation  of  thermocouples.  The  metals 
used  were  copper,  silver,  and  tlie  copper-silver  eutectic,  which 
freeze  at  1,083°,  961°,  and  779°,  respectively.  The  metals 
were  melted  in  the  vacuum  furnace  it)  graphite  crucibles, 
tlie  pyrometer  being  sighted  into  a  thin-walled  graph  it  (' 
tube  inserted  in  the  metal.  The  pyrometer  readings  corre- 
sponding to  the  freezing  points  were  determined  )>y  rneaiiH 
of  cooling  curves.  With  silver  and  copper,  heating  curves 
were  also  obtained. 

As  the  melting  points  to  be  measured  were  above  the 
working  limit  of  the  pyrometer  lamp,  an  absorption  glass 
was  interposed  between  the  pyrometer  and  the  furnace.  The 
true  temperatures  were  then  found  from  tlie  apparent  tem- 
peratures measured  through  the  glass,  by  means  of  t  lie 
equation 

where  T x  is  the  absolute  temperature  of  the  furnace,  7T„  is 
the  apparent  temperature  observed  through  the  glass,  and 
A  is  a  constant.  The  value  of  A  was  determined  by  calibra- 
tions at  various  temperatures.  A  small  correction  was  also 
applied  for  the  absorption  and  reflection  of  the  glass  window 
of  the  furnace. 

The  samples,  which  were  from  1  cm.  to  2  cm.  diam.， 
were  Heated  at  the  rate  of  about  10°  per  minute  when  near 
the  melting  point.  It  was  found  that  in  the  case  of  certain 
bricks  made  of  heterogeneous  material  of  relatively  low 
melting  point  the  melting  points  were  slightly  higher  after 
six  hours'  heating  to  1,550°，  apparently  as  the  result  of  the 
gradual  running  together  of  dissimilar  particles  to  form  a 
mixture  having  a  higher  melting  point  than  the  most  fusi- 
ble of  the  original  materials.  The  results  are  summarised  in 
the  following  table  ： ― 


Material. 

Number  of 
Samples. 

Melting  Point. 
Deg  Centigrade. 

Fireclay  brick   

41 

1,555。  to  1,725° 

mean  1,649° 

Bauxite  brick  ...   

8 

1,565°  to  1,785° 

Silica  brick   

3 

1,700°  to  1 ,765° 

Chromite  brick   

1 

2,050° 

Magnesia  brick   

1 

2,165° 

Kaolin   

3 

1，735°  to  1,740。 

Bauxite  

1 

1,820° 

Bauxite  clay  

1 

1,795° 

Chromite  

1 

2,180° 

Pure  Alumina   

2,010° 

Pure  Silica   

1,750° 

The  value  1，750°  C.  given  for  silica  is  not  the  true  melting 
point,  but  represents  approximately  the  temperature  at  which 
the  silica  flows  distinctly.  It  was  found  that  silicon  carbide 
does  not  melt  below  2,700°  C.  ；  it  becomes  unstable  at  much 
lower  temperatures. 


SULZER'S  VALVE  GEAR  FOR  INTERNAL-COMBUSTION  ENGINES. 

We  illustrate  herewith  an  arrangement  of  valve  gear  for  con- 
tinuous-combustion internal-combustion  engines,  the  inven- 
tion of  Messrs.  Sulzer  Bros. ,  Winterthur.  The  gear  has 
been  designed  with  the  object  of  improving  and  simplifying 
tlie  arrangement  of  the  safety  valves  and  inlet  valves  used 
for  the  admission  of  compressed  air  for  starting,  reversing,  or 
the  like.  As  at  present  made  internal-combustion  engines  of 
this  type  have  separate  and  independent  safety  valves  and 
inlet  valves  for  the  compressed  air.  The  arrangement  under 
notice  is  such  that  a  single  valve  and  its  controlling 
mechanism  is  alternately  used  as  a  safety  valve  and  as  an  inlet 
valve  for  admitting  compressed  air  into  the  engine  cylinder 
for  starting  or  reversing.  By  a  single  movement  of  the  con- 
trolling mechanism,  the  valve  can  be  set  for  starting  whereby 
its  action  as  a  safety  valve  is  simultaneously  neutralised,  or 
its  use  as  a  starting  valve  can  be  discontinued,  whereupon 
the  valve  immediately  serves  once  more  as  a  safety  valve. 
Two  constructions  are  shown  in  the  accompanying  illustra- 
tions. Figs.  1  and  2  show  diagrammatically  one  arrangement 
adapted  for  a  single-cylinder  engine  or  for  an  engine  with 
several  cylinders  where  each  cylinder  has  a  separate  control- 
ling apparatus,  and  Fig.  3  is  a  similar  view  of  an  arrange- 
ment in  which  a  single  mechanism  controls  two  cylinders. 
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Fig.  1  shows  the  position  in  which  the  valve  member  acts 
as  a  safety  valve,  and  Fig.  2  shows  the  position  of  the  device 
during  the  starting  of  the  engine  by  means  of  compressed 
air.  The  cylinder  of  the  internal-combustion  engine  F  has 
a  piston  K  and  the  cam  shaft  is  shown  at  ~R.  The  valve 
member  A,  which  may  be  of  the  slide,  piston  poppet,  or 
other  type,  controls  admission  to  the  cylinder  F,  and  is 
opened  or  closed  by  means  of  a  lever  B  pivoted  at  C.  The 
opening  is  effected  by  raising  a  rod  D，  provided  with  a  stop 
E，  on  whicti  a  spring  bears  normally  tending  to  close  tlie 
valve  A.    The  tension  of  ilie  spring  is  calt-ulated  in  such  a 


Fig.  1.  Fig.  2. 

•  Sulzer's  Valve  Gear  for  Intkrnal-combustion  Engines. 

manner  that  on  the  pressure  in  the  engine  cylinder  reaching 
a  certain  value,  the  valve  A  is  opened.  The  upward  move- 
ment of  the  rod  D  is  effected  by  shifting  a  rod  G  having 
a  stop  H  which  engages  the  stop  E.  The  upward  movement 
of  the  rod  G  can  be  effected  by  turning  a  hand  wheel  J 
and  introducing  a  pressure  medium  under  the 
piston  L.  The,  travel  of  tlie  rod  G  or  of  the 
piston  L  is  limited  by  a  stop.  For  the  admis- 
sion of  compressed  air  for  starting  or  reversing, 
a  slide  valve  N  is  provided,  which  is  adapted 
to  be  reciprocated  in  its  casing  O  by  an 
eccentric  P  through  the  rods  and  rocking 
lever  shown.  The  valve'  casing  O  is  con- 
nected both  to  the  pumps  and  reservoirs 
supplying  the  compressed  air  by  means  of  a 
pipe  S,  and  also  to  the  atmosphere  by  means 
of  the  pipe  T.  A  pipe  U  connects  the  valve 
chamber  O  to  the  casing  of  the  valve  A.  The 
pivot  point  V  of  the  rooking  lever  is  on  the 
rod  G  whicli  controls  the  position  of  the  valve 
A.  It  will  therefore  be  seen  that  the  pivot 
point  V  of  the  balance  lever  will  be  shifted 
in  accordance  with  the  position  of  tlie  rod  G, 
which  results  in  the  position  of  the  valve  A  and 
of  the  "  zone  of  movement  ，，  of  the  slide  valve 
1)eing  interde])endent.  When  the  valve  A  is 
opened  by  means  of  tlie  rod  G，  the  slide  valve 
N  will  be  in  its  upper  zone  of  movement. 
Wlif'n  it.  is  closed,  the  slide  valve  N  will  be  in 
its  lower  zone. 

The  operation  of  the  arrangement  is  as  follows  ：  If  the 
ongine  is  to  be  started  by  means  of  compressed  air,  the  rod 
(I ,  ； uid  therefore  also  the  rod  D，  are  brought  into  the  upper 
position  I,  as  shown  in  Fig.  2.  In  that  way,  in  the  upper 
position  of  the  rod  D,  the  starting  valve  A  will  be  per- 
rn.'inently  opened.  At  the'  same  time  tliis  movement  brings 
tlie  slide  valve  N  into  its  upper  zone  of  movement,  and 
therefore  the  compressed  air  charge  is  introduced  near  the 
iij)|)cr  centre.    When  it  is  desired  to  change  to  working 

wit  h  fiuj],  t  lie  rod  G，  and  therefore  also  the  rod  D,  must  be 


brought  into  their  lower  position  II.  (Fig.  1).  In  that  way 
the  valve  A  is  closed,  and  ilie  slide  valve  N  brought  into  its 
lower  zone  of  movement.  In  this  lower  position  the  slide 
valve  permanently,  or  only  near  the  upper  dead  centre  of 
the  piston  K,  establishes-  communication  between  the  valve 
casing  and  the  pipe  T，  that  is  to  say,  the  atmospliere. 

Iii  the  arrangement  shown  in  Fig.  3，  in  which  two 
cylinders  are  controlled  by  means  of  the  same  mechaiiism, 
the  pipe  S  supplies  compressed  air  for  starting  or  reversing 
to  the  slide  valve  chest  0，  which  communicates  witli  the 
valves  A  by  means  of  the  pipes  U.    Connection  with  the 

atmosphere  is  effected  through 
the  open  end  of  the  slide  valve 
chest  O.  A  double  slide  valve 
N  is  employed  to  control  the 
supply  of  compressed  air. 
When  the  slide  valve  N  is  in 
the  zone  of  movement  on  the 
left-hand  side,  which  is  the 
case  in  the  position  I，  at  the 
upper  dead  centre  of  the 
pistons  K  and  Q  of  the  cylinders 
F  and  M  it  establishes  commu- 
nication between  the  com- 
pressed air  pipe  S  and  the 
poppet  valves  A,  for  the  pur- 
pose of  starting  the  engine.  If, 
however,  the  slide  valve  N  is  in 
the  zone  of  movement  on  the 
right-hand  side,  it  establishes 
communication  permanently  or 
only  when  the  piston  K  is  in 
the  upper  dead  centre  between 
the  casings  of  the  valves  A 
and  the  atmosphere.  The 
rods  B，  acting  direct  on  the 
valve  A，  must  be  arranged 
in  such  a  manner  that  the 
valves  can  open  and  close 
again  independently  of  the  rods  D  aiid  G  and  of  each 
other  when  they  have  to  act  as  safety  valves.  In  reversing 
engines  the  driving  gear  of  the  slide  valve,  as  shown  in  Fig. 
3，  is  provided  with  a  device  for  altering  the  slide  valve 
movement  relatively  to  the  time  of  the  cycle  of  operations. 


Fig,  3,— Sulzer's  Valve  Gkar  for  Inteknai-- combustion  Engines. 

Personal. ― Mr.  Edmund  Sharer,  shipyard  director  at  I 
Dalmuir  naval  construction  works  of  W.  Bearclmore  &  Co., 
has  severed  liis  connection  with  that  company,  and  will  he 
succeeded  by  Mr.  Archibald  Canipbell,  naval  ar(】iit,ect,，  who 
at  jn-esent  represents  Vickers,  Ltd . ,  John  Brown  &  Co.，  and 
Armstrong,  Whitworth,  &  Co.，  at  the  F'errol  dockyards  in 
Spain.  Mr.  Campbell  has  been  acting  as  principal  si  lip- 
building  director  for  the  three  companies  named  in  connect  ion 
with  the  reorganisation  of  the  Spanish  Navy. 
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COKING  PRACTICE  IN  THE  SOUTH  WALES  DISTRICT.* 

BY  R.  H.  GREAVES. 

Much  more  importance  is  at  present  attached,  to  the  selection 
of  coke  used  in  foundry  work  than  formerly,  and  this  care  is 
not  misplaced,  as  it  leads  to  economy  in  melting  and  a  higher 
quality  of  metal .  In  attaining  the  former  result  the  physical 
character  of  the  coke  and  the  amount  of  ash  are  of  impor- 
tance : a  high  ash  means  a  correspondingly  low  percentage  of 
combustible  matter,  and  also  increases  the  amount  of  flux  to 
be  used.  Sulphur  present  in  the  coke  passes,  to  a  considerable 
extent,  into  the  metal,  and  exerts  its  own  influence.  In  many 
cases  in  which  castings  come  out  hard  the  metal  is  blamed, 
whereas  the  fault  lies  entirely  with  the  coke  used  :  when  coke 
is  high  in  sulphur,  the  best  metal  will  be  ruined.  In  view  of 
the  importance  of  coke  as  a  factor  in  foundry  work,  a  short 
account  of  the  production  and  character  of  South  Wales  coke 
may  be  of  interest  - 

Welsh  Coals.  ―  The  South  Wales  coalfield  covers  an  area  of 
nearly  1,000  square  miles,  and  extends  over  the  greater  part  of 
Glamorgan  and  Monmouthshire  and  into  the  counties  of  Pem- 
broke, Carmarthen,  and  Brecon.  The  character  of  its  coals ― 
in  some  cases  unique ― is  illustrated  by  the  following  typical 
analyses : — 


Type  of  Coal. 

Moisture. 

Ash. 

Volatile 
Matter. 

Fixed 
Carbon. 

Per  Cent. 

Per  Cent 

Per  Cent. 

Per  Cent. 

Monmontlishire  bituminous   

10 

68 

27-5 

(54-7 

,,  steam   

10 

35 

213 

742 

Best  Welsh  steam 一 Rhondda  Valley 

10 

35 

14-0 

81-5 

Dry  steam ― Aberdare  Valley  

0-7 

25 

115 

8.53 

Anthracite 一 Swansea  district  

09 

23 

51 

91-7 

The  distribution  of  these  types  of  coal  conforms  to  two 
general  rules  :  (1)  on  passing  towards  the  N.W.  and  W.  the 
seams  become  more  and  more  anthracitic  ；  while  (2)  at  any 
given  point,  the  lower  seams  have  the  smaller  volatile  matter. 
The  true  coking  coals,  containing  upwards  of  20  per  cent, 
volatile  matter,  are  thus  found  round  the  S.  and  E.  outcrops 
of  the  coalfield  and  in  the  upper  seams  of  the  central  districts. 
The  small  of  steam  coal  and  anthracite,  of  course,  does  not 
coke,  but  is  admirably  suited  for  the  manufacture  of  briquettes 
or  patent  fuel,  an  industry  in  which  South  Wales  takes  the 
foremost  place.  The  following  are  examples  of  Welsh  coking 
coals : — 


Seam. 

Moisture. 

Ash. 

Volatile 
Matter. 

Fixed 
Carbon. 

Snlphnr. 

Black  Vein  

Brithdir   

No.  3  Rhondda  

Per  Cent. 
0-80 
0-90 
150 

Per  Cent. 
4-28 
2*60 
250 

PerCent. 

25-  64 

26-  0 
24' 8 

Per  Cent. 
69-28 
705 
71-2 

Per  Cent. 

o-« 

0-8 

As  so  many  of  the  Welsh  coals  are  non-caking,  it  is  usual 
to  mix  these  with  caking  coals  in  certain  proportions.  This 
practice  dates  from  1850，  when  a  patent  was  granted  to  Mr.  J. 
P.  Budd,  of  Swansea,  for  the  manufacture  of  coke  from  a 
mixture  of  non-caking  and  caking  coals.  From  time  to  time 
coke  has  been  made  from  pitch,  and  from  crushed  anthracite 
and  pitch  in  varying  proportions,  but  this  has  been  given  up. 
It  is  not  likely  that  with  pitch  at  its  present  price  of  54s.  per 
ton  much  will  find  its  way  to  the  coke  oven.  Pitch  coke  was 
strong,  hard,  exceedingly  low  in  ash,  and  although  somewhat 
porous,  melted  a  very  hot  iron. 

Local  Conditions. -一  The  mixture  of  coals  is  made  as  a  rule  to 
contain  about  20  per  cent,  of  volatile  matter.  This  is  a  much 
lower  figure  than  is  employed  in  other  districts  ；  it  accounts 
for  differences  in  the  development  and  present  practice  of 
coking  in  South  Wales  as  compared  with  other  coalfields,  and 
also  has  an  influence  on  the  nature  of  the  coke. 

(1)  There  is  a  larger  yield  per  ton  of  coal  and  a  proportion- 
ately lower  ash  and  sulphur.  It  is  evident  that  a  coal  con- 
taining 5  per  cent,  ash  will  give  a  coke  containing  5  x       =  7*14 

per  cent,  ash  if  the  coke  yield  is  70  per  cent.  ；  whereas  with  an 
80  per  cent,  yield  the  ash  would  be  only  6'25  per  cent. 

(2)  In  the  North,  coals  with  30  to  35  per  cent,  volatile 
matter  are  converted  into  fairly  dense  coke  by  compressing 

*  Paper  read  at  the  Itritisli  Founflryinen's  Association  annual  convention, 
Canliff,  August,  1912, 


the  slack  in  the  ovens.  Compression  is  never  practised  in 
South  Wales,  and  would  be  undesirable,  as  the  coke  produced 
is  already  sufficiently  dense.  Moreover,  the  contraction  on 
coking  is  small,  and  coke  so  compressed  could  not  be  easily 
pushed  out  of  the  ovens. 

(3)  It  is  now  well  recognised  that  a  low  volatile  coal 
requires  more  rapid  heating  in  order  to  obtain  a  satisfactory 
coke  than  a  more  bituminous  one.  This  fact  was  early  recog- 
nised in  practice  ；  it  explains  the  widespread  use  in  Soutli 
Wales  of  the  old  Welsh  oven  to  the  exclusion  of  the  Durham 
beehive,  and  the  great  popularity  of  the  early  retort  ovens  o\' 
the  Coppee  type. 

Coal  Washing.  —  Coke  is  produced  from  small  coal  ；  no 
large  coal  is  ever  used  in  any  of  the  modern  ovens.  A  large 
amount  of  slack  is  employed,  and  this  generally  contains  an 
admixture  of  shale,  which  brings  the  ash  up  to  20  or  30  per 
cent.  Before  coking  this  is  removed  in  a  washery.  The  pro- 
cedure varies  with  the  system  of  washing  employed,  but  in 
general  coals  are  mixed  in  the  required  proportions  and 
screened  to  separate  different  sizes —— nuts,  beans,  peas,  &c, 
each  of  which  is  washed  separately  ；  only  coal  of  perhaps  j^in. 
or  less  is  sent  to  the  ovens.  The  principle  of  many  types  of 
washery  is  shown  in  Fig.  1.*  Coal  on  the  grid  is  washed  by 
water  supplied  through  K  and  kept  in  a  state  of  agitation  bv 
the  motion  of  the  piston  B.  For  the  smalls,  there  is  a  layer  of 
felspar  on  the  grating.  This  is  intermediate  in  density 
between  coal  and  shale,  and  serves  to  effect  a  more  complete 
separation.  The  fine  dust  passes  through  the  grid  and  is  from 
time  to  time  collected  at  G,  the  larger  shale  is  run  off  at  E, 
while  the  coal  is  washed  over  at  D.  The  most  important 
washeries  at  work  in  the  district  are  the  Coppee,  Shepherd, 


Fig.  1.~The  Jig  Washer. 

and  Baum  ；  trough  washers,  such  as  the  Elliott  and  Blackett, 
are  also  in  use. 

In  washing,  the  ash  is  reduced  from  20  or  30  per  cent,  to 
6  per  cent,  or  under  ；  that  is  to  about  2  per  cent,  more  than 
the  ash  of  the  pure  coal.  For  example,  in  a  case  in  which  the 
ash  of  the  absolutely  clean  coal  was  about  3  per  cent. ： ― 

Before  washing,  whole  coal  contained  15'0  per  cent.  ash. 

After  washing,    smalls  ，，  5*5  ，， 

beans  ，，  4*0  ，， 

nuts  ，，  3-3  ，, 

dust  ，，  8'2  ，， 

Ash  is  difficult  to  remove  from  the  very  fine  dust,  and  this 
is  never  used  for  better-class  coke.  Sulphur  is  very  consider- 
ably reduced  during  washing,  a  large  amount  which  occurs  as 
" brasses  ，'  or  iron  pyrites  being  removed.  Phosphorus,  on 
the  other  hand,  is  not  reduced,  the  coal  substance  apparently 
containing  about  the  same  percentage  as  the  shale.  The 
washed  "  smalls  ，，  are  carried  on  an  endless  chain  of  buckets  to 
bunkers  to  drain,  the  moisture  being  thus  reduced  to  about 
10  per  cent.  From  the  bunkers  the  coal  is  run  in  small  trucks 
to  the  top  of  the  ovens. 

Development  of  Coking  in  South  Wales. ― The  coke  first  pro- 
duced in  Wales  was  used  entirely  in  the  local  ironworks.  Up 
to  1840  Welsh  ironmasters  had  never  attempted  auy  improve- 
ments on  the  old  method  of  coking  in  piles  covered  with  wetted 
coke  dust  from  a  previous  operation.  This  method  was  soon 
abandoned  at  Merthyr,  where  the  coal  used  passed  "  almost 
unchanged  into  a  ponderous  coke  resembling  anthracite.' 7  In 
many  of  the  Monmouthshire  works,  where  a  more  bituminous 
coal  was  available,  the  method  was  used  at  a  very  much  later 
date.  The  piles  were  generally  circular,  about  18ft.  diam.  and 
6ft.    high,   and    were   arranged   round   a  central  chimnev. 

*  Taken  from  Byroin  &  Christopher's  "  Modern  Coking  Practice,"  where  a  fall 
description  of  most  of  the  plant  mentioned  iu  this  paper  will  be  found. 
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througlt  which  they  were  fired.  At,  Coal  brook  Vale, 
(— (vfnrtliiVi,  and  otlier  places,  long  piles,  termed  "  pits,"  were 
made  12ft.  wide,  3Jft.  higli,  without  any  central  chimney  ； 
these  were  ignited  at  the  top,  ami  clamped  down  witli  wet  coke 
dust  until  coked  through,  then  quenched  with  water.  Kilns 
were  used  for  a  short  time,  precisely  similar  to  the  Schaumberg 
kiln,  thougli  they  were  independently  designed.  The  method 
was  soon  abandoned,  and  all  traces  of  the  kilns  have  dis- 
appeared. The  coke  had  to  be  drenched  with  water,  fre- 
quently taking  up  20  per  cent.  ；  at  the  Dowlais  works  the 
yield  was  reported  as  "  very  bad  indeed  "  ；  while  the  manager 
of  the  Ebbw  Vale  Company,  commenting  on  the  manner  in 
which  the  coal  burnt  away,  observed,  "  You  might  liunt 
badgers  through  the  coke," 

The  oldest  Welsh  ovens  were  simple  arched,  rectangular 
chambers,  in  which  air  entered  through  the  top  of  the  door  in 
front,  and  the  burning  volatile  products  escaped  through  a 
chimney  at  the  back.  At  Dowlais  Ironworks  they  were  13ft. 
long,  6ft.  wide,  and  41ft.  high  to  the  top  of  the  arch,  and 
produced  50  cwts.  of  coke  in  48  hours.  In  these  ovens  slack 
could  be  coked,  whereas  only  a  small  proportion  of  this  could 
be  coked  in  heaps.  The  coalowners  were  quick  to  take  advan- 
tage of  this  to  reduce  their  huge  accumulations  of  slack.  No 
coal  was  washed  before  coking,  and  in  many  instances  coking 
degenerated  into  a  process  for  conglomerating  small  dirty  coal, 
which  would  otherwise  have  been  wasted.  The  product  of 
these  ovens  often  contained  20  per  cent,  of  ash,  while  tlie 
sulphur  was  sometimes  as  high  as  2'25  per  cent. 

No  improvement  took  place  until  the  Great  Western  Rail- 
way began  to  use  large  quantities  of  coke  for  their  locomotives. 
This  created  a  demand  for  a  superior  product,  and  more  atten- 
toin  was  paid  to  the  purity  of  the  coal  used,  to  the  design  of 
the  oven,  and  to  economy  of  manufacture.  For  the  removal  of 
sulphur  all  sorts  of  suggestions  were  made,  notably  the  treat- 
ment of  the  coke  with  steam  and  with  various  solutions,  but 
the  only  satisfactory  method  is  tlie  use  of  washed  coal. 
Economy  was  introduced  in  working  by  the  use  of  the  waste 
gases  for  steam  raising.  In  1848  blast-furnace  gas  was  first 
utilised  for  this  purpose  at  Ystalyfera,  but  coke-oven  gas  was 
not  used  until  many  years  later.  On  account  of  the  increased 
yield  and  rapidity  of  coking,  the  Coppee  oven  rapidly  grew  in 
favour  ；  at  present  more  than  four-fifths  of  the  Coppee  ovens 
of  the  kingdom  are  situated  in  South  Wales.  They  were 
introduced  at  Ebbw  Vale  in  1874,  when  two  batches  of  30 
ovens  were  laid  down.  With  the  exception  of  those  at  Chapel- 
town,  near  Sheffield  (built  in  1873),  these  were  the  first  in 
England.  They  are  still  working,  together  with  others 
erected  more  recently.  Until  1903  no  by-product  ovens  were 
to  be  found  in  South  Wales.  There  were  very  few  tar- 
distilling  works  in  the  neighbourhood  to  form  a  local  market 
for  the  by-products,  and  this  fact,  together  with  the  low 
volatile  matter  of  Welsh  coals,  made  manufacturers  somewhat 
sceptical  at  the  time  as  to  the  return  to  be  realised  on  their 
outlay.  Since  1903，  however,  a  number  of  by-product  ovens 
of  various  types  have  been  erected,  and  others  are  in  course  of 
construction. 

Types  of  Ovens  at  Present  In  Use. ―  The  official  statistics  of 
tlie  number  and  kind  of  ovens  in  use  in  1910  are  as  follows  : —— 


Mon- 

Total for 

Total  for 

Ola  in  or- 

mouth- 

South 

United 

gan. 

shire. 

Kin^doni. 

Beehive   

142 

290 

432 

16,037 

Simon  Curves   

1,140 

Somet-Solvav   

】 .0'r)5 

(.'opp^e   

1,004 

000 

1,010 

1,001 

Bauer  "一 

52 

Koppcrs   

100 

100 

507 

Ottd-Hil.^enstock   

82 

82 

1,025 

Simplex   

40 

40 

334 

1 1  iissener   

240 

Others  

120 

244 

373 

593 

Totals..  

1,397 

1,240 

2.037 

22,983 

Most  of  tho  ovens  given  as  beehives  do  not  in  the  least 
rosernble  the  round  Durham  Imehive  ovens,  but  are  really  the 
Welsh  rectangular  ovens.  The  fact  that  some  of  these  have 
been  returned  as  "  Cox，s  ovens,"  and  so  appear  under 
" others/'  adds  to  the  uncertainty  of  tlie  first  and  last  lines. 

Welsh  Rectangular  Ovens  (Cox's  Ovens). ― The  original  rect- 
angular coking  chamber  has  been  modified  by  the  addition  of 


flues,  through  whicli  air  is  introduced  for  the  comlmsiion  of  the 
volatile  matter,  and  by  building  gas  flues  at  the  side  of  and 
beneath  the  coking  space.  One  arrangement-  (in  use  at  Jllaen- 
avon)  is  shown  in  Fig.  2.  The  hot  oven  is  charged  with  washed 
coal  through  two  charging  holes  in  the  roof  ；  volatile  matter  is 
expelled  and  burns  in  the  air  supplied  by  the  flues  A.  The  hot 
gases  pass  into  the  side  flues  B,  circulate  beneath  the  ovens, 
and  are  finally  used  for  steam-raising  under  boilers.  The  coke 
is  quenched  partly  inside  and  partly  outside  the  ovens,  and 
withdrawn  by  means  of  crabs,  the  floors  being  sloped  to  facili- 
tate withdrawal.  The  ovens  are  built  back  to  back  in  double 
rows,  and  give  a  yield  of  about  57  per  cent,  of  coke.  The 
important  modification  introduced  by  Cox  is  the  provision  of  a 
second  arch  inside  the  oven,  called  the  jack-arch.  One  of 
several  types  of  oven  in  use  at  Ebbw  Vale  is  shown  in  Fig.  3. 
These  are  also  built  back  to  back  ；  every  third  oven  is  charged 
each  day.  The  charge  is  introduced  through  the  doorway  and 
piled  to  a  uniform  height  of  3ft.  6in.  ；  the  door  is  then  let 
down  and  luted  with  clay.  Volatile  matter  driven  off  by  the 
heat  of  the  oven  burns  in  the  space  above  the  bed  of  fuel  in  air 
obtained  through  the  flue  A.  The  burning  gas  has  to  pass  to 
the  front  of  the  oven,  then  over  the  jack-arch  to  the  main  flue 
and  chimney.  This  is  one  of  the  earliest  types  ；  modifications 
include  the  provision  of  side  flues  on  the  left  side  of  the  ovens, 
and  of  flues  underneath.  In  this  case  the  air  which  supports 
combustion  is  admitted  above  the  jack-arch,  and  not  into  the 
coking  chamber.  The  charge  is  withdrawn  after  three  days; 
yield  about  58  per  cent. 

Coppee  Ovens. ― These  are  built  in  batteries  of  30，  and  in 
pairs,  one  of  eacli  pair  being  cliarged  when  the  contents  of 
the  other  are  half  coked.  The  products  of  distillation  from  each 
pair  pass  to  the  same  flue,  thus  rich  hydro-carbons  are  sup- 
plied by  the  colder  oven  when  tlie  gas  from  the  hotter  begins 
to  get  poor  in  quality.    The  heat  resulting  from  the  combus- 


□  □  n  n: 


Fig.  2.— Wklsh  Kkctangular  Oven. 
Length,  18ft.  ；  breadth  (back),  6ft.,  (front),  6ft.  6in.  ；  height  (front),  7ft.  3in. 

tion  of  these  gases  is  communicated  chiefly  to  the  pair  of  ovens 
from  which  the  volatile  products  have  been  evolved,  by  pass- 
ing them  through  vertical  flues  at  the  sides,  and  horizontal 
flues  underneath  the  ovens.  The  waste  heat  is  utilised  under 
boilers,  two  of  which  are  generally  supplied  by  each  battery  of 
ovens.    The  yield  of  coke  is  about  68  per  cent. 

By-product  Recovery  Ovens. ― These  may  be  divided  into  ovens 
with  vertical  flues  and  those  with  horizontal  flues,  each  group 
being  further  divided  into  regenerative  and  "waste  heat" 
types.  In  the  former,  the  sensible  heat  of  tlie  escaping  gases 
is  communicated  to  the  air  drawn  into  the  flues  ；  the  gases 
may  then  be  used  in  gas  engines,  or  furnaces  under  boilers,  or 
for  illuminating  purposes.  In  the  latter  type  tlie  gases  escape 
at  a  high  temperature,  and  must  be  used  near  the  ovens  for 
steam  raising. 

The  only  horizontal-flued  oven  in  the  South  Wales  coalfield 
is  the  Simplex  at  the  Lewis  Merthyr  Colliery,  Hafod,  where 
40  ovens  of  the  waste-heat  type  have  been  in  use  since  1909. 
In  this  system  tlie  gas,  after  being  free  from  tar  and  ammonia, 
is  returned  to  the  oven  and  burns  at  jets,  each  flue  being  sup- 
plied by  a  separate  jet  in  order  to  obtain  an  even  distribution 
of  temperature.  The  hot  gases  which  escape  supply  heat  for 
four  Lancashire  boilers.  、 

The  vertical-flued  ovens  used  in  tins  district  are  tlie  Otto- 
Hilgenstock,  Koppers,  and  Coppee  by-product  ovens.  A  bat- 
tery of  82  Otto-Hilgenstock  waste-heat  ovens  was  erected  to 
the  Great  Western  Colliery  Company  at  Pontypridd  in  1903， 
and  start-eel  working  in  tlie  following  year.  These  were  the 
first  by-product  ovens  in  the  district.  Tlie  purified  gas  in  this 
case  returns  to  the  distributing  main,  and  burns  at  jets  in  a 
long  horizontal  flue  divided  at  the  middle,  out  of  wliich  vertical 
flues  rise  at  the  side  of  the  oven.  The  burning  gases  pass 
along  an  upper  horizontal  flue,  then  downwards  on  reaching 
the  middle  of  the  oven,  and  by  a  sole  flue  to  the  waste-gas 
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main,  whence  they  pass  under  the  boilers.  At  Pontypridd 
there  are  10  burners  in  the  length  of  the  oven  (33ft.)  ；  later 
forms  have  L5  burners,  and  differ  in  the  arrangement  of  flues. 

Otto-Hilgeustock  oveus  of  the  latest  type,  with  regenera- 
tors, are  in  course  of  construction  at  Blaenavou.  The  spare 
gas  (probably  about  50  per  cent,  of  the  total,  as  compared  with 
a  maximum  of  20  to  30  per  cent,  in  the  waste-heat  type)  will 
be  applied  to  gas-engine  or  furnace  work,  or  partly  used  for 
lighting  purposes. 

Two  batteries  of  Koppers;  regenerative  ovens  have  been  at 
work  at  the  Powell  Duffryn  Colliery,  Bargoed,  siuce  1906  and 
1907.  The  first  set  of  50  ovens  has  four  regenerators  common 
to  all  ovens,  placed  longitudinally  along  the  full  length  of  the 
bench  ；  the  second  set  has  a  separate  regenerator  under  each 
oven,  the  reversing  of  gas  and  air  being  done  simultaneously 
for  the  whole  set.  In  this  oven  vertical  flues  communicate 
with  the  gas-distributing  channel  through  orifices,  each  fitted 
with  a  nozzle  which  may  be  adjusted  from  the  top  of  the  oven . 
Dampers  regulating  the  supply  of  air  are  similarly  controlled, 
and  the  temperature  of  every  part  of  the  oven  is  thus  easily 
regulated.  The  gas  at  Bargoed  amounts  to  10,000  cub.  ft.  per 
ton  of  coal,  with  an  average  calorific  power  of  460  B.Th.U.  per 
cubic  foot.  It  is  purified  in  tlie  ordinary  by-product  plant, 
and  then  deprived  of  sulphur,  which  is  converted  into  sul- 
pliric  acid  for  the  manufacture  of  sulphate  of  ammonia.  The 
surplus  gas,  which  amounts  to  about  550O0  cub.  ft.  per  ton,  is 
used  for  gas  engines,  and,  with  incandescent  mantles,  as  an 
illuminant.  There  are  two  gas  engines  of  the  Niirnberg  type, 
of  1,200  b.h.p.  and  2,400  b.h.p.,  also  one  of  the  Cockerill 
type,  of  650  h.p.?  to  drive  a  ventilating  fan.  The  consump- 
tion of  gas  per  brake  horse-power  is  21'3  cub.  ft.  (1  cub.  ft. = 
458  B.Th.U.). 

The  Coppee  by-product  oven  is  developed  from  the  original 
Coppee  oven.  This  type  is  employed  at  Lancaster's  Steam 
Coal  Collieries,  Cwmtillery,  and  regenerative  ovens  are  in  pro- 
cess of  construction  at  the  Welsh  Navigation  Collieries, 
Coedely.  One  regenerator  is  connected  with  the  sole  flues  of 
the  odd,  aud  the  other  with  those  of  the  even  numbered  ovens. 
The  vertical  side  flues  are  divided  into  five  sections,  each  of  six 
flues.  Burning  gas  passes  up  three  of  these  and  down  the  other 
three,  the  direction  being  reversed  periodically.  The  air  sup- 
ply is  driven  through  the  regenerators  by  a  fan,  and  its  direc- 
tion through  the  sole  flues  is  reversed  with  the  gas.  The  yield 
of  coke  made  in  by-product  ovens  varies  in  South  Wales 
between  74  and  80  per  cent,  of  the  coal  used. 

Quenching.  ― The  appearance  of  the  coke  depends  largely  on 
how  quenching  is  carried  out.  By  quenching  out  of  contact 
w\i\i  the  air  (as  in  the  Durham  beehive  ovens),  a  bright, 
metallic  surface  is  preserved.  At  Bargoed  the  coke  is  pushed 
out  by  a  ram  into  a  Darby  quencher,  which  is  a  hood  through 
which  water  issues  at  a  number  of  jets  and  cools  the  coke  in 
an  atmosphere  of  steam.  At  other  places  numerous  devices 
are  employed,  but  it  is  always  important  to  have  a  high-pres- 
sure water  supply  ；  the  coke  retains  much  less  moisture  when 
quenched  with  water  at  】iigli  pressure. 

Recovery  of  By-products. ― Tliese  are  generally  recovered  in 
1  lie  ordinary  way  by  drawing  off  the  gas  through  a  hydraulic 
main,  tlien  through  air  and  water  cooled  condensers,  whicli 
bring  down  most  of  the  tar  and  ammonia  liquor.  The  ex- 
hausters generally  used  for  this  purpose  are  the  Bryan  Donkiu 
and  the  Beale.  Thence  the  gas  passes  to  a  tar  extractor 
the  Pelouze),  which  separates  the  remainder  of  the  tar,  and  to 
scrubbers,  where  ammonia  is  removed  by  a  downward  stream 
of  water  from  a  sprinkler.  Generally,  there  are  two  scrub- 
bers, weak  ammoniacal  liquoi*  being  used  in  tlie  first  and  water 
in  Hie  second .  The  ammoniacal  liquor  is  pumped  to  a  still 
where,  under  the  action  of  steam  and  lime,  ammonia  gas  is 
given  off.  This  passes  into  sulphuric  acid  in  the  saturators, 
sulpliate  of  ammonia  separates  out,  and  is  dried  in  a  centri- 
fugal dryer.  The  Wilton  sulphate  plant  is  in  use  at  Bargoed, 
tlie  sulphate  being  automatically  discharged  from  the  satura- 
tor  into  tlie  drying  machine. 

Tlie  direct  system  of  sulphate  rnanul'acture  is  replacing  the 
old  method  in  the  newly-built  plant.  In  tlie  Otto-Hilgenstock 
sysicin  the  hot  gases  are  drawn  tbrougli  two  tar  sprays,  wliirli 
remove  the  tar  before  any  ammoniacal  liquor  condenses.  The 
ganes  then  pass  into  saturators.  No  cooling  water  is  wanted, 
no  ammoniacal  liquor  is  produced,  and  no  lime  or  steam  is 
required.  In  the  absence  of  scrubbers,  &c.，  the  toiul  space 
occupied  is  relatively  amall. 


Yield  of  By-products. ― On  account  of  Ihe  nature  of  the 
used,  the  yield  of  by-products  is  smaller  than  in  inost  dis- 
tricts : — 


Yield  pur  Ton  of  Coal. 

Product. 

South  Wales. 

Yorkshire. 

Avcra^o  for 
United  Kingdom. 

Tar   

15- 

-2-5% 

5% 

4% 

18— 

201bs. 

22— :J51hs. 

241bs. 

8,000- 

—10, 議 

― 

10,000  eft. 

；. ft. 

A  few  particulars  are  here  given  of  the  method  of  caking 
adopted  by  most  of  the  South  Wales  makers  ： ― 


Name. 


Blaonavon  Co  

Cardiff  Collieries  Co  

Ebb、v   Vale  Steel,  Iron 
and  Coal  Co  

Elders  Collieries  

(.Jt.  Western  Colliery  Co. 
Guest,  Keen,  &  Nettle- 

fokls  

Lancaster's  Steam  Coal 

Co.  (RussclFs  coke)  ... 
Lewis  Merthyr  Collieries 

Co  

North's  Navigation  Col- 

llCl'ICS 

Powell  Dutfiyn  Co." 
Pyman   Watson    &  Co. 

(Ffaldau  coke)  

Rhymney  Iron  Co  

Tredegar  Iron  and  Coal 

Co  

Welsh  Navigation  Co.  ... 


Locality. 


Type  of  Oven. 


Blaoiiiivon    Welsh  Rcctaiiguiar. 

Otto-Hilgcustock* 
Llanbrudacli   i  Otto-Hilgcnstock. 


Ebbw  Vale  and  Cu  m. 


Maestcg   

Pontypridd   Copjje 

stock. 

Dow  Iais :  Cwmbran 


Coppee. 
Cop|j6e . 

Otto-Hilgeii- 


Cwmtillury  , 

Hafod   

Macstcg  :  Tundu 
Bargoed   , 

Pontycyiumcr  ... 
Hhymney   

Tredegar  , 

Cuedely   


HccUmgular :  Coppd 
Coppee  b}  - product. 
！ Simplex. 
Coppue. 

Coppoc :  Kuppers. 

Coppcu. 
Coppoc. 

Coppee  by-jjroduct.* 


'In  coust-rucbion. 


Output. ― Owing  to  the  number  of  additional  coking  plants 
that  have  been  built  lately,  the  total  output  of  coke  from  the 


Fig.  3.— Cox's  Oven. 
Length,  15ft.  ；  breadth,  5ft.  9in.  ；  height  (total),  6ft.  tiin.  ；  height  to  jack  arch,  4tt.  Bin. 

coalfield  is  now  largely  in  excess  of  what  it  was  10  or  even  live 
years  ago.    The  figures  for  1910  were  ： ― 

Tons. 

Gliimorgaii  j|   792,144 

Monmouth    575,473 


'J'otal  for  South  Wnlcs    I,3(i7,(il7 

Total  for  United  Kingdom   11,925,113 


i  Including  Denbigh,  where  there  : 


. Scmet-Sol  vay  ovens. 


'丄 he  chief  market  for  South  Wales  coke  is,  of  course,  the 
ironworks  of  the  district.  The  large  ironworks  make  coke  for 
their  own  consumption  in  addition  to  what  they  purchase.  A 
large  and  increasing  amount  is  sent  to  the  Midlands ― to  Staf- 
fordshire and  the  Birmingham  district ~ and,  although  on 
account  of  railway  rates  it  cannot  compete  with  Durham  coke 
in  the  Northern  coalfield,  there  are  regular  consumers  of  South 
Wales  coke  beyond  the  Scottish  border.  The  effect  of 
increased  production  is  already  shown  in  the  exports,  and  it  is 
probable  that  Soutli  Wales  will  take  a  much  more  importaut 
position  as  a  coke  exporter  in  the  future.  Export  of  coke 
began  in  1856  with  5,000  tons  ；  it  now  amounts  to  about 
100,000  tons  per  annum,  the  greater  part  going  to  Spain 
(1 丄 uelva),  the  Argentine  and  Uruguay,  the  Eastern  Mediter- 
ranean, and  Cape  Colony. 

Character  of  Coke.  ― In  conclusion,  the  analyses  of  ； l  numLer 
ui'  Welsh  cokes  arc  given.    Coinmercially,  they  are  classified  as 
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" Special  Foundry/ '  lt  Foundry/ '  and  "  Furnace  ，，  cokes. 
These  correspond  roughly  to  the  following  types  ： ― 


Class  of  Coke. 

Volatile 
matter. 

Ash. 

Sulphur. 

Fixed 
Carbon. 

Per  cent. 

Per  cent. 

l*or  cent. 

Per  cent. 

Ppr  cent. 

Sjn-ci  il  f'.niiuli'y   

05 

5*8 

0*02 

mi 

0-8 

75 

0-8 

002 

91-7 

0-8 

100 

11 

002 

89-2 

The  best,  Welsh  coke  is  unsurpassed  in  physical  condition. 
Its  pores  are  small  and  finely  divided,  and  in  purity  and  free- 


As  nearly  as  may  be,  all  values,  in  particular  the  standard 
points,  have  been  reduced  to  a  common  scale,  the  thermo- 
dynamic scale.  For  high  temperatures  and  for  use  with 
optical  pyrometers,  this  scale  is  satisfied  very  exactly  by 
taking  「2=14，500  in  the  formula  for  Wien's  law  coiinccl  in<^ 
/,  monochromatic  luminous  intensity  of  wave  length  入， and 
T  absolute  temperature  : 

log         =  C%\\ogv.  (I/Tx-I/T) 
Knr   all    purposes,    except  the  most    acciu-ate  investiga- 
tions, the  thermodynaniic  scale'  is  identical  with  any  of  i\m 
gas  scales. 


Coke. 

Moisture, 

Ash, 

Sulphur, 

PllOSpllOiUS, 

Authority. 

licuiarks. 

por  Cent. 

per  Cent. 

per  Cent. 

per  Cent. 

Blai-navon        ...        ...  … 

40 

9-5 

081 

0  020 

Avi'iagc  at  ovens. 

20 

7-8 

075 

0  01!) 

G.  Foster  Martin  ... 

Average  for  :J  months  at  furnaces. 

Cwmbran         ...       ...  ... 

4-0 

110 

15 

0  020 

Joiikins          ...  ... 

Avci.w  iit  l)lastfiiMiaccs. 

Kbl)W  Vale   

50 

7-5 

07 

0  020 

Sol  way  Browne  ... 

Average  at  ovens. 

Ffaklau  ...        ...        ...  ... 

40 

5-7 

0-58 

00K) 

Joiikins          ...  ... 

Average  at  blast  fuimut's. 

4-!)S 

0-09 

OOKi 

F.  ( ！ .  Tivharnc  ... 

Great  Western  ...       ...  ... 

507 

0-77 

0-022 

30 

6-5 

0-80 

0-020 

T.  G.  Watts    ...  ::: 

Averago  for  3  months  at  ovenb. 

1-0 

5-8 

005 

0017 

Bi'st  quality. 

40 

7-6. 

0-78 

0024 

.Jenkins           ...  ... 

Avora^c  at  blastfuiimcos. 

Lewis-Merthvr  ...       ...  ... 

10 

7-5 

008 

0023 

E.  C.  Evans  

Average  at  ovens. 

Newport  Abcrciirn       ...  ... 

40 

100 

11 

0  095 

Jenkins          ...  ... 

Average  at  blastfuniace«. 

7-76 

ot.a 

E.  Riley   

Norths"  

50 

055 

.1.  Bo\  (I  Haivc'V  ... 

Average  at  ovens. 

，,     Maestcg ...       ...  ... 

,, Tondu  

40 

5-6 

0()2 

0017 

.Junkins          ...  ... 

AviTiige  at  blastfuinaces. 

4-0 

(i-0 

0-(>8 

001!) 

Powl'U  Dutfryu  

(i-0 

！) 0 

110 

0-04O 

40 

7-84 

0!)1 

E.  M.  Hann    ...  ::: 

Average  at  ovens. 

Rhvmney         ...       ...  ... 

50 

10-5 

1-25 

0  047 

.Jenkins          ...  ... 

Average  at  blastfuiimccs. 

Trecli'gar. . .        ...        ...  ... 

(i-0 

8-0 

0!)0 

0-040 

dom  from  deleterious  substances  it  compares  favourably  with 
other  cokes  ；  it  has  proved  itself  eminently  suited  for  foundry 
work. 


MELTING  POINTS  OF  CHEMICAL  ELEMENTS. 

The  acconipanying  interesting  table  giving  the  melting  points 
of  chemical  elements  is  reproduced  from  a  circular  recently 
issued  by  the  U.S.  Bureau  of   Standards.      The   value  of 

.  Melting  Points  of  Chemical  Elements. 


Railway  Accidents  in  !9II. 一 The  general  report  to  the 
Board  of  Trade  on  railway  accidents  which  occurred  in  the 
United  Kingdom  during  1911  just  issued  shows  that  the 
total  route  length  of  the  railways  at  the  end  of  1911  was 
23,417  miles,  while  the  total  number  of  miles  travelled  by 
trains  was  428,000,000,  an  increase  of  more  than  five  millions 
on  th©  previous  year.  The  quantity  of  minerals  and  general 
merchandise  conveyed  was  5,235,000,000  tons,  an  increase  of 
over  nine  millions.  The  total  number  killed  in  1911  was 
1,070，  and  there  were  8,345  injured.      The  corresponding 


Element. 


Helium  

Hydrogen . . . 

Neon  

Fluorine  

Oxygen  

Nitrogen. . . . 

Argon  

Krypton . … 

Xenon  

Chlorine  -.. , 
MERCURY 
Bromine. . . . 
Caesium  .... 

Gallium  

Rubidium . . 
Phosphorus. 
Potassium. .  ■ 

Sodium  

Iodine  

Sulphur. . . . , 

Indium  

Lithium  

Selenium.  • . 

TIN  

Bismuth. . . . 
Thallium. . . , 


<  —456 

<  -271 

-434 

一  259 

-423 

-2S3? 

-369 

—  223 

—  360 

-218 

-346 

—  210 

-306 

—  188 

—  272 

—  220 

—  I69 

-1505 

—  140 
— IOI.5 

- 37.7 

一  38.7 

+  18.9 

一  73 

26 

79 
86 

30 

IOO 

38 

44 

144 

62.3 

207.5 

97-5 

236.5 

113- S 

( S,  235.0 

112. 8 

<  Sn  246.6 

( Sin224.2 

106.8 

155 

367 

186 

422-428 

217-226 

449.4 

2319 

520 
S76 

271 
302 

Element. 


CADMIUM. . . 

LEAD  

ZINC  

Tellurium  

ANTIMONY. . 

Cerium  

Magnesium ,  .  • . 
ALUMINUM  . 

Calcium  

Lanthanum. . . . 

Strontium  

Neodymium. . . . 

Arsenic  

Barium  

Praseodymium . 
Germanium.. . . . 

SILVER  

Glucinum  

Radium  ： . 

GOLD  

COPPER  

Manganese  

Yttrium  

Samarium  

Scandium  

Silicon  

NICKEL  


F. 


609.6 
621.1 
786.9 
S46 

1 166 

1x84 


1490 


1544 
1560 
1560 
1725 
1756 
1761 


1945-5 
198s. 5 
2237 


2370- 
2SSO 


2588 
2646 


419-4 
452 
630.O 
640 
651 
658.7 
810 
8x0? 
>Ca<Ba? 
840? 
850? 
850 
940? 
958 
960.5 
>Ag 
？ 

1063.0 
1083.0 

1225 

[ 1300-1400 


I4S2 


Element. 


Cobalt  

Chromium. . . . 

IRON  

PALLADIUM 
Zirconium .... 


Thorium. 


Vsnadiuin.  .  • 

PLATINUM. 

Beryllium. ， . . 

Ytterbium . . . 

Titanium. . . . 

Rhodium .... 

Ruthenium. . . 

Columbium . . 
(Niobium) . 


Boron. 


Iridium  

Uranium  

Molybdenum. 

Osmium  

Tantalum. . , , 
TUNGSTEN. 


Carbon. 


F. 


2714 
27SO 
2768 
3820 
3100 

>3090 
<Pt. 

3150 

3I9I 

>3370 


3450 
3525 
>3SSO 

4000 

4000- 
4500 

4170 


4SOO 
4900 
5160 


( 〉6s。' 
i  for 


1490 
15x0 


1700? 

>I700 
<Pt. 

1730? 

I7S5 

>i8oo? 

1900? 
1940 

>I950 

2200? 
[ 2200-2SOO 
2300? 

2S00? 
2700? 
2850 
3000 

I  >3600 
^for  p  =1  At. 


t  he  melting  points  used  by  the  bureau  as  standard 
ternj)eratures  for  the  calibration  of  thermometers  and  pyro- 
meters are  indicated  in  capitals.  The  other  values  have 
been  assigned  after  a  careful  survey  of  all  the  available  data. 


figures  for  the  previous  year  were  1,062  and  8,342,  showing 
an  increase  of  eiglit  killed  and  three  injured  in  1911.  The 
average  number  of  killed  for  the  period  1900-1909  was  1,115, 
and  of  injured  7/249. 
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ELECTRICAL  NOMENCLATURE. 

We  present  herewith  a  schedule  of  electrical  terms,  v.ith 
definitions,  which  has  been  issued  by  the  British  Electro- 
technical  Committee  of  the  International  Electrochemical 
Commission.  The  schedule  has  been  prepared  by  a  sub-com- 
mittee on  uomenclature,  comprising  Mr.  A.  P.  Trotter  (chair- 
man) ； Messrs.  S.  Z.  De  Ferranti,  W.  Duddell,  F.R.S.,  Robert 
丄 iammond,  R.  W.  Hammond,  H.  W.  Miller,  F.  H.  Nalder, 
Dr.  A.  Russell,  A.  Siemens,  Dr.  S.  P.  Thompson,  F.R.S., 
C.  H.  Wordingham,  and  P.  F.  Row'ell  (secretary). 

Absolute. ― A  system  of  magnitudes  is  said  to  be  absolute 
when  all  the  magnitudes  of  the  system  can  be  defined  in  terms 
of  units  adopted  as  fundamental. 

An  instrument  for  absolute  measurements  is  one  which  can 
be  standardised  by  means  of  measurements  which  involve 
only  the  fundamental  units. 

Admittance. ― The  reciprocal  of  impedance.  The  quotient 
obtained  by  dividing  the  current  in  a  conductor  by  the  electro- 
motive force  which  produces  it. 

Alternation. ― A  term  not  recommended.  A  half  period. 
(See  Period  and  Frequency.) 

A  a  ten  fia. ―  A  conductor  or  system  of  conductors  for  the 
emission  or  reception  of  Hertzian  waves. 

Balancer. ― A  motor  generator  or  accumulator  used  to 
equalise  differences  of  potential  between  the  different  wires 
of  a  multiple-wire  system . 

Ballistic. ― An  instrument  in  which  the  period  of  the  mov- 
ing part  is  long  compared  with  the  time  of  the  duration  of 
the  transient  force  which  the  instrument  is  intended  to 
measure. 

Bifilar  Suspension. ― The  suspension  of  the  moving  part  of 
an  instrument  by  two  threads,  so  arranged  that  the  restoring 
force  is  mainly  produced  by  gravity. 

Bow. 一 A  bow-shaped  appliance  for  effecting  a  sliding  con- 
nection between  an  overhead  conductor  and  an  electrically- 
propelled  vehicle. 

Care  el. ― The  name  of  a  standard  oil  lamp,  tlie  official 
standard  of  candle-power  used  in  France. 

Characteristic. ― A  curve  or  graph  representing  the  rela- 
tions between  two  magnitudes,  which  characterise  the 
behaviour  of  an  apparatus ― e.g.,  the  exciting  current  of  a 
dynamo  and  the  electromotive  force  generated. 

C/u/rr/e.~(a)  Of  a  conductor.  The  total  quantity  of  elec- 
tricity on  it.  (i)  Of  an  accumulator.  (See  Accumulator.) 
(c)  Of  a  condenser.  (See  Condenser.)  Verb  to  charge. ― 
The  operation  by  which  any  apparatus  receives  a  quantity  of 
electricity,  part  of  the  whole  of  which  it  returns  on  discharge. 

Coerr/rr  Force. ― The  magnetic  force  required  to  annul 
the  residual  magnetism  of  a  substance. 

Co/L—One  or  more  turns  of  a  conductor  wound  side  by 
side  in  one  or  more  layers. 

Condenser. ― An  apparatus  consisting  of  two  conducting 
surfaces  separated  by  a  dielectric. 

^ 'onr/ ur fa /trf\— The  conductance  of  a  conductor  is  the 
quotient  of  the  current  by  the  potential  difference  between  the 
terminals  of  the  conductor,  usually  expressed  in  Mhos. 

Conduct iv it ij. ― The  conductivity  (specific  conductance)  of 
a  substance  is  measured  by  the  current  which  flows  parallel 
t(>  an  edge  through  a  unit  cube  of  the  substance,  when  unit 
difference  of  potential  is  maintained  between  the  two  faces 
perpendicular  to  that  edge.    The  reciprocal  is  resistivity. 

( 'ondf/cfor. ―  A  body  or  substance  which  permits  the  pas- 
sage of  electricity. 

ffot/ntfr  IClcrtrorfiotive  Ft>n'(、  or  Back-electromotive  Force. 
—An  electromotive  force  which  opposes  the  flow  of  the  current 
in  the  circuit. 

Decohere.— To  restore  a  coherer  to  its  original  state  of 
resistance. 

Delta, ― A  mode  of  connection  in  three-phase  alternating- 
current  working,  in  which  three  windings  or  apparatus  are  so 
connected  that  they  may  be  diagrammatically  represented  by 
a  triangle.    A  particular  form  of  mesh. 

/""w〃V"〃,V.  A  substance  having  a  magnetic  permeability 
less  than  that  of  a  vacuum  (unity). 


Direct  Gv/rrent. 一 A  term  not  recommended.  (See  Con- 
tinuous current.) 

Durhftrf/e. ― (")  Of  a  condenser :  Ail  operation  wliicli 
tends  to  bring  the  two  conducting  surfaces  of  a  condenser 
to  the  same  potential,  (b)  Of  an  accumulator :  An  opera- 
tion which  tends  to  bring  the  two  plates  of  an  accumulator 
to  the  same  potential  and  which  permits  the  chemical  energy 
to  be  reconverted  into  electrical  energy,  and  utilised  in  an 
outside  circuit. 

IJtsrujjtivc  DiscJiarye. ― The  breaking  clown  of  a  dielectric 
under  electrical  stress,  accompanied  by  sparking. 

Eddy  Current. ― A  current  induced  in  a  conducting  body 
either  by  a  varying  magnetic  field  or  by  the  body  moving 
relatively  to  a  fixed  magnetic  field. 

Effivitnvy . ― (1)  In  case  of  generators,  motors,  converters, 
or  transformers :  The  ratio  of  the  total  output  to  the  total 
input.  (For  instance,  in  case  of  a  separately  excited  syn- 
chronous generator  the  excitation  power  should  be  added  to 
the  power  received  at  the  shaft.)  (2)  In  case  of  accumulators : 
(<t)  The  ratio  of  the  amount  of  energy  available  during  the 
discharge  to  the  amount  of  energy  required  during  the  charge 
(watt-hours.)  (/>)  The  ratio  of  the  amount  of  current  avail- 
able during  the  discharge  to  the  amount  of  current  required 
during  the  charge  (ampere-hours). 

Electro  meter. — An  instrument  which  utilises  electrostatic 
forces  for  the  measurement  or  comparison  of  differences  of 
potential. 

Eatrrt  Current. ― An  obsolete  term.  The  current  during 
the  variable  period  on  closing  or  opening  an  inductive  circuit. 

Krfni  l/if/h  lJrrsstur. ― (Srr  Pressure.) 

Factor  of  Safcti/. —— In  mechanics,  the  ratio  of  the  ultimate 
breaking  stress  to  the  maximum  normal  working  stress. 

Farad. ― In  the  practical  system  of  units  the  farad  is  the 
unit  of  electrical  capacity.  It  is  inconveniently  large,  and 
therefore  capacities  are  usually  expressed  in  microfarads. 

Fault. ― Any  local  defect  in  the  insulation  or  continuity 
of  a  conductor  which  may  interfere  with  its  use. 

Feeder. ― A  conductor  for  conveying  electrical  energy 
from  the  place  where  generated  or  transformed  to  feeding- 
points  or  sub-stations.  Feeders  are  not  used  for  supplying 
consumers  directly,  owing  to  the  varying  pressure  along  their 
length. 

Feeder  Jio  r  "r  Pillar. ― A  box  or  pillar  which  may  contain 
switches,  links,  or  fuses  for  connecting  feeders  with  distribut- 
ing networks. 

Feeder y  Ncyaffve. ― {See  Return  Feeder.) 

Feeding  Point, ― The  junction  of  a  feeder  with  the  net- 
work. 

Fcrro-Mftf/iu'tir. ― A  substance  whose  permeability  is 
greater  than  that  of  a  vacuum  (unity.)    (See  Paramagnetic.) 

Ftcldy  Elect ro in af/ n e t ic . ― (See  Field,  Magnetic.) 

Field,  E/crtrostdtic. ― Any  region  in  which  there  are  elec- 
tric line®  of  force,  as  in  the  space  between  a  positively  charged 
and  a  negatively  charged  surface. 

Field  Magnet. ― Any  permanent  magnet  or  electromagnet 
employed  for  the  purpose  of  providing  a  magnetic  field.  (It 
is  incorrect  to  speak  of  the  field  magnet's  of  a  dynamo  or  motor 
as  its  fields  ；  they  should  be  called  its  magnets,  if  the  term  field 
magnets  is  too  long.) 

Field,  Muf/nctic. ― Any  region  in  which  there  are  magnetic 
lines  of  force,  as  in  the  space  between  or  surrounding  the 
poles  of  a  magnet  or  within  a  magnetising  coil.  The  strength 
of  the  field  is  usually  expressed  in  C.G.S.  measure  as  the  num- 
ber of  lines  per  square  centimetre.  One  Hue  per  square  centi- 
metre is  railed  a  gauss.     (See  Line  and  Maxwell.) 

Fir/ u  re  of  Merit,  of  a  Gal  variometer. ― (a)  The  deflection 
in  millimetres  per  micro-ampere  at  a  scale  distance  of  1  metre 
when  reduced  to  a  period  of  10  seconds  and  a  resistance  of 
1  ohm .  (/>)  The  current  in  amperes  required  to  produce  a 
deflection  of  1  millimetre  at  a  scale  distance  of  1  metre.  Some- 
times expressed  as  the  number  of  megohms  through  which 
1  volt  will  give  that  deflection.  Of  a  telegraph  instrument. ― 
The  minimum  current  necessary  to  work  the  instrument  with 
absolute  certainty. 

Fhnnc  A  re. ― An  arc  in  which  the  inajor  portion  of  the 
light  is  given  by  the  flame  instead  of  by  the  electrodes. 

Flushiny. ― (a)  Any  process  of  niaiiufacture  involving  the 
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temporary  electrical  overheating  of  a  glow  lamp  filament,  (b) 
The  coating  of  a  glow  lamp  filament  with  a  layer  of  carbon 
by  heating  it  electrically  in  a  hydro-carbon  vapour. 

Flash  m  (j  ()  vcr. —— The  temporary  formation  of  an  arc  from 
brush  to  brush  on  a  commutator. 

Flash  Test, ― The  momentary  application  of  a  high  elec- 
trical pressure  between  two  conductors  insulated  from  each 
other. 

Flax. ― (a)  Magnetic :  The  number  of  lines  of  magnetic 
induction  which  pass  round  a  magnetic  circuit.  (See  Indue- 
tiou.)  (b)  Photometric :  The  whole  luminous  radiation  of  a 
l"'am  of  light,  or  the  candle-power  multiplied  by  the  solid 
angle  of  the  beam.  (c)  Chemical :  Material  used  for  reduc- 
ing or  dissolving  the  oxides  of  molten  metals  in  casting,  solder- 
ing, brazing,  &c. 

Foot  Candle. 一 The  illumination  produced  by  a  source  of 
1  candle-power  falling  perpendicularly  on  a  surface  at  a  dis- 
tance of  lft.  from  the  source. 

Form-Factor. ― The  ratio  of  the  effective  value  to  the  mean 
value  of  a  periodic  function. 

Fourth  Rail* ― (See  Conductor  Rail.)  , 

Friction  Loss. ― Loss  due  to  mechanical  friction  exclusive 
of  windage. 

Frog. ― In  tramway  overhead  work.  A  fitting  uniting  two 
diverging  trolley  wires  with  a  single  wire  (a)  provided  with 
a  spring  tongue,  or  (b)  of  the  fixed  type. 

Fuse. ― The  actual  wire  or  strip  of  metal  in  a  cut-out  which 
is  fused  by  an  excessive  current. 

Galvanometer. ― An  instrument  for  measuring  small 
electric  currents. 

Gap,  A  ir,  Maynetic. ― Any  air  space  in  a  magnetic  circuit. 

Gwp,  Spark, ― Any  break  in  the  continuity  of  a  metallic 
conductor  so  arranged  as  to  permit  of  an  electrical  discharge 
across  the  break. 

Gaii(je.~{a)  A  general  term  applied  to  various  kinds  of 
measuring  instruments,  (b)  The  thickne&s  of  a  plate,  or  the 
diameter  of  a  wire,  on  the  inch,  millimetre,  or  on  any- 
arbitrary  scale,  (c)  The  distance  between  the  rails  of  a  rail- 
way or  of  a  tramway.  In  the  case  of  a  railway  it  is  the  dis- 
tance between  the  iuner  sides  of  the  heads  of  the  rails.  In 
the  case  of  a  tramway  it  is  the  distance  between  the  inside 
edges  of  the  tread  of  the  rails ― i.e.,  over  and  including  the 
grooves.  • 

(Juuss. ― A  uame  given  to  the  absolute  electromagnetic  unit 
of  magnetic  induction  in  the  C.G.S.  system.  (See  Field, 
Magnetic  and  Line.) 

Generating  Set, ― The  combination  of  a  generator  and  a 
prime-movef. 

Glow  Discharge. ― A  silent  discharge  of  electricity 
through  a  gas  which  causes  the  gas  to  have  a  uniformly 
luminous  appearance  or  glow,  aucl  which  does  not  volatilise 
the  electrodes. 

Glow  Lamp. ― A  lamp  in  which  the  filament  or  wire  is 
caused  by  the  current  to  glow  or  incandesce.  A  term  recom- 
mended instead  of  incandescent  lamp  in  order  to  avoid  con- 
fusion with  the  incandescent  gas  mantle. 

Gramme  Calorie. ― (See  Calorie.) 

Great  Calorie* ― (See  Calorie.) 

Grid. ― In  an  accumulator :  The  framework  supporting 
the  active  material. 

Ground. 一 A  term  used  in  America  having  the  same  mean- 
ing as  earth. 

Henry* ― The  practical  unit  of  the  coefficient  of  self-induc- 
tion or  of  mutual  induction  in  the  electro-magnetic  system. 

Iliyh  Pressure. ― (See  Pressure.) 

Ilifjh  Tension. ― Obsolete  term  for  high  pressure. 

//  o  mo  polar,  l)jju(i"，o,  or  Motor. ― A  dynamo  or  】notor  in 
"hich  tlie  incluotive  action  takes  place  in  a  magnetic  field 
or  a  series  of  magnetic  fields  without  change  of  sign. 

// <nuo polar  Induction. ― A  term  sometimes  applied  to  the 
induction  which  occurs  when  a  conductor  is  moved  tlirougli  a 
magnetic  iield,  so  as  to  cut  the  lines  of  force  in  the  same 
direction  continuously.    Sometimes  called  unipolar. 

//orsc-J^t trcr. ― The  industrial  unit  of  power.  The  British 
horse-power  is  equivalent  to  33,000  foot-pounds  per  minute  or 
(approximately)  746  watts. 


Hot  Wire  Instrument. — An  instrument,  the  indication  of 
which  depends  on  the  expansion  of  a  wire  or  wires  through 
which  flows  an  electric  current. 

Hysteresis. ― The  lagging  of  the  strain  behind  the  stress, 
which  when  the  material  is  taken  round  a  complete  cycle 
and  brought  back  to  the'  initial  state,  involves  a  dissipation 
of  energy. 

1/ //stcrcsisy  M(i(fn  ct/'c. ― The  tendency  by  which  changes  of 
magnetism  lag  behind  the  changes  of  magnetic  force  which 
cause  them. 

Impedance. ― The  ratio  of  the  electromotive  force  to  the 
current  which  is  produced  by  it  in  a  conductor.  The  term 
is  used  with  varying  or  alternating  currents. 

Incandescent  Lamy, ― (See  Glow  Lamp.) 

I.H.P. ― Abbreviation  for  indicated  horse  power. 

Inductance. ― (a)  Synonym  for  coefficient  of  self-induc- 
tion. (6)  The  reaction  due  to  self-induction.  (See 
Reactance.) 

Induction, ― When  an  electric  or  a  magnetic  force  acts, 
through  the  ether,  upon  a  body  so  as  to  alter  its  electric  or 
magnetic  state,  that  alteration  of  state  is  said  to  be  induced 
in  it,  as  distinguished  from  alterations  of  state  communicated 
to  it  by  conduction  or  contact.  The  operation  of  inducing 
alteration  of  state  is  called  induction.  The  throe  chief  in- 
duced actions  are  (a)  induced  electrostatic  charge,  (b)  induced 
magnetism,  (c)  induced  electromotive  force. 

Induction ,  Electrostatic. ― When  a  body  is  brought  into 
an  electric  field,  thereby  causing  an  electric  charge  or  charges 
to  appear  on  the  body,  these  charges  are  called  induced 
charges  ；  and  the  operation  is  called  electrostatic  induction. 

Induction,  Magnetic. ― When  a  mass  of  iron,  &c.，  is 
brought  into  a  magnetic  field,  thereby  causing  magnetic  poles 
to  appear  on  the  mass,  these  poles  aro  called  induced  poles, 
and  the  magnetism  so  acquired  is  called  induced  magnetism  ； 
and  the  operation  is  called  magnetic  induction.  (The  mag- 
netic lines  of  force  so  imparted  to  the  mass  of  iron,  &c.，  are 
called  magnetic  lines  of  induction.) 

Induct  in  n}  Magneto-electric. ― When  a  body  is  subjected 
to  the  action  of  a  varying  magnetic  field,  thereby  causing 
electromotive  force  to  be  generated  in  the  body,  these  electro- 
motive forces  are  called  induced  electromotive  forces  ；  and 
any  currents  that  result  in  the  body  are  called  induced  cur- 
rents ； and  the  operation  of  thus  inducing  electromotive  forces 
and  currents  is  called  magneto-electric  induction. 

Induction  Motor. ― An  alternating- current  motor  in 
which  the  secondary  part  receives  its  current  by  magneto- 
electric  induction  and  not  by  conduction. 

IndactioUy  Mutual. ― The  (magneto-electric)  induction 
exercised  between  two  circuit's,  whereby  the  variations  of  the 
current  in  one  circuit  generate  electromotive  forces  in  the 
other  circuit  is  called  mutual  induction.  This  mutual  rela- 
tion may  be  quantitatively  expressed  by  means  of  a  coefficient 
of  mutual  induction. 

Induction,  Mutual,  the  Coefficient  of. 一 (J/)  is  the  sum  of 
the  effective  linkages  of  the  turns  of  one  circuit  (the 
secondary)  with  the  flux  due  to  unit  current  in  the  other 
circuit  (the  primary.) 

Inductioiiy  Self. ~ The  (magneto-electric)  induction  exer- 
cised upon  the  turns  of  a  circuit  by  the  current  in  itself  is 
called  self  induction.  In  may  be  quantitatively  expressed  by 
means  of  a  coefficient  of  self-induction. 

Induction ^  Self,  the  Coefficient  of. —— (L)  is  the  sum  of  the 
linkages  of  flux  and  current  when  the  current  in  the  coil  is 
unity.  The  (total)  self-induction  of  any  coil  -  is  the  product 
of  its  coefficient  of  self-induction  and  the  current  it  is  carry- 
ing- . —  、― 

Induct  ion  y  V  ni  polar. ― (See  Ilomopolar.) 

liuh/cfirc  C(i [)((citj/,  Spec/ fie. —  (See  Capacity.) 

Inductive  Circuit. 一 A  circuit  in  which  the  self-induction 
at  the  working  frequency  or  at  make  or  break  is  appreciable 
compared  with  its  resistance. 

I nd active.  Load. ― An  output  at  a  power  factor  which  by 
reason  of  self-induction  is  less  than  unity. 

Inductive  Itcsistance. ― A  resistance  having  appreciable 
self-induction. 

Iinlnvtor  f/nicrrtfor. ― A  generator  with  stationary  field 
and  stationary  armature  coils,  and  in  which  masses  of  iron  or 
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inductors  by  moving  past  tlie  coils  alter  the  magnotic  flux 
through  them. 

Inductors, ― In  Inductor  Generators :  The  masses  of  iron 
employed  to  effect  variations  of  the  magnetic  11  ux  passing 
through  the  armature  coils. 

Input. ― The  total  power  received  at  the  shaft  or  terminals 
of  a  machine  or  apparatus. 

Insulate  (v. a.). ― To  surround  or  support  a  conductor  by 
non-conducting  bodies  or  materials  so  as  to  restrict  the  flow  of 
electricity  to  the  desired  path. 

Insulator. ― (a)  Any  material  which  does  not  appreciably 
conduct  electricity,  (b)  An  appliance  used  to  insulate  and 
usually  to  support  a  conductor. 

Integraf  'nig  Meter. ― A  meter  which  sums  up  or  integrates 
the  quantity  to  be  measured,  with  reference  to  time. 

Intermediate, ― The  intermediate  or  neutral  middle  wire 
or  wires  of  a  three-wire  or  multiple-wire  system . 

Intensity. ― There  is  an  increasing  disposition  to  restrict 
the  use  of  the  word  intensity  in  English  physical  science  to  a 
ratio,  the  denominator  being  an  area.  The  older  meaning 
was  synonymous  with  strength. 

Intensity  of  Current. ― An  obsolete  expression.  It  has 
been  replaced  by  strength  of  current. 

In^fttsity  of  Field,  Magnetic. ― (See  Magnetic  Field.) 

、'/'/,/  of  Light* ― The  illuminating  power  or  candle- 
power  of  a  source  of  light. 

Intensity  of  Magnetisation . ― The  magnetic  moment  per 
cubic  centimetre. 

Inferrnpter. ― Sometimes  called  break.  A  mechanism  or 
device  used  to  break  the  primary  circuit  of  an  induction  coil. 

Ion. ― An  ion  is  a  charged  atom  or  molecule,  or  a  group 
of  atoms  or  molecules  carrying  a  charge. 

Joule. ― A  unit  of  heat  equivalent  to  0*24  =calorie,  or  one 
watt-second. 

Joule  Effect. ― The  heating  in  a  conductor  by  the  passage 
of  an  electric  current  through  it,  and  due  to  the  resistance  of 
the  conductor. 

K  at  hi  on. ― The  ion  which  is  carried  to  the  kathode. 

Kathode. ― (a)  In  an  electrolytic  cell :  The  conductor 
through  the  surface  of  which  the  current  leaves  the  electro- 
lyte, (b)  In  a  primary  cell :  The  conductor  (generally 
carbon)  through  which  the  current  leaves  the  electrolyte,  (c) 
The  electrode  by  which  the  current  leaves  a  cell  or  other 
apparatus,  such  as  a  vacuum  tube. 

Keeper^  of  Magnet. ― An  iron  bar  for  completing  the  mag- 
netic circuit  (usually  of  a  permanent  magnet).  (See  Arma- 
ture.) 

Kelvin. ― A  term  officially  proposed  and  authorised  by  the 
Board  of  Trade,  May,  1892,  but  which  has  not  come  into 
common  use,  for  a  kilowatt-hour. 

Key. ― An  appliance  consisting  essentially  of  a  lever 
carrying  a  contact  or  contacts,  generally  used  in  signalling 
and  in  testing. 

Kirl'inff  Coil. ― Name  given  to  a  choking  coil  used  in  con- 
junction with  lightning  arresters. 

Kilu waft . ― A  unit  of  power.  One  thousand  watts. 
Equivalent  to  1'34  British  horse-power  (approximately). 

K .V .A. ― Contraction  for  kilo- volt-ampere,  or  1,000  volt- 
amperes. 

■A'. II'. ― Contraction  for  kilo-watt. 

/"/,/.— The  interval  of  time  or  angle  by  which  one  event 
follows  another.     (See  Phase  Difference.) 

L^f/!/utf/  (1urrent. — An  alternating  current,  the  phase  of 
which  is  retarded  in  time  relatively  to  the  impressed  electro- 
motive force. 

Lf/f/u nation. —— The  division  of  a  mass  of  material  into  thin 
sheets  either  to  prevent  eddy  currents  or  to  give  flexibility. 
The  thin  sheets  or  stampings  of  iron  forming  part  of  a  mag- 
netic circuit  are  often  called  the  laminations. 

;ft  a  (Uthle,. —— The  pitch  or  length  parallel  to  the  axis 
of  one  complete  turn  in  the  spiral  arrangement  of  a  stranded 
cable  may  be  expressed  (a)  as  a  multiple  of  the  diameter  of 
the  layer  considered  ；  or  (h)  as  the  increase  in  length  of  a 
strand  above  the  length  of  the  cable,  expressed  as  a  per- 
centage of  the  length. 

(ft)  Of  a  conductor  or  pipe :  Its  direction  or  run. 
(h)  Sometimes  used  as  a  synonym  for  a  conductor,   (r)  Of  an 


alternating  quantity  :  Tlie  interval  of  time  or  angle  by  wliicli 
one  event  precedes  unoilier,     (Scr  IMiaso  I>in"('r(""'e.) 

Leadinrj  (Jiirre?i f .  - An  alternating  ('tirrent,  the  phase  of 
which  is  in  advance  in  time  relatively  to  tlie  impressed  elect  ro^ 
motive  force. 

Leakage. ― (a)  Tlie  passage  of  electricity  from  one  con- 
ductor to  another  or  to  earth,  caused  by  want  of  perfect  in- 
sulation, (b)  Magnetic :  That  part  of  the  magnetic  flux 
which  does  not  follow  the  path  provided  for  it. 

Leakance. ― The  reciprocal  of  insulation  resistance. 

Ley  den  Jar. ― A  condenser  in  the  form  of  a  jar,  generally 
of  glass,  having  a  conducting  surface  inside  and  out. 

Lightning  Arrester. ― An  appliance  for  protecting  electri- 
cal apparatus  by  providing  an  alternative  discharge  path. 

Limit er, ― A  device  for  giving  warning  when  a  predeter- 
mined current  is  exceeded. 

Line,  Telegraphic. ― That  part  of  a  telegraph,  telephone, 
or  railway  signalling  circuit,  whether  aerial,  underground,  or 
submarine,  which  does  not  include  the  controlling  or  operat- 
ing apparatus  and  the  source  of  power.  Used  also,  collec- 
tively, for  a  group  of  wires,  including  poles,  pipes,  junction 
boxes,  <fec. 

Lines  of  Force. ― (1)  A  line  such,  that  the  tangent  to  it 
at  any  point  represents  the  direction  of  the  force  acting  at 
that  point.  (2)  Magnetic :  A  line  such  that  the  tangent  to 
it  at  any  point  represents  the  direction  of  the  magnetic  force 
at  that  point.  By  convention  the  magnitude  of  the  magnetic 
force  at  any  point  is  represented  by  supposing  as  many  mag- 
netic lines  of  force  to  be  drawn  through  one  square  centi- 
metre (situated  around  the  point)  as  tlaere  would  be  dynes 
exerted  on  unit  pole  if  placed  at  that  point.  Unit  intensity, 
i.e.,  one  dyne  per  unit  pole,  or  one  line  per  square  centimetre, 
is  called  one  gauss.  (See  Magnetic  Flux.)  (3)  Electrostatic  : 
A  line  such  that  the  tangent  to  it  at  any  point  represents  the 
direction  of  the  electric  force  at  that  point.  By  convention 
the  magnitude  of  the  electric  force  at  any  point  is  represented 
by  supposing  as  many  electrostatic  lines  of  force  to  be  drawn 
through  one  square  centimetre  (situated  around  the  point) 
as  there  would  be  dynes  exerted  on  one  unit  of  positive  elec- 
tricity placed  at  that  point. 

Link, ― A  readily  removable  conductor  forming  part  of  a 
circuit,  generally  in  the  form  of  a  flat  bar. 

Linked  Switches. ― Switches  linked  together  mechanically 
so  as  to  operate  simultaneously. 

Load. ― (a)  Synonym  for  output.  (7))  Synonym  for 
weight. 

Loaded. ― Telegaph  line  or  cable :  A  line  or  cable  of 
which  the  self-induction  has  been  intentionally  increased. 

Load  Factor. ― The  number  obtained  by  dividing  the 
actual  output  of  a  generator  or  of  a  whole  generating  station 
during  a  given  period  by  the  output  if  the  maximum  had 
been  maintained  during  that  period. 

Loop  Test. ― A  method  of  testing  employed  to  locate  a 
fault  in  a  telegraph  or  other  conductor  when  it  can  be 
arranged  to  form  part  of  a  closed  circuit. 

doping  In. — Bringing  a  wire  as  a  loop  to  and  from  a 
terminal  to  avoid  making  a  T  joint. 

Loss,  Total. —— The  difference  between  output  and  input. 

Low  Tension. ― Obsolete  term  for  low  voltage. - 

Magnet  Coil  ^  Magnet  hint/  (foif. ― The  winding  used  to 
magnetise  an  electromagnet  such  as  the  field  magnet  of  a 
dynamo,  sometimes  called  field  coil. 

Mar/ net,  Pertnanent . ― A  body  whicli,  having  been  mag- 
netised retails  its  magnetisation. 

Magnet  Winding. ― A  set  of  magnet  coils. 

Magnetic  Blow-out, ― An  apparatus  so  arranged  as  to  pro- 
duce a  magnetic  field  which  breaks  the  arc  formed  on  open- 
ing the  circuit. 

Magnetic  Flux. ― The  number  of  magnetic  lines  which 
pass  through  any  area  is  called  the  flux  through  that  area. 
In  the  case  of  a  closed  magnetic  circuit,  the  number  obtained 
by  multiplying  magneto-motive  force  by  reluctance.  Unit, 
one  line  or  Maxwell. 

Magnetic  Fhi  r  Density/. ― The  number  of  magnetic  lines 
per  square  centimetre.  The  number  obtained  by  dividing 
magnetic  force  by  permeability.  Sometimes  called  the  in- 
duction, a  term  not  recommeiuled  in  this  sense. 
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Mof/N  i'tir  Force. ― The  force  at  any  point  in  a  magnetic 
field  experienced  by  a  unit  pole  placed  at  that  point,  some- 
tinies  culled  field  intensity  or  strength  of  field .  (At  any 
point,  in  a  closed  magnetic  circuit,  the  magneto-motive  tone 
at  Mi  at  point.)  (In  a  closed  magnetic  circuit,  tlie  magneto- 
motive force  per  unit  length.) 

M<ninetir  rmncifhil it y . —— Magnetic  conductivity  or  specific 
permeance  compared  with  vacuum.  The  number  obtained 
by  dividing  magnetio  flux  density  in  a  substance  by  magnetic 
force. 

M aijuci iv  V crm ea ace , —— Sometimes  called  magnetic  con- 
duciance.  The  number  obtained  l>y  dividing  ni.-ionotic  tl ux 
l>y  magneto-motive  force. 

MnifDvitr  llclnci<tii cv. -― Tho  reciprocal  of  magnetic  j)or- 
in ea nee  (sometimes  called  niagnetic  resistance,  a  term  not 
recommended). 

M mjn t  tir  lit] urtivlty. ― Specific  magnetic  rehu'tance.  Tlie 
reciprocal  of  permeability  of  a  substance. 

Afaynetir  llv num nice. ― Residual  flux  density  after  the 
magnetic  force  has  been  removed. 

Magnetic  Susceptibility,  or  Magnetisability, —— The  number 
obtained  by  dividing  magnetic  intensity  by  magnetic  force. 

M (ujn e tisa bif itij. ― (Set'  Magnetic  Susceptibility.) 

Maf/?ietisatio)t . ― (1)  The  process  or  the  result  of  com- 
municating magnetism  to  a  body.  (2)  The  (intensity  of  the) 
magnetic  moment  per  unit  of  volume  of  a  magnet. 

Afaf//irtisr. ― To  give  a  body  the  properties  of  a  magnet. 

Ma(/neto. ― Contraction  for  itiagneto-electric  generator.  A 
generator  whose  field  magnets  are  permanent  magnets. 

M 〃'〃〃'/〃〃〃'〃'/*. ― An  instrument  for  measuring  magnetic 
force. 

Maiffutoinof i vc  1<Jorre.  ―  That  which  causes  or  tends  to 
cause  a  magnetic  flux.  The  unit  is  47r/10  x  ampere  turns. 
Tlie  industrial  unit  is  the  ampere  turn. 

Main . ―  Any  conductor  forming  part  of  a  distributing 
network.  The  principal  conductors  are  collectively  called  the 
mains.     (*SV^  Feeder  and  Trunk  Main.) 

Ma.rtre/f. ― The  name  given  to  the  magnetic  line  of  force 
or  unit  of  magnetic  flux. 

Afesh. ― A  mode  of  connection  in  polyphase  alternating- 
current  working,  in  which  the  windings  or  apparatus  are  so 
connected  that  they  may  be  diagranunatically  represented 
by  a  closed  figure.  . 

(To  he  ro?ifin  tied.) 


TESTS  OF  CURTIS  TURBINES. 

In  the  course  of  the  discussion  on  the  paper  on  "  The  Present 
State  of  Development  of  Large  Steam  Turbines,"  by  Prof.  A. 
G.  Christie,  read  before  the  American  Society  of  Mechanical 
Engineers,  and  reproduced  recently  in  our  columns,  Mr.  W.  L. 
R.  Emmet  stated  that  injustice  is  done  to  the  Curtis  type  of 
turbine  in  Table  II.  appearing  in  the  paper  and  given  on  page 
669  of  our  issue  of  May  31st  last.  The  first  machine  mentioned 
in  this  table  is  a  2,000-kw.  Curtis-Parsons  operating  at  1,500 
revs,  per  minute  and  is  reported  to  give  an  efficiency  of  71'8 
per  cent,  with  a  moderate  degree  of  superheat.  Mr.  Emmet 
states  that  anyone  familiar  with  the  design  of  either  Curtis  or 
Parsons  machines  knows  perfectly  well  that  no  such  result  has 
ever  been  produced  under  such  conditions.  The  efficiencies 
assigned  to  the  five  General  Electric-Curtis  machines  men- 
tioned range  from  63*6  per  cent,  down  to  61  per  cent.  The 
first,  which  operates  at  3,464  kw.,  is  a  representative  result 
of  the  machine  in  question  and  is  a  good  performance  when  the 
very  high  vacuum  used  is  considered.  Of  the  other  four,  only- 
one  of  the  tests  is  representative  when  the  machine  is  correctly 
tested  and  in  good  condition,  and  in  that  case,  also,  the 
extremely  high  vacuum  is  the  cause  of  a  relatively  low 
efficiency. 

In  discussing  this  table,  the  author  states  in  paragraph  70  ： 
" It  is  therefore  apparent  that  the  efficiency  ratio  alone  will 
<'x juvss  in  the  best  manner  the  degree  to  which  the  designer 
has  approached  ideal  results  in  his  turbine."  To  this  state- 
ment Mr.  Em'met  takes  exception,  for  the  reason  that  it  is 
naturally  possible  to  produce  higher  efficiencies  in  turbine  con- 
struction with  moderate  degrees  of  vacuum  than  it  is  with 
vi'ry  high  degrees  of  vacuum,  the  limitations  to  the  effective 
U8e  of  high  vacuum  being  many  and  their  extent  being  affected 


by  speed  and  capacity.  Therefore  the  designer  who  produces 
a  relatively  low  efficiency  with  a  very  high  vacuum  may  have 
accomplished  his  purpose  much  more  creditably  than  another 
who  lias  produced  a  higher  efficiency  with  a  low  vacuum. 


Tests  of  Representative  Curtis  Turbines. 


Customer. 

Date  of  Test. 

Load,  Kw. 

a 

Steam  Pressure 
Absolute. 

Superheat  Deg. 
Fah. 

a 

Water  Rate,  Lbs. 
per  Kw.-Hr. 

Efficiency,  Per 
Cent. 

7,r>2(i 

720 

184-40 

m 

丄 s."r. 

13-732 

Boston  Edison  Co. 

1007 

7,481 

721) 

185-10 

129 

js-r>s 

13-8(i0 

Common  、v  ealth 

Edison  Co.. 

1007 

12,000 

7.r)() 

200-00 

125 

28-00 

14-220 

60-2 

Boston  lOdison  Co. 

]912 

I2.4ti(i 

72(1 

ci 

】9I 

1  :!'":"> 

Stock   

1911 

4.(100 

I.SOO 

18!)- 00 

0 

lfi-050 

Louisville  Lt^. 

Co  

1911 

li.r,00 

1,800 

180-00 

100 

14-780 

m-  lo 

British  Tlionison- 

HoustoTi,  Ku^hv 

1012 

2,000  ：{,()()(» 

105-00 

150 

2S-00 

14-400 

67-3 

None  of  the  General  Electric  machines  referred  to  in  Prof. 
Christie's  tabulation,  except  the  first  mentioned,  was  designed 
later  than  1904，  while  many  of  the  other  makes  are  of  very 
recent  production.  The  accompanying  table-  gives  tests  of  a 
few  representative  Curtis  machines.  The  first  two  tests  apply 
to  machines  in  Boston,  very  carefully  and  repeatedly  t^si^d 
when  they  were  comparatively  new.  These  machines  are  of 
the  same  date  and  type  as  most  of  those  to  which  th^  figurefi 
in  Prof.  Christie's  tabulation  purpart  to  apply,  and  are  repre- 
sentative of  the  original  large  5-stage  vertical  units  when 
correctly  tested  and  in  good  condition.  These  teste  were  made 
with  very  perfect  facilities  by  the  Boston  Edison  Company's 
engineers.  The  third  test  applies  to  an  8,000-kw.  machine  in 
Chicago  of  the  same  date  and  type.  One  of  the  tests  in  Prof. 
Christie's  paper  also  purports  to  refer  to  this  machine  tinder 
different  conditions.  The  next  three  items  refer  to  recent 
6 -stage  Curtis  machines,  and  the  last  refers  to  a  3-stage  Curtis 
machine  recently  produced  by  the  British  Thomson-Houston 
Company.  This  latter  machine  produces  a  very  remarkable 
result  when  its  small  capacity  and  extreme  simplicity  are  taken 
into  consideration. 

The  accurate  testing  of  steam  units  is,  Mr.  Emmet  states, 
a  matter  which  requires  great  care  and  is  susceptible  of  many- 
kinds  of  error.  Many  figures  concerning  such  tests  which  are 
entirely  incorrect  are  being  constantly  circulated.  It  is  only 
by  oom  pari  son  of  many  tests  and  careful  observance  of  con- 
sistency as  to  results  and  characteristics  that  one  can  ever  be 
sure  as  to  turbine  economies.  The  figures  given  in  the  table 
herewith  have  been  analysed  and  compared  and  are  unques- 
tionably correct.  It  will  be  observed  that  they  give  an 
impression  concerning  the  value  of  Curtis  J:urbines  which  is 
very  different  from  that  produced  by  Prof.  Christie's 
tabulation. 


METAL  QUOTATIONS. 

TUESDAY,  AUGUST  27th. 


Aluminium  ingot   80/-  per  cwt. 

，，         wire,  according  to  sizes,  &c  from  】02/-  " 

，，        sheets  ，，   ，  】20/—  ，， 

Antimony   £28/-/-  to  £29/-/-  per  ton. 

Brass,  rolled    8Jd.  per  Jb. 

，，    tubes  (brazed)   11  Jd. ，， 

，，       ，，      (solid  drawn)   9Jd.  ，， 

，,       ，，     wire   8gd.  ,, 

Copper,  Standard   £79/12/0  per  ton. 

Iron,  Cleveland   fi2/9  ,, 

，, Scotch   68/9  ,， 

Lead,  English    £20/10/-  ,, 

，， Foreign  (soft)    £20/7/0  ，， 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

,,  ，，  ,，       medium   3/6  to  6/-  ,， 

，，  ，，  ，，       large   7/6  to  11/- ，， 

Quicksilver   £7/15/-  per  bottle 

Silver   28^d.  per  oz. 

Spelter    £26/10/-  per  ton. 

Tin,  block   £210/10/- ，， 

Tin  plates   14/7J  ,, 

Zinc  sheets  (Silesian)   £29/10/-  ,, 

,,  (Stettin  ；  Vieille  Montagne)   £29/17/6  ,, 
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DUNLOP'S  DELIVERY  VALVE  FOR  AIR  COMPRESSORS. 

An  improved  design  of  delivery  valve  for  air  compressors  of 
the  type  in  which  the  output  is  controlled  by  holding  open  the 
delivery  valve  at  times  when  no  air  is  required  to  be  com- 
pressed is  shown  in  the  accompanying  sectional  view.  As 
heretofore  constructed,  the  delivery  valve  is  of  cylindrical  for- 
mation and  is  adapted  to  slide  in  a  correspondingly  shaped 
guide  from  which  the  air  can  be  exhausted  in  such  manner  as 
to  ensure  that  the  valve  will  be  held  open,  A  delivery  valve  of 
this  type  is  heavy,  considering  the  small  area  of  the  discharge 
opening  thereof,  and  is  not  suitable  for  adaptation  to  high- 
speed compressors. 

In  the  design  illustrated,  the  invention  of  Mr.  James  Dun- 
lop,  69，  Armadale  Street,  Dennistoun,  Glasgow,  the  delivery 
valve  comprises  a  comparatively  thin  disc  A,  which  rests 
normally  on  a  perforated  seat  B  in  the  valve  chest  C  of  the 
compressor,  being  adapted  to  be  guided  by  means  of  pins  or 
projections  which  are  fixed  in  relation  to  the  valve  A  and  its 
seat  B.    As  shown,  the  valve  A  is  guided  by  means  of  bushes 
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D,  which  are  fixed  in  relation  to  the  valve  and  its  seat  by 
means  of  nuts  E  on  pins  F  passing  through  the  bushes  and 
threaded  into  an  annular  ring  G  which  is  shown  surrounding 
the  piston  H  of  the  compressor  and  serving  as  a  guard  ring  or 
stop  for  the  ring-shaped  inlet  valve  V.  The  lift  of  the  valve  A  is 
limited  by  a  flat  face  S  on  an  inwardly  projecting  member  J, 
secured  to  the  valve  chest  cover  K，  which  face  is  provided 
with  grooves  L  so  formed  that  when  the  valve  A  engages  with 
the  face  S  it  cuts  off  communication  between  the  valve  chest  C 
and  grooves  L.  In  communication  with  these  grooves,  and 
with  passages  M  connected  therewith,  is  a  pipe  (not  shown) 
leading  to  the  atmosphere,  this  pipe  having  a  stop  cock  or 
valve  which,  on  being  opened,  permits  the  compressed  air  in 
the  grooves  L  to  be  exhausted,  whereby  the  disc  A  constituting 
the  delivery  valve  is  held  against  the  grooved  face  S，  thereby 
controlling  the  output  of  the  compressor.  In  order  that  the 
lift  of  the  delivery  valve  will  be  as  small  as  possible,  the  valve 
is  perforated,  the  perforations  N  being  arranged  in  zig-zag 
fashion  in  relation  to  the  perforations  P  in  the  valve  seat,  the 
discharge  past  the  valve  A  being  effected  through  the  perfora- 
tions N  as  well  as  at  the  edge  of  the  valve. 


STEAM-BOILER  EFFICIENCY.^ 

BY  EDWAKD  A.  UEHLING. 

Fifty  years  a^o  a  steam  engine  that  consumed  less  than 
40U>s.  of  steam  per  horse-power  hour  was  quite  an  exception. 
Twenty-five  years  ago  301bs.  was  accepted  as  good  practice. 
To-day  a  steam  consumption  above  201bs.  is  considered  un- 
satisfactory, and  in  exceptional  cases  a  steam  consumption  as 
low  as  lOlbs.  per  horse-power  hour  has  been  reached. 

The  best  average  boiler  efficiency  fifty  years  ago  was 
probably  close  on  to  60  per  cent.  ；  twenty-five  years  ago  it 
was  about  60  per  cent.,  and  to-day  the  average  boiler  effi 
niency  still  hangs  close  to  60  per  cent.  Thus  while  the  steam 
engine  lias  been  so  improved  that  a  given  amount  of  steam 
will  produce  nearly  three  times  the  power  obtainable  fifty 
years  ago,  the  steam  boiler  continues  to  waste  40  per  cent, 
of  the  heat  energy  contained  in  the  fuel.  There  are  several 
reasons  why  this  is  so: ― 

To  begin  with,  the  steam  boiler  (including  its  setting), 
because  of  the  simplicity  of  its  function,  had  been  developed 

*  Abstract  of  paper  rea/1  before  the  American  Master  Mecliauics'  Association. 


into  a  far  more  perfect  apparatus  for  the  purpose  of  generat- 
ing steam  fifty  years  ago  than  was  the  steam  engine  of  that 
time.  Later,  however,  thorough  investigations  of  the  pro- 
perties of  steam  were  carried  on  by  scientists,  who  forriiu- 
lated  the  laws  of  expansion,  thereby  not  only  revealing  the 
great  wastefulness  of  the  then  existing  steam  engine,  but 
at  the  same  time  pointing  out  the  upper  limits  possible  to 
attain.  Based  on  these  revelations  of  science,  inventive 
genius  and  mechanical  skill,  in  combination  witli  practical 
experience,  wrought  the  great  improvements  embodied  in 
the  many  types  of  engines  of  to-day,  including  the  steam 
turbine. 

The  principal  reason  for  the  slow  progress  in  the  economi- 
cal operation  of  the  steam  boiler  is  due  largely  to  the  fact 
that  it  is  of  necessity  a  rough  and  uncoutli  apparatus,  j)l;u*o(l 
in  dirty,  dingy  surroundings,  generally  indifferent,  and  often 
inadequately  housed.  Brawn  and  muscle  are  considered  tlie 
principal  requirements  in  a  boiler  attendant.  As  a  rule, 
neither  compensation  nor  environment  is  calculated  to  attract 
the  more  intelligent  from  among  the  men  available,  and  per- 
haps there  is  not  one  fireman  in  a  thousand  wlio  lias  any 
conception  of  the  chemical  reactions  that  constitute  the  pro- 
cess of  combustion. 

The  steam  engine,  on  the  other  hand,  is  a  highly  finished 
machine,  housed  in  well-lighted  and  well-appointed  quarters  ； 
therefore  commanding  and  receiving  close  attention.  Further- 
more, it  is  attended  by  high-class  men,  trained  by  education 
and  long  experience,  who  understand  its  mechanism  and  mode 
of  operation.  Again,  in  the  steam  engine,  although  it,  is  a 
complex  mechanism  as  compared  with  the  steam  boiler,  the 
regulations  and  adjustments  necessary  to  maintain  maximum 
efficiency  are  exceedingly  simple  in  comparison  witli  what  is 
required  to  attain  and  maintain  the  highest  boiler  efficiency. 

A  steam  engine  correctly  designed  and  properly  con- 
structed, accurately  adjusted  and  adapted  to  the  work  to  be 
performed,  will  give  maximum  economy.  The  speed  is  uni- 
form, and  the  steam  used  is  automatically  regulated  to  suit 
the  load.  Certain  definitely  fixed  and  automatic  adjustments 
have  been  found  to  give  maximum  efficiency  ；  the  attendant 
has  only  to  maintain  these  adjustments  to  ensure  efficiency. 

The  efficiency  of  the  steam  generator  depends  on  fa r 
more  complex  conditions,  many  of  which  are  not  only  beyond 
control,  but  are  continually  changing.  Some  of  them  are 
atmospheric  conditions,  quality  of  the  fuel  and  the  condition 
of  the  boiler  as  to  setting,  dirty  heating  surface,  air  infil- 
tration, draught,  &c.  The  grates  become  choked  with  slate 
and  clinker,  obstructing  the  air  passages  and  causing  irregu- 
lar flow,  resulting  in  a  deficiency  of  air  in  one  place  and  an 
excess  in  another.  Every  one  of  these  variables  affects  the 
efficiency  of  the  boiler  furnace.  Furthermore,  the  required 
output,  which  varies  in  some  plants  between  very  wide  limits, 
is  an  important  factor.  One  is  therefore  forced  to  tlie  con- 
clusion that  the  lack  of  progress  in  boiler  efficiency  under 
actual  operating  conditions  is  not  due  to  any  want  of  im- 
provements in  design  and  construction  of  the  present-clay 
boiler  and  setting,  though  much  remains  to  be  desired,  but 
that  it  is  due  almost  entirely  to  insufficient  knowledge  of  the 
conditions  involved  and  consequent  wasteful  manipulation. 

That  this  is  true  is  proved  by  the  fact  that  almost  in- 
variably official  boiler  tests,  made  by  or  under  the  direct 
supervision  of  experts,  show  from  10  to  20  per  cent,  greater 
efficiency  than  is  obtained  from  the  same  boilers  in  every- 
day practice.  This  raises  the  question  :  Can  the  high  effi- 
ciency obtained  by  an  expert  be  at  least  approximately 
maintained  in  every-day  practice  ？  If  so,  how  can  it  be 
accomplished  ？    What  does  the  expert  do  to  get  his  results  ？ 

He  analyses  the  coal  for  the  purpose  of  ascertaining  its 
heat  value,  and  to  find  out  how  to  burn  it  effectively.  He 
brings  with  him  one  or  more  expert  firemen,  or  selects  the 
best  available  from  the  existing  staff,  and  generally  pays 
them  extra  to  ensure  good  work.  He  makes  sure  that  the 
boiler  is  clean,  inside  and  out,  that  the  grate  bars  are  whole 
and  straight  and  suitable  for  the  kind  of  coal  to  be  burned. 
He  sees  to  it  that  there  are  no  cracks  and  crevices  in  the 
boiler  wells,  and  that  the  cleaning  doors  close  tight . 

He  is  also  assisted  by  a  staff  of  trained  observers.  One 
keeps  a  careful  record  of  the  weight  of  coal  fired  ；  another 
accurately  weighs  or  measures  the  feed  water  ；  a  third 
analyses  the  flue  gas  and  notes  its  temperature  ；  while  the 
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fourth  ascertains  the  quality  of  the  steam.  Many  other  data 
are  noted  and  recorded,  all  of  which  are  necessary  to  enable 
the  oxpoi't  to  ca1rml;it-e  the.  efliciency  of  tlie  boiler  under  test 
and  to  strike  a  heat,  balance.  But,  with  1  he  exception  of 
tlioso  appertaining  to  the  composition  and  temperature  of 
tlie  flue  gas,  none  of  the  data  noted  and  recorded  by  the 
staff  of  assistants  is  of  the  least  aid  in  attaining  liigh  effi- 
ciency. And  since  the  two  essential  elements  in  the  flue- 
gas  records,  C02  and  temperature,  can  be  autographically 
recorded  and  continuously  indicated  by  appliances  readily 
available  at  reasonable  cost,  an  expert  and  a  corps  of 
assistants  are  not  required  to  assure  economic  boiler  opera- 
tion in  every-day  practice. 

Sifting  the  essentials  from  the  non-essentials  in  the  pro- 
gramme of  the  expert  boiler  tester,  t  liere  are : (】) Clean 
boilers  ；  (2)  tight  settings  ；  (3)  skilful  firing  ；  (4)  knowledge 
of  the  chemical  composition  and  physical  properties  of  the 
coal  used  ；  (5)  furnace  adapted  to  the  fuel  ；  (6)  draught  regu- 
lation ； (7)  continuous  knowledge  of  the  percentage  of  C02 
contained  in  the  flue  gas,  also,  its  temperature  at  the  point 
where  it  leaves  the  boiler. 

The  first  five  of  these'  conditions  essential  to  boiler  effi- 
ciency should  be  quite  self-evident. 

1.  As  to  clean  boilers,  it  should  not  require  the  services 
of  an  expert  to  keep  the  boilers  clean,  yet  a  great  deal  of 
coal  is  wasted  because  of  dirty  and  scaly  heating  surfaces. 

2.  Tight  boiler  settings  are  the  exception  rather  than  the 
rule.  Should  an  expert  and  a  staff  of  assist  nuts  be  required 
to  keep  the  settings  tight  ？  Certainly  not.  It  is  nevertheless 
a  deplorable  fact  that  air  infiltration  is  one  of  the  most 
prolific  causes  of  low  boiler  efficiency. 

3.  Every  material  change  in  the  chemical  and  physical 
property  of  the  coal  requires  a  change  in  the  ir.ethod  of 
firing,  the  frequency  of  cleaning  the  fire,  the  strength  of 
draught,  &c.  ；  a  correct  knowledge  of  the  chemical  composi- 
tion and  physical  properties  of  coal  used  will,  therefore,  be 
of  material  assistance  in  maintaining  high  efficiency  in  every- 
day practice. 

4.  Regarding  the  furnace  and  grate  bars,  every  steam 
engineer  of  experience  knows  that  they  must  be  adapted  to 
the  kind  of  coal  available  if  good  results  are  to  be  realised. 
It  may  and  generally  does  require  the  services  of  a  combus- 
tion expert  to  determine  the  grate  and  furnace  construction 
best  adapted  to  burning  a  given  fuel  ；  but  when  these  con- 
ditions are  once  established  there  is  no  good  reason  why  they 
should  not  be  maintained. 

5.  Draught  regulation  is  one  of  the  most  important 
factors,  and  is  probably  the  least  understood.  Draught, 
whether  natural,  forced,  or  induced,  is  manifested  by  a  dif- 
ference in  pressure.  The  effective  draught  is  the  difference 
in  pressure  between  the  air  under  the  grate  bars  and  that 
at  the  point  of  leaving  the  boiler.  It  may  be  considered  as 
divided  into  two  parts,  namely,  the  furnace  draught  and  the 
boiler  draught.  The  former  is  the  pressure  difference 
between  the  ashpit  and  the  furnace,  and  the  latter  is  the 
pressure  difference  between  the  furnace  and  the  uptake.  The 
boiler  draught  varies  directly  with  the  volume  of  gas  coming 
from  the  furnace  ；  hence  for  the  same  rate  of  combustion  it 
varies  inversely  as  the  percentage  of  C02  in  the  flue  gas, 
and  for  the  same  percentage  of  C02  it  varies  directly  as  the 
rate  of  combustion. 

The  furnace  draught  depends  on  many  things :  the  kind 
of  coal,  the  rate  of  driving,  the  thickness  of  the  fire,  and 
its  condition,  the  formation  of  clinker,  &c"  from  all  of  which 
it  is  evident  that  the  proper  regulation  of  the  draught  re- 
quires close  and  intelligent  observation  and  judgment. 

6.  Skilful  firing  and  intelligent  manipulation  are  there- 
fore prime  requisites  in  the  economic  operation  of  steam 
boilers,  and  that  is  why  the  expert,  when  he  is  conducting  an 
efficiency  test,  is  so  particular  in  selecting  his  firemen.  To 
overcome  any  errors  in  judgment  on  the  part  of  the  firemen, 
lie  resorts  to  analysing  tlie  flue  gases,  which  is  the  only 
correct  and  adequate  method  of  controlling  the  process  of 
combustion . 

Maximum  efficiency  results  when  the  necessary  amount 
of  fuel  is  completely  burned  with  a  minimum  excess  of  air, 
and  the  flue  gases  leave  the  boiler  with  the  lowest  tempera- 
ture consistent  with  the  rate  of  driving.  Without  adequate 
means  of  knowing  when  this  condition  obtains,  it  is  impos- 
sible for  even  the  most  expert  fireman  to  maintain  maximum 
efficiency.  Combustion  experts  when  conducting  efficiency 
tests  generally  determine  the  percentage  of  C02，  CO,  and  O  ； 


but  for  every-day  practice  it  is  necessary  only  to  know  the 
percentage  of  CO,  and  the  temperature  of  the  flue  gas  to 
be  able  to  tell  wliet.lier  i.lie  l>oiler  is  hoiii^'  open"e(l  economi- 
cally or  wastefully,  and  i,o  what  extent  heat  is  going  to  waste 
up  the  chimney.  Not  less  than  90  per  ceni .  of  \  Ik-  ； i  voidable 
heat  losses  in  the  operation  of  steam  boilers  is  due  to  exces- 
sive air  supply,  and  since  the  percentage  of  C02  in  the  flue 
gas  is  a  correct  index  of  the  excess  of  air  it  contains,  an  in- 
strument that  will  continuously  indicate  and  record  this  con- 
stituent, is  a  most  important  if  not  an  absolutely  necessary 
factor  in  attaining  and  maintaining  maximum  boiler 
efficiency. 

A  continuous  record  of  tlie  temperature  of  the  escaping 
flue  gas,  although  less  valuable  for  controlling  the  boiler 
operation,  is  nevertheless  of  great  importance.  The  tem- 
perature when  lecoidod  simultaneously  with  the  C02  will 
give  most  valuable  information  as  to  the  condition  and  opera- 
tion of  a  boiler.  The  temperature  of  the  flue  gases  is  but 
slightly  affected  by  excess  of  air  supplied  to  the  furnace  ； 
lience  cannot  be  directly  controlled  by  the  fireman.  This 
depends  on  the  ratio  of  tlie  heating  surface  of  the  boiler  to 
the  grate  area,  on  the  condition  of  the  heating  surface,  and 
on  the  rate  of  driving  ；  also,  the  stack  temperature  is 
markedly  affected  by  air  infiltration,  while  an  excess  of  air 
supplied  to  the  furnace  affects  the  stack  temperature  but 
slightly.  Thus  it  is  seen  that  while  the  stack  temperature 
alone  may  give  very  misleading  information,  in  conjunction 
with  a  deterni iiiation  of  the  C02,  very  valuable  information 
is  had  about  tlie  condition  of  the  boiler  itself  as  well  as  iho 
boiler  setting. 

A  drauglit  gauge  applied  to  the  furnace  shows  the  resis- 
tance through  the  ashpit  door,  the  grates,  the  ashbed,  and 
the  fire.  With  a  given  effective  draught,  if  the  aslipit  doors 
are  partially  closed  the  furnace  drauglit  is  increased,  but  the 
rate  of  combustion  is  decreased.  The  same  effect  is  produced 
by  the  accumulation  of  ashes,  the  formation  of  clinker,  and 
the  caking  of  the  coal.  The  furnace  draught  is  thus  in- 
creased by  at  least  four  distinct-  causes,  all  of  which  tend  to 
check  the  rate  of  combustion.  On  the  other  hand,  if  the 
fire  is  sliced,  tlie  furnace  draught  is  decreased  and  combus- 
tion is  increased,  and  still  more  is  this  the'  case  of  the  fire 
is  cleaned.  It  is  clear,  then,  that  the  readings  of  a  draught 
gauge  in  the  furnace  cannot  be  relied  upon  as  an  index 
to  the  rate  of  driving,  much  less  to  economical  operation. 

From  the  foregoing  it  would  appear,  first,  that  the  chim- 
ney draught  is  affected  favourably  by  wasteful  boiler  opera- 
tion, due  to  high  stack  temperature,  and  unfavourably  by 
wasteful  operation,  due'  to  a  low  percentage  of  C02  in  the  flue 
gas  ；  but  that  a  knowledge  of  the  chimney  draught  and  tem- 
perature is  of  great  value  as  a  check  on  economic  operation 
of  a  boiler  plant  ；  second,  that  the  effective  draught  upon 
which  depends  the  rate  of  combustion  is  itself  dependent  on 
the  variable  conditions  of  the  furnace,  that  it  cannot  be  relied 
on  as  a  guide  by  which  to  regulate  combustion;  third,  that 
furnace  draught  due  to  the  ever-changing  conditions  must 
necessarily  vary  if  a  definite  rate  of  combustion  is  to  be  main- 
tained, and  is  therefore  useless  as  a  guide,  but  is  of  the 
greatest  value  as  an  index  to  the  condition  of  the  furnace, 
provided  there  is  a  true  index  to  the  rate  of  combustion. 
Fortunately  such  an  index  can  be  made  available. 

From  what  has  been  said  in  the  foregoing,  it  should 
appear  evident  that  in  order  to  attain  and  maintain  high 
boiler  efficiency  it  is  necessary  to  employ  scientific  means  for 
the  purpose  of  gaining  the  information  necessary  to 
economical  operation . 


Sixth  International  Congress  for  Testing  Materials. — The  sixth 

congress  of  the  International  Association  for  Testing  Mate- 
rials will  be  held  at  New  York,  from  September  2nd  to  7th. 
The  president  is  Prof.  Henry  M.  Howe,  of  Columbia  Uni- 
versity, New  York;  the  Congress  Secretary  is  Mr.  H.  F.  J. 
Porter,  of  1，  Madison  Avenue,  New  York.  The  meetings 
will  be  held  in  the  Engineering  Societies'  Building,  29，  West 
39th  Street,  New  York.  The  Congress  will  be  opened  on 
the  evening  of  Monday,  September  2nd,  when  the  American 
Society  for  Testing  Materials  will  receive  members,  joined 
by  the  American  Societies  of  Meclianical  Engineers  and 
of  Electrical  Engineers,  and  by  tlie  Institute  of  Mining 
Engineers.  Sectional  meetings  for  tlie  reading  and  dis- 
cussion of  papers  will  be  held  on  Tuesday,  September  3rd, 
to  Saturday,  September  7th. 
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DETERIORATION  AND  SPONTANEOUS  HEATING  OF  COAL 
IN  STORAGE* 

BY  HOKACE  C.  POKTEH  AND  F.  K.  OVITZ, 

Coal-stouage  problems  have  grown  in  importance  with  the 
increasing  consumption  of  coal  and  the  consequent  greater 
need  of  guarding  against  interruptious  of  supply  by  strikes 
or  transportation  difficulties.  Owing  to  the  large  number  of 
requests  that  are  being  received  by  the  Bureau  of  Mines  for 
exact  informatiou  on  the  deterioration  and  spontaneous  lieat- 
iug  of  coal,  this  preliminary  paper  is  published  as  a  brief 
summary  of  the  results  thus  far  obtained  in  the  Bureau's 
investigation.  A  complete  account  is  being  prepared  for 
publication  as  a  bulletin  of  this  Bureau. 

Not  many  years  ago  coal  was  commonly  regarded  as  au 
extremely  unstable  material,  subject  to  serious  alteration  and 
losses  on  exposure  to  the  elements.  In  1907  a  German  gas- 
works engineer 十 claimed  to  have  found  that  moist  fine  coal 
sustained  an  average  heating  value  loss  of  1*7  per  cent,  per 
week  by  the  escape  of  gas.  Other  statements  like  these  are 
to  be  found  in  recent  literature,  but  probably  the  great 
majority  of  chemists  and  engineers  to-day  hold  no  such 
exaggerated  ideas  on  the  deterioration  of  coal  in  storage. 
There  is,  however,  a  well-defined  suspicion  in  the  minds  of 
many  that  the  loss  of  volatile  matter  by  coal  and  the  deteriora- 
tion by  oxidation  are  large  enough  to  be  of  industrial  impor- 
tance, and  the  object  of  the  investigations  described  iu  this 
paper  was  to  determine  accurately  the  extent  of  the  deteriora- 
tion in  different  types  of  coal. 

A  study  of  the  loss  of  volatile  matter  from  crushed  coal 
during  storage  was  made  in  the  laboratory  of  the  Bureau  of 
Mines.  The  coal  tested  was  in  201b.  samples,  which  repre- 
sented a  variety  of  types  from  widely  separated  fields.  Each 
sample  had  been  broken  to  about  half -inch  size  in  the  mine, 
and  as  quickly  as  possible  placed  in  a  large  glass  bottle 
for  dispatch  to  the  laboratory.  At  the  laboratory  the  accumu- 
lated gas  was  withdrawn  and  the  volatile  products  were  per- 
mitted to  escape  freely  and  continuously  at  atmospheric 
pressure  and  temperature.  The  results  of  these  experiments 
have  already  been  published.  Suffice  it  to  say  that  although 
several  coals  evolve  methane  in  large  volumes,  especially  in 
the  early  period  after  mining,  the  coals  tested  lost  in  one  year 
from  this  cause  only  0*16  per  cent,  at  most  of  their  calorific 
value.  It  seems,  therefore,  that  the  loss  caused  by  escape  of 
volatile  matter  from  coal  has  been  greatly  overestimated. 

More  elaborate  tests  were  undertaken  to  determine  the 
total  loss  possible  in  high-grade  coal  by  weathering.  The  extent 
of  the  saving  to  be  accomplished  by  water  submergence  as 
compared  with  the  open-air  storage  was  to  be  settled,  as  was 
also  the  question  whether  salt  water  possessed  any  peculiar 
advantage  or  disadvantage  over  fresh  water  for  this  purpose. 
As  an  instance  of  the  claims  made  for  the  advantage  of  salt- 
、v"t''r  submergence  there  may  be  cited  an  article  by  Mr.  J. 
)l;"  ;iulay，  of  Newport,  who  reports  that  coal  accidentally 
sunk  in  the  salt  mud  of  the  English  Channel  actually  had  its 
calorific  value  improved  1'8  per  cent,  by  10  years'  submerg- 
ence. 

In  the  brief  outline,  the  tests  by  tlie  Bureau  were  carried 
out  as  follows :  Four  kinds  of  coal  were  chosen ― New  River, 
W.  Va.,  on  account  of  its  large  use  by  the  Navy  ；  Pocahontas, 
Va.，  from  its  wide  use  as  a  steaming  and  coking  coal,  and 
from  its  being  the  principal  fuel  used  in  the  Panama  Canal 
work  ；  Pittsburg  coal,  as  a  rich  coking  and  gas  coal,  and 
Slieridan,  Wyo.,  sub-bituminous  coal  or  "  black  lignite  ;)  as  a 
type  much  used  in  the  West.  In  the  test  with  the  New 
lliver  coal,  501b.  portions  were  made  up  out  of  one  large  lot 
which  had  been  crushed  to  ^in.  size  and  well  mixed,  and  these 
portions,  confined  in  perforated  wooden  boxes,  were 
submerged  under  sea  water  at  three  naval  yards  that  diJl'ered 
widely  from  one  another  in  climatic  conditions.  Portions  of 
30(Jlhs.  eacli  from  the  sjune,  original 】ot  were  exposed  to  the 
open  air,  1)oth  outdoors  and  indoors,  at  the  same  naval  yards. 

A  test  of  tlie  Pocahontas  coal  was  made  at  only  one  point, 
the  IsthrnuH  of  Panama,  where  coal  was  placed  in  a  120-ton 
pile  exposed  to  the  weather.  Pittsburg  coal  was  stored  at 
Ami  Arbor,  Mich.,  both  in  open  5-ton  bins  outdoors  and  in 

*  A  proliiuinary  roi>ort  of  Hit-  L'nitud  Stalcn  Uui'eau  of  Mines, 
t  ilannack  K.,  *'  Stall!  uud  Kisen." 


3U01b.  barrels  submerged  in  fresh  water.  The  Wyoming  sub- 
bituminous  coal  was  stored  at  Sheridan,  Wyo.,  both  as  run-uf- 
mine  and  slack,  in  outdoor  bins  that  held  3  to  G  tons  each. 

A  fact  the  authors  wish  to  emphasize  is  that  no  test  was 
made  for  any  physical  deterioration  of  the  coal,  such  as  an 
increase  of  friability,  or  a  slacking  of  lumps.  Consequently 
the  results  do  not  show  how  the  relative  availability  of  heal 
units  may  have  been  affected  by  physical  changes  ；  but  ilioy 
do  show  how  much  the  calorific  v alue?  as  de;t errniiied  in  tin; 
laboratory,  was  affected  by  storage  of  the  coal  under  the 
several  conditions. 

The  moisture,  ash,  and  sulphur  contents  and  the  calorilic 
value  of  each  sample  were  determined.  A  Mahler  bomb 
calorimeter  and  a  carefully  calibrated  Beckniami  thermometer 
were  used  in  the  calorimetric  work,  and  except  for  t  lie 
Sheridan,  Wyo.，  tests,  all  this  work  was  done  by  the  same 
man. 

The  results  show  in  the  case  of  the  New  River  coal  a  loss 
of  less  than  1  per  cent,  of  calorific  value  in  one  year  })y 
weathering  in  the  open.  Iu  two  years  the  greatest  loss  was  at 
Key  West,  1*85  per  cent.  There  was  practically  no  loss  at  all 
iu  the  submerged  samples  in  one  year,  fresh  or  salt  water 
serving  equally  well  to  "preserve  the  virtues  M  of  the  coal. 
There  was  almost  no  slacking  of  lumps  in  the  run-of-niine  sain- 
ples.  In  all  tests  the  crushed  coal  deteriorated  more  rapidly 
than  the  run-of-mine.  The  Pocahontas  run-of-mine  coal  iji  a 
120-ton  pile  ou  the  Isthmus  of  Panama  lost  during  one  year's 
outdoor  weathering  less  than  0*4  per  cent,  of  its  heating  value, 
and  showed  little  slacking  of  lumps.  Gas  coal  during  one 
year's  outdoor  exposure  suffered  practically  no  loss  of  calorific 
value  measurable  by  the  calorimetric  method  used,  not  even  in 
the  coal  forming  the  top  Gin.  layer  in  the  bins.  The  Wyoming 
coal  in  one  of  the  bins  deteriorated  in  heat  value  5*3  per  cenL. 
during  storage  for  two  and  three-fourths  years,  and  uiure 
than  2*5  per  cent,  in  the  first  three  months.  There  was  bad 
slacking  and  crumbling  of  the  lumps  on  the  surface  of  tlie 
piles,  but  even  where  this  surface  was  fully  exposed  to  the 
weather  the  slacking  did  not  penetrate  more  than  12  to  18iu. 
in  the  2^ -year  period. 

Storage  under  water  unquestionably  preserves  tlie  heating 
value  and  the  physical  strength  of  coal.  But  such  storage 
practically  makes  necessary  the  firing  of  wet  coal,  and  conse- 
quently the  evaporation  in  the  furnace  of  added  moisture  vary- 
ing in  amount  from  1  to  15  per  cent.,  according  to  the  kind  of 
coal.  This  factor  is  an  important  drawback  to  the  underwater 
storage  of  coals  which  mechanically  retain  5  to  15  per  cent,  of 
water  after  draining.  In  the  case  of  higli-grade  coals,  however, 
if  firemen  are  permitted,  as  is  frequently  the  case,  to  wet  down 
their  coal  before  firing,  in  order,  as  some  say,  "  to  make  a 
hotter  fire,"  the  addition  during  storage  of  the  2  or  3  per 
cent,  of  moisture  which  these  coals  retain  becomes  of  little 
consequence.  Submerged  storage  is  an  absolute  preventive 
of  spontaneous  combustion,  and  on  that  account  alone  it  may 
be  justified  wlien  the  coal  is  particularly  dangerous  to  store 
and  when  large  quantities  are  to  be  stored  ；  but  unless  the 
storage  period  is  to  be  longer  than  one  year,  there  seems  to  be 
no  ground  for  storing  any  coal  under  water  merely  for  the 
sake  of  the  saving  in  calorific  value  to  be  obtained  by  the 
avoidance  of  weathering. 

Losses  of  value  from  spontaneous  heating  are  a  much  more 
serious  matter  than  the  deterioration  of  coal  at  ordinary 
temperatures.  Oxidation  proceeds  more  rapidly  as  the  tem- 
perature rises.  The  oxidation,  beginning  at  ordinary  tempera- 
tures, attacking  the  surfaces  of  particles,  and  developing  heat, 
is  probably,  in  some  degree,  an  absorption  of  oxygeu  by  the 
unsaturated  chemical  compounds  in  the  coal  substauce.  Iu  a 
small  pile  of  coal  this  slowly-developed  heat  can  be  readily 
dissipated  by  convection  and  radiation,  and  very  little  rise  iu 
temperature  results.  If  the  dissipation  of  the  heat  is 
restricted,  however,  as  in  a  large  pile  densely  packed,  the  tem- 
perature within  the  pile  rises  continuously.  The  rate  of 
oxidation  of  the  coal  plotted  against  the  temperature  makes 
a  curve  that  rises  with  great  rapidity.  When  tliQ  storage 
conditions  are  such  as  to  allow  warming  of  the  coal  to  a  tem- 
perature of  about  100°  C.，  the  rate  of  oxidation  becomes  so 
great  that  the  heat  developed  in  a  given  time  ordinarily  ex- 
ceeds tlie  heat  dissipated,  and  the  teinperature  rises  until3  if 
the  air  supply  is  adequate,  the  coal  takes  fire.  Evidently, 
therefore,  it  is  important  to  guard  against  even  moderate 
heating  of  tlie  coal,  either  spontaneous  or  from  au  external 
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source.  Increased  loss  of  volatile  matter  aud  of  heating  value 
occurs  with  a  moderate  rise  of  temperature,  even  though  the 
ignition  point  is  not  reached. 

Si^ontaneous  combustion  is  brought  about  by  slow  oxida- 
i'ioii  in  an  air  supply  sufficient  to  support  oxidation,  but 
insufficient  to  carry  away  all  the  heat  formed.  The  area  of 
surface  exposed  to  oxidation  by  a  given  mass  of  any  one  coal 
determines  largely  the  amount  of  oxidation  that  takes  place 
in  the  mass  ；  it  depends  on  the  size  of  the  particles  and 
increases  rapidly  as  the  fineness  approaches  that  of  dust. 
Dust  is  therefore  dangerous,  particularly  if  it  is  mixed  with 
lump  coal  of  such  a  size  that  the  interstices  permit  the  flow  of 
a  moderate  amount  of  air  to  the  interior.  Coals  differ  widely 
in  friability,  that  is,  in  the  proportion  of  dust  that  is  pro- 
duced under  like  conditions.  This  variation  in  friability  is  a 
factor  in  affecting  the  liability  to  spontaneous  heating.  Ideal 
conditions  for  such  heating  are  offered  by  a  mixture  of  lump 
and  fine  coal,  such  as  run-of-mine  with  a  large  percentage  of 
dust,  piled  so  that  a  small  supply  of  air  is  admitted  to  the 
interior  of  the  pile. 

High  volatile  matter  does  not  of  itself  increase  the  liability 
of  coal  to  spontaneous  heating.  A  letter  of  enquiry  sent  by 
the  Bureau  to  more  than  2,000  large  coal  consumers  brought 
1,200  replies.  Of  the  replies,  260  reported  instances  of 
spontaneous  combustion.  The  result  shows  no  falling  behind 
of  the  "  smokeless  "  type  of  coal  in  furnishing  instances  of 
spontaneous  combustion,  and  no  cause  for  placing  especial 
confidence  in  this  type  of  coal  for  safety  in  storage. 

In  the  large  stock  piles  at  Panama,  coals  with  17  to  21  per 
cent,  volatile  matter  give  a  great  deal  of  trouble  from  spon- 
taneous fires.  Moreover,  several  large  works  report  that  their 
low-volatile  coals  are  more  troublesome  in  respect  to  spon- 
taneous fires  than  their  high-volatile  gas  coals.  Strange  as 
it  may  seem,  the  oxygen  content  of  coal  appears  to  bear  a 
direct  relation  to  the  avidity  with  which  coal  absorbs  oxygen  ； 
high  oxygen  coals  absorb  oxygen  readily,  and  therefore  have 
a  marked  tendency  to  spontaneous  combustion. 

The  effect  of  moisture  and  the  effect  of  sulphur  on  the 
spontaneous  heating  of  coal  are  questions  on  which  there  has 
been  a  great  deal  of  discussion  and  much  difference  of  opinion. 
Very  little  experimental  evidence  has  been  brought  to  bear 
on  either  of  the  questions,  and  certainly  neither  is  as  yet 
settled.  Richters  has  shown  that  in  the  laboratory  dry  coal 
oxidises  more  rapidly  than  moist  ；  but  the  weight  of  opinion 
among  practical  users  of  coal  is  that  moisture  promotes  spon- 
taneous heating.  In  not  one  of  the  many  cases  of  spontaneous 
combustion  observed  by  the  authors  could  it  be  proved  that 
moisture  had  been  a  factor.  Still  the  physical  effects  of 
moisture  on  fine  coal,  such  as  closer  packing  together  of  dust 
or  small  pieces,  may  in  many  cases  aid  spontaneous  heating. 

Sulphur  has  been  shown  to  have  only  a  minor  effect  in 
must  instances.  On  a  number  of  occasions  samples  of  coal  from 
the  places  in  a  pile  or  bin  where  the  heat  was  greatest  have 
been  analysed,  both  for  the  total  sulphur  and  for  that  in  the 
sulphate  or  oxidised  form.  The  difference  between  the  two 
determinations ― or,  in  other  words,  the  unoxidised  sulphur ― 
was  in  no  case  less  than  75  per  cent,  of  the  average  total 
sulphur  in  the  coal  which  had  not  been  heated.  In  other 
words,  not  more  than  one-fourth  of  the  total  sulphur  had 
entered  into  the  heat-producing  reaction.  The  possibility 
remains,  of  course,  that  the  sulphur-bearing  material  that 
oxidised  was  concentrated  in  a  pocket,  possibly  as  moist,  finely 
divided  pyrites,  and  by  its  concentration  and,  perhaps,  by  its 
comparatively  rapid  oxidation  sufficient  heat  was  developed 
in  that  spot  to  act  as  an  igniter.  Such  an  explanation,  how- 
ever, is  not  plausible  when  judged  by  the  many  analyses  of 
coal  subjected  to  spontaneous  heating. 

Freslily  inined  coal  and  the  fresh  surfaces  exposed  by 
crusliing  lumps  exhibit  a  remarkable  avidity  for  oxygen,  but 
after  a  time  the  surfaces  become  coated  with  oxidised  material, 
" seasoned,"  as  it  were,  so  that  the  action  of  the  air  becomes 
mucli  less  vigorous.  In  practice,  coal  that  lias  been  stored  for 
six  weeks  or  two  months  and  has  even  become  already  some- 
what heated,  if  rehandled  and  tlioi'oughly  cooled  by  the  air, 
seldom  lieats  spontaneously  again. 

Willi  full  appreciation  of  tlie  fact  that  any  or  all  of  the 
following  suggested  precautions  may  prove  impracticable  or 
unreasonably  expensive  under  certain  conditions,  they  ai*e 
olVcnul  ； is  advisable  for  safety  in  storing  bituminous  coal. 
( I )  Do  not  pile  over  12fi  deep,  nor  so  that  any  jwini  in  i  hr 


interior  of  a  pile  will  be  over  10ft.  from  an  air-cooled  surface. 
(2)  If  possible,  store  only  screened  lump  coal.  (3)  Keep  out 
dust  as  much  as  possible  ；  to  this  end  reduce  handling  to  a 
ininiinuin.  (4)  Pile  so  that  lump  and  fine  are  distribul<Mi  "s 
evenly  as  possible  ；  not,  as  is  often  done,  allowing  lumps  to 
roll  down  from  the  peak  and  form  air  passages  at  the  l)oti() 川 
of  the  pile.  (5)  Reliandle  and  screen  after  two  months,  if 
practicable.  (6)  Do  not  store  near  external  sources  of  heat, 
even  though  the  heat  transmitted  be  moderate.  (7)  Allow  six 
week's  "  seasoning  ,y  after  mining  anrl  before  storing.  (8) 
Avoid  alternate  wetting  aud  drying.  (9)  Avoid  admission  of 
air  to  interior  of  pile  through  interstices  around  foreign 
objects,  such  as  timbers  or  irregular  brickwork,  or  through 
porous  bottoms,  such  as  coarse  cinders.  (10)  Do  not  try  to 
ventilate  by  pipes,  or  more  harm  may  often  be  done  than 
good. 


THE  VALUE  OF  SAWMILL  REFUSE  AS  FUEL  IN  GAS 
PRODUCERS, 

BY  CHAS.  E,  SNYPr. 

I  will  endeavour  to  state  briefly  my  experience  in  the  firing 
of  the  following  fuels  in  gas  producers,  namely,  bituminous 
coal,  anthracite,  coke  and  coke  braize,  and  sawmill  refuse. 

Our  producer  plant  was  installed  for  tlie.  purpose  of  burn- 
ing Pittsburg  bituminous  coal,  guaranteed  to  furnish  gas  of 
about  125  B.T.U.  to  the  engines.  As  a  matter  of  fact,  we 
operated  the  plant  continuously  for  about  four  years  on 
various  kinds  of  coal.  The  producer  we  used  was  a  pressure 
type  Wood  producer.  The  capacity  of  the  producer  plant 
was  840  h.p.,  consisting  of  a  combination  of  three  units,  each 
having  a  producer  shell  8ft.  in  diameter  by  12ft.  high  with 
steam-jacketed  top  ；  one  wet  scrubber  5ft.  high  by  18ft.  liigh  ； 
one  dry  scrubber  8ft.  in  diameter  by  3ft.  liigh  ；  one  pressure 
fan  ；  one  gas-holder,  and  one  motor-driven  mechanical  iar 
extractor. 

The  coal  was  locked  in  through  an  air-tight  liopper  into 
each  of  the  producer  shells.  When  tli©  woriorien  poked  tiic 
fires,  the  gases  under  pressure  from  the  blast  escaped  freely 
through  the  poke  holes,  causing  great  distress  to  the  work- 
men. To  overcome  this  difficulty  we  installed  a  fan  between 
the  dry  scrubber  and  the  tar  extractor,  intending  to  bring 
the  producer  shells  under  a  slight  vacuum.  This  relieved 
the  men  of  the  gases  and  yet  retained  our  pressure  in  tlie 
holder,  thus  forcing  the  gases  to  our  engines  under  pressure. 
I  will  state  that  this  fan  was  too  small  to  completely  accom- 
plish the  purposes  intended,  though  it  did  materially  reduce 
the  quantity  of  gas  "escaping  from  the  poke  holes,  thus 
relieving  the  workmen. 

After  the  producer  gases  are  formed  they  pass  into  Mie 
wet  scrubber,  which  is  an  enclosed  tower  of  slats,  wherein  the 
water  passes  in  a  downward  direction  and  the  gases  pass 
upward.  The  gases  are  then  conducted  to  a  centrifugal 
mechanical  tar  extractor  which  removes  most  of  the-  tar,  and 
then  to  a  dry  scrubber,  which  is  a  shell  about  8ft.  diani.  and 
packed  with  excelsior  in  layers.  The  gases  then  pass  through 
an  exhaust  fan  to  the  holder  and  thence  to  the  engines. 

The  first  coal  that  we  burned  was  Pittsburg  bituminous 
coal,  but  we  found  that  while  this  fuel  filled  the  requirements 
as  far  as  the  richness  of  the  gas  was  concerned,  our  plant' 
went  out  of  commission  at  regular  intervals  in  consequence 
of  tar  congestion.  These  intervals  came  closer  and  clos(ir 
together  the  longer  we  operated  the  plant  on  this  coal,  on 
account  of  greater  and  greater  accumulation  of  its  peculiar 
tar.  In  fact,  the  tar  was  too  heavy  for  the  centrifugal  tar 
extractor,  and  breakdowns  of  this  machine  were  frequent . 
This  led  us  to  try  other  bituminous  coals  with  tlie  idea  of 
reducing  the  tar  nuisance. 

After  four  years  of  continuous  service  of  the  producer 
plant  on  various  bituniinous  coals  we  found  that  in  spite  of 
our  selection  the  whole  system  of  pipes  and  engines  was 
becoming  congested  with  tar.  We  also  found  that  it  was 
quite  an  expensive  repair  to  remove  tins  tar  from  the  engine 
cylinder  rings.  In  fact,  many  of  the  rings  had  to  be  cut 
from  the  grooves  with  a  cold  chisel.  We  found  tli^it  a  gas 
plant   could  not  be  run  for  more  than  live  liours  on  g:is('s 

*  l»ai)uv  read  liol'oro  Uu:  Loiiisian:i  Knt;iiu'erint4  S<»cirt> ,  TUj,v  13th,  1912.  and 
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from  Pittsburg  bituminous  coals  without  taking  out  these 
tars,  as  the  valves  and  piston  rings  would  stick.  Alabama 
coals  did  not  do  much  better. 

These  Alabama  coals  were  analysed  particularly  for  lixed 
carbou  and  volatile  matter  in  order  to  select  those  with  a 
high  fixed  carbon  and  a  low  volatile  matter.  They  gave 
greater  satisfaction  because  of  the  reduced  quantity  of  tar, 
and  at  the  same  time  furnished  a  gas  that  was  just  as  rich 
as  the  Pittsburg  bituminous,  namely,  about  125  B.T.U. 
The  Alabama  coal,  however,  introduced  a  trouble  peculiar  to 
itself,  which  finally  forced  us  to  abandon  it.  The  first  trouble 
was  that  the  fuel  came  to  hand  of  irregular  quality,  even 
from  the  same  mine,  particularly  as  to  volatile  matter  and 
ash.  The  content  of  ash  was  especially  unsatisfactory  and 
very  irregular,  varying  from  6|  to  11  per  cent.  Not  only 
was  the  content  of  ash  high,  but  it  had  the  peculiar  property 
of  fusing  in  the  producer  or  forming  a  solid  clinker,  which 
was  almost  impossible  to  penetrate  with  poke  bars,  and  even 
after  penetration  with  bars  and  sledges  was  not  brittle  enough 
to  break  in  pieces  of  a  size  that  could  be  readily  removed 
from  the  producer  itself.  Besides  this,  the  act  of  fusing  cuts 
off  the  air  from  the  fuel  beds,  producing  a  lean  gas,  or  one 
low  in  British  thermal  units,  finally  putting  that  particular 
producer  out  of  business. 

We  next  resorted  to  the  experiment  of  burning  anthracite 
coal.  Our  experiment  was  limited  to  a  few  tons,  but  the 
conclusion  reached  was  that  we  could  not  produce  a  gas  high 
enough  iu  heat  value.  The  best  condition  did  not  yield  much 
more  than  100  B.T.U.  in  the  gas.  Besides,  this  fuel  was  too 
expensive.  The  next  experiment  was  to  substitute  coke  and 
coke  braize  for  anthracite.  This  furnished  a  fair  quality  of 
about  110  B.T.U.  gas  in  the  beginning,  but  we  experienced 
great  difficulty  in  the  producers  filling  up  with  ash,  and  the 
ash  fusing,  thus  causing  cavities  whicli  could  not  be  poked 
out.  The  quality  of  the  gas  sometimes  fell  as  low  as 
80  B.T.U.,  thus  putting  the  plant  out  of  commission.  AVhen 
this  happened  we  would  have  to  cool  down  and  sledge  the 
clinkers.  I  noticed  that  when  the  gas  became  lean  we  could 
raise  the  heat  value  of  the  gas  by  feeding  the  producer  with 
barrel  staves,  whicli  would  keep  us  running. 

During  this  interval  numerous  improvements  on  the  pro- 
ducer plant  were  made,  as  follows :  First,  the  "  Z '，  pipe 
which  conducts  the  gases  from  the  producer  shell  to  the  wet 
scrubber  would  frequently  become  clogged  with  dry  soot,  and 
we  found  that  on  account  of  the  bends  in  the  pipe  this  soot 
would  bake  in  hard  clinkers,  thus  reducing  and  eventually 
choking  the  pipe.  This  pipe  was  replaced  by  a  horizontal 
pipe  extending  between  tlie  producer  shells  and  the  wet 
scrubber,  and  a  partition  was  run  vertically  in  the  wet 
scrubber,  tlius  making  a  downtake  which  opened  directly  into 
the  bottom  of  the  wet  scrubber. 

*Se(  on(l ，  we  found  that  tar  was  accumulating  in  tlie  bottom 
of  tlie  wet  scrubber  and  was  very  difficult  to  remove.  The 
met^l  bottom  was  replaced  by  a  water  seal,  extending  all  over 
the  bottom  of  tlie  wet  scrubber.  All  other  pipes  where  the 
gases  have  a  downward  trend  and  a  sharp  bend  were  simi- 
larly provided  with  water  seals,  in  order  that  tlie  tar  ini^lit 
readily  flrop  out  and  wash  out,  thus  facilitating  the  cleansing 
of  the  producer^ 

While  these  water  seals  or  water  bottoms  are  essential  to 
tlie  cleansing  of  the  plant,  the  following  little  experience  will 
sliow  that  they  must  be  used  with  some  judgment.  The  wet 
scrubber  as  installed  in  the  ordinary-sized  machine  is  about 
5ft.  diam.  The  metal  bottom  of  this  scrubber  was  removed, 
as  I  have  just  stated,  and  a  water  seal  substituted,  whicli 
proved  to  be  just  the  thing  for  a  pressure  producer.  How- 
ever, I  was  called  upon  some  months  later  to  go  to  a  plant 
where  they  were  having  trouble  with  their  producer.  U])on 
my  arrival  I  was  surprised  to  see  how  nicely  the  producer  was 
working,  aiul  noticed  that  the  installation  consisted  of 
】4()li.p.  engine  together  with  a  corresponding  size  producer 
of  the  suction  type.  In  spite  of  no  apparent  difficulty, 
everybody  seemed  to  be  afraid  to  approach  this  producer, 
aiul  the  superintendent  told  me  to  wait  awhile  and  see  what 
woulfl  happen.  I  did  wait  awhile  and  noticed  that  the  engine 
was  ilrawin^  gas  uiuler  a  liead  of  about  3iit.  of  water,  and 
this  was  ^rarlually  increasing  until  some  hours  aft-erwfi rds  it 
reached  5in.,  and  then  ran  rapidly  to  lOi".    Tlien  there  was 


a  terrific  explosion  whicli  blew  ilirougli  t.hc  seal  and  l>Iew 
the  poke  hole  castings  and  the  plugs  from  t\w  top  oi'  1  lif 
producer.  The  negro  stoker  happened  to  be  on  top  handling 
a  wheelbarrow  of  coal,  and  he  must  have  been  a  jiew  liand 
or  a  nervous  one,  as  tlie  last  I  saw  of  him  was  that  he  was 
tumbling  towards  the  ground  with  the  wlieelbarrow  of  <*o;iI, 
a  distance  of  about  15ft.,  and  I  noted  particularly  tliai  In; 
landed  on  his  feet  and  ran  down  the  hillside.  Tlie  only 
reason  that  I  did  not  leave  was  that  I  was  penned  ii，  \>y  a 
guard  rail.  The  after-effect  of  this  explosion  was  that  the 
remaining  water  seal  was  alternately  drawn  in  and  (； 
by  numerous  puffs  that  followed.  It  was  apparent  to  rue 
once  that  what  had  really  happened  was  that  the  engine  liad 
drawn  up  the  water  from  the  seal  and  admitted  a  large  influx 
of  air,  which  no  doubt  made  the  proper  mixture  for  causing 
an  explosion.  The  remedy  applied  was  very  simple.  Th(' 
opening  on  the  water  seal  under  the  scrubber  was  restrict c<l 
in  size  so  that  no  great  quantity  of  water  could  be  drawn  in 
suddenly.  The  plant  ran  along  afterwards  without  any 
trouble  whatever,  with  simply  working  the  beds  and  removing 
the  clinker  when  tlie  draught  became  obstructed. 

On  account  of  these  various  troubles  and  because  of  the 
increase  in  heating  value  of  producing  gases  made  with  barrel 
staves  referred  to  before,  I  was  prompted  to  try  sawmill 
refuse  in  the  producers,  and  found  very  much  to  my  satis- 
faction that  we  were  able  to  operate  the  plant  continuously 
on  about  130  B.T.U.  to  135  B.T.U.  gas,  and  the  plant  was 
more  reliable  on  account  of  the  even  quality  of  gas.  After 
about  a  month  of  use  of  this  refuse  fuel  our  tar  troubles 
began  to  disappear,  and  now,  after  using  this  fuel  for  a 
couple  of  years,  it  is  a  very  rare,  occurrence  to  have  an  inlet 
valve  or  an  exhaust  valve  stick  in  the  engines  on  account  of 
tar,  or  carbon  deposits.  In  fact,  we  have  discarded  the  dry 
scrubber  altogether,  and  we  even  operated  one  week  without 
a  tar  extractor  at  all,  on  account  of  that  macliine  needing 
repair.  This  illustrates  how  well  the  sawmill  refuse  has 
solved  the  problem  in  our  case  when  it  is  recalled  that  we 
could  not  run  even  five  hours  ou  coal  without  removing  the 
tar. 

The  refuse  that  we  use  is  known  as  "  cypress  liog."  It 
consists  of  about  50  per  cent,  of  sawdust  and  50  per  cent,  of 
chips,  such  as  are  discharged  from  tlie  "liog，"  whicli  is  a 
machine  used  by  sawmills  to  destroy  their  refuse.  This 
material  runs  from  30  to  55  per  cent,  moisture,  and  this 
moisture  seems  to  be  necessary  for  best  working  conditions. 
I  will  state  that  we  have  to  guard  against  the  sawdust  blowing 
over  into  the  pipes  which  conduct  the  gases  to  the  wet 
scrubber.  This  is  probably  a  local  trouble,  due,  no  doubt,  to 
the  strength  of  the  blast  that  we  use  in  order  to  get  capacity. 
We  have  been  able  to  realise  full  capacity  using  sawmill 
refuse,  and  our  engines  deliver  a  brake  hoi'se-power  on  about 
4ilbs.  of  this  fuel. 

The  changes  necessary  to  fire  sawmill  refuse  are  merely 
the  removing  of  the  coal  dump  hoppers  and  substituting  a 
hollow  cylinder  about  10ft.  high  slightly  tapered  and  made 
larger  at  the  bottom  and  fitted  witli  a  slide  gate  at  both  top 
and  bottom  ；  these  slides  are  worked  with  levers,  and  the 
sawmill  refuse  is  locked  into  the  producers  through  these 
tubes. 

To  start  firing  a  producer  with  sawmill  refuse  it  is  nut 
necessary  to  have  an  underlying  bed  of  cinders  or  ash  to 
cover  the  blast  pipe.  The  fuel  can  be  duinpecl  in  on  the 
water  seal  and  fire  can  be  started  either  on  top  or  through 
the  side  poke  holes.  Aside  from  these  conditions,  the  beds 
seem  to  be  subject  to  all  conditions  prevalent  in  the  firing  of 
coal.  A  clinker  is  formed  of  a  brittle  nature  and  ran  be 
easily  removed  with  the  fine  ash.  The  percentage  of  ash  is 
so  small  that  a  producer  can  be  operated  about  three  weeks 
before  removing  the  ash. 

. Cavities  and  chimneys  will  burn  in  the  bed,  and  eternal 
vigilance  and  poking  are  necessary  to  produce  a  uniform 
quality  of  gas.  In  order  to  lessen  the  labour  of  poking  it  is 
good  practice  to  feed  occasionally,  say,  once  a  day  or  wlien 
the  quality  of  the  gas  fluctuates,  one  or  two  charges  of 
blocks  ranging  in  size  from  stove  lengths  to  15in.  diani. 
These  blocks  will  find  tlieir  way  into  the  cavities  and  stop 
t he  chiirni^ys,  aiul  the  producer  will  respond  instantly.  I 
liave  had  cavities  form  low  clown  iu  the    beds    and  cause 
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i  rouble,  but  we  have  always  succeeded  in  poking  down  over- 
lying fuel  and  closing  this  cavity. 

We  also  cxperiinented  with  "  pine  hog/'  and  we  find  that 
it  is  more  efficient  fuel  for  producer  gas  than  "  cypress  hog/' 
An  average  of  ten  analyses  made  on  gas  produced  from  "  pine 
hog  "  showed  161*4  effective  B.T.U.  against  130  to  135  for 
cyj)ress.  The  reason  for  this  is  probably  due  to  the  greater 
heat  value  of  pine  itself  as  compared  with  cypress.  The 
analyses  of  lieating  value  of  these  two  fuels  showed  that  the 
cypress  was  5,540  B.T.U. ,  while  pine  was  7,605  B.T.U. 
These  are  on  fuel  as  received,  and,  therefore,  include  moisture. 
The  only  reason  that  we  do  not  use  pine  is  that  cypress  is 
more  available  as  far  as  our  plant  is  concerned,  which  means 
that  it  is  cheaper,  comparatively  speaking,  although  it  is 
poutul  for  pound  a  much  richer  fuel. 

I  have  added  below  a  number  of  analyses  of  gas  prodiK  ed 
from  various  kinds  of  fuel  that  it  has  been  my  lot  to  experi- 
ment with  in  solving  our  problem. 

No.  of  Effective 
Kind  of  Fuel.  Analyses.      】i.T.U.  Co2. 

Pittsburg  bituminous    15        125*3  9'6 

Alabama  bituminous    VI        112*2  7'8 

Pocahontas  coke    10  103*1 

Nut  coal    3       100*4  10'5 

Coke  braize    4       108  0  6'4 

Anthracite  coal    39         91-2  12'4 

Cypress  hog    12       134*2  10'3 

Cypress  hog  and  petroleum...      7  133.2 

Pine  hog    11        161*4  9*9 

To  summarise  :  the  advantages  to  be  derived  from  burning 
sawmill  refuse  where  it  is  available  are  as  follows  :  (1)  Little 
ash,  therefore  little  cleaning  to  be  done.  (2)  High-grade  gas, 
gas  of  higher  heat  value  as  compared  with  other  fuels 
in  our  type  of  producer.  (3)  A  lesser  quantity  of  tar,  and 
much  more  limpid  in  character.  (4)  Gas  of  constant  quality 
with  less  labour.  (5)  No  deadly  gases  to  overcome  the  work- 
men. (6)  And  finally,  the  all-important  factor  of  lower  cost 
per  horse-power  hour  must  not  be  forgotten. 

In  conclusion,  I  wish  to  explain  tliat  there  is  no  intention 
ou  my  part  of  casting  any  reflection  on  the  producer  or  the 
original  installation  that  we  had.  I  believe  that  we  were 
among  the  first  to  burn  bituminous  coal  in  our  section,  and 
our  work  was  of  such  character  that  the  producer  plant  had 
to  be  operated  24  hours  a  day  and  sometimes  on  Sunday. 
Cost  of  cypress  waste  fuel  (basis  4Jlbs. 
per  horse-power  hour  at   50c.  per 

ton)  equals    01125c.  per  li.p.  hour. 

Cost  of  firing  4^1bs   0'1125c. 

Total  cost  per  horse-power  hour 

for  cypress  waste    0.2250" 

Cost    of    Pittsburg    bituminous  coal 
(basis  l*51bs,  per  horse-power  hour 

at  |4.10  per  ton)  equals    0'3075c.  per  h.p.  hour. 

Cost   of   firing   l'5lbs.   of  Pittsburg 

bituminous  coal    0'0750e. 


Total  cost  per  horse-power  hour 

for  Pittsburg  bituminous  coal  U"3825c. 
Cost    of    Alabama    bituminous  coal 
(basis  l'51bs.  per  horse-power  hour 

at  $2.75  per  ton)  equals    0"2062c.  per  li.p.  hour. 

Cost  of  firing    l'51bs.   of  Alabama 

bituminous  coal    0-0750c. 


Total  cost  per  horse-power  hour 
for  Alabama  bituminous  coal... 


0*2812c. 


RECENT  DEVELOPMENTS  IN  THE  ELECTRICAL  ART, 

BY  PUOF.  KL11IU  THOMSON. 

I  appreciate  very  highly  the  honour  done  nie  in  the  award 
of  the  Elliott  Cresson  Medal,  and  return  my  sincere  thanks 
for  the  recognition  accorded  me.  It  may  not  be  known  to  all 
present  that  my  work  in  the  electrical  field  virtually  began 
williin  Uiese  walls,  and  in  this  hall.  As  a  very  youthful 
nieinber  of  the  Institute  it  was  my  privilege  to  take  an  active 
part  in  its  work,  beginning  nearly  40  years  ago.  Appointed 

*  Address  presented  at  a  mectiuf{  of  Uio  Franklin  InsiiUilc,  Muy  15th,  191'2,  when 
l>rof.  Tbouiaon  received  the  IuhUIuIc '.^  lOlliutl  Crusson  Mudal. 


to  deliver  a  course  of  five  lectures  on  electricity  early  in  1877, 
in  this  very  hall,  I  am  happy  to  recall  that  the  members  were 
good  to  the  youthful  and  untried  lecturer,  and  filled  the  hall 
each  evening.  Serving  with  Prof.  E.  J.  Houston  and  others 
on  its  Committee  on  Dynamo  Electric  Machines  in  the  winter 
of  1877  and  1878，  we  were  able  to  secure,  for  the  first  time, 
scientific  data,  voltage,  resistance,  current,  illumination, 
efficiency,  &c.，  on  several  dynamos  for  arc  lighting  and  the 
single  arc  light  which  they  each  furnished.  The  report  of 
the  committee  appeared  in  the  "  Journal  ，，  in  1878.  When 
I  left  Philadelphia  to  go  to  New  England  in  1880  I  had  served 
on  the  Board  of  Managers  of  the  Institute  for  some  years.  It 
is,  then,  with  a  peculiar  sense  of  gratitude  and  satisfaction 
that  I  receive  this  recognition  of  my  work. 

I  have  been  asked  to  address  you  on  this  occasion  on  "  Re- 
cent Developments  in  the  Electrical  Art."  The  applications 
of  electricity  now  cover  such  a  wide  field  that  even  to  give  a 
fair  list  of  them  would  be  a  tax  on  your  patience.  Moreover, 
the  term  "  recent  "  admits  of  great  latitude,  as  the  whole 
art  is  indeed  recent.  I  shall  use  the  word  in  a  somewhat  more 
restricted  sense.  But  before  referring  to  any  recent  advances 
I  hope  I  may  be  pardoned  for  recalling,  on  this  occasion,  a 
few  incidents  besides  those  to  which  I  have  already  alluded. 
My  prime  object  in  the  course  of  five  lectures  given  by  me  in 
this  hall  thirty-five  years  ago  was  to  show  that  electricity 
from  any  source  was  in  essence  the  same,  and  so  help  to  break 
down  the  barriers  then  existing  in  many  minds  between  static 
electricity,  dynamic,  voltaic,  thermo,  and  magneto  electri- 
cities. Not  to  enter  into  details,  I  may  state  that  at  one  of 
the  lectures,  in  preparing  my  apparatus  in  this  hall  to  show 
that  static  or  high-tension  electricity  could  be  converted  into 
dynamic  or  low-tension  currents,  the  result  of  the  experiment 
first  suggested  the  possibility  and  method  of  my  latter  inven- 
tion of  electric  welding. 

In  the  fall  of  1878  I  built  a  special  dynamo,  and  a  labo- 
rious piece  of  work  it  was  for  a  foot  lathe.  It  was  used  in 
con j unction  with  Pro.  Houston  in  lectures  and  demonstrations 
before  th©  Institute.  In  fact,  the  machine  was  first  tested 
and  operated  in  this  hall.  It  was  in  some  respects  a  unique 
machine,  being  either  a  self-acting,  alternating-current 
dynamo  or  a  direct-current  machine  at  will.  As  an  alter- 
nator its  winding  made  it  2-phase  or  bi-phase.  Its  voltage, 
by  coupling  its  windings,  could  be  varied  in  the  ratio  of  1, 
2,  and  4.  Its  field  could  be  similarly  varied,  so  as  to  increase 
the  range  of  variation,  and  it  required  3  or  4  h.p.  to  drive  it. 
In  this  hall,  and  along  with  this  machine,  transformation 
witli  induction  coils  was  experimented  with.  Such  coils  are 
now  called  transformers.  This  was  in  January  and  February, 
1879.  It  may  be  interesting  to  note  that,  probably  for  the 
first  time  in  the  art,  two  transformers  were  used  with  their 
finer  wire  primaries  connected  in  parallel  to  the  dynamo  line, 
while  the  coarse  wire  secondaries  at  lowered  voltage  supplied 
the  work  current.  This  is  the  arrangement  now  so  extensively 
used  in  practice.  It  was  here,  also,  and  at  about  the  same 
time,  I  received  my  first  heavy  electric  shock  from  an  induc- 
tion coil  steeping  up  the  current  of  the  dynamo  to  about 
10,000  volts.  The  convulsion  threw  me  back  and  drew  the 
wires  from  my  hands.    The  accident  certainly  taught  caution. 

The  working  of  this  early  dynamo  was  indeed  the  means 
of  forming  business  affiliations  which  latter  led  to  developing 
the  Thomson-Houston  arc  lighting  systein,  on  which  the  large 
business  of  the  Thomson-Houston  Company,  at  Lynn,  Mass" 
was  later  built.  This  company  having  extended  its  business 
into  railways,  motors,  incandescent  lighting,  &c,  it  was  con- 
solidated together  with  the  Edison  General  Company,  into  the 
General  Electric  Company,  in  1891. 

In  the  early  years  of  the  art  there  was  so  niucli  unknown 
that  highly  important  discoveries  and  inventions  followed 
each  other  at  close  intervals.  Nowadays  this  is  not  to  be 
expected.  The  technical  progress  of  to-day  consists  largely  in 
the  refining  of  methods,  increasing  efficiencies,  improving  con- 
struction, reducing  costs,  and  extending  the  ranges  of  use  into 
new  fields,  while  providing  for  the  rapid  growth  of  the  indus- 
t'ry  in  lighting,  power  transmission  in  all  its  varied  phases, 
railways,  electric  lieating  and  furnaces,  electro-cliemistry,  and 
metallurgy. 

S I  i 1 1 ,  tliese  later  years  a  rc  not  without  tlieir  technical 
triumpLs  iu  discovery  and  invention.    The  Edison  carbon  fila- 
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ment  lamp,  the  influence  of  which  on  the  growth  of  industrial 
electricity  has  been  stupendous,  was  not  known  till  the  close 
of  1879.  "  Improved  in  minor  details,  it  remained  for  upwards 
of  a  quarter  of  a  century  without  a  rival  for  small  units  of 
light  ；  the  improvement  coming  by  the  substitution  of  tan- 
talum and  then  of  pure  tungsten  for  the  carbon  ；  the  gain  in 
efficiency  with  the  latter  was  such  that  approximately  one- 
third  of  the  energy  would  give  as  much  light,  and  of  a  whiter 
and  better  quality.  Tungsten  bad  long  been  known  in  an 
impure  state  and  iu  its  compounds,  and  it  was  used  as  a  com- 
ponent of  special  steels.  Pure  tungsten,  as  at  first  produced, 
was  found  to  be  a  hard,  glossy,  brittle  metal,  absolutely  with- 
out ductility  of  malleability  in  the  cold,  yet  by  careful 
research  and  persistent  effort  methods  were  found  which  at 
last  yielded  wire  which  could  be  drawn  cold. 

This  was  done  in  the  research  laboratory  at  Schenectady, 
and  drawn  tungsten  wire  filaments  are  now  the  standard.  The 
unyielding  brittle  metal  has  been  made  so  tractable  that  a 
single  length  of  over  three  miles  of  wire,  of  a  diameter  less 
than  that  of  a  human  hair,  has  been  drawn.  Tungsten  drawn 
wire  has  the  extraordinary  strength  of  600,0001bs.  to  the 
square  inch  of  section.  Ductile  tungsten  is  now  found  to  be 
superior  to  platinum  for  electric  contacts,  and  far  less  expen- 
sive. It  is  also  the  ideal  material  for  the  targets  of  Rontgen- 
ray  tubes,  not  yielding  where  platinum  would  be  melted 
rapidly  in  forcing  the  tube  for  the  purpose  of  shortening  the 
time  of  exposure  in  radiography. 

Has  the  tungsten  lamp  reached  the  limit  of  its  develop- 
ment ？  Certainly  not.  The  knowledge  gained  in  the  past 
year  or  two  renders  probable  a  further  advance  in  efficiency  of 
lamps  ；  leading  to  the  confident  expectation  that  more  than 
50  lamps  of  20  c.p.  each  may  be  obtained  from  an  expenditure 
of  only  1  kw.  of  energy,  or  about  40  such  lamps  to  the  horse- 
power. These  results  may  possibly  be  much  exceeded,  for  the 
research  laboratory  it  not  yet  through  its  work. 

In  recent  years,  as  with  incandescent  lighting,  electric  arc 
lighting  has  been  completely  revolutionised.  For  a  long  time 
the  arc  between  carbon  electrodes  was  relied  upon  solely.  It 
was  at  first  open  to  the  air 一 the  so-called  "  open  arc."  Later 
the  enclosed  arc  or  carbon  arc,  with  a  restricted  supply  of  air, 
served  to  minimise  the  consumption  of  the  electrodes,  but  at 
a  sacrifice  of  efficiency  of  light  production.  Recently  we  have 
seen  the  introduction  of  the  various  forms  of  flame  arcs, 
luminous  arcs,  and  the  mercury  arc  lamp  with  its  greenish 
light.  By  loading  the  electrodes  of  an  arc  with  mineral  or 
metallic  compounds  the  main  source  of  light  is  the  flame 
between  the  electrodes,  and  not,  as  in  the  carbon  arcs,  the 
hot  ends  of  the  carbons  themselves. 

Many  of  the  streets  and  open  spaces  in  our  large  cities  are 
now  lighted  by  magnetite  arcs,  so  named  because  the  electrode 
which  furnishes  material  to  the  arc  is  composed  principally  of 
magnetic  oxide  of  iron,  mixed  with  other  substances  destined 
to  improve  the  colour,  steadiness,  or  efficiency.  Development 
in  this  field  is  still  going  on  actively.  The  characteristic  arc 
light  dynamos  of  former  years  are  now  seldom  built.  Mer- 
cury rectifiers  instead  convert  into  direct  current  the  alterna- 
ting currents  from  constant-current  transformers,  which,  in 
turn,  receive  energy  from  the  general  supply  mains  extending 
from  the  great  electric  stations,  which  mains  supply  energy 
for  incandescent  lights  or  motors,  and  for  other  uses. 

The  tendency  is  now  to  generate  in  the  station  but  one 
type  of  current,  and  supply  all  needs  therefrom.  A  3-phase, 
alternating-current  supply,  working  through  rectifiers,  trans- 
formers, converters  of  various  types,  gives  electrical  energy  in 
any  form  and  at  any  voltage  required.  Thus  the  Fisk  Street 
Station  in  Chicago  has  a  capacity  of  160,000  h.p.,  and  in  it 
the  3-phase,  steam  turbine  dynamo  units  range  up  to 
27,000  h.p.  each,  all  varieties  and  conditions  of  load  partaking 
of  this  enormous  output. 

While  in  the  early  days  of  electric  stations  lighting  was 
the  only  load,  it  was  foreseen  that  the  distribution  of  power 
would  eventually  become  of  great  importance.  In  recent 
years  the  application  of  electric  motors  has  inade  enorinous 
strides.  They  are  fast  becoming  a  universal  adjunct  to  mov- 
ing macliines,  replacing  all  small  stationary  steam  engines  and 
^hh  engines.  Electric  motors  have  already  become  a  conipo- 
nent  part  of  machine  tools,  and  of  many  other  macliines 
formerly  driven  by  belts  from  line  shafting. 


Perhaps,  however,  no  better  example  of  recent  progress 
can  be  found  than  a  modern  high-tension  transinissioii  syst em , 
for  it  may  combine  within  itself  all  those  features  which  liavc 
made  electricity  such  an  important  factor  of  our  later  civilisa- 
tion. In  such  a  transmission  system  there  may  be  several 
generating  stations  far  apart  tied  into  the  lines  or  network  for 
conveying  the  electrical  energy.  In  these  stations  water  power 
may  be  used  to  drive  the  dynamos,  or  steam,  or  both,  or  even 
internal- combustion  engines  may  exist.  As  generated,  t  lie 
electrical  energy  is  too  low  in  voltage  for  long-distance  trans- 
mission. It  may  be,  say,  at  only  2,000  volts,  while  the  trans- 
mission requires  100,000.  In  fact,  a  plant  has  recently  been 
put  into  operation  in  which  the  line  voltage  is  as  high  as 
140,000.  To  obtain  this  increase  of  pressure  the  station  cur- 
rent is  "  stepped  up  ，，  by  giant  induction  coils  or  transformers 
receiving  the  2,000  volt  current  in  their  primary  coils,  and 
delivering  to  the  line  100,000  volts  from  their  secondary  wind- 
ing.  .  . 

Accurate  instruments  measure  the  output  in  amperes, 
volts,  watts,  and  other  factors.  In  the  large  stations  the 
manipulation  is  often  by  a  system  of  "remote  control/' 
whereby,  by  means  of  electric  relay  apparatus,  outputs  of 
many  thousands  of  horse-power  are  controlled  by  a  single  per- 
son operating  push-buttons  or  small  master  switches.  Here, 
also,  signals  and  instruments  exist  for  showing  him  the  operat- 
ing conditions  of  the  plant  at  any  time.  Telephones  connect 
the  various  stations,  and  parts  thereof,  over  hundreds  of 
miles.  Automatic  lightning  arresters,  fuses,  and  circuit- 
breakers  are  on  guard  in  case  of  accident. 

Sets  of  line  wires  of  copper  or  aluminium,  three  wires  in 
each  set,  lead  off  into  the  far  distance  from  these  great 
stations,  and  are  supported  on  high-tension  insulators,  which 
are  sustained  on  poles,  or  upon  tall  towers  of  latticed  steel. 
These  lines  are  very  much  alive.  They  are  dangerous  to 
approach  ；  for  the  kind  of  electricity  they  carry  is  second 
cousin  to  the  lightning,  for  it  can  jump  spaces  of  many 
inches.  If  we  follow  such,  a  line  we  may  find  that  it  leads  to 
a  substation  near  a  town,  or  to  a  group  of  factories,  or  to 
a  substation  power-house  operating  a  railway  or  a  mine.  Here 
it  is  "  stepped  clown  ，，  by  reversing  the  process  which  gave  the 
energy  its  high  pressure.  Step-down  transformers  reduce 
its  voltage  to  a  more  manageable  amount  ；  perhaps  to  again 
about  2,000  volts.  These  transformations  have  caused  but 
small  loss,  for  the  efficiency  of  the  large  transformers  is  but 
little  less  than  100  per  cent.  We  find  again,  in  the  step- 
down  station,  the  measuring  instruments,  automatic  appa- 
ratus, and  appliances  for  control.  And  now  lines  lead  off  in 
various  directions  carrying  the  2:，000  volt  current,  some  of 
which  is  finally  again  transformed  down,  perhaps,  to  100  or 
200  volts,  for  low-tension  supply  on  the  consumer's  premises, 
where  his  electric  meter  registers  the  amount  of  energy  used 
by  his  lights,  his  motors,  and  the  like. 

Part  of  the  energy  may,  through  rectifiers,  supply  the  cur- 
rent for  the  arc  lights  on  the  streets  or  in  the  stores.  Vacuum- 
tube  lights  even  may  be  operated..  Electricity  has  given  us 
sufficient  variety  in  our  means  for  producing  light.  Another 
part  of  the  energy  may  be  changed,  by  machines  called  rotary 
converters,  and  adapted  to  the  operation  of  railway  car 
motors,  which  need  a  direct  current  of  about  600  volts. 

Still  another  fraction  may  work  apparatus  employed  iu 
charging  large  storage  batteries,  or  may  be  further  divided 
and  rectified  for  the  batteries  of  automobiles.  Energy  may 
be  taken  from  the  system  for  electric  stoves  or  cooking  appa- 
ratus, or  for  wanning.  It  may  be  also  consumed  in  beatiug 
metal,  as  in  electric  welding,  or  in  electric  purposes.  It  】nay 
produce  ice  in  refrigerating  machines  driven  by  electric 
motors.  The  applications  of  electric  motors  are  already 
innumerable.  The  time  will  come  when  cooling  in  summer  will 
not  depend  on  ice  delivered  at  our  doorsteps  or  in  our  refri- 
gerators. We  may  turn  a  switch,  setting  in  motion  a  small 
refrigerating  apparatus  which  transfers  heat  from  water  to  be 
cooled  or  frozen  to  other  water  to  be  warmed.  A  modicum 
of  the  electric  output  may  go  to  the  uses  of  tlie  physician  in 
such  indispensables  as  Rontgen-ray  tubes.  The  dentist  also 
calls  for  his  supply. 

Tn  recent  years  electricity  lias  added  to  our  resources 
inn ny  remarkable  and  valuable  prodiirts.  Among  those  are 
carbide  of  calcium  and  from  it  acetyleue  gas.    The  electric 
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furnace  gives  us  such  ideal  grinding  materials  as  carborundum 
and  alundum.  By  way  of  contrast  to  these,  it  furnishes 
artificial  graphite  for  lubrication.  It  furnishes  supplies  of 
such  elements  as  silicon  and  boron,  until  recently  practically 
unknown  even  in  the  laboratories. 

Aluminium,  magnesium,  sodium,  calcium  are  made  com- 
mercial products  by  electrolytic  methods  of  production . 
Through  cheap  aluminium  we  have  thermit  for  welding.  W 
also  obtain  by  it  pure  metals,  such  as  manganese,  for  fornung 
alloys.  Lastly,  in  late  years  large  electric  furnaces  enable 
us  to  secure  high  temperature  for  refining  great  baths  of 
steel,  or  producing  special  high  grades  from  crude  material. 
Electrochemical  baths  refine  our  copper  and  yield  such  pro- 
ducts as  chlorine,  caustic  soda,  and  bleaching  powder,  as 
well  as  the  chlorates.  Special  electric  furnaces  give  us  phos- 
phorus for  matches,  and  others  carbon  bisulphide.  Within 
a  few  years  past  water-power  has  been  employed,  as  in 
Norway,  in  the  commercial  production  of  nitrates,  by  com- 
bining the  nitrogen  and  the  oxygen  gases  of  the  air  in  huge, 
specially-formed  electric  arcs.  These  nitrates  add  to  cur 
agricultural  resources,  on  which  the  food  supply  and,  as  a 
consequence,  the  population  of  the  world  depend. 

It  would  be  out  of  place  here  to  recount  the  numerous 
improvements  wluch  our  electrical  machines  are  constantly 
undergoing.  'There  are  many  minor  advances,  improvements 
in  design,  in  disposition  and  character  of  materials,  in  many 
facturing  methods,  and  the  thousands  of  things  that  contri- 
bute to  an  art  so  varied  and  extensive  in  its  field. 

Very  recently  I  came  across  by  accident  an  article  on  the 
" Future  of  Electricity  r  which  I  had  written  for  a  magazine 
now  defunct.  It  was  published  in  1892 ― just  twenty  years 
ago.  The  forecast  therein  given  has  not  only  in  the  main 
proven  true,  but  in  not  a  few  instances  has  been  many  times 
exceeded.  Wireless  telegraphy,  then  predicted  as  a  possibility 
between  ship  and  shore  for  moderate  distances,  in  spite  of 
storm  and  fog,  has  crossed  the  Atlantic.  Telephony,  alluded 
to  as  feasible  over  hundreds  of  miles,  has  thousands  to  its 
credit.  Long-distance  transmission  of  electric  energy  has 
very  greatly  exceeded  our  most  sanguine  anticipations  of 
twenty  years  ago.  Our  dynamos  are  of  lar  greater  capacity 
than  any  of  u&  could  have  imagined  possible.  In  all  direc- 
tions our  expectations  have  been  far  exceeded,  and  unex- 
pected new  discoveries  have  opened  up  a  range  of  newer  appli- 
cations. We  must  leave  tlie  future  to  tell  its  own  story,  lest 
we  repeat  the  same  underestimation . 
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The  Invention  of  the  Steam  Engine. 

This  year  is  the  two-hundredth  anniversary  of  the  first 
practical  piston  steam  engine,  which  was.  built  at  Dudley 
Castle,  near  Wolverhampton,  by  Thomas  Newcomen,  in 
1712.  The  steam  engine,  like  other  great  works,  was  not 
the  result  of  a  single  brilliant  idea,  nor  even  the  work  of  any 
one  great  genius  and  inventor.  Before  Newcomen,  others 
had  made  efforts  to  utilise  the  energy  of  steam,  and  when 
Newcomen  died  there  was  still  much  to  be  done.  Whilst 
recognising  the  work  of  others,  it  does,  however,  appear  that 
the  first  Newcomen  engine  was  the  parent  of  all  reciprocating 
steam  engines.  It  is，  therefore,  fitting,  on  the  two-hundredth 
afiniversary  of  an  event  of  such  importance,  that  we  should 
review  the  early  history  of  the  steam  engine  and  do  honour 
to  the  Englishman  who,  more  than  anyone  else,  gave  it  to 
the  world.  In  these  days  of  high  pressures  we  are  apt  to 
forget  that  early  steam  engines  were  low-pressure  engines. 
Indeed,  it  would  almost  be  more  correct  to  call  them  vacuum 
engines  than  steam  engines,  for  the  engines  worked  by  reason 
of  a  vacuum  being  produced  in  the  cylinder.  A  vacuum,  of 
course,  is  only  useful  because  it  gives .  a  pressure  below 
atmospheric,  and  hence,  as  an  alternative,  the  early  engines 
might  very  well  be  called,  as,  indeed,  they  often  were,  atmo- 
spheric engines.  The  name  is  not  of  first  importanca,  but 
it  is  well  to  bear  in  mind  that  the  early  engines  were  designed 
as  vacuum  engines,  and  their  earliest  beginnings  are  closely 
wrapped  up  in  experiments  on  the  weight  and  pressure  of 
air  and  means  for  producing  a  vacuum.  Galileo,  in  the  early 
part  of  the  seventeenth  century,  is  believed  to  have  held 
the  view  that  air  had  weight,  but  the  first  demonstration 
of  this  fact  is  accredited  to  his  pupil,  Torricelli,  who,  in 
1643,  made  two  barometers,  of  water  and  mercury  respec- 
tively. The  fact  that  the  heights  of  these  two  apparently 
unsupported  columns  of  fluid  were  inversely  as  their  specific 
gravities  showed  that  the  air  exerted  a  definite  pressure. 
Twenty  years  later  the  Royal  Society,  then  just  founded, 
devoted  some  of  its  meetings  to  the  weighing  of  air,  to  the 
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great  amusement  of  King  Charles  II.  Following  upon 
Torricelli's  experiment  philosophers  began  to  seek  means  of 
producing  a  vacuum  at  will.  One  of  the  earliest  and  most 
successful  was  Otto  von  Guericke,  of  Ivl agdebur^;,  who 
invented  an  air  pump  in  1650，  and  in  1(>54  raised  hir^e 
weights  by  means  of  a  rope  attached  to  a 】）itdou  working  in 
a  cylinder,  a  partial  vacuum  being  produced  in  the  cylinder 
by  connecting  it  with  a  vacuous  vessel.  Others,  incliul in^ 
Boyle  and  Hook  in  this  country,  Huyghens  in  1 丄 ollaml,  anO 
Papin,  a  Frenchman,  experimented  with  air  pumps,  f  1 1 1 ( 1 
more  or  less  directly  helped  forward  the  birth  of  the  steam 
engine.  Another  means  for  producing  a  vac\uu»i,  wliit-li  was 
frequently  tried  by  the  inventors  of  this  time,  was  gun- 
powder. Huyghens  in  particular  construct  ed  a.  piston  and 
cylinder  which  raised  a  heavy  weiglil  J)y  ilie  creation  of  a 
vacuum  under  the  piston  by  t  he  explosion  of  gunpowder. 

Of  the  philosophers,  however,  Dr.  】）apiii  was  t  he  most 
fertile  in  devising  engines  to  work  by  the  force  of  a  vacuum, 
which  he  produced  by  means  of  an  air  pump,  by  the  explo- 
sion of  gunpowder,  and  by  the  condensation  of  steam. 
Incidentally,  it  is  interesting  to  note  that  Papin's  air  pump 
is  depicted  in  several  drawings  as  being  worked  by  a  rotating 
shaft  with  a  cranked  axle  and  (•minect in^  rods,  but  it,  does 
not  appear  that  he  used  the  reverse  arrangement  in  whicli 
the  power  is  applied  to  the  crank  shaft  through  connecting 
rods  and  cranks.  Papin  was  one  of  those  unforl unate 
geniuses  who  come  very  near  to  doing  great  things,  but 
always  fall  just  short  of  the  great  prize.  He  appears  to  have 
first  suggested  the  use  of  steam  to  produce  a  vacuum  lur 
these  mechanical  engines. 

Thomas  Savery,  a  native  of  Devonshire,  is  often  spoken 
of  as  the  inventor  of  the  steam  engine,  hui  the  descrij)!  ion 
is  hardly  correct.  He  certainly  was  a  pioneer  in  this  Hrld, 
and  did  much  useful  work.  On  July  2511i,  1698,  lie  took 
out  a  patent  for  what  became  known  as  a  fire  engine,  but 
wliich  was  really  a  steam  pump  of  the  pulsonieter  class. 
Steam  was  supplied  by  a 】iigh-】）ressm'e  boiler  to  a  puinp 
chamber  wliich  in  turn  was  connected  by  pipes  with  non- 
return valves  to  the  water  suction  and  delivery.  The'  steam 
filled  the  chamber  and  delivery  pipe.  The  steam  cock  being 
then  closed,  cold  water  was  poured  over  the  outside  of  the 
pump  chamber.  This  condensed  the  steam  producing  a 
vacuum,  wliich  sucked  up  tlie  water  into  the  chamber.  The 
steam  cock  was  then  again  opened ― in  all  cases  by  liand— 
and  the  steam,  pressing  on  tlie  surface  of  the  water,  forced 
the  water  up  through  the  delivery  valve.  The'  first  Savery 
engine  seems  to  have  been  set  to  work  about  1702，  and  great 
things  were  hoped  from  it  for  mine  pumping.  For  this 
purpose  it  proved  a  comparative  failure,  although  it  suc- 
ceeded well  in  a  few  instances  when  pumping  water  for 
gentlemen's  houses.  The  explanation  was  that  coal  mines 
were  usually  too  deep  for  one  pinnp  to  raise  the  water. 
Boiler  making  was  not  a  highly-developed  art  in  those  clays, 
and  tbe  limit  to  whicli  water  could  be  pumped  in  a  single 
lift  was  the  suction  (say,  20  or  25ft.),  plus  a  head  rather  less 
than  the  steam  pressure.  This  total  lift  did  not  exceed  from 
60  to  80ft.  It  is  recorded  that  a  Savery  engine,  erected  at 
Wednesbury,  near  Wolverhampton ,  was  abandoned  because 
tlie  force  of  the  steam  tore  it  all  to  pieces.  It  is  interesting 
to  note  that  a  Savery  engine  in  those  days  cost  about  £50 
to  build,  apart  from  profit,  although,  of  course,  the  scale 
of  values  in  those  days  was  not  the  same  as  at  pi*esent,  £50 
being  a  much  more  considerable  sum  than  it  is  to-day. 

After  Savery,  Newcomen.  Thomas  Newcomen,  the  man 
to  whom,  more  than  to  anyone  else,  belongs  tlie  title  of 
inventor  of  the  steam  engine,  was  brought  up  at  Dartmouth. 


Newcoiiien  was  originally  an  ironmonger,  and  in  some  of 
liis  si eain  engine  work  had  1-he  assistance  of  Jolni  Cawley, 
a  glazier  ；  altliougli  C'awley  doe 6  not  appear  to  liave  played 
any  leading  part.  Newcornen  was  a  friend  of  Savery,  and 
was  ； ilso  actjua.inted,  ihrougli  】）r.  Jlook  of  the  Royal  Sorieiy, 
wit'li  the  experiments  of  Papin .  No  doubt  he  pondered  over 
ilie  exj)eriinents  of  iliese  two  pioneers,  \mt  liis  own  first,  public 
atlemj)t,  was  so  great  an  advance  on  anytliing  previously 
nccoinplisliofl  iliat,  in  so  far  as  tlie  iitJe  can  be  given  to  one 
"mii，  Newcoincn  】nay  l>e  fairly  culled  t  lie  inventor  of  the 
steal"  engine.  It  was  not  merely  i\uit  liis  engine  showed 
evidences  of  rcinarkal)]ti  genius  aiul  practical  ability,  but 
even  more,  that  tlie  engine  was  the  father  of  all  the  recipro- 
cating steam  engines  whicli  have  been  built.  Savery's  so- 
called  fi re  engine  bore  no  resemblance  to  t  lie  steam  engine 
as  it  Ims  l)eon  known  for  iwo  lmiulred  years.  Papin's  con- 
1  riv;uicos  bore  some  resemblance,  but'  never  got'  beyond  the 
toy  stage.  Newcornen  erected  his  first  engine  at  Dudley  Castle, 
near  Wolverhainptoii,  in  1712.  Drawings  of  the  engine 
have  been  preserved  and  give  a  clear  idea  of  it.  The  boiler 
was  circular  in  plan  with  the  steam  cylinder  placed  verti- 
cally a  slioi'i  distance  above  it.  The  piston  of  the  cylinder 
was  connected  l)y  a  cliain  to  one  end  of  a  rocking  beam,  to 
the  other  end  of  whicli  were  lning  the  pump  rods  ；  for,  like 
all  the  early  engines,  this  one  was  arranged  for  putnj)iii^. 
A  siiKill  j)um]),  nlso  driven  by  the  main  beam,  supplied  tlie 
boiler  mihI  coiHlenRaiion  water.  The  valves  were  operated 
aui oinat ically,  partly  by  a  buoy  floating  iti  a  pipe  open  at 
one  end  to  i lie  atmosphere  and  dipping  at,  ilie  other  below 
the  boilerwater  level,  and  partly  by  a  tappet  motion  derived 
from  the  1W<1  ]>ui»!p  rod.  Thus  i his  first  Newconien  engine 
em  bodied  the  pision  and  cylinder,  i  lie  ； nil  oinaiic  valve  gear 
and  internal  condensation  ；  none  of  which  were  to  l)e  found 
on  tlie  Sa very  fire  engine.  Tlie  automatic  gear  is  particu- 
larly to  be  noted,  because  there  still  lingers  a  popular  belief 
t  lu) i  the  automatic  gear  was  the  invention  of  a  boy  .named 
Potter,  who  devised  it  so  that  lie  miglit.  coniin ue  liis  play 
instead  of  having  to  turn  the  various  cocks  by  hand.  Tlie 
Diulley  Castle  engine  made  12  strokes  a  minute  and  raised 
10  gallons  per  stroke  from  a  depili  of  50  yards.  The  New- 
cornen engine  was  not  long  in  finding  favour.  It  was  a 
practical  working  engine,  and,  moreover,  was  not  limited 
in  the  depth  from  which  it  could  pump.  Thus  it  soon  founrl 
it's  way  into  colliery  districts,  and  the  more  so  because  the 
collieries  were  much  troubled  by  water  and  could  afford  coal. 

Following  upon  Newcornen,  several  engineers  helped 
to  establish  tlie  steam  engine.  Of  these,  Smeatou  deserves 
mention,  but  it  was  James  Watt  who  effected  the  greatest 
advance.  It,  was  Watt  who  first  studied  the  science  of  the 
steam  engine,  and  enunciated  the  first  principles  of  applied 
thermodynainics.  Reasoning  on  the  properties  of  steam,  he 
concluded  that  the  cylinder  should  always  be  kept  liot,  and 
that,  therefore,  the  cylinder  should  not  be  used  to  condense 
the  steam.  This  led  him  to  devise  the  separate  condenser. 
He  also  made  the  engine  double-acting  and  applied  it  to 
obtain  a  rotary  motion  by  means  of  sun  and  planet  wheels, 
which,  however,  were  simply  a  device  for  overcoming  the 
patent  right  to  the  crank.  Another  invention  which  has 
left  its  mark  was  the  pendulum  governor.  Watt  himself  also 
favoured  the  use  of  high-pressure  steam  expansively, 
but  for  the  most  part  his  engines  were  vacuum  machines. 
Following  AVatt,  were  several  notable  steam  engineers. 
Among  the  more  important  were  Richard  Trevithick,  who 
experimented  so  successfully  and  boldly  with  locomotives 
using  liigh-])ressure  steam,  and  William  Symington,  who 
built  the  first  steamboat,  the  "  Charlotte  Dundas,"  iu  1801. 
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In  1812  the  "Comet"  was  built  for  Mr.  William  Bell,  a 
Clvde  hotel  proprietor,  the  centenary  of  which  has  just  been 
celebrated  by  a  display  of  shipping  on  the  Clyde.  Fairness 
demands,  however,  that  the  prior  claims  of  Robert  Fulton, 
an  American,  to  be  the  designer  of  the  first  commercial 
steamboat,  should  be  recognised.  His  boat,  the  "  Clermont/' 
commeucecl  runuiug  on  the  Hudson  river  between  Albany 
and  New  York,  in  1807.  This  boat  was  in  every  way  far 
superior  to  either  the  "  Comet"  or  the  "  Charlotte  Dun(las.M 
Such,  in  brief,  is  the  story  of  the  early  invention  of  Uie 
steam  engine.  Of  the  changes  which  the  Newcomen  engine 
of  1712  set  ill  motion,  it  is  impossible  to  convey  an  adequate 
impression.  The  world  to-day  is  as  different  as  possible  in 
all  the  ways  that  man  can  make  it  from  the  world  of  200 
years  ago,  and  this  revolution  we  owe  more  to  the  steam 
engine  than  to  anything  else.  He  would  be  a  dull  person, 
indeed,  wlio  could  think  of  these  changes  without  au  inward 
stirring  and  mingled  feeling  of  pride  of  the  past  ami  tleter- 
niiuation  for  the  future. 


RAIL  PLATEWAYS. 

In  the  last  issue  of  the  journal  of  the  Society  of  Engineers 
Mr.  G.  Noble  Fell,  A. M.Inst. C.E.,  contributes  an  interesting 
article  on  rail  plateways,  of  which  the  following  is  an  abstract : 

Some  years  ago,  the  late  Mr.  Alfred  Holt,  of  Liverpool, 
and  a  number  of  gentlemen  interested  in  the  trade  of  Lan- 
cashire and  Yorkshire,  grasped  the  idea  that  i'f  the  raw 
material  could  be  conveyed  from  the  ship  direct  to  the  mill, 
and  the  manufactured  article  from  the  mill  to  the  market, 
a  large  saving  might  be  effected  in  the  cost  of  production. 
These  gentlemen  applied  themselves  to  the  task  of  solving 
this  problem,  and  devised  a  plan  whereby  road  wagons  and 
lorries  could  be  run  over  a  plateway  worked  by  mechanical 
rueans.  Unfortunately  their  efforts  were  not  successful, 
owing  to  the  heavy  expenditure  involved  in  the  method 
devised,  estimated  at  no  less  than  £48,000  per  mile  of  plate- 
way.  One  can  readily  uuderstand  that  at  this  figure  no  great 
saving  could  be  effected  over  carriage  by  rail. 

A  plateway,  pure  and  simple,  that  is,  a  track  laid  along 
the  public  highway  to  facilitate  the  passage  oi  ordinary 
vehicles,  is  a  failure  in  this  respect,  and  does  not  meet  the 
requirements  of  the  case.  What  is  necessary  is  the  applica- 
cation  on  such  a  track  of  the  best  means  of  propulsion 
(whether  steam,  petrol,  or  electric)  to  work  the  traffic 
economically  and  expeditiously.  To  do  this  the  track  must 
first  of  all  be  removed  from  the  public  road,  and  placed  on 
its  own  acquired  ground.  Next  must  be  provided  a  suit- 
able permanent  way,  that  will  carry  a  locomotive,  a  railway 
wagon,  and  a  road  vehicle.  This  is  quite  practicable,  as  will 
be  seen  by  reference  to  Fig.  1，  which  shows  a  special  form  of 
plateway  rail,  A  being  the  space  provided  for  the  flanged 
wheels  of  the  railway  stock,  and  B  the  space  on  the  same  rail 
allotted  to  the  wheels  of  the  road  vehicles.  The  gauge 
adopted  is  4ft.  8Ain.,  so  as  to  allow  of  the  circulation  of 
ordinary  railway  wagons  over  the  plateway,  and  it  is  proposed 
to  carry  road  vehicles  of  a  width  not  exceeding  5ft.  6in.  over 
the  wheel  tracks  (that  is,  the  measurement  from  outside  to 
outside  of  the  wheels  at  ground  level),  the  intention,  how- 
ever, being  to  construct  suitable  road  wagons  for  working  on 
the  plateway  and  so  to  avoid  the  expense  of  altering  existing 
wagons  to  suit  railway  traction,  in  such  matters  as  couplings, 
draw-bars,  brakes,  &c.  The  specially-designed  rails  are  laid 
o"  a  longitudinal  foundation  formed  of  concrete,  or  timber  and 
concrete  combined,  to  which  they  are  securely  fastened  by 
means  of  spikes  and  bolts.  This  form  of  support,  or  road  bed, 
(Joes  away  with  the  ordinary  cross  sleepers  and  ballast,  and 
constitutes  a  solid  track,  giving  a  continuous  bearing,  and 
enabling  a  lighter  form  of  rail  to  be  used. 

A  further  departure  from  the  ordinary  methods  of  rail- 
way constriH^ion  is  the  adoption  of  a  third  or  centre  rail, 
which  is  used  to  assist  traction  on  steep  inclines.    The  cross- 


tie  above-mentioned  is  so  constructed  as  to  form  a  chair, 
raised  slightly  above  the  carrying  rails.  The  tie  is  secured 
to  longitudinal  beams,  and  supports  the  centre  rail,  upon 
which  run  horizontal  wheels.  These  wheels  on  the  loco- 
motive are  worked  by  a  separate  pair  of  cylinders,  and  are 
made  to  grip  the  rail  by  means  of  elliptic  springs,  thus  giving 
the  engine  tlie  additional  adliesion  necessary  for  overcoming 
steep  gradients.  Horizontal  wheels  with  flanges  running 
under  the  head  of  the  centre  rail  may  also  be  attached  to 
the  wagons  and  carriages,  to  guide  Miem  round  sharp  curves, 
and  to  make  it  impossible  for  a  vehicle  to  leave  the  track 
when  descending  a  hill.  Gradients  up  to  1  in  10  have  been 
successfully  worked  for  many  years  by  this  system,  and  there 
is  no  reason  why  steeper  gradients  than  this  should  not,  be 
overcome,  especially  where  electric  traction  is  adopted.  The 
centre  rail  is  used  also  for  brake  purposes,  the  brake  acting 
directly  on  the  two  faces  of  the  rail,  giving  absolute  safety  on 
steep  inclines.  With  the  above  system  the  author  lias 
travelled  down  gradients  of  1  in  ]  ()，  nl  a  speed  of  40  miles  an 
hour,  with  perfect  safety.  Naturally,  on  level  ground  the 
central  rail  is  not  required,  and  the  engine  is  worked  by  the 
two  outside  cylinders  and  carrying  wheels  alone,  and  when 
an  incline  is  reached  the  driver,  by  putting  the  horizontal 
wheels  into  motion,  can  take  the  train  up  the  hill  as  easily 
as  it  travels  on  the  level.  No  change  of  engine,  nor  even 
change  of  gear,  is  necessary.  These  engines  are  working  on 
the  Rimutaka  incline  in  New  Zealand,  where  the  system  was 
adopted  by  separating  Wellington  and  Masterton .  The 
saving  as  compared  with  a  railway  of  ordinary  construction, 
was  estimated  at  over  £100,000. 

A  special  form  of  level  crossing  has  been  devised  for 
roads,  where  the  centre  rail  is  laid,  and  means  are  provided 
whereby  the  road  vehicles  can  be  removed  from  the  track 
when  required  to  resume  their  journey  by  road,  or  vice  versa. 
This  is  done  by  tapering  the  longitudinal  guard  rails  in  the 


Fig.  i. 


direction  of  the  line,  so  as  to  form  an  incline,  up  which  the 
wheels  of  the  vehicles  can  be  drawn  to  the  level  of  the  road- 
way. The  same  means  will  apply  to  stations,  and  to  other 
points  where  it  is  desired  to  rail  or  derail  vehicles. 

It  may  here  be  noted  that  plateways  are  not  intended  to 
and  cannot  compete  with  existing  railways  ；  they  are  to 
become  feeders,  and  to  constitute  a  means  of  bringing  traffic 
to  them,  and  distributing  traffic  for  them,  in  a  more  expedi- 
tious and  economical  manner  than  has  hitherto  been  possible. 
They  will  form  an  intermediate  means  of  transport. 

In  order  to  keep  the  cost  of  construction  as  low  as  possible, 
and  so  to  bring  these  plateways  within  the  means  of  every 
district  not  possessing  railway  accommodation,  the  axle  loads 
will  be  limited  to  5  tons,  that  is  to  say,  a  10-wheeled  locomotive 
not  exceeding  25  tons  in  weight  will  be  sufficiently  powerful  to 
deal  with  the  class  of  traffic  to  be  carried,  and  will  be  capable 
of  working  on  the  gradients  above-mentioned.  As  the  gauge 
of  4ft.  8|in.  will  be  adopted,  the  ordinary  light  stock  of  the 
existing  railways  will  be  able  to  run  over  the  plateways,  and 
transhipment  of  freight  will  thus  be  avoided.  There  is  no 
reason  why  road  motors  should  not  utilise  the  plateway. 

Several  types  of  plateway  have  been  studied,  that  shown  in 
Fig.  1  being  designed  to  carry  locomotives  up  to  25  tons 
weight,  and  ordinary  railway  trucks  weighing  10  tons  loaded, 
or  bogie  trucks  weighing  6  tons  each  and  carrying  a  load  of 
14  tons.  This  type  is  laid  with  two  specially  rolled-steel  rails, 
weighing  501bs.  per  lineal  yard,  carried  on  the  longitudinal 
timbers  C  D，  to  which  they  are  spiked  in  the  usual  manner. 
These  beams  are  in  their  turn  carried  on,  and  bolted  to,  con- 
crete foundations,  the  upper  surfaces  of  which  correspond 
with  the  ground  level.  The  two  rails  are  braced  together  by 
ilie  steel  tie-bar  E,  whereby  tlie  gauge  of  the  line  is  kept  in 
proper  adjustment.  Oii  steep  inclines  tliis  tie-bar  also  serves 
the  purpose  of  supporting  the  centre  rail,  as  it  forms  a  chair 
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(shown  at  F)，  to  which  the  rail  is  bolted  and  fish-plated  in  the 
usual  manner.  This  chair  is  carried  on,  and  secured  to,  two 
longitudinal  beams  G  H  laid  in  concrete,  and  the  whole 
permanent  way  is  thus  framed  together  in  a  very  solid  manner. 
This  form  of  permanent  way,  including  the  centre  rail  and 
foundations,  is  estimated  to  cost  £1,300  per  mile,  calculating 
labour  and  materials  at  average  present-day  prices.  A  plate - 
way  constructed  on  this  system  over  a  hilly  country  and 
capable  of  hauling  traffic  up  inclines  of  1  in  10，  may  be  built 
for  £5,000  a  mile.  The  cost  of  an  ordinary  railway,  over 
similar  ground,  would  be  from  £10,000  to  £15，000  a  mile, 
besides  the  cost  of  the  extra  length  of  line  that  would  be 
required  for  reaching  the  same  altitude  with  a  1  in  40  grade. 

Let  us  see  what  will  be  the  carrying  capacity  of  such  a 
plateway.  Take  a  line  20  miles  in  length,  divided  into  three 
sections,  and  suppose  that  there  is  a  length  of  5  miles  at  each 
end  with  gradients  of  1  in  10，  and  that  the  intervening  portion 
is  undulating  country  with  normal  grades,  which  would  repre- 
sent a  line  rising  from  sea-level  to  a  plateau  at  an  elevation  of 
2，640ft.，  and  falling  again  to  sea-level,  that  is,  a  line  connect- 
ing two  valleys  separated  by  a  broad  range  of  hills.  At 
speeds  of  15  m.h.  on  the  level,  and  only  8  m.h.  up,  and  15  m.h. 
down  the  inclines,  the  journey  can  be  made  in  1  hour  35  mins" 
and  by  running  the  engine  a  double  trip  on  the  first  incline, 
so  as  to  give  a  full  load  for  the  rest  of  the  journey,  the  round 
trip  can  be  made  in  5  hours,  allowing  ample  time  for  shunting, 
coaling,  &c.  A  centre-rail  engine  of  25  tons  weight  will  take 
behind  it  a  gross  load  of  49  tons  up  a  grade  of  1  in  10，  or  a  net 
paying  load  of  28  tons  ；  the  net  double  load  will  therefore  be 
56  tons,  and  one  engine  could  make  three  round  trips  in 
15  hours,  carrying  a  total  net  load  of  336  tons.  With  four 
engines  running,  therefore,  1,344  tons  may  be  carried  in  a  day, 
or  a  total  paying  load  of  403,200  tons  in  300  working  days. 

Instead  of  a  double-headed  rail,  an  H  or  channel  bar  may 
be  used  as  a  centre  rail  where  the  traffic  is  light.  The  carry- 
ing rails  may  also  be  formed  of  T  bars.  With  this  form, 
however,  it  will  be  necessary  to  provide  a  flange  for  keeping 
wheels  of  the  road  vehicles  on  the  track  where  the  centre  rail 
is  not  laid.  The  cost  per  mile  of  this  type  of  permanent  way, 
including  the  centre  rail,  is  £920，  and  the  estimated  cost  of 
one  mile  of  plateway  is  £33750  over  a  hilly  country  and  £2,500 
a  mile  on  fairly  level  ground. 

An  example  of  a  light  railway  of  this  description,  where 
light  timber  viaducts  were  substituted  for  heavy  banks  and 
cuttings,  is  the  Torrington  and  Marland  Railway,  in  North 
Devon,  mentioned  in  Mr.  Vernon-Harcourt's  work  on  "  Rail- 
way Construction."  It  is  eight  miles  in  length,  the  gauge 
being  3ft. ，  and  although  there  are  many  viaducts  of  from  20ft. 
to  25ft.  in  height,  and  a  bridge  of  three  45ft.  spans,  and  40ft. 
high,  over  the  River  Torridge,  the  total  cost  of  construction 
was  only  £20,000，  or  at  the  rate  of  £2,500  a  mile.  It  was 
opened  in  1880，  and  is  still  carrying  a  heavy  mineral  traffic. 
It  is  intended  to  utilise  similar  light  viaducts  in  timber  or  steel 
for  the  system  of  plateways  now  proposed,  in  order  to  secure 
economy  and  rapidity  of  construction,  and  this  method,  com- 
bined with  plateways  and  the  centre  rail  system  of  traction, 
will  be  an  entirely  new  departure  in  railway  building.  The 
cost  of  working  the  Torrington  and  Marland  Light  Railway, 
for  the  year  ending  December  31st,  1911，  not  including  the 
cost  of  management,  was  l^d.  per  ton-mile. 


THE  PRODUCTION  OF  BLACK  NICKEL 

In  the  current  issue  of  "The  Brass  World/'  the  following 
particulars  are  given  of  a  black-nickel  plating  solution  which 
our  contemporary  states  the  test  of  time  has  proved  to  be 
quite  satisfactory  and  permanent. 

The  formula  for  the  black-nickel  solution  is  as  follows  ： ― 

Water    1  gallon. 

Double  nickel  salts   8  oz. 

Ammonium  sulpliocyanate    2  oz. 

Zinc  sulphate   1  oz. 

The  double  nickel  salts  are  the  regular  nickel  salts 
employed  in  making  up  a  nickel  plating  solution,  and  are  the 
double  sulphate  of  nickel  and  ammonia.  Either  ammonium 
sulpliocyanate  or  potassium  sulpliocyanate  may  be  used,  but 
the  ammonium  sulphocyanate  is  slightly  cheaper.  Sulphate 
of  zinc  is  the  well-known  commercial  grade.  It  is  unneces- 
sary to  use  chemically  pure  materials;  any  well-known 
standard  commercial  brands  answer  the  purpose. 


To  make  the  solution,  dissolve  the  double  nickel  salts  in 
the  right  amount  of  clean  water 3  either  cold  or  hot,  and  then 
add  the  ammonium  sulpliocyanate  and  sulphate  of  zinc.  Mix 
well  and  allow  to  cool.  It  is  unnecessary  to  filter  it.  The 
solution  is  run  cold,  but  in  winter,  when  the  temperature  is 
excessively  low,  it  should  be  warmed  to  about  70。  Fah. 

The  anodes  used  in  the  black-nickel  solution  are  the  regu- 
lar anodes  employed  for  nickel  plating,  but  better  results  are 
obtained  if  old  instead  of  new  ones  are  employed.  Old  anodes 
give  up  their  nickel  more  readily  than  new  ones,  and  it  is  for 
this  reason  that  they  are  preferred.  To  be  sure,  new  anodes 
can  be  employed,  but  the  solution  will  not  work  regularly 
with  them  for  as  long  and  will  require  attention  sooner. 

One  thing  should  be  borne  in  mind  and  that  is  to  liave 
plenty  of  anodes.  It  is  false  economy  to  use  too  few,  for  then 
the  solution  will  become  acid  sooner  and  work  irregularly. 
When  plenty  of  anodes  are  used,  the  solution  will  work  in  a 
normal  manner  for  the  maximum  time,  and  the  solution  will 
be  fed  properly.    There  cannot  be  too  inany  anodes  used. 

As  the  black  nickel  does  not  "  throw  "  as  well  as  white 
nickel,  the  anodes  are  preferably  placed  on  both  sides  of  the 
article,  or  around  it,  as  the  case  may  be,  so  that  the  current 
will  pass  evenly.  In  this  manner  it  is  possible  to  cover  any 
surface  evenly  and  uniformly.  The  anodes  should  be 
cleaned  from  time  to  time. 

The  regulation  of  the  current  used  in  depositing  black 
nickel  is  the  most  important  feature  of  the  operation,  and 
upon  it  depends  the  success  of  the  process.  Not  over  1  volt 
should  be  used.  A  greater  quantity  will  cause  the  deposit 
to  become  streaked,  and  if  an  excessive  quantity  is  used,  it 
will  be  grey  or  white.  This  current  regulation  is  very  impor- 
tant, and  it  is  impossible  to  obtain  satisfactory  results  unless 
the  current  is  cut  down  to  the  amount  previously  mentioned. 
It  is  in  the  matter  of  current  regulation  that  platers  usually 
err,  and  the  principal  fault  is  to  use  too  strong  current.  If  a 
good  black  nickel  is  desired,  then  the  current  must  be  main- 
tained at  1  volt  and  no  more.    Bear  this  in  mind. 

When  the  solution  has  been  properly  made  and  the  cur- 
rent density  has  been  adjusted  to  the  right  amount,  the  first 
flash  of  black  nickel  deposit  will  be  irridescent,  but  will  cover 
the  whole  surface  of  the  article  being  plated.  This  takes 
place  within  a  few  seconds  but  gradually.  When  the  irri- 
descent  colour  forms  it  indicates  that  the  solution  is  in  proper 
working  order.  A  black  colour  should  not  form  at  once,  but 
should  be  obtained  by  first  producing  the  irridescent  deposit. 
After  the  irridescent  deposit  has  formed,  and  the  current  has 
passed  for  a  short  time  longer,  it  disappears,  and  a  blue  colour 
makes  its  appearance.  This,  however,  gradually  changes  to 
the  black,  the  real  colour  of  the  black  nickel. 

The  length  of  time  taken  for  the  electrode-position  of  the 
black  nickel  may  be  from  10  to  20  minutes.  It  should  be 
borne  in  mind  that  the  deposit  is  not  a  pure  metal,  but  a 
sulphide  of  nickel,  and  is  somewhat  brittle.  For  this  reason 
it  is  essential  that  the  deposit  should  be  light.  It  is  a  common 
error  to  produce  too  heavy  a  deposit.  It  is  apt  to  flake  off 
and  nothing  is  gained  by  it.  When  the  article  has  a  uniform 
black  colour  on  the  surface,  the  deposition  can  be  stopped. 
To  carry  on  the  deposition  for  a  long  time  produces  a  hard 
and  thick  deposit  that  is  quite  af>t  to  flake  off.  A  thin 
deposit,  when  the  colour  has  been  obtained,  is  sufficient. 

The  base  metal,  upon  which  the  black  nickel  is  to  be 
deposited,  may  be  of  any  metal  that  can  be  plated  with  white 
nickel.  It  is  needless  to  say  that  the  surface  should  be  clean 
and  free  from  tarnish.  Very  careful  preparation,  therefore, 
is  needed,  for  the  black-nickel  solution  has  no  grease-remov- 
ing properties.  Some  platers  claim  that  better  results  are 
obtained  by  first  giving  the  article  a  white  deposit,  and  then 
deposit  the  black  nickel  on  it.  Whether  this  is  true  is  doubt- 
ful, and  if  it  is  used,  then  the  deposit  of  white  nickel  should 
not  be  buffed,  as  it  will  then  be  difficult  to  clean.  Only  a 
flash  deposit  should  be  used  at  any  event. 

If  the  surface  of  the  base  metal  is  buffed,  then  the  black 
nickel  deposit  will  be  polished.  Dead  surfaces  likewise  pro- 
duce a  dead  black  nickel.  In  this  connection  it  may  be  stated 
that  the  polished  or  buffed  surface  upon  which  the  black  nickel 
is  deposited  should  be  used  whenever  possible,  as  the  black 
nickel  deposit  is  then  dead  black.    .  Upon  dead  surfaces  it  has 
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a  grey  shade,  or  is  slightly  off  colour.  The  blackest  shade  is 
obtained  on  polished  surfaces. 

The  solution  should  be  maintained  in  a  strictly  neutral 
condition.  If  it  becomes  acid,  then  the  deposit  is  either 
streaked  or  grey.  If  alkaline,  the  deposit  is  brittle  and  will 
easily  flake  off.  When  freshly  made,  the  solution  will  stand 
between  6°  and  7°  Beaume,  and  water  should  never  be  added 
to  it.  The  best  results  are  always  obtained  when  the  solution 
is  strong.    Water  will  make  it  plate  grey. 

As  the  solution  is  used,  it  will  gradually  become  acid,  for 
the  reason  that  the  nickel  is  not  obtained  from  the  anodes  in 
sufficient  amount  to  compensate  for  that  deposited.  When 
plenty  of  anodes  are  used,  however,  this  will  take  place  only 
after  some  time.  When  this  is  the  case  the  deposit  will 
become  streaked.  To  bring  back  to  its  original  condition, 
ammomia  should  be  added  to  it  in  small  quantities  at  a  time, 
the  solution  thoroughly  stirred,  and  then  tested  with  litmus 
paper.  The  right  condition  is  obtained  when  red  litmus  paper 
does  not  turn  blue,  or  blue  litmus  paper  red.  Such  a  condi- 
tion is  one  of  neutrality.  The  bath  has  the  appearance  of 
any  nickel  solution,  that  is,  light  green,  and  should  under  no 
consideration  be  blue.  This  indicates  too  much  ammonia  lias 
been  added. 

The  colour  of  the  black  nickel,  when  it  first  comes  from  the 
solution,  leaves  nothing  to  be  desired.  Upon  standing,  how- 
ever, it  is  apt  to  have  a  brown  shade.  This  brown  shade  fre- 
quently is  seen  when  the  article  is  removed  from  the  bath.  A 
grey  shade  is  likewise  often  present.  While  lacquering  will 
remove  the  brown  shade,  it  will  not  completely  mask  the  grey 
colour.  For  this  reason  it  is  frequently  advisable  to  use  a  dip 
to  remove  the  brown  or  the  grey  shade.  This  dip  is  composed 
of  the  following  ： ― 

Water    1  gallon. 

Perchloride  of  iron    12  oz. 

Muriatic  acid    1  oz. 

The  articles,  after  they  have  come  from  the  black  nickel 
solution,  are  rinsed  in  cold  water  and  then  immersed  for  a 
few  seconds  in  the  preceding  dip.  This  will  remove  the  brown 
or  grey  shade.  They  are  then  rinsed  in  cold  water,  then  in 
hot  water,  dried,  and  lacquered. 

This  dip  is  slightly  acid  and  has  the  property  of  removing 
the  brown  or  grey  shade  on  the  black  nickel  deposit  produced 
by  the  presence  of  sulphide  of  zinc. 

It  is  always  advisable  to  lacquer  the  black  nickel  deposit 
if  possible,  as  it  not  only  serves  to  protect  the  surface,  but 
prevents  discoloration.  All  black  nickel  deposit  will  show  a 
slight  discoloration  upon  standing  in  the  air,  but  which 
may  be  removed  by  buffing  or  wiping.  Tlie  lacquer,  however, 
will  prevent  this  difficulty. 

The  following  notes  will  serve  to  indicate  the  source  of 
the  difficulty  found  in  plating  black  nickel  ： ― 

1.  The  deposit  has  spear-shaped  markings  on  it  and  is 
partly  white. 

Remedy. — Use  a  weaker  current. 

2.  The  deposit  flakes  off  after  the  article  has  stood  for 
some  time. 

Remedy. ― The  deposit  is  too  heavy,  and  the  electro- 
deposition  has  consumed  too  long  a  time. 

3.  The  deposit  is  white. 

lie  wed  tf. ― The  current  is  too  strong  or  the  solution  has 
become  acid.  Use  a  weaker  current  or  neutralise  with 
ammonia  if  acid. 

4.  The  deposit  is  still  brown  or  grey  after  coming  from 
the  dip. 

llcmedy. ― The  dip  is  old  or  the  article  has  not  remained 
in  it  sufficiently  long.  Make  a  new  dip  or  leave  the  article 
in  longer. 

5.  Although  the  voltage  is  right,  the  deposit  is  streaked. 
Remedij, ― The  solution  has  become  acid   and  requires 

neutralising  with  ammonia. 

6.  The  edges  of  the  deposit  are  removed  by  the  dip. 

lUmedi/. ― The  dip  is  too  strong  or  the  deposit  is  not  suffi- 
ciently heavy.  Use  the  dip  cold.  Do  not  leave  in  the  dip 
for  more  than  a  few  seconds. 

If  care  is  taken  in  maintaining  the  right  voltage  and 
keeping  the  solution  neutral,  no  difficulty  will  be  experienced 
in  obtaining  a  good  black  nickel  deposit. 


NEW  DEVELOPMENTS  IN  STEAM  TURBINE  ENGINEERING.* 

BY  EDWIN  D,  DREYFUS. 

( Concluded  f rom  ixuje  • 
Marine  Application. ― Turbines  were  first  introduced  into 
marine  vessels  in  1894  when  the  "  Turbinia  "  was  so  equipped. 
The  trials  of  this  ship  pointed  definitely  to  the  practicability 
of  the  turbine  for  this  service,  and  the  results  have  been  so 
favourable  that  there  have  been  installed,  to  date,  an  aggre- 
gate of  over  6,000,000  h.p.  of  turbines  in  marine  service, 
embracing  all  classes  of  war  vessels,  merchant  marine,  and 
pleasure  yachts. 

It  should  be  noted  that  in  the  impressive  capacity  repre- 
sented by  marine  installations,  all  turbines  have  been  direct 
coupled  to  the  propeller  shafts,  with  possibly  one  or  two 
exceptions.  Notwithstanding  the  remarkable  recognition 
already  accorded  the  marine  turbine,  it  must  be  acknow- 
ledged that  the  turbine  has  in  these  cases  been  installed 
under  a  disadvantage.  Again,  there  is  a  compromise  of 
speeds  between  that  of  the  turbine  and  propeller,  such  that 
their  designs  and    efficiencies    are    prejudiced  when  direct 


Fig.  16,— Turbine  Applied  to  a  Rolling  Mill. 


coupled.  It  is  not  surprising,  therefore,  that  the  experience 
of  the  United  States  Navy  Department  has  not  come  up  to 
expectation.  Records  show  that  propellers  for  engine  and 
turbine-driven  vessels  have  developed  coefficients  of  65  per 
cent,  and  53'8  per  cent,  respectively,  evidently  handicapping 
the  turbine  where  direct  drive  is  employed,  and  little,  if 
any,  has  been  gained  in  weight,  space,  and  efficiency  owing  to 
the  bulk  and  poor  steam  distribution  required  by  the  low 
speeds.  Space  will  not  allow  of  a  more  critical  discussion  of 
the  subject  at  this  time,  but  the  reasons  before  cited  show 
that  we  may  with  surety  look  forward  to  the  marine  turbine 
being  given  a  new  standing  and  fresh  impetus  through  the 
interpolation  of  the  reduction  gear. 

The  effect  of  the  increased  efficiency  of  both  turbine  and 
propeller  in  a  marine  installation  has  even  a  more  far-reach- 
ing effect,  as  a  large  reduction  in  coal  bunker  capacity  is  also 
brought  about,  and  moreover  the  boiler  horse-power  required 
is  reduced  approximately  one-third.  The  saving  of  one^third 
of  the  space  occupied  by  these  boilers  will  be  seen  to  be  a 
very  large  item.  As  each  of  these  ships  carry  192  firemen 
and  123  trimmers,  the  reduction  of  the  number  of  boilers  to 
be  fired  would  effect  a  material  reduction  in  the  expense  for 
this  part  of  the  crew. 

There  is  another  consideration  which  deserves  mention, 
viz"  if  the  increased  space  made  available  by  the  reduction 
in  boiler  and  engine  room  and  bunkers  could  not  be  profit- 
ably used,  the  general  proportions  of  the  vessel  might  be 
decreased,  which  would  immediately  have  an  accumulative 

•  Paper  presented  before  the  Western  Society  of  Engineers,  March  4th,  1912. 
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effect  and  again  reduce  the  amount  of  power  required  for 


The  requirements  for  war  ships  are  very  different  from 
those  of  fast  passenger  ships  which  run  normally  at  full  speed, 
as  war  ships  run  at  full  speed  only  in  case  of  emergency. 
When  cruising,  they  use  less  than  one-fourth  of  full  power. 
As  the  efficiency  of  the  existing  marine  turbine  rapidly  falls 
off  at  reduced  (rotative)  speeds,  the  steam  consumption  per 
horse-power  hour  becomes  serious  when  the  ship  is  running 


Fig.  17.— Tuubtne  Appi.ikd  to  Air  CoMPRKSfiOR. 

at  cruising  speed.  The  desideratum  is,  therefore,  a  turbine 
capable  of  performing  economically  at  both  cruising  and  full 
speed.  The  United  States  Government  is  now  conducting 
extensive  trials  of  this  method  of  propulsion  and  the  result 
will  be  publicly  reported  in  the  near  future.  The  improve- 
ment which  will  be  effected  will  be  of  the.  nature  already 
denoted. 

The  reduction  gear  now  brings  the  lake  steamers  and  slow- 
going  vessels  within  the  domain  of  turbine  application,  and  it 
is  not  unreasonable  to  presage  that  marine  engineering  will 
be  revolutionised  in  the  immediate  future  in  a  manner  simi- 
lar to  that  wrought  by  the  turbine  in  stationary  practice. 
There  is,  besides  the  mechanical  application,  the  hydraulic 
and  electric  system  which  have  been  tried  out  in  marine 
work,  but  these  are  inherently  inferior  in  both  operation 
and  efficiency.  The  hydraulic  or  Fottinger  gear  has  been 
tested  in  Germany,  and  within  the  last  few  months  the 
United  States  Government  has  contracted  for  electrical  equip- 
ment in  order  that  competitive  trials  may  be  conducted  and 
comparisons  drawn  with  the  geared  outfit. 


Fig.  18.— Turbine  and  Centuipugal  Compressor. 

Rolling  Mill  Service. ― With  the  turbine  now  being  used  in 
the  rolling  mill  by  mechanical  coupling  to  the  rolls  through 
gears,  it  has  successfully  encroached  upon  eve'ry  important 
field  of  application  of  the  reciprocating  engine,  with  the 
exception  of  the  reversing,  hoisting,  and  rolling-mill  service. 
While  the  reversing  marine  turbine  is  now  an  actuality,  yet 
it  is  a  problem  whether  the  turbine  will  become  a  f actor  in 
sl  at  ionary  reversing  work,  especially  in  small  sizes.    As  tlie 


matter  is  of  direct  interest  in  connection  with  the  develop- 
meiil.  of  the  large  power  reduction  gear,  the  essential  facts  of 
the  geared  turbine  rolling-mill  installation  of  the  Calderbank 
Steel  Works,  Scotland,  are  reproduced,  together  with  a  plan 
of  the  lay-out.  These  were  discussed  at  length  in  a  paper 
entitled,  "  The  Application  of  a  Geared  Steam  Turbine  to 
Rolling  Mill  Driving, M  by  Mr.  A.  Que n tin  Carnegie,  pub- 
lished iii  the  Journal  of  the  West  of  Scotland  Iron  and  Steel 
Institute,  Vol.  XVIII.  In  Fig.  16  is  shown  the  general 
arrangement  of  the  installation  in  elevation  and  plan.  Tlie 
steam  turbine  is  of  the  Parsons  mixed-pressure  type  and  is 
designed  to  run  at  2,000  revs,  per  minute. 

" The  mill  runs  at  a  speed  of  70  revs,  per  minute,  and  the 
s|>eed  of  the  turbine  is  reduced  from  2,000  revs,  per  minute 
in  two  steps,  tlie  intermediate  shaft  running  at  about  375  revs, 
per  minute.  Both  pairs  of  gears  are  arranged  in  cast-iron 
gear  cases,  wliich  are  provided  witli  suitable  white  metal 
I i nod  bearings  for  tlie  shafts.  Flexible  couplings  are  fitted 
between  tlie  turbine  and  the  high-speed  pinion  shaft,  and  also 
between  the  first  and  second  reduction  gears.  The  couplings 
allow  for  small  errors  in  the  alignment  of  the  shafts,  and  also 
give  the  necessary  end  freedom  for  expansion  of  the  steam 
turbine  shaft.  The  first  slab  was  put  through  the  mill  on 
September  15th,  1910，  after  the  whole  plant  had  been  run 
slowly  for  several  days  to  allow  the  main  bearing  to  settle 
clown  into  working  order.  Up  to  thirty  slabs  have  been 
rolled  in  an  liour,  and  the  maximum  size  of  the  plate  has 
}>een  60ft.  】ong  by  about  6ft.  wide,  with  a  minimum  thickness 
of  ^in.  The  lifting  tables  for  some  time  worked  too  slowly, 
but  they  have  now  been  speeded  up,  and  take  six  seconds  for 
the  lift  and  fall.  The  general  experience  which  has  been 
obtained  with  tlie  working  of  this  plant  is  sufficient  to  show 
that  the  experiment  has  proved  a  most  gratifying  success. 
The  mill  has  been  working  regularly  ever  since  the  heavy 
hearings  liave  settled  down  into  good  working  order,  and  no 


Fig.  19.— Turbo-Electric  Machine,  for  LoroMOTiYElHRADLTGHT. 

trouble  of  any  sort  has  occurred.  Referring  now  to  the  future 
fields  wliicli  these  two  important  experiments  have  opened 
up,  the  writer  sees  no  difficulty  in  applying  turbines  to  the 
driving  of  textile  mills  or  other  works  which  require  large 
powers.  The  geared  turbine  will  easily  give  the  absolutely 
uniform  speed  of  drive  on  which  advocates  of  electric  driv- 
ing for  cotton  mills  based  all  their  claims,  and  it  will  give 
this  without  the  intervention  of  electrical  machinery  with 
its  power  losses  and  heavy  capital  cost." 

Additional  Fields  of  Application.  ― For  the  reasons  which  have 
made  the  turbine  prominent  in  the  applications  previously 
mentioned,  new  fields  have  been  constantly  opening  up  for 
this  interesting  prime  mover.  Some  important  ones  may  be 
noted  ：  (1)  Low  duty  pumps  ；  (2)  Air  or  gas  compressors  ；  (3) 
Train  lighting  sets  ；  (4)  Locomotive  headlights. 

Air  and  Gas  Compression. 一 One  of  the  latest  invasions  into 
the  stronghold  of  the  reciprocating  unit  has  been  the  building 
of  high-pressure  centrifugal  compressors.  In  the  past,  neither 
the  centrifugal  pump  nor  compressor  have  been  considered 
as  being  practical  for  high  head  work  or  pressure,  owing  to 
the  poor  showing  made  of  the  early  types.  The  fundamental 
theory  of  centrifugal  design  has  not  heretofore  been  sufficiently 
understood  and  appreciated  so  that  we  are  just  awakened 
to  the  unusual  possibilities  of  the  centrifugal  unit  for  this 
service. 

Analysis  of  preceding  constructions  will  show  the  entire 
lack  of  regard  of  the  necessity  of  converting  the  kinetic 
energy  represented  by  the  final  velocity  into  poten- 
tial    energy,     so     that    50     per     cent,     of     the  energy 
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was  lost  merely  in  this  way  without  reckoning  tlie  otlier 
losses  attending  its  operation.  There  are  several  methods  of 
effecting  this  conversion,  i.e.,  diffusion  valves,  volutes  of 
propec  design,  and  diffusion  tubes  or  inverted  nozzles,  and 
the  application  of  these  is  governed  by  the  uature  and  extent 
of  operation.  Heuce  with  proper  designs,  efficiencies  of  65 
per  cent,  to  90  per  cent,  are  obtainable.  Details  of  a  high 
efficiency  compressor  designed  for  moderate  pressures  are 
given  in  Fig.  17.  Several  single  impellers  (as  shown)  may  be 
placed  ou  a  common  shaft  aud  operated  in  series,  each  impart- 
ing an  equal  amount  of  energy  to  the  air,  and  thus  serially 
])uilding  uj)  the  pressure.  Each  succeeding  impeller  raises 
the  pressure  to  a  higher  degree  than  in  the  preceding  stage, 
as  may  he  quickly  grasped  iti  dividing  up  the  compression 


Fig.  -20.— Tl-rbo-Electric  M\、rmMK，  for  Train  Lighting. 


card  into  equal  divisions  of  work.  Or,  in  other  words,  since 
the  energy  expended  in  each  stage  is  the  same,  the  pressure 
difference  must  be  greater,  inasmuch  as  the  volume  delivered 
to  the  following  impeller  is  less,  owing  to  its  higher  pres- 
sure. This  follows  from  the  formula  PV"=  K.  The  noteworthy 
features  of  the  multi-stage  compressor  is  that  the  efficiency  of 
tlie  series  of  impellers  is  the  average  of  each  indej^endent 
wheel  ；  losses  are  not  cumulative  as  may  be  supposed.  Blowers 
of  this  type  may  be  conveniently  built  in  sizes  impractical  in 
the  reciprocating  design .  Freedom  from  pulsations  and  vibra- 
tion in  the  system  is  a  large  factor  in  their  favour,  and 
foundation  requirements  also  may  be  found  to  be  a  weighty 
consideration.    The  other  advantages,  reduced  atieniion,  oil, 


Fig,  21.— Turbink  Condenser  Appakatus. 


and  costs,  are  evident  with  centrifugal  construction.  Com- 
pressors of  this  type  containing  ten  more  stages  are  readily 
built  for  pressures  of  801  bs.  to  lOOlbs. 

It  so  happens  that  the  centrifugal  compressor  in  Fig.  18 
has  been  connected  to  a  700  h.p.  reaction  turbine  of  3,600 
revs,  per  minute,  and  is  correspondingly  represented  by  sec- 
tional detail.  This  is  probably  one  of  the  most'  familiar  of 
turbine  sections  to  engineers  in  general,  and  there  is  warrant 
in  remarking  that  for  this  capacity  and  speed  the  design  has 
proved  itself  most  efficient  merhanically  and  thermodynamic 
cally. 

Locomotive  Headlighters. ― There  are  certain  railway  systems, 
especially  single-track  lines,  which    require    special  safety 


FIG.  22.— TURBINE-DRIVEN  PUMPS  FOR  CONDENSING  APPARATUS. 

installation,  but  the  chief  objection  to  this  type  is  to  be 
found  in  the  attention  required  and  the  provisions  for  charg- 
ing necessary  at  the  terminals. 

Steam-driven  generating  sets  are  the  next  in  simplicity, 
and  probably  form  the  most  practical  solution  of  the  car- 
lighting  problem.  Reciprocating  steam  engines  have  been 
used  to  some  extent,  and  while  their  economy  in  units  of 
small  size  is  somewhat  superior  to  that  of  the  turbine,  the 
latter  is  to  be  preferred  owing  to  its  quiet  operation.  Units 
for  such  service  are  generally  installed  in  the  baggage  car, 
and  in  the  absence  of  heavy  foundations  the  reciprocations 
of  the  engine  may  be  felt  throughout  the  entire  train  and 
have  proved  very  annoying.  The  turbine,  on  the  other  hand, 
is  inherently  quiet-running,  and,  moreover,  its  small  floor 
space  requirements  possess  a  real  value  in  this  particular 
service.  A  turbine-driven  equipment,  as  shown  iu  Fig.  20, 
would  obviously  prove  best  for  long-distance  "  through  ，， 
trains,  all  coaches  being  on  one  electrical  circuit  supplied 
from  the  single  source. 

The  greatest  advantage  of  the  independent  steam  unit 
evidently  lies  in  the  possibility  of  maintaining  continuous 
operation  for  any  period,  regardless  of  whether  the  train  is 
in  motion  or  at  rest.  This  characteristic  will  be  appreciated 
by  those  who  have  experienced  prolonged  delays  in  darkened 
cars. 

Some  New  Types  of  Installations. ― For  straight  condensing 
operation,  Figs.  21  and  22  show  economical  layouts  as  regards 
piping  coimections  and  compact  arrangement  of  condenser 


measures  in  order  to  operate  fast  trains  and  maintain 
schedules.  A  most  interesting  application  of  the  turbine 
responds  to  this  small  self-contained  generating  set,  mounted 
on  the  engine,  either  above  the  boiler  or  on  tlie  pilot.  Tliis 
penetrating  light  may  be  distinctly  observed,  in  a  line  of  un- 
obstructed vision,  for  a  distance  of  over  a  mile  at  night,  and 
the  radius  of  the  engineer's  siglit  extends  3,000ft.  ahead. 
Warning  of  danger  ahead  is  therefore  given  in  time  to  escape 
or  avert  accidents.  It  is  no  doubt  understood  by  many  that 
«a  number  of  States  have  enacted  laws  compelling  trains  to 
be  equipped  with  an  electric  haadli^liting  set,  or  other  higli 
candle-power  lamp,  and  the  greater  safety  along  these  high- 
ways is  evident.  Reliability  is  therefore  most  important, 
and  the  simplest  and  most  de[)endable  mechanisms  are 
demanded.  Fig.  19  illustrates  how  some  of  the  designs  previ- 
ously described  have  been  reduced  to  such  a  satisfactory  state. 
All  parts  of  the  turbine  and  generator  are  totally  enclosed  and 
therefore  weatherproof.  The  unit  is  but  3ft.  in  length  and 
develops  1  kw.  at  4,000  revs,  per  minute,  using  about  1851hs. 
of  steam  per  hour. 

-  Train  Lighting. ― Generating  equipitients  driven  from  the 
axle  of  the  car  wheel  have  been  used  for  this  service,  and 
possess  some  advantages,  but  are  plainly  very  complicated 
and  untloubtedly  require  a  high  degree  of  supervision  to 
maintain  them  at  reasonable  cost.  They  are  possibly  best 
suited  to  trains  making  short  local  rims,  and  in  any  case, 
where  the  make-up  of  the  train  is  subject  to  frequent  change, 
to  avoid  making  and  breaking  electrical  connection  between 
successive  cars.      The  storage-battery  outfit  is  the  simplest 
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and  auxiliaries  directly  beneath  the  turbine,  obviously 
avoiding  their  location  in  the  path  of  travel.  Fig.  22  is  of 
particular  interest,  as  it  shows  how  simply  and  effectively 
turbine-driven  air  and  circulating  pumps  may  be  applied  to 
surface  condenser  work  and  the!  minimum  floor  space  require- 
ments. 

In  Fig.  23  is  represented  a  typical  layout  of  a  central 
station  equipped  with  an  automatic  bleeder  turbine  serving 
a  combined  heating  and  electrical  load.  As  to  be  noted,  the 
arrangement  of  piping  is  exceedingly  simple,  the  exhaust 
and  bleeding  connection  from  each  unit  delivering  into  com- 
mon headers  which  lead  respectively  to  a  central  condenser 
and  the  heating  system.  In  some  installations  it  may  be  the 
desire  to  divert  all  the  steam  from  the  turbine  into  the  heat- 
ing system.  If  the  turbine  is  fairly  well  loaded,  as  it  pro- 
bably would  be  under  these  circumstances,  it  would  prove 
more  economical  to  have  the  steam  pass  through  the  entire 
turbine,  providing  none  escapes  to  atmosphere.    This  could 
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Fig.  23.— Station  Lat-out,  with  Bleeder  Turbine. 

easily  be  accomplished  by  introducing  gate  valves  B  and  E 
in  the  main  exhaust  and  bleeder  lines  from  each  turbine 
and  the  interconnection  C.  Then  to  run  the  low-pressure 
stage  non-condensing,  passing  all  steam  to  the  heater  system, 
valves  B  and  E  would  be  closed  and  the  valve  in  connection 
C  opened.  With  the  automatic  bleeding  operation,  as 
normally  obtains,  B  and  E  are  open  and  C  closed.  Operating 
strictly  condensing,  B  and  C  are  closed,  E  obviously  being  wide 
open,  and  the  automatic  valve  on  the  turbine  raised  out  of 
action. 


The  Institution  of  Mining  Engineers. ― The  23rd  annual 
general  meeting  of  this  Institution  will  be  held  at  Birming- 
ham on  Wednesday,  September  11th,  1912，  at  10-30  a.m., 
in  the  Lecture  Theatre  of  the  University,  Edmund 
Street,  Birmingham,  when  the  following  papers  will 
be  read,  or  taken  as  read:  (1)  "Recent  Legislation  in  Rela- 
tion to  Land  and  Mines,"  by  Mr.  Alexander  Smith, 
M.Inst.C.E.  ；  (2)  "An  Account  of  a  Series  of  Explosions  in 
the  Bellevue  Mine,  Alberta,  Canada,"  by  Mr.  John  T.  Stirl- 
ing, Chief  Inspector  of  Mines,  Alberta,  and  Mr.  John 
Cadman,  D.Sc.  The  following  papers,  which  have  already- 
appeared  in  the  Transactions,  will  be  open  for  discussion  : 
(a)  i(  Why  Leave  Shaft  Pillars?"  by  Messrs.  W.  H.  and  B.  H. 
Pickering  ；  (b)  "  Safety  Devices  in  Connection  with  Electrical 
Machinery  and  Appliances  for  Coal  Mines,"  by  Messrs.  David 
Bowen  and  W.  E.  French  ；  (e)  "A  Rope-driven  Coal 
Cutter,"  by  Mr.  Wilfrid  L.  Spence.  Excursions  have  been 
arranged  to  the  Mining  Department  of  the  Birmingliam 
University,  Bournbrook  ；  The  Ear】  of  Dudley's  Round  Oak 
Iron  and  Steel  Works  and  Baggeridge  Colliery  ；  the  Cocoa 
and  Chocolate  Works  of  Messrs.  Cadbury  Bros"  Ltd.,  and  to 
other  places  of  interest. 


NARROW-GAUGE  RAILWAYS. 

In  the  course  of  a  paper,  entitled  "  Rolling-stock  on  the 
Principal  Irish  Narrow-gauge  Railways,"  recently  read  by 
Mr.  R.  M.  Livesey,  locomotive  superintendent,  Co.  Donegal 
Railways  Joint  Committee,  Stranorlar,  before  the  Institution 
of  Mechanical  Engineers,  the  author  recounted  a  few  of  the 
reasons  for,  and  the  relative  advantages  and  disadvantages 
of  narrow-gauge  railways. 

Practically,  the  only  reason  for  the  construction  of  a 
narrow-gauge  line  was,  he  remarked,  cheapness,  and  no  doubt 
in  certain  cases  a  considerable  saving  could  be  effected.  But 
if,  as  in  many  instances  in  Ireland,  such  a  railway  had  to 
be  fully  equi]>])ed,  almost  on  the  same  lines  as  a  broad-gauge 
railway,  in  order  to  comply  with  the  somewhat  onerous  re- 
quirements of  the  Board  of  Trade,  then  there  was  very  litt  le 
to  be  gained  from  the  point  of  view  of  economy.  The  author 
had  in  mind  one  narrow-gauge  railway  which  cost  £11,500 
per  mile,  exclusive  of  rolling-stock,  although  there  was  no 
really  heavy  work  involved  in  its  construction.  For  all  prac- 
tical purposes,  the  only  saving  was  in  land,  a  narrower  width 
being  required,  and  this  was  comparatively  small.  No  rail- 
way should  be  built  of  narrow  gauge  if  the  cost  exceeded 
£5,000  per  mile,  and  then  only  if  the  proposed  line  was  for 
ever  isolated  from  those  of  standard  gauge,  and  the  traffic 
always  likely  to  be  small.  It  would  be  decidedly  better  to 
build  a  "light"  railway  of  the  standard  gauge.  As  the 
mileage  of  narrow-gauge  lines  in  Ireland  was  no  less  than  525, 
of  which  nearly  all  was  3-feet  gauge,  it  seemed  regrettable, 
now  that  they  had  come  to  stay,  that  the  majority  of  them 
were  not  linked  up  to  form  one  large  system.  The  whole  of 
the  stock  might  thus  have  been  built  to  a  uniform  standard. 
No  two  lines  had  similar  stock,  nor  would  they  be  readily 
interchangeable  ；  even  the  height  of  buffer  centres  varied  in 
them  all. 

From  the  rolling-stock  point  of  view,  the  disadvantages 
of  a  narrow-gauge  line  altogether  outweighed  the  advantages, 
if  any  ；  and  they  could  be  summarised  as  follows : 

(a)  Steep  gradients,  due  to  following  closely  the  contour 

of  the  country,  in  an  effort  to  save  money  in  banks 
and  cuttings. 

(b)  Sharp  curves  due  to  similar  causes. 

(c)  Greater  overhang   required,   in   order   to  provide 

reasonable  accommodation,  with  consequent 
greater  liability  to  overturn. 

(d)  Greatly  reduced  speeds. 

(e)  Great  inconvenience  and  loss,  owing   to   break  of 

gauge  when  coming  into  contact  with  a  line  of  the 
standard  gauge. 
(/)  A  certain  amount  of  cramping  of  parts,  and  accom- 
panied by  reduced  accessibility. 

With  regard  to  the  first  two  items,  it  seemed  that  very 
little  thought  was  given  to  future  working-  when  many  of 
the  lines  were  projected.  A  comparatively  small  additional 
outlay,  in  the  first  instance,  employed  in  reducing  grades  and 
making  easier  curves,  would  have  been  repaid  many  times 
over  by  the  savings  effected  in  working.  Heavy  gradients 
and  sharp  curves  were  quite  as  objectionable  from  the  point 
of  view  of  working  on  a  narrow-gauge  as  on  a  broad-gauge 
railway.  These  difficulties  were  practically  insurmountable 
after  the  line  had  been  made  ；  but,  in  the  case  of  items  (c)  to 
(/)，  they  could  be  greatly  minimised  by  careful  design  and  a 
little  forethought  in  working  out  details. 

In  the  matter  of  the  break  of  gauge,  the  difficulties  of 
transhipment,  in  the  case  of  goods  and  parcels  traffic,  could  be 
greatly  reduced  by  the  employment  of  specially-designed 
transliip-trucks,  some  of  which  had  been  in  successful  use  on 
the  County  Donegal  Railways  for  many  years. 

The  Irish  narrow-gauge  lines  appeared  to  afford  greater 
variety  in  the  design  of  locomotives  and  other  stock  than  did 
the  broad-gauge  railways  ；  the  general  effect  was  pleasing, 
and  there  was  no  doubt  that,  apart  from  all  idiosyncracies  of 
design  and  appearance,  the  stock  referred  to  did  excellent 
work  under  very  trying  conditions.  The  only  limits  to  the 
size  of  narrow-gauge  engines,  &c.，  were  those  imposed  by  the 
weight  of  rail  in  use,  permissible  loads  on  existing  bridges, 
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and  necessary  clearance  of  existing  structures.  The  gauge 
itself  had  little  influence  on  the  size  of  engine,  if  speed  was 
restricted  ；  the  greater  tendency  to  overturn  on  curves  could 
be  counteracted  to  a  large  extent  by  giving  the  outer  rail 
ample  super-elevation.  This  was  relatively  greater  for  the 
narrow-gauge  than  for  the  broad-gauge  for  the  same  speed. 
The  comparatively  high  speed  of  40  miles  an  hour  was  quite 
common  on  the  more  important  narrow-gauge  lines. 

The  type  of  engine  almost  universally  adopted  was  the 
"  side-tank."  There  were  only  two  tender  engines  in  use, 
namely,  on  the  Londonderry  and  Lough  Swilly  Railway  ；  and 
the  Ballycastle  Railway  had  a  couple  of  "  saddle-tank  ，， 
engines.  In  the  design  of  the  earlier  narrow-gauge  lines, 
parts  were  frequently  cramped  and  inaccessible,  but,  with 
experience  and  confidence  in  their  possibilities,  these  defects 
were  disappearing.  One  of  the  difficulties  in  the  design  of 
narrow-gauge  engines  was  the  firebox,  especially  in  the  larger 
types.  Owing  to  the  very  restricted  space  between  the  wheels 
and  to  the  fact  that  the  length  of  firebox  was  fixed  by  the 
conditions  of  firing,  namely,  the  difficulty  of  properly  dis- 
tributing the  coal  at  a  distance  from  the  firehole,  it  was  not 
easy  to  get  a  grate  area  sufficient  to  burn  the  requisite 
amount  of  fuel.  If  all  the  coupled  wheels  could  be  placed  in 
front  of  the  firebox,  this  difficulty  would  be  disposed  of  ；  but 
in  practice  such  a  course  was  seldom  feasible. 

The  form  of  the  firebox  in  cross-section  differed  materially 
from  that  of  a  standard-gauge  engine  ；  the  design,  spacing, 
and  position  of  side  and  roof  stays  required  careful  study  and 
great  experience,  if  trouble  was  to  be  avoided.  Generally 
speaking,  enough  attention  had  not,  he  observed,  been  paid  to 
this  subject,  one  designer  merely  copying  another,  and  conse- 
quently many  such  fireboxes  were  a  continual  source  qf 
anxiety  to  those  in  charge.  The  copper  plate,  in  contact  with 
the  fire,  usually  suffered  more  severely  in  a  narrow-gauge 
engine  than  in  a  broad-gauge,  owing  to  this  restricted  grate 
area  and  to  the  greater  blast  pressure  required  in  order  to 
burn  the  necessary  quantity  of  fuel  in  a  limited  time,  with 
consequent  severer  scouring  action  on  the  plate  surfaces.  This 
involved  higher  temperatures,  which  had  a  serious  effect  upon 
the  plates  in  a  shorter  time  than  would  be  the  case  on  a 
standard-gauge  engine.  Tube  plates  suffered  more  severely 
from  the  same  cause,  and  also  from  the  greater  frequency 
of  the  changes  of  temperature,  as  well  as  the  greater  range, 
which  produced  severer  and  more  rapid  reversals  of  stresses. 

The  author  had  had  great  experience  of  firebox  troubles 
with  narrow-gauge  engines,  and  when  abroad  he  experi- 
mented with  Lowmoor  iron  and  steel  fire-boxes,  with  the 
result  that  the  latter  gave  a  considerably  longer  life  than 
iron,  and  the  iron  than  copper,  where  the  water  was  excep- 
tionally bad.  All  firebox  troubles  were  ultimately  eliminated 
by  the  introduction  of  a  circular  steel  firebox,  which  gave 
every  satisfaction  and  was  very  much  cheaper  in  first  cost. 

In  Ireland,  outside  cylinders  only  were  the  rule,  as  there 
was  no  room  between  the  frames,  and  usually  the  latter  were 
outside  the  wheels.  This  gave  greatly  enhanced  steadiness  in 
running.  A  leading  four-wheel  bogie  was  very  generally 
used,  though  where  the  load  per  axle  did  not  exceed  the 
maximum  permitted  by  the  weight  of  rail,  there  was  no 
reason  why  a  two-wheel  bogie  or  pony  truck  should  not  be 
used ― provision  of  course  being  made  for  lateral  movement 
― and  so  reduce  the  non-effective  weight  of  engine. 

The  couplings  in  almost  universal  use  were  of  the 
•central  combined  buffer  and  draw-hook  n  type  ；  they  were 
automatic  couplers,  very  efficient,  and  perfectly  safe.  Fre- 
quently a  considerable  amount  of  side-play  was  provided  in 
order  to  allow  freedom  and  flexibility  on  curves,  and  on 
carriages  a  "  slack  gathering  ，，  apparatus  was  usually  fitted  ； 
though  there  was  no  such  fitting  which  could  be  regarded  as 
sufficiently  reliable  and  effective  in  its  action.  The  screw- 
coupling  in  use  by  the  Cork,  Blackrock,  and  Passage  Railway 
was  certainly  the  best  for  this  purpose.  Experience,  how- 
ever, seemed  to  show  that  a  slack  gathering  apparatus  was 
not  absolutely  essential,  at  any  rate  on  narrow-gauge  lines 
with  the  central  buffer.  Side  coupling-chains,  as  an  addi- 
tional precaution,  were  generally  used,  but  on  the  County 
Donegal  Railways  they  were  not  coupled,  except  when  the 
draw-hook  would  not  engage,  as  was  sometimes  the  case  on 


sharp  curves  in  station  yards  ；  and  the  side  chains  then  en- 
abled the  vehicles  to  be  drawn  on  to  the  straight  to  allow  of 
the  buffer  engaging  properly. 

There  was  little  else  in  the  design  of  narrow-gauge  stock 
that  presented  any  very  special  difficulties  or  that  differed 
materially  from  the  standard-gauge  styles.  In  the  working 
of  the  stock,  particularly  engines  of  the  heavier  type,  more 
attention  was  required  to  be  given  to  lubrication,  and  a  larger 
quantity  must  be  used  in  the  case  of  narrow-gauge  engines 
than  in  broad-gauge.  It  was  generally  and  roughly  assumed 
that  a  narrow-gauge  engine,  travelling  at,  say,  30  miles  an 
hour,  had  its  moving  parts  doing  as  much  work  as  a  standird- 
gauge  locomotive  running  at  60  miles  an  hour.  An  example 
from  actual  practice  would  make  the  point  clearer.  The 
figures  in  the  accompanying  table  were  taken  from  a  typical 
engine  of  the  broad  and  narrow  gauges  respectively. 

Obviously  it  would  require  a  greater  quantity  of  oil  to 
lubricate  540  square  feet  of  surface  than  it  would  for  only 
407  square  feet  ；  similar  reasoning  applied  to  other  working 
parts.  Attention  was  drawn  to  this  point  because  it  was 
often  urged  that  narrow-gauge  engines  required  considerably 
less  oil  than  the  standard  engines.  The  difficulties  of  lubri- 
cation were  enhanced,  in  the  former  case,  by  the  greater 
proximity  of  the  working  parts  to  the  ground  and  to  the 


Broad-gauge 

Narrow-gauge 

Engine. 

Engine. 

Diameter  of  driving  wheels   

Oft.  (iin. 

3ft.  Oin. 

Revolutions  per  mile   

258^ 

448 

Diameter  of  journals   

8Jin. 

Length  of  journals  

8|in. 

Pressure  on  journal  (lbs.  per  square 

inch)   

201 

202 

Lineal  movement  of  circumference 

of  journal  per  mile   

575ft. 

997ft. 

Surface  s^ept  by  journal  per  mile... 

407  sq.  ft. 

540  sq.  ft. 

consequent  easier  access  of  dust  and  grit  to  the  working  parts  ； 
this  was  especially  the  case  in  dry  summer  weather,  and  in 
some  instances  it  was  necessary  to  close  in  the  motion  work 
entirely   to  protect  it  from  injury. 

It  need  hardly  be  stated  that  the  power  required  to  haul 
a  given  load  was  independent  of  the  gauge,  and  the  cost 
would  be  the  same  for  any  gauge.  Any  advantage  in  cost 
to  the  narrower  gauge,  where  it  existed,  was  due  to  the  rela- 
tively lesser  tare  weight  of  vehicles  and  slower  speeds,  and  not 
to  the  gauge.  On  the  larger  and  more  important  of  the 
narrow-gauge  lines  in  Ireland  the  carriages  and  wagons  would 
accommodate  quite  as  much  traffic,  of  the  same  volume  and 
weight  as  the  broad-gauge  vehicles,  and  in  some  cases  more 
so,  yet  the  tare  of  the  former  was  considerably  less.  The 
wagons  of  the  County  Donegal  Railways  would  all  carry  a  net 
load  of  7  tons,  and  the  average  tare  of  each  was  3|  tons, 
though  all  were  equipped  with  both  hand  and  vacuum  auto- 
matic brakes  ；  they  were  very  substantially  built  and  were 
capable  of  being  run  at  any  speed.  The  present  standard 
six-compartment  carriage  of  the  same  railway  accommodated 
60  people  comfortably,  was  fully  equipped  with  vacuum  auto- 
matic brake,  with  acetylene  lighting  plant,  &c"  and  weighed 
only  11  tons  14  cwt"  or  3'9  cwt.  per  passenger. 

For  the  reasons  just  enumerated,  the  narrow-gauge  stock 
was  relatively  much  more  efficient  than  the  broad-gauge  ； 園 
other  words,  the  proportion  of  paying  to  non-paying  loads 
was  considerably  higher,  and  some  authorities  put  this  figure 
at  from  12  to  15  per  cent.  The  foregoing  remarks  were  not 
put  forward  as  showing  the  advantages  of  a  narrow-gauge 
line,  but  served  to  show  where  economy  could  be  effected 
by  judicious  reductions  in  the  scantlings  and  weights  of 
broad-gauge  vehicles. 


A  Large  Storage  Battery. ―  What  is  said  to  be  the  largest 
storage  battery  in  existence  has  been  installed  as  a  stand-by 
for  the  Consolidated  Gas,  Electric  Light,  and  Power  Com- 
pany, of  Baltimore.  The  battery  consists  of  152  cells,  each 
containing  133  plates,  and  the  total  weight  is  616!  tons.  It 
is  capable  of  delivering  44,000  amperes  at  250  volts  for  6 
mius. ，  equal  to  an  output  of  11,000  kw. 
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INGLIS  SPEED  CONTROLUNG  GEAR  FOR  PREVENTING 
OVERWINDING  IN  MINES. 

The  accompanying  illustrations  show  an  arrangement  of 
engine  speed-controlling"  gear  for  preventing  overwinding  in 
collieries,  the  invention  of  Messrs.  G.  Inglis  &  Co.，  Ltd., 
Albert  Engineering  and  Boiler  Works,  Airdrie,  Lanarkshire. 
Figs.  1  and  2  are  sectional  elevations  at  right  angles  to  each 
other  taken  respectively  on  the  lines  1—1  in  Fig.  2  and  2—2  in 
Fig.  3  which  is  a  sectional  plan  view  taken  on  the  line  3 ― 3  in 
Fig.  2.    Fig.  4  is  a  front  elevation  of  a  detail. 

The  box  or  housing  frame  carries  a  horizontal  square  shaft, 
A  with  journals  at  each  end  and  having  extensions  at  one  or 
both  ends  for  fixing  spur  wheels  C.  There  is  also  used  in 
combination  with  tlie  aforesaid  a  horizontal  screw  shaft  B 
with  thrust  bearing,  and  having  extensions  at  one  or  both  ends 
for  mounting  corresponding  spur  wheels  C.    The  governor  D 


hold  a  vertical  arm  W  in  position  to  wliicli  the  weighted  rods 
or  ropes  X  are  attached  that  actuate  the  brakes  and  the 
throttle  valve.  The  whole  arrangement  may  be  operated 
either  by  gearing  and  shaft  from  the  engine  or  by  a  pitched 
chain  or  equivalent  devices  from  the  shaft  of  same. 

The  working  of  the  gear  is  as  follows:  When  the  winding 
engine  starts  a  wind,  the  governor  D  is  moved  along  the  Im.x 
by  the  screw  shaft  B  and  the  speed  part  of  tlie  governor  is 
driven  by  the  square  shaft  A,  If  the  engine  attains  a  higher 
speed  than  that  predetermined,  then  tlie  governor  sleeve  J 
i'is('s  and  depresses  the  one  end  of  the  double  lever  K  and 
catch  M  and  causes  this  catch  to  come  in  contact  with  the 
rack  N.  II  will  be  readily  understood  that  as  the  goverimr 【） 
js  travelling  (in  either  direction)  and  the  catch  M  coming 
into  coniact  with  the  rack  N  the  shaft  S  will  be  partially 
m""e(l  by  means  of  wyper  P  and  c-onneciing  rods  T  and  lever 
U，  and  the  trigger  or  1-rip  lever  V  will  release  the  arm  W 
holding  the  weights  so  that  the  steam  is  immediately  shut  off, 
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Inglis  Speed-controlling  Gioar  for  Preventing  Overwinding  in  Mines. 


and  the  brakes  applied,  and  the  engine  stopped.  If  towards 
tlie  end  of  the  wind  the  engine  has  not  been  reduced  in  speed 
to  what  is  considered  safe  at  that  part  of  the  wind  the  catch 
M  comes  in  contact  with  a  higher  stepped  part  Y  of  rack  N 
and  releases  the  trigger  and  stops  the  engine  as  previously 
described .  Should  the  engine  be  started  in  the  wrong  direc- 
tion, the  catch  M  of  the  lever  K  at  once  comes  in  contact  with 
the  set  screw  R  at  top  of  wyper  P.  This  releases  the  trigger 
and  the  engine  is  stopped  in  like  manner.  The  end  of  the 
lever  K  wliicli  bears  over  the  rack  N  is  weigliied  by  mounting 
portable  weiglits  on  the  pin  Z  so  that,  the  speed  at  which  the 
rack  and  the  trip  devices  is  actuated  may  be  regulated. 


Steam  Consumption  of  Locomotives. ― According  to  a  c  orre- 
spondent, of  tlie  "  Railway  Gazette/'  tlie  average  steam 
consumj)iion  of  the  locomotives  engaged  in  working  the 
principal  express  passenger  services  of  the  London  and 
Nortli-western  Railway  is  561bs.  per  mile.  This  figure  refers 
only  to  the  n on-superheated  "  Precursor  ，，  tyj)e  engines.  The 
superheater  locomotives  of  tlie  same  general  pattern,  he  says, 
consume  only  about-  381bs.  per  mile,  while  for  the  run  between 
London  and  Holyhead  their  consumption  has  been  as  low 
as  34Mbs.  per  miie  as  a  monthly  average. 


is  driven  by  tlie  square  shaft  A  which  revolves  a  sleeve  F  to 
which  a  bevel  wheel  G  is  attached.  In  the  lower  part  of  body 
H  is  a  screwed  nut  I  into  which  the  screw  shaft  B  works  so  as 
to  travel  the  governor  D  from  end  to  eud  of  the  box,  the 
weight  of  the  governor  being  carried  on  the  guide  E.  To  the 
rising  and  falling  sleeve  J  of  the  governor  D  is  attached  a 
double  lever  K，  supported  in  a  fulcrum  L，  and  projecting 
beyond  the  fulcrum  on  the  one  side  and  beyond  the  governor 
on  the  other  side.  On  the  side  beyond  the' fulcrum  is  fixed  a 
steel  catch  M  to  engage  with  a  toothed  rack  N，  and  on  the 
other  side  of  the  governor  D  a  balance  weight  O  is  attached  by 
a  pin  and  slot  and  made  so  that  its  position  can  be  adjusted  to 
suit  the  requirements  of  the  governor  D.  At  each  end  of  the 
box,  at  one  side,  is  fixed  a  perpendicular  arm  or  wyper  P 
working  on  a  pin  at  bottom  and  joined  together  by  two  flat 
bars  Q,  one  on  each  side,  with  pins  holding  them  together. 
Between  these  two  bars  is  fixed  a  rack  N  over  wliicli  the  double 
lever  K  and  catch  M  passes  as  the  governor  D  travels  along  the 
box  in  either  direction.  The  wyper  P  at  each  end  is  fitted  at 
top  with  a  set  screw  R  facing  the  direction  of  the  travel  of  the 
governor  D，  and  this  set  screw  can  be  adjusted  to  suit  varying 
stopping  conditions.  To  the  rank  N  and  wypers  P  is  fitted  a 
shaft  S，  double-ended  lever  TJ，  and  connecting  rods  T  with 
slots,  and  to  this  shaft  S  a  trip  lever  V  (Fig.  4)  is  secured  to 
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THE  STATUS  OF  THE  GAS  PRODUCER  IN  THE  UTILISATION 
OF  FUELS.* 

BY  ROBERT  HEYWOOD  FERNALD. 

The  composition  of  producer  gas  varies  greatly.  The  type  of 
producer,  the  method  aud  skill  used  in  operating,  tlie  unifor- 
mity and  the  regulation  of  the  air  and  steam  supply,  the 
kiud  and  quality  of  the  fuel  used,  the  depth  of  the  fuel  bed, 
the  distribution  of  the  fuel,  aud  the  uniformity  in  size  of 
the  fuel  are  factors  that  affect  the  product.  Inasmuch  as  the 
investigations  involved  in  this  discussion  relate  almost 
entirely  to  bituminous  coal,  lignite,  and  peat,  the  following 
typical  apalyses  of  up-draught  and  also  of  down-draught  pro- 
ducer gas  generated  with  these  several  fuels  in  a  pressure- 
producer  plant  are  given  below.  Percentages  are  by 
volume : — 

Typical  Analyses  of  Up- Draught  Pressure- Producer  Gas. 


Constituents. 

From 
Bituminous 
Coal. 

From 
Lignite. 

From 
Peat. 

Carbon  dioxide  (CO.,)  

9-84 

10.55 

12-40 

•04 

.16 

•  00 

Ethylene  (C,H4)  

•  18 

•  17 

•  40 

Carbon  monoxide  (CO)  

18-28 

18.72 

21.00 

13-74 

18.50 

Methane  (CH4)  

3-12 

3-44 

2-20 

55-64 

53-22 

45-50 

Fig.  1. 


u.  per  pound  of  coal  as  fired. 
-Relation  of  Kate  of  Fiuing  to  Caloiih-ic  Power  of  Fuel. 


Typical  Analyses  of  Dotcn-Dravyht  Producer  Gas. 


Constituents. 


Oxygen  (O,)  ... 
Ethylene  (CMX) 


Methane  (CH;) 


From 
BituiiiinoUH 
Coal. 

From 
Lignite. 

From 
l'eat. 

6-22 

11.87 

10-94 

.13 

.01 

•  41 

•  01 

•  00 

.06 

21-05 

16-01 

16-91 

12-01 

14-76 

10.1!) 

•  49 

•  98 

.6G 

GO- 09 

56.37 

60.83 

Carbon  monoxide,  hydrogen,  ethylene,  and  methane  are 
desirable  constituents  in  producer  gas,  and  the  suitability  of 
tlie  gas  for  a  particular  industrial  application  depends  some- 
what on  the  relative  proportions  of  these  constituents.  Pro- 
ducer gas  with  a  high  percentage  of  hydrogen  may  be  well 
adapted  to  certain  metallurgical  applications,  but  if  the  gas 

•  Abstract  of  Teclinica!  Vaper  9  of  the  United  States  Bureau  of  Mines,  De- 
partment of  the  Interior. 


is  to  be  used  in  internal-combustion  engines  the  percentage 
of  hydrogen  must  he  kept  within  certain  limits.  For  this 
reason  the  methods  of  operating  producer  plants  for  the 
generation  of  gas  for  power  purposes  are  often  quite  dif- 
ferent from  those  employed  where  the  gas  is  to  be  used  for 
metallurgical  work.  In  order  to  make  producer  gas  suitable 
for  use  in  an  engine  the  gas  must  l)e  thoroughly  scrubbed  and 
cleaned  and  be  sent  to  the  engine  at  a  low  temperature. 
Lowering  the  temperature  increases  the  density  of  the  gas, 
so  that  a  given  volume  contains  a  larger  number  of  heat 
units,  and  can  develop  more  power  in  the  engine. 

Broadly,  producer  gas  has  two  general  applications ― for 
power  purposes  and  for  metallurgical  work.  Three  distiiu  t 
types  of  gas-producer  plants  have  been  commercially  manu- 
factured, as  follows :  (a)  Suction  type,  (b)  pressure  type,  and 
(c)  down-draught  type.  Besides  these  three  a  coinbinatioji  of 
the  principles  of  up-draught  and  down-draught  has  recently 
been  brought  forward  in  the  double-zone  producer. 

Producer  gas  has  for  years  been  extensively  used  in 
various  types  of  furnaces  in  the  manufacture  of  iron  and 
steel.  This  use  has  become  more  and  more  general  during 
the  last  few  years.  In  the  manufacture  of  producer  gas  for 
metallurgical  processes  the  gas  goes  to  the  furnace  directly 
from  the  producer  without  any  cooling  or  cleaning. 

Among  the  uses  to  which  producer-gas  fuel  has  been  put 
are  annealing,  japanning,  enamelling,  tempering,  case- 
hardening,  type-casting,  yarn  singeing,  cooking,  and  the 
heating  of  moulds,  wash  kettles,  ladles,  stoves,  and  bakers' 
ovens.  It  has  also  been  used  quite  extensively  in  brick,  lime, 
and  cement  kilns,  and  in  various 
types  of  ore-roasting  furnaces. 

In  using  producer  gas  as  a  fuel, 
one  should  remember  that  the  heat 
value  of  the  gas  is  low  compared  to 
that  of  the  other  gases  that  are  used 
for  similar  purposes,  except  blast- 
furnace gas.  Natural  gas  has  an 
approximate  average  heating  value 
of  1,000  B.T.U.  per  cubic  foot;  the 
heating  value  of  artificial  or  ordinary 
city  gas  is  about  650  B.T.U.  per  cubic 
foot,  whereas  the  heating  value  of 
producer  gas  ranges  from  100  B.T.U. 
to  275  B.T.U.  per  cubic  feet,  accord- 
ing to  the  method  of  production.  In 
spite  of  its  low  heating  value  pro- 
ducer gas  is  usually  cheaper  for  work 
requiring  relatively  large  quantities 
of  gas  than  any  other  fuel,  with  the 
possible  exception  of  natural  gas  sold 
at  a  low  price. 

Ia  lime  burning  it  is  claimed  that 
greater  economy  is  obtained  with  pro- 
ducer gas  than  with  coal,  and  that  the 
output  of  a  plant  is  considerably  increased.  The  heat  pro- 
duced by  the  gas  is  readily  controlled,  and  it  is  claimed 
that  the  flames  from  burning  gas  are  perfectly  adapted  to 
the  process.  Owing  to  the  absence  of  ash  and  clinker  a  murli 
cleaner  and  purer  product  is  produced,  and  the  labour  re- 
quired is  reported  much  less  than  that  necessary  with  solid 
fuel. 

In  forge  work  the  substitution  of  producer  gas  for  oil, 
illuminating,  and  natural  gas  is  developing,  although  special 
care  is  necessary  regarding  the  methods  of  application.  The 
substitution  of  producer  gas  for  coal  in  cement  burning  seems 
to  offer  an  attractive  field.  It  is  claimed  that  excellent 
economy  is  obtained,  that  a  high-grade,  uniform  clinker  is 
produced,  and  that  the  ease  of  control,  the  simplicity  of  the 
equipment,  and  the  low  cost  of  the  installation  and  upkeep 
make  producer  gas  an  ideal  substitute  for  coal. 

The  peculiar  characteristics  of  the  suction  producer  plant 
practically  limit  fuels  for  this  type  of  installation  to  those 
containing  little  or  no  tar.  Hence  anthracite  and  semi- 
antliracite  coal,  coke,  and  charcoal  are  the  principal  fuels  used . 
The  standard  types  of  suction  producer  are  designed  to  use 
these  fuels  in  what  is  commonly  known  as  pea  size.    If  very 
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small  coal  is  to  be  used,  such  as  rice,  barley,  or  fine  screenings, 
or  coke  breeze,  special  producers  are  usually  required. 

Anthracite  is  the  standard  fuel  for  suction  producers,  ajid 
under  certain  conditions  it  is  an  excellent  fuel.  There  are  a 
great  many  power  plants  in  daily  use  requiring  attention  not 
over  two  or  three  hours  a  day,  that  are  as  reliable  as  any 
steam-engine  plant  of  the  same  size,  and  are  far  more  economi- 
cal. On  the  other  hand,  there  are  many  installations  that 
require  attention  practically  all  the  time,  and  even  then  are 
frequently  shut  down.  The  troubles  of  these  plants  are  often 
traceable  to  serious  clinkering  which  may  be  due  to  the 
behaviour  of  the  coal  under  certain  temperature  conditions, 
and  may  be  unavoidable  in  plants  of  the  ordinary  construction . 
However,  in  many  instances  clinkering  and  a  bad  condition 
of  the  fuel  bed  are  caused  by  an  overload  or  excessive  demands 
upon  the  plant.  For  the  most  part  these  overload  conditions 
are  undoubtedly  due  to  an  over-rating  of  the  producer  by  the 
manufacturer.  This  fact  has  already  been  recognised  by  some 
makers,  with  the  result  that  the  guaranteed  rating  of  their 
plants  has  been  reduced  25  per  cent,  for  the  same  area  of 
fuel  bed. 

Even  with  the  same  working  conditions  much  less  difficulty 
is  experienced  with  one  grade  of  anthracite  than  with  another. 
It  is  doubtful,  however,  whether  sufficient  study  has  yet  been 
made  to  warrant  drawing  fuel  specifications  that  will 
guarantee  practically  no  difficulty  in  producer  plants  of  the 
suction  type. 

In  handling  these  suction  producers  it  is  necessary  to  keep 
the  grates  free  from  clinker  and  ash  in  order  to  facilitate  the 


， 
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rounos  or  co"  as  firco  per  souare  foot  or  futt  b[d  per  hour 
Fig.  2.— Relation  of  Volume  of  Standabd  Gas  Generated  to  Kate 
of  Firing. 

action  of  the  engine  in  producing  the  necessary  draught,  and 
to  keep  a  clean  fire  a  great  many  operators  rake  out  consider- 
able partly  burned  coal.  It  is  the  custom  in  many  plants  to 
throw  this  partly  burned  coal  back  into  the  producer.  Though 
this  practice  is  satisfactory  in  some  cases,  yet  with  certain 
kinds  of  anthracite  it  facilitates  clinkering.  As  a  result,  the 
practice  has  been  abandoned  in  some  installations  and  the 
partly  burned  material,  or  coke,  is  saved  for  use  in  fireplaces 
or  kitchen  ranges. 

Coke  gives  much  more  trouble  from  clinkering  than 
anthracite  and  its  use  necessitates  taking  a  longer  time  to  get 
the  producer  into  operation  in  the  morning,  after  a  standby 
overnight.  Because  of  the  price  of  anthracite,  some  people 
advocate  using  a  mixture  of  anthracite  and  coke.  Many 
operators  claim  that  the  best  results  are  obtained  with  coke 
when  it  is  crushed  to  walnut  size. 

Many  efforts  have  been  made  to  develop  suction  plants  that 
will  prove  commercially  profitable  in  the  use  of  the  tarry  fuels, 
such  as  bituminous  coal,  】ignite，  and  peat.  Considerable 
success  has  been  attained  both  in  Europe  and  the  United 
States  with  the  use  of  lignite  in  suction  producers. 

Among  the  most  interesting  producer-gas  plants  in  Europe 
are  those  burning  peat.  The  application  of  small  peat-burning 
producer  plants  for  generating  power  has  become  general  in 


Europe,  although  the  first  plant  of  this  type  was  installed 
only  five  or  six  years  ago.  Before  it  is  charged  into  the  pro- 
ducer, air-dried  peat,  containing  about  25  or  30  per  cent, 
moisture,  is  passed  through  a  crusher  and  broken  into  pieces 
lin.  to  4in.  diam. 

The  operation  of  the  suction  producer  on  bituminous  coal 
has  been  attempted  by  nearly  all  producer  plant  manu- 
facturers, and  the  demand  for  small  power  units  to  operate  on 
bituminous  coal  is  large.  Little  success  has  been  attained  in 
the  United  States  in  meeting  this  demand,  but  in  Europe  the 
leading  manufacturers  are  nearly  all  working  on  the  problem, 
and  each  one  has  some  form  of  plant  that  he  feels  is  well 
adapted  to  bituminous  coal.  Limitations  are,  however, 
imposed  abroad  ；  that  is,  special  restrictions  are  placed  on 
the  types  of  fuel  that  may  be  used.  One  manufacturer  states 
that  the  bituminous  coal  used  in  a  suction  plant  of  his  design 
must  be  of  good  quality,  low  in  ash  (8  to  10  per  cent,  as  a 
maximum),  and  non-caking,  and  must  not  contain  more  than 
7  per  cent.  tar.  The  same  idea  is  expressed  by  another  manu- 
facturer, who  says  that  for  coals  other  than  anthracite  he 
confines  his  attention  to  short-flaming,  low-ash  coals  that  do 
not  cake  and  make  little  tar.  To  satisfy  these  limitations 
three  varieties  of  coal  are  often  required,  mixed  in  proper 
proportions.  All  fine  coal  is  sifted  and  the  dust  thrown  out 
to  prevent  matting.  Under  similar  restrictions  it  is  difficult 
to  see  how  such  plants  can  meet  commercial  demands. 

The  range  of  fuels  that  can  be  used  in  either  the  pressure 
or  down-draught  plants  is  much  greater  than  that  for  the 
suction  plant.  All  of  the  fuels  mentioned  for  the  suction 
plant,  considered  purely  for  their  gas-making  qualities,  are 
available  for  use  in  these  installations.  The  price  is  the 
principal  controlling  factor. 

The  development  of  the  crude-oil  gas  producer,  for  which 
there  is  great  demand  in  oil  regions  remote  from  the  coalfields, 
has  been  exceedingly  slow,  but  there  is  reason  to  believe  that 
decided  progress  lias  recently  been  made.  The  most  recent 
notes  on  this  subject  relate  to  the  Grine  oil  producer.  In  this 
type  of  producer  a  steam  spray  is  used  for  atomising  the 
oil  which  is  introduced  into  the  upper  part  of  the  generator 
where  partial  combustion  takes  place.  The  down-draught 
principle  is  then  applied  and  hydrocarbons  are  broken  up  and 
the  tar  is  fixed  by  passing  through  a  bed  of  incandescent  coke. 
A  power  plant  using  one  of  these  producers  has  been  in  opera- 
tion a  year  in  California.  "With  crude  oil  as  fuel，  costing 
95  cents  per  barrel,  or  2-3  cents  per  gallon,  the  plant  is 
reported  to  develop  the  same  power  per  gallon  of  crude  oil  as 
is  ordinarily  developed  by  the  standard  internal-combustion 
engine  operating  on  distillate  at  7  cents  per  gallon.  Including 
the  cost  of  fuel,  labour,  supplies,  interest,  depreciation,  and 
taxes,  the  cost  per  brake  horse-power  hour  is  stated  to  be 
076  cent  for  a  plant  of  100  h. p.  rating. 

Besides  the  fuels  previously  mentioned,  producers  have 
been  operated  on  wood,  sawdust,  tanbark,  straw,  hay,  corn- 
cobs, cornstalks,  and  even  leather  scraps,  but  these  fuels, 
with  the  possible  exception  of  wood  and  sawdust,  have  not 
come  into  general  use. 

It  is  customary  at  the  present  time  to  designate  the  capa- 
city of  gas  producers  in  terms  of  horse-power.  As  is  the  case 
with  boilers,  however,  this  usage  is  a  misnomer,  since  there  is 
no  such  thing  as  the  horse-power  of  a  producer.  The  expres- 
sion strictly  means  the  size  of  producer  that  will  uniformly 
supply  an  engine  of  a  given  horse-power  rating  with  gas  over 
a  considerable  period  of  time;  that  is;  a  250  h.p.  producer 
means  one  that  will  supply  sufficient  gas  to  operate  an  engine 
rated  at  250  b.h.p.  for  several  consecutive  hours  under 
full  load. 

From  the  general  discussion  on  gas-producer  fuels  it  will 
be  seen  that  the  quantity  of  fuel  that  can  be  burned  in  a  given 
gas  producer  per  hour  and  the  quantity  of  gas  that  can  be 
generated  will  vary  widely  according  to  tlie  kind  of  fuel  used. 
This  point  is  perhaps  made  clearer  by  Figs.  1  and  2，  which 
show  the  rate  of  burning  of  a  large  variety  of  fuels  in  a  pro- 
ducer of  the  dimensions  necessary  to  develop  sufficient  gas  to 
operate  a  235  b.h.p.  engine  at  full  load.  A  wide  difference 
will  be  observed  in  the  required  rates  of  fuel  consumption 
between  the  coals  of  high  heat  value  (14,000  or  more  B.T.U. 
per  pound)  and  those  of  low  heat  value  (between  7,000  and 
8,000  B.T.U.  per  pound). 

Again,  it  is  obvious,  from  a  study  of  the  curve  shown  in 
Fig.  1，  that  if  the  rate  of  burning  the  high  heat  value  coals  be 
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increased  to  that  of  the  low  heat  value  fuels,  the  volume  of  gas 
generated  will  be  large  enough  to  supply  an  engine  of  much 
more  than  235  h.p.  In  other  words,  the  producer  that  would 
be  called  a  235  h.p.  producer  with  one  fuel  might  be  rated  as 
300  h.p.  with  another  fuel  and  400  h.p.  with  another. 

For  metallurgical  and  furnace  purposes  in  which  no  engine 
is  employed  there  is  no  definite  relation  between  horse-power 
and  producer  size.    In  general,  then,  a  better  method  is  to 
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Fig.  3.— Relation  of  Volume  of  Standard  Gas  Generated  to  Calorific  Power  of  Fuel 


designate  producers  by  the  diameter  of  the  fuel  bed  and  the 
rate  of  burning  the  fuel  per  square  foot  of  fuel-bed  area. 

The  rate  of  fuel  consumption  is  an  uncertain  factor  and  has 
led  to  much  difficulty  in  designing  and  in  rating  producers. 
Early  work  in  the  United  States  followed  European  practice 
almost  entirely,  and  thereby  occasioned  a  great  deal  of  trouble 
in  properly  rating  the  plants  and  brought  about  the  ultimate 
failure  of  many  of  them.  Under  European  conditions,  in 
which  fuels  of  a  certain  grade  are  specified,  high  rates  of  fuel 
consumption  may  be  obtained.  Similar  rates  are  not  impos- 
sible under  corresponding  circumstances  in  the  States,  but  as 
such  conditions  seldom  prevail,  it  has 
been  found  that  in  general  the  rate 
of  fuel  consumption  per  square  foot 
of  fuel-bed  area  does  not  average 
much  over  half  the  amount  originally 
guaranteed  by  the  early  manufac-  | 
turers.  This  fact  has,  of  course,  led  I 
to  a  decided  modification  in  the  de-  | 
sign  and  proportions  of  many  plants.  | 
Even  to-day  there  is  some  tendency  \ 
to  over-rate  producers,  especially  \ 
those  of  the  suction  type.  Such  * 
over- rating  is  not  only  likely  to  make  1 
trouble  in  adjusting  the  purchase  ； 
price  of  these  plants,  but  usually  \ 
results  in  serious  operating  difficul-  I 
ties  if  the  installation  is  worked  at  | 
or  near  its  capacity.  It  has  been 
observed  frequently  that  a  given  plant 
using  anthracite  of  good  quality 
will  have  no  operating  difficulties 
when  working  up  to  50  or  75 
per  cent,  of  the  rated  capa- 
city of  the  producer,   but   if  the 

producer  is  forced  to  its  full  rating  for  any  length  of  time, 
clinkering  and  other  troubles  are  encountered.  These  are 
often  sufficiently  serious  to  necessitate  a  reduction  in  load  at  a 
time  when  such  a  reduction  is  most  inconvenient. 

Although  the  rate  of  burning  high-grade  coal  may  be 
materially  increased  over  that  indicated  in  Fig.  1，  such  an 
increase  is  not  always  possible.  A  great  deal  depends  upon 
the  character  of  the  fuel,  and  especially  upon  the  nature  of  the 
asli.  If  the  ash  is  highly  fusible,  it  may  cause  such  serious 
trouble  from  clinkers  that  the  rate  of  fuel  consumption  will  be 
decidedly  restricted,  whereas,  on  tlie  other  hand,  the  char- 
acter of  the  ash  may  be  such  as  to  allow  a 】iigh  fuel  consump- 


tion. The  possibility  of  obviating  all  trouble  from  clinkering 
and  ash  accumulation,  and  permitting  plants  to  operate  con- 
tinuously, is  receiving  attention  in  the  attempt  to  maintain 
high  fuel-bed  temperatures  and  to  remove  t\w,  usli  in  the  form 
of  molten  slag. 

Certain  types  of  fuel,  such  as  lignite,  permit  a  high  rate 
of  fuel  consumption,  especially  in  producers  of  the  down- 
draught  type.  Plants  are  in  operation  that  consume  more 
than  401bs.  of  lignite  per  square  foot 
of  fuel-bed  area  per  hour,  but  the 
majority  of  producers  do  not  gasify 
ordinary  fuels  at  any  such  rate.  It 
is  true  that  suction  and  pressure  pro- 
ducers may  be  made  to  gasify  com- 
paratively large  quantities  of  fuel  per 
hour  for  relatively  short  periods,  but 
in  actual  operation  with  ordinary 
grades  of  fuel  it  is  doubtful  if  the 
consumption  exceeds  151bs.  to  161bs. 
per  square  foot  of  fuel-bed  area.  The 
normal  figure  seems  to  be  much 
nearer  101bs.，  although,  of  course, 
some  variation  should  be  allowed  for 
the  "  workability  of  the  fuel."  Even 
lOlbs.  may  be  a  high  figure  in  the 
case  of  fuels  having  a  large  percen- 
tage of  ash  or  a  sulphur  content  that 
tends  to  produce  serious  clinkering. 

The  depth  of  the  fuel  bed  car- 
ried in  various  plants  seems  to 
differ  considerably.  It  is  essen- 
tial to  have  the  fuel  bed  at 
all  times  deep  enough  properly 
to  reduce  carbon  dioxide  to  carbon  monoxide*  It  is 
also  important  that  the  fuel  bed  be  deep  enough  to 
prevent  excessive  heating  and  burning  of  the  gas 
and  the  formation  of  large  channels  by  the  draught.  The 
proper  depth  of  the  incandescent  zone  will  of  necessity  vary 
materially  with  the  character  of  the  fuel,  but  in  general  will 
be  from  2ft.  to  4ft. 

The  quantity  of  producer  gas  derived  from  a  ton  of  fuel 
varies  according  to  the  fuel  used,  the  type  of  producer  plant, 
and  the  method  of  operation.  At  the  Government  fuel- 
testing  plant  at  St.  Louis  the  number  of  cubic  feet  of  gas 


二 


Fig.  4.— Relation  of  Weight  of  Coal  Used  peu  B.H.I).  Hour  to  Calorific  Power  of  Fuel. 

produced  from  various  fuels  in  au  up-draught  pressure  pro- 
ducer per  pound  of  fuel  was  as  follows  ： ― 
Quantity  of  Gas  Produced  per  Pound  of  Fuel  in  an  Up-draught 
Pressure  Producer. 


Character  of  Fuel. 

Average. 

Maximum. 

Miuimam. 

/  s  fired 
cub.  ft. 

Dry 
cub.  ft. 

As  fired 
cub.  ft. 

Dry 
cub.  ft. 

As  fired 
cub.  ft. 

Dry 
cub.  ft. 

Bituminous  coal" 
Peat   

647 
45*7 
38-3 

o 寸 ' 

1035 
52-8 

370 
2fil 

40-9 

38-8 
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Tlie  relation  of  this  gas  production  to  the  calorific  power  of 
the  fuel  is  shown  in  Fig.  3.  Based  on  the  above  averages  the 
yield  of  gas,  in  cubic  feet  per  pound  of  dry  fuel,  that  may  be 
expected  from  various  fuels  in  tins  type  of  producer,  is  roughly 
as  follows  :  Coke  or  charcoal,  90  ；  anthracite,  75  ；  bituminous 
coal,  65  ；  lignite,  46  ；  and  peat,  38.  On  the  basis  of  the 
Government  test's  the  gas  yield  and  the  heat  value  of  the  gas 
per  ton  of  fuel  as  fired  are  approximately  as  follows  ： ― 

Yield  and  Heat  Value  of  Gas  per  Ton  of  Fuel  as  Fired  in  an 
Up-draught  Pressure  Producer. 


Character  of  Fuel. 

Yield  of  Oas 
per  Ton  of  Fuel 
as  Fired  cub.  ft. 

Heat  Value 
of  (las  per 

cub.  ft. 

B.T.U. 

Heat  Value 
of  Gas  per 
Ton  of  Fuel 
as  fired 
B.T.U. 

170,000 

140 

23,800,000 

140,000 

135 

10,000,000 

120,000 

152 

】 8,300,000 

72,000 

158 

11,400,000 

"0，000 

]7r, 

10,500,000 

One  of  the  fundamental  reasons  for  tlie  rapid  development 
of  gas  producer  plants  is  the  low  fuel  consumption  of  these 
plants  per  horse-power  hour.  The  consumption  varies  con- 
siderably with  the  heat  value  of  the  fuel,  but  the  St.  Louis 
tests  show  that  even  for  the  low-grade  fuels  the  relative 
consumption  is  low,  as  indicated  in  Fig.  4. 


UTILISATION  OF  PEAT  IN  GAS  PRODUCERS. 

Owing  to  the  very  large  proportion  of  water  contained  in  peat, 
it  is  impossible  to  utilise  it  in  a  gas  producer  without  first 
drying  it,  wholly  or  partially.  Several  methods  have  been 
devised  for  accomplishing  this,  but  owing  to  their  heavy  cost 
they  have  not  been  adopted  to  any  extent.  Another  method 
wliich  has  recently  been  patented  by  D.  Civita,  82,  Corso 
Magenta,  Milan,  Italy,  consists  in  passing  the  hot  products  of 
combustion  of  the  gases  from  tlie  producer  over  or  through  the 
peat  after  it  has  been  dried  by  pressure  or  by  disintegration 
and  subsequent  drainage,  as  far  as  is  practicable.  These  pro- 
ducts of  combustion  may  be  the  flue  gases  from  steam  gene- 
rators, the  exhaust  gases  from  some  form  of  internal - 
combustion  engine,  or  the  waste  gases  from  a  heating  furnace. 
As  they  are  comparatively  small  in  volume  but  at  a  higher 
temperature  than  is  necessary,  it  is  more  economical  to  dilute 
them  with  air  before  they  are  passed  through  the  peat.  In 
practice  it  is  found  that  when  the  gases  have  passed  through 
the  peat  they  will  contain  sufficient  heat  to  raise  the  steam 
or  part  of  the  steam  required  for  the  blast  of  the  producer 
when  the  latter  is  to  be  worked  with  recovery  of  ammonia. 

The  freshly  dug  peat  is  placed  on  a  conveyer  band  and 
delivered  directly  into  a  Kraus  machine,  which  is  a  bottle- 
shaped  vessel  having  parallel  screw  shafts  rotating  in  its  wider 
part  so  that  they  break  and  forward  the  peat,  fed  into  the 
vessel  at  the  wide  end,  and  discharge  it  at  the  narrow  end. 
The  broken  peat  is  conveyed  to  the  place  in  which  the  producer 
plant  is  situated  and  is  dumped  into  a  pit  where  it  is  allowed 
to  remain  for  a  couple  of  days  or  longer,  during  which  time  a 
considerable  portion  of  the  water  in  it  drains  away.  From 
the  pit  the  peat  is  elevated  to  a  second  Kraus  machine  which 
delivers  the  partially  dried  peat  in  the  form  of  lumps  about 
the  size  of  a  fist.  These  are  received  on  wire  gauze  trays 
which  when  filled  are  placed  in  trucks  for  passage  through  the 
drying  chamber. 

The  drying  chambers  are  arranged  in  parallel  (see  Figs.  1 
and  2).  Each  chamber  consists  of  a  brickwork  tunnel  A  of  a 
length  adapted  to  receive  seven  of  the  trucks  B，  and  of  a 
cross-section  slightly  larger  than  that  of  the  trucks.  In  Fig.  1 
it  is  assumed  tliat  the  trucks  enter  at  the  left-hand  end  and 
leave  at  the  right-hand  end,  each  end  being  closed  by  a  door 
except  when  a  truck  is  passing.  The  mixture  of  air  and  hot 
products  of  combustion  is  forced  under  pressure  into  a  main 
C  serving  a  number  of  adjacent  chambers,  and  is  distributed 
by  pipes  D  which  connect  with  horizontal  flues  E  in  the  walls 
between  the  chambers.  These  flues  are  substantially  of  a 
length  corresponding  with  the  length  of  the  chamber  occupied 
by  two  trucks  and  communicate  with  the  interior  of  the 
chambers  through  ports  F  so  that  the  mixture  of  air  and  hot 
products  may  be  evenly  distributed  at  this  end  of  the  chamber. 
At  i lie  oilier  end  of  the  chamber  the  moist  gases  pass  away 


througli  a  flue  G  at  such  a  temperature  that  they  may  si-ill 
be  used  in  any  known  apparatus  for  raising  steam  for  use  in 
the  blast  supplied  to  tlie  producer.  To  the  latter  the  (Iriwl 
peat  may  be  delivered  directly  it  leaves  the  chamber. 

The  method  described  may  perhaps  be  best  appreciated  by 
referring  to  a  specific  case,  namely,  an  electric  power  station 
worked  by  producer  gas  engines.  The  peat  from  the  bog  con- 
tains, say,  some  88  per  cent,  of  water.  The  process  of  com- 
minution  and  storage  in  heaps  reduces  this  to  75  per  cent.,  but 
it  is  found  impossible  to  use  this  peat  profitably  in  the  pro- 
ducer unless  the  water  is  reduced  to  50  per  cent.  Each  truck 
B  carries  about  2*2  tons  of  peat  containing  75  per  cent,  of 
water ,  arranged  on  15  trays  H.  Each  chamber  contains 
seven  trucks  and  one  truck  is  removed  and  one  introduced 
every  1 A  hours.  For  seven  sucli  chambers  operated  in 
parallel,  a  blower  absorbing  about  70  li.p.  is  used  and  tJie 
products  of  combustion  fed  to  this  blower  are  mixed  on  their 
way  with  so  much  air  that  the  temperature  of  the  mixture  is 
about,  】05°  C.    Under  these  conditions  it  is  found  that  about 
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Fig.  2. 

Apparatus  for  Drying  Peat  foe  Use  ik  Gas  Producers. 

350  calories  contained  in  the  hot  gases  remove  from  the  peat 
one  kilo  of  w^ter.  This  is  explained  by  the  fact  that  only  part 
of  the  water  contained  in  the  peat  is  carried  away  as  vapour, 
the  rest  being  either  carried  as  water  in  suspension  by  the 
gases,  or  condensed  before  the  latter  leave  the  chamber.  It  is 
found  that  the  hot  gases  blown  into  the  chamber  and  coming 
into  contact  with  the  moist  peat,  are  gradually  saturated  and 
their  temperature  decreased  as  they  travel  onwards,  till  when 
they  reach  the  fourth  or  fifth  truck  they  are  fully  saturated 
at  the  temperature  they  have  attained  at  that  point.  In 
passing  through  the  succeeding  two  or  three  trucks  of  wet  peat, 
the  temperature  of  these  gases  still  diminishes  very  consider- 
ably, but  the  short  time  occupied  in  travelling  through  these 
trucks  prevents  any  water  vapour  from  being  condensed,  so 
that  the  gases  become  super-saturated,  while  the  heat  they 
lose  in  passing  through  this  peat  is  transferred  to  the  peat. 
The  last  two  or  three  trucks  of  peat  in  the  chambers  act  as 
condensers,  for  it  is  found  that  a  very  considerable  amount  of 
water  is  deposited  both  on  the  surface  of  the  wet  peat  con- 
tained in  these  trucks  and  on  the  trucks  themselves.  The 
liquid  water  drops  freely  from  these  trucks,  and  a  water  drain 
has  to  be  provided  at  this  end  of  the  drying  chamber  to  carry 
away  the  water  in  the  same  direction  as  the  gases. 


Man  Killed  by  Collapsing  Crane. ~ A  workman  was  killed 
on  the  28th  ult.，  while  operating  a  steam  crane  at 
Jackson's  quariies,  Britannia, '  near  Bacup.  The  man,  it 
appears,  was  winding  a  piece  of  stone  weighing  about  seven 
tons,  and  wlien  the  stone  was  near  the  top  he  seems  to  have 
changed  the  gearing.  The  stone  began  to  descend  to  the 
delpli,  wlien  suddenly  the  crane  collapsed.  Part  of  the 
machinery  broke  a  steam  pipe,  causing  a  dense  volume  of 
steam  to  escape.  As  a  result,  the  man  was  so  seriously 
injured  that  lie  died  on  the  way  to  the  Infirmary. 
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BRITISH  ASSOCIATION. 

PUESIDENTIAL  AdDKESS  TO  THE   ENGINEERING  SECTION. 
BV    PROF.   ARCniUALD    BARR,  D.SC. 

One  of  the  great  engineers  of  the  past,  Leonardo  da  Vinci, 
prefaced  a  collection  of  observations  on  various  themes,  in- 
cluding the  Mechanical  Arts,  with  the  remark  :  Seeing  that 
I  cannot  choose  any  subject  of  great  utility  or  pleasure, 
because  my  predecessors  have  already  taken  as  their  own  all 
useful  and  necessary  themes,  I  will  do  like  one  who,  because 
of  his  poverty,  is  the  last  to  arrive  at  the  fair,  and  not  being 
able  otherwise  to  provide  himself,  chooses  all  the  things  that 
others  have  already  looked  over  and  not  taken,  but  refused 
as  being  of  little  value.  With  these  despised  and  rejected 
wares— the  leavings  of  many  buyers— I  will  load  my  modest 
pack  aud  therewith  take  my  course."  These  words  describe, 
with  some  approach  to  exactitude,  the  position  in  which  I 
find  myself,  and  may  form  a  fitting  introduction  to  an  address 
that  will  be  discursive  rather  than  systematic,  and  perhaps 
more  critical  than  constructive. 

It  may  be  less  true  to-day  than  it  was  four  hundred  years 
ago  to  say  that  all  important  matters  concerning  the  existing 
state  of  the  mechanical  arts  have  been  dealt  with  in  spoken  or 
written  addresses.  Each  year  there  might  be  found  sufficient 
subject  matter  for  a  general  survey  of  the  ground  that  has 
been  covered  or  a  sketch  of  what  lies  before  us.  But  each 
important  advance  is  nowadays  recorded  as  soon  as  it  is  made, 
and  I  do  not  feel  that  I  have  any  special  call  to  assume  tlie 
role  of  the  historian,  nor  can  I  claim  any  right  to  don  the 
mantle  of  the  prophet. 

A  president  of  this  section,  who  is  not  disposed  to  deal 
with  the  general  aspects  of  the  progress  being  made  in  the 
department  of  science  allotted  to  us,  can  usually  find  a  large 
enough  subject  for  his  address  within  the  limits  of  that  part 
of  our  wide  field  with  which  his  own  work  has  been  more  par 
ticularly  identified,  and  it  might  be  expected  that  I  would 
devote  my  address  to  a  discussion  of  the  conclusions  at  which 
I  have  arrived  during  36  years  of  practice  and  experience  in 
the  teaching  of  mechanical  science.  But  so  much  has  been 
said  of  late  on  the  training  of  engineers,  and  so  many  diver- 
gent and  even  irreconcilable  opinions  have  been  expressed 
regarding  the  lines  such  training  should  follow,  that  I  feel  sure 
I  shall  be  relieving  the  apprehensions  of  some  of  my  audience 
if  T  begin  by  stating  that  I  do  not  propose  to  inflict  upon  you 
a  discourse  on  that  threadbare  theme.  There  are  limits  to 
the  endurance  even  of  those  who  practise  a  profession  well 
calculated  to  inculcate  the  virtues  of  patience  and  forbear- 
ance. 

When  we  have  as  president  of  the  section  one  who  has 
broken  new  paths  in  the  exploration  of  the  territory  assigned 
to  us,  or  to  whose  labours  the  fruitfulness  of  some  corner  of 
the  domain  may  be  chiefly  attributed,  we  would  hardly  be 
disposed  to  tolerate  the  omission  from  his  address  of  an 
account  of  his  own  special  work,  in  investigation  or  in  prac- 
tice, and  the  developments  to  which  it  is  leading.  But  while, 
no  doubt,  every  worker  is  the  chief  authority  on  something  or 
other,  the  plot  he  cultivates  may  be  so  restricted  in  area,  and 
its  products  may  bulk  so  little  in  the  general  harvest,  as  to 
form  no  suitable  topic  to  engage  the  attention  of  his  fellow- 
workers  on  such  an  occasion  as  this. 

When  an  engineer  leaves  practice  in  the  great,  and  takes 
to  the  devising  and  production  of  what  are  usually  referred 
to  specifically  as  "  scientific  instruments  "  (though  all 
machines  and  mechanical  appliances  may  properly  be  classed 
as  such),  his  colleagues  in  the  profession  may  be  disposed  to 
look  upon  the  change  as  a  degeneration  of  species.  Naturally 
I  am  not  disposed  to  accept  such  a  verdict.  Remembering 
the  careers  of  those  who  did  most  in  the  founding  of  the 
various  branches  of  present-day  practice,  I  am  quite  prepared 
to  accept  as  applicable  another  phase  borrowed  from  the  lan- 
guage of  the  biologist,  and  to  let  it  be  called  a  "  reversion  to 
a  more  primitive  type."  But  instead  of  dealing  with  the 
narrow  branch  of  applied  science  with  which  my  own  practice 
is  chiefly  connected,  I  prefer  to  utilise  the  short  time  at  my 
disposal  to  make  some  observations  upon  a  larger  and  more 
general  theme.    The  thesis  which  I  propose  to  uphold  may 


not  fall  very  obviously  within  the  scope  of  the  original  aims  of 
the  British  Association,  but  it  has,  at  least,  an  intimate  bear- 
ing on  the  work  of  those  who  are  concerned  with  the  applica- 
tions of  mechanical  science. 

TredgolcTs  oft-quoted  definition  of  engineering  as  "the 
art  of  directing  the  great  sources  of  power  in  nature  for  tli" 
use  and  convenience  of  man  "  may  well  be  taken,  and  often 
lias  been  taken,  as  a  text  upon  which  to  hang  a  discourse  on 
the  importance  of  the  profession  to  which  many  of  us  belong, 
the  leading  part  it  has  played  in  the  process  of  civilisation, 
and  the  dependence  of  the  world  to-day  on  its  activities.  But 
the  words  suggest  failures  as  well  as  achievements,  and  respon- 
sibilities no  less  than  privileges.  The  definition  suggests  that 
the  engineer  not  only  fails  in  his  vocation  if  he  does  not 
accomplish  something  for  the  use  and  convenience  of  man, 
but  further,  that  he  acts  contrary  to  the  spirit  of  liis  profes- 
sion if  he  directs  the  sources  of  power  in  Nature  to  the  unuse* 
or  inconvenience  of  man  ；  and  surely  we  must  understand  by 
"man"  not  the.  engineer's  immediate  client,  but  inankind 
in  general.  The  works  of  the  engineer  are  to  be  used  by  some 
people  ；  they  have  to  be  endured  by  all. 

Taking  the  】iigliest  view  of  our  calling ― and  surely  we  do 
not  hold  that  ours  is  in  any  sense  a  sordid  or  selfish  vocation — 
the  engineer  fails  in  the  fulfilment  of  his  duty  in  so  far  as  his 
works  are  detrimental  to  the  health,  or  destructive  to  the 
property  of  the  community,  or  iu  so  far  as  they  are  unneces- 
sarily offensive  to  any  of  the  senses  of  those  who  are  compelled 
to  live  with  them.  There  has  been  too  great  a  neglect  of  such 
considerations.  The  medical  practitioner  is  held  to  be  negli- 
gent of  his  duty  if  he  acts  solely  in  the  immediate  interests 
of  his  patient,  and  does  not  take  due  precaution  to  guard 
against  the  spread  of  disease  or  the  offence  of  the  community 
by  the  exhibition  of  unsightly  forms.  We  should  take  as  high 
a  view  of  our  responsibilities. 

In  his  presidential  address  to  the  association  last  year, 
Sir  Wm.  Ramsay  said  that  the  question  for  the  engineer  lias 
come  to  be  not  "  can  it  be  done  ？,,  but  "  will  it  pay  to  do  it  ？，， 
The  answer  to  this  question,  in  respect  to  any  particular  pro- 
posal, depends  on  the  width  of  view  we  take  in  answering  two 
preliminary  questions,  Whose  interests  are  we  to  consider '? 
and,  What  do  we  mean  by  paying  ？  Of  course,  there  are  limits 
that  must  be  set  in  answering  each  of  these  ；  my  present  con- 
tention is  that  these  limits  are  usually  much  too  narrowly 
drawn.    A  road  surveyor  may  save  a  few  pence  or  shillings  to 
his  county  council  by  leaving  a  piece  of  newly  metalled  road 
unrolled ― because  the  clock  strikes  the  hour  for  retiring ― 
and  may  thereby  cause  expense,  amounting  to  pounds,  it  may 
be  to  hundreds  of  pounds,  through  damage  to  motor-cars  or 
the  laming  of  horses  (not  to  speak  of  loss  of  life  or  limb),  to 
the  users  of  the  road,  v/ho  are,  after  all,  the  clientele  he  is 
there  to  serve.    Does  it  pay  ？    The  authorities  of  a  city  will 
spend  large  sums  on  the  adornment  of  the  streets  with  stately 
and  ornate  buildings,  and  on  the  purchase  of  works  of  art ― 
and  rightly  so,  though  comparatively  few  of  the  citizens  can 
appreciate  or  even  give  themselves  the  chance  of  appreciating 
them ― while  they  will  tolerate  or  even  be  directly  responsible 
for  the  running  on  these  same  streets  of  quite  unnecessarily 
ugly  and  noisy  tranicars,  and  congratulate  themselves  on  the 
drawing  of  a  paltry  income  from  the  display  of  hideous  adver- 
tisements that  are  constantly  before  the  eyes  of  the  whole 
community.    Does  it  pay  thus  to  separate  aesthetic  from  utili- 
tarian demands  and  interests  ？ 

It  is  too  much  to  assume  that  engineers  could  meet  all  the 
reasonable  demands  of  their  immediate  clients  without  pro- 
ducing, at  least  temporarily,  secondary  effects  that  may  be  of 
inconvenience  to  some  members  of  the  community.  Bacon, 
indeed,  said  that  "  The  introduction  of  new  inventions 
seemeth  to  be  the  very  chief  of  all  human  actions.  Inventions 
make  all  men  happy  without  either  injury  or  damage  to  any 
one  single  person,"  but  Bacon  was  a  philosopher,  and  dealt 
with  ideals  rather  than  with  bard  facts,  and  in  his  times 
inventors  had  not  yet  begun  to  dominate  all  the  elements  of 
our  physical  environment.  Had  he  lived  to-day  beside  one  of 
our  country  roads  he  might  have  had  something  to  say,  in 
another  key,  regarding  motor- cars  and  dust ;  or  had  bis  lot 
been  cast  in  the  proximity  of  a  great  centre  of  industry  be 

*  We  have  no  word  to  denote  very  clearly  the  negative  of  use,  as  the  term  is 
here  applied  ；  unuse  may  serve  it  for  the  present. 
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might  have  modified  his  conviction  of  the  universality  of  the 
benefits  conferred  by  the  inventor.  He  might  even  have  been 
disposed  to  agree  with  a  literary  man  of  to-day  who  is  reported 
as  asserting  that  "  The  universal  and  blatant  intrusion  of 
science  into  our  lives  has  resulted  in  a  total  disappearance  of 
repose."  Isolated  and  unqualified  statements  such  as  those 
I  have  quoted  are  like  proverbs ― you  can  always  find  two  that 
are  directly  opposed.  The  truth  lies  about  midway  between 
these  extremes,  or  rather  there  are  aspects  of  the  facts  in 
regard  to  which  one  is  an  approach  to  the  truth,  and  aspects 
in  which  the  other  has  some  justification.  Our  aim  should  be 
to  make  Bacon's  dictum  have  more  of  truth  and  Mr.  Stephen 
Coleridge's  assertion  have  less  foundation  in  fact.  And  the 
outlook  seems  to  me  to  be  a  very  hopeful  one,  though  to  be 
able  to  take  an  altogether  favourable  view  of  the  tendencies 
of  the  present  time,  one  must  be  an  optimist  of  the  true 
order —— " One  who  can  scent  the  harvest  while  the  snow  is  on 
the  ground. _M 

When  we  examine  into  the  immediate  causes  of  the  in- 
juries and  inconveniences  that  result  from  our  activities  we 
find  that  they  are  due  in  all,  or  almost  all,  cases  to  failures 
rather  than  to  successes.    The  more  completely  the  engineer 
achieves  the  primary  end  of  his  work  the  less  is  the  damage  or 
injury  that  can  be  laid  to  his  charge.    If  it  can  be  shown  that 
this  is  a  very  general  law,  as  I  think  it  can  be,  we  may  look 
forward  to  the  elimination,  as  a  direct  result  of  progress  in 
the  mechanical  arts,  of  the  nuisances  and  inconveniences  for 
which,  in  some  measure  at  least,  we  must  accept  responsi- 
bility.   And  not  only  so，  but  the  converse  will  be  equally  true 
― the  more  we  keep  in  view  the  removal  or  avoidance  of  any- 
thing that  can  cause   offence,   the  more  rapidly  we  shall 
advance  in  the  attainment  of  the  primary  ends  at  which  we 
aim.    Consider,  by  way  of  example,  the  nuisance  to  which  I 
have  referred,  and  of  which  we  hear  so  much ― the  raising  of 
dust  by  motor-cars.    I  shall  not  discuss  the  debated  question 
as  to  how  far  the  motor-car  produces  dust,  or  only  distributes 
it,  nor  shall  I  deal  in  detail  with  the  possible  remedies.  We 
hope  to  have  a  paper  on  the  subject  at  this  meeting  from  one 
of  our  leading  authorities.    For  my  present  purpose  it  suffices 
to  point  out  that  it  is  no  part  of  the  function  of  a  road  surface 
to  fritter  itself  down  into  dust  under  traffic  of  any  kind.  The 
ideal  road  would  be  one  that  would  not  wear  at  all,  and  the 
nearer  we  approach  this  ideal  of  a  permanent  road  sur- 
face the  less  will  be  the  inconvenience  caused,  not  only  to 
those  responsible  for  the'  upkeep  of  the  road,  but  to  the 
general  public.    And  conversely,  the  more  attention  we  give 
to  the  devising  of  a  dustless  road  the  more  rapid  will  be  our 
advance  towards  the  provision  of  one  best  suited  for  all  the 
purposes  which  a  road  is  intended  to  serve.    We  had  dusty 
roads  before  the  motor-car  came  into  being,  but  the  demand 
that  is  being  forced  upon   the  engineer   to  eliminate  this 
nuisance  is  leading  to  an  improvement  of  our  roads  for  all 
users.    The  inventors  of  the  automobile  will  yet  merit  the 
thanks  even  of  those  who,  bemoaning  the  blatant  intrusion  of 
science  into  our  lives,  may  discard  the  railway  train  and  the 
motor-car,  and  take  to  the  stage-coach  of  their  grandfathers 
with  a  view  to  the  recovery  of  some  of  the  lost  repose. 

Again,  the  combustion  of  fuel  does  little  harm  to  anyone  ； 
it  is  the  imperfection  of  the  combustion  that  is  the  main 
cause,  almost  the  sole  cause,  of  injury  to  health,  to  property, 
and  to  the  amenity  of  populous  centres.  Of  course  one  knows 
that  smokeless  combustion  is  not  necessarily,  nor  always,  the 
most  economical,  but  that  is  only  because  we  have  not  yet 
learned  how  to  use  fuel  in  anything  like  a  perfect  manner. 
】》ut  .  all .  the  tendencies  at  the  present  time  are  towards 
improvement,  and  the  more  attention  we  pay  to  the  elimina- 
tion of  the  smoke  nuisance  the  more  rapid  will  be  our  progress 
in  the  economical  use  of  one  of  the  most  valuable  of  our  inheri- 
tances. It  is  therefore  clearly  the  duty  of  every  engineer  who 
has  to  do  with  power  or  heat  production ― for  the  credit  of  his 
profession,  and  even  in  the  interests  of  his  immediate  clients 
― to  consider  the  use  and  convenience  of  all  who  can  be 
affected  by  the  work  for  which  he  is  responsible.  The  time 
is  not  far  distant  when  the  direct  burning  of  bituminous  coal 
in  open  grates  will  be  looked  upon  as  not  only  a  source  of 
serious  harm,  but  as  a  culpably  wasteful  practice.  Great  pro- 
gress has  been  made  in  processes  for  the  partial  distillation  of 
coal  by  which  a  free  burning  and  quite  smokeliess  fuel  is 


prepared,  and  valuable  by-products  (so-called)  are  conserved. 
If  all  engineers  concerned  with  the  design  and  application  of 
plants  in  which  coal  is  used  had  a  due  sense  of  their  responsi- 
bilities to  the  community,  progress  would  have  been,  and 
would  to-day  be,  much  more  rapid  ；  and  economies  would  be 
effected  that  would,  in  themselves,  amply  justify  the  applica- 
tion of  more  scientific  methods  of  utilising  the  constituents  of 
a  very  complex  material,  which  we  are  too  apt  to  look  upon 
as  merely  a  convenient  source  of  heat ― plentiful  enough  and 
cheap  enough,  as  yet,  to  be  used  in  a  most  wasteful  manner. 
It  will  not  be  to  the  credit  of  our  profession  if  it  should  require 
restrictive  legislation  not  only  to  prevent  a  gross  interference 
with  the  health  and  comfort  of  the  community  and  the  ameni- 
ties of  our  centres  of  industry  or  of  population,  but  to  effect 
economies  in  the  utilisation  of  the  chief  of  the  sources  of 
power  which  it  is  our  function  to  direct  to  the  best  advantage 
of  all  concerned. 

In  other  directions  also  we  see  that  progress  towards 
economy  is  leading  to  a  reduction,  and  possibly  to  the  entire 
elimination,  of  all  the  nuisances  associated  with  the  older 
methods  of  power  and  heat  production.  The  great  improve- 
ments that  have  recently  been  made  in  producer  】）lan£s  and 
. gas  engines  have  rendered  out  of  date,  as  regards  economy,  at 
least  the  smaller  sizes  of  steam  plants  which  are  so  fruitful  a 
source  of  injury  and  inconvenience  to  the  community  ；  and  we 
now  have  engines  of  the  Diesel,  and  the  so-called  semi-Diesel, 
types  that  can  utilise  natural  oils,  and  oils  obtained  in  the 
distillation  or  partial  distillation  of  coal,  not  only  with  an 
efficiency  hitherto  unattained  in  heat  engines,  but  <(  without 
injury  or  damage  to  any  one  single  person  ― except  possibly 
the  maker  of  inferior*  plants. 

Present  indications  point  to  the  coming  of  a  time,  in  the 
near  future,  when  the  power  and  heat  required  for  industrial 
and  domestic  purposes  will  be  distributed  electrically,  in  a 
perfectly  inoffensive  manner ?  from  large  central  stations  ；  and 
even  at  these  stations  there  will  be  no  pollution  of  the  atmos- 
phere that  could  give  the  most  sensitive  of  critics  any  just 
grounds  of  complaint  against  the  intrusion  of  science  into  our 
lives.  In  his  presidential  address  to  the  Institution  of  Elec- 
trical Engineers,  in  November,  1910，  Mr.  Ferranti  dealt  in 
a  most  masterly  way  with  this,  which  is  undoubtedly  the 
greatest  of  the  many  schemes  at  present  before  the  engineer- 
ing profession.  That  address  reads  like  a  chapter  from  a 
romance  of  Utopia,  but  unlike  most  of  the  forecasts  that  have 
been  presented  to  us  of  ideal  conditions  in  a  world  of  the 
future,  the  system  which  Mr.  Ferranti  sketches  out,  and  advo- 
cates with  so  much  knowledge  and  convincing  argument,  does 
not  depend  for  its  reasonableness  on  the  postulation  of  a 
perfected  humanity .  It  would  not  only  provide  vastly 
improved  conditions  of  life  for  the  community  as  a  whole,  but 
it  would  satisfy  the  more  selfish  aims  of  the  users  of  power 
and  the  makers  of  machinery,  by  increasing  the  economy  of 
production  and  stimulating  the  demand  for  mechanical  appli- 
ances. No  doubt  there  may  be  some  who  will  hold  that  to 
commend  any  worthy  scheme,  to  those  who  might  carry  it  out, 
by  an  appeal  to  their  selfish  interests  is  an  altogether  immoral 
kind  of  argument.  I  do  not  think  so.  Advancement  of  the 
race  through  benefits  to  the  individual  is,  at  least,  not  incon- 
sistent with  nature's  method  of  securing  progress.  However 
much  we  may  desire  to  develop  a  purely  altruistic  spirit  in 
men  of  all  classes  we  must  meantime  make  the  best  of  human 
nature  as  it  is,  and  recognise  that  the  rapidity  of  our  progress 
towards  better  conditions  of  life  will  be  in  proportion  to  the 
advantages  that  each  advance  can  promise  to  those  who  would 
be  immediately  concerned  in  its  realisation. 

It  is  just  a  hundred  years  since  passengers  were  first  car- 
ried on  the  Clyde  in  a  mechanically  propelled  ship,  and 
to-day ― wlieu  they  are  not  too  completely  obscured  by  smoke 
■ ~ we  can  see  the  successors  of  the  "  Comet"  plying  on  that 
river  with  power  plants  of  greatly  superior  overall  efficiency, 
but  showing  little  advance  in  regard  to  the  combustion  of  the 
fuel.  Had  the  emission  of  smoke  from  river  craft  been  pro- 
hibited years  ago,  there  is  little  doubt  that  engineers  would 
have  let  few  days  pass  without  arriving  at  some  solution 
of  the  problem  of  inoffensive  power  production,  and  the 

*  My  ty])ist  in  describing  a  rather  illegible  draft  of  this  passage  substituted  for 
the  adjective  I  have  here  ust:d  the  less  restrained,  but  i>erhaps  equally  approi)riate 
one,  "infernal,"  but  I  noticed  this  in  time  to  amend  the  emendation.  I  had  no  inten- 
tion to  speak  so  candidly  of  any  of  the  works  of  uiembers  of  my  own  profession. 
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demand  for  economy  would  have  looked  after  itself.  ITow 
much  better  it  would  be  were  engineers  to  take  the  wider 
view  of  their  duties  and  responsibilities  to  which  T  have 
referred,  and  realise  that  they  are  acting  contrary  to  Hie 
true  spirit  of  their  profession  when  they  produce  appliances 
that  pollute  the  atmosphere  for  miles  around  to  the  hurt  and 
inconvenience  of  those  whose  "use"  they  are  intended  to 
serve.  But  this  year  a  ship  has  left  the  Clyde  that  we  hope 
may  he  the  forerunner  of  a  new  race  which  will  attain  a 
higher  efficiency  than  any  of  the  direct  descendants  of  the 
"Comet,"  and  that  will  ply  their  trade  without  incon- 
venience to  man  or  beast,  who  can  claim  some  right  to  be 
permitted  to  enjoy  an  unpolluted  atmosphere  and  tlie 
measure  of  sunshine  which  Nature ― sparingly  enough  in 
those  regions ― intended  to  provide. 

But  there  are  injuries  which  we  may  inflict  upon  the 
( ommiinity  other  than  those  to  health  and  physical  comfort. 
Everyone,  even  the  least  cultured,  has  some  sense  of  the 
beautiful  and  the  comely,  and  is  affected  by  the  aspects  of 
】iis  environment  more  than  he  himself  can  realise.  The 
engineer,  then,  whose  works  needlessly  offend  even  the  most 
fastidious  taste  is  acting  contrary  to  the  spirit  of  his  pro- 
fession, at  its  best.  There  has  been  far  too  great  a  disregard 
of  aesthetic  considerations  hi  the  every-day  work  of  the 
engineer — we  usually  take  a  too  exclusively  utilitarian  view 
of  our  calling.  We  should  not  be  prepared  to  accept,  as 
referring  to  the  arts  we  practise  at  their  best,  the  distinction 
d rawn  by  a  philosophical  writer  between  "the  rnerhanical 
arts  which  can  be  efficiently  exercised  by  mere  trained  habit, 
rote,  or  calculation/'  and  "the  fine  arts  which  have  to  be 
exercised  by  a  higher  order  of  powers/'*  And  I  think  it 
can  be  shown  that  a  greater  regard  for  artistic  merit  in  our 
designs  would  not  necessarily  lead  to  extravagance,  but,  in 
many  cases,  would  conduce  to  economy  and  efficiency.  It  is 
at  least  true ― and  much  less  than  the  whole  truth ― that 
greater  artistic  merit  than  is  commonly  found  in  our  works 
could  be  attained  with  no  sacrifice  of  structural  fitness,  or 
of  suitability  for  the  purposes  they  are  designed  to  serve. 

There  was  a  time  when  engineers  made  desperate  attempts 
to  secure  artistic  effects  by  the  embellishment  ( ？)  of  their 
productions  with  features  which  they  believed  to  be  orna- 
mental.   Fortunately  the  standard  of  taste  has  risen  above 
and  beyond  this  practice  in  the  case  of  most  members  of  our 
profession  and  most  of  our  clients.    We  are  all  familiar  with 
illustrations  of  philosophical  instruments,  and  other  mechani- 
cal contrivances,  of  the  early  times,  that  vied  in  lavishness  of 
adornment ~ though  not  in  artistic  merit ~~ with  those  wonder- 
ful astronomical  appliances  that  were  carried ― as  trophies  of 
war  ！ ― from  Pekin  to  Sans  Souci.    Many  of  us  can  remember 
a  time  when  the  practice  had  not  altogether  disappeared,  even 
in  the  design  of  steam  engines,  lathes,  and  other  products  of 
the  mechanical  engineer's  workshop.     I  well  remember  in  my 
apprenticeship  days,  the  building  of  a  beam  engine  that  was 
a  triumph  of  ingenuity  in  the  misapplication  of  decorative 
features.    In  place  of  the   mildly   ornamented   pillars  and 
entablature  of  Watt's  design,  there  was  provided,  for  the 
support  of  the  journals  of  the  beam,  a  pair  of  A  frames 
constructed  in  the  form  of    elaborately    moulded  Gothic 
arolies  flanked  by  lesser  arches  on  each  side,  while  the  beam 
itself   and  many  other  parts  were  plentifully  provided  with 
even  less  appropriate  embellishments  borrowed  from  the  art 
the  stonemason.    It  is  some  consolation  to  remember  that 
the  clients  for  whom  the  engine  was  built  were  not  of  this 
country,  and  that  the  design  itself  was  not  a  product  of  the 
workshop  that  was  favoured  with  the  contract  to  produce 
this  amazing  piece  of  cast-iron  architecture.     We  have  all 
seen  wrought-iron  bridges  the  unattractive  features  of  which 
were  concealed  by  cast-iron  masks-  -in  the  form  of  panelling, 
or  of  sham  pillars  and  arches  with  no  visible  means  of  sup- 
port~ that  not  only  have  no  connection  with  the  structural 
scheme,  but  suggest  types  of  construction  that  could  not,  by 
any  possibility,  meet  the  requirements.    Structures  of  this 
l<in,l  remind  one  of  the  pudding  which  the  White  Knight 
(with  good  reason,  when  we  remember  the  characteristics  of 
his  genius)  considered  the  cleverest  of  his  many  inventions. 

*  "  F'nc'  Brit.,"  eleventh  cflition,  article  "  Art." 


Tt  began ,  lie  explainod,  wif'li  l)loiiin^-paper,  anrl  wlion  Aliro 
ventured  to  express  tlie  opinion  ill  at  that  would  not  l>e  very 
nice,  lie  assured  her  that  though  it  niiglit  not  be  very 
(flntw  slie  liad  no  idea  wliat  a  difference  it  made  mixing  it 
with  other  things ― such  as  gunpowder  and  sealing-wax. 

There  are,  and  must  always  be,  wide  ditfereiK-es  of 
opinion  regarding  what  is  good  or  had  in  matters  of  tasi  ri, 
but  we  4nay  go  so  far  in  generalisation  as  to  say  that  we  can 
admire  the  association  of  elements  we  ktmw  to  be  incongruous 
only  in  compositions  that  are  intended  to  be  liumorous. 
" All  human  excellence  has  its  basis  in  reason  anrl  propriety  : 
and  the  mind,  to  be  interested  to  any  efficient  purpose,  must 
neither  be  distracted  nor  confused." 十  But,  to  be  able  to 
judge  of  the  propriety  or  reasonableness  of  any  coniposit  i(】n 
we  must  have  some  knowledge  of  the  essential  qualities  aiul 
relationships  of  its  component  parts,  and  excellence  cajinol 
depend  upon  an  appeal  to  ignorance.  We  can  quite  imagine 
that  the  White  Knight's  pudding  would  appeal  as  an 
admirable  and  most  ingenious  concoction  to  one  who  lacked 
a  knowledge  of  the  dietetic  value  of  blotting-paper  and  was 
willing  to  take  for  granted  the  excellence  of  gunpowder  as 
a  spice  and  of  sealing-wax  as  a  flavouring.  No  artist  would 
be  bold  euough  to  include  a  Polar  bear  or  a  walrus  in  t  lie 
composition  of  a  picture  of  the  African  desert,  nor  be  pre- 
pared to  consider  as  a  legitimate  exercise  of  the  artistic 
imagination  the  depicting  an  Arab  and  his  camel  wending 
their  weary  way  across  the  Arctic  snows.  He  would  recognise 
the  incongruity,  and  might  even  realise  that  it  is  only  a 
lack  of  imagination  or  of  true  inventive  power  that  could  lead 
anyone  to  resort  to  such  measures  for  the  securing  of  a 
desired  colour  scheme.  These  are  lengths  to  which  even 
artists  will  not  go  in  the  arrangement  of  elements  in  a  com- 
position. But  an  artist  will  secure  a  colour  scheme  at  whicli 
he  aims  by  the  introduction  into  his  landscape  of  a  rainbow 
in  an  impossible  position,  or  of  impossible  form  or  dimen- 
sions, or  with  colours  arranged  according  to  his  own  fancy, 
though  in  this  there  is  a  much  more  essential  unreasonable- 
ness. A  Polar  bear  might  be  transported  to  the  desert,  and 
an  Arab  might  conceivably  find  his  way  to  the  regions  of 
snow  and  ice,  but  a  rainbow  cannot  wander  from  the  place 
assigned  to  it  by  Nature,  nor  can  it  have  other  than  the 
ordained  form  or  dimensions  or  sequence  of  colours.  No 
artist  would  paint  a  figure  holding  a  candle  and  make  the 
light  fall  on  the  side  of  the  face  remote  from  the  source  : 
but  he  will,  and  usually  does,  paint  the  moon  illuminated  on 
the  side  remote  from  the  sun.  Why  ？  Simply  because  he 
has  not  before  liis  mind  the  essential  absurdity  of  the  scheme, 
if  indeed  he  knows  why  the  moon  shines.  Artists  who  deal 
with  nature  in  any  of  its  aspects  may  be  commended  to 
" mark,  learn,  and  inwardly  digest  "  Whistler's  definition  of 
their  calling  ：  "  Nature  contains  the  elements  in  colour  and 
form  of  all  pictures  .  .  .  but  the  artist  is  born  to  pick 
and  choose,  and  group  with  science,  these  elements,  that  the 
result  may  be  beautiful. M  Whether  or  not  we  are  to  under- 
stand that  Whistler  intended  to  include  an  accurate  know- 
ledge of  physical  facts  and  phenomena  in  what  he  calls 
sfi^/tre,  he  cannot  have  meant  anything  less  than  se/i.^e. 

So  in  regard  to  the  arts  of  construction,  we  may  say  that 
mechanical  science  provides  the  elements  of  all  structures, 
'd  nd  the  craftsman — be  he  called  engineer  or  architect ~~ is 
born  to  pick  and  choose,  and  group  with  science,  these 
elements,  that  the  result  may  be  useful ― and  not  devoid  of 
grace. 

The  only  valid  excuse  for  such  departures  from  the  fit 
and  rational  in  painting  or  in  structural  design  as  those  which 
I  have  instanced  is  ignorance  on  the  part  of  the  designer  of 
the  nature  of  the  elements  he  employs,  or  a  lack  of  skill  to 
devise  a  possible  or  reasonable  arrangement  of  details  that 
will  secure  the  general  effect  he  desires. 

It  may  almost  savour  of  sacrilege  to  quote,  in  this  con- 
nection, from  the  writings  of  that  "  Wild,  wilful,  fancy's 
child  "  the  story  of  whose  eight  short  years  of  life  and  literary 
work  Dr.  John  Brown  has  given  in  bis  charming  "Pet 
Marjorie  ，， —— a  record  of  perhaps  the  shortest  human  life  that 
has  formed  the  subject  of  a  biography.  But  the  lines  are 
too  pertinent  to  my  purpose  to  be  withheld,  and  the  frankness 
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of  the  confessions  they  contain,  of  a  childlike  limitation  of 
firtistic  power,  may  be  commended  to  those  who  practise 
either  the  fine  arts  or  the  arts  of  construction,  and  feel  corn- 
jelled  to  "trust  to  their  imagination  for  their  facts,"  or 
to  resort  to  the  association  of  incompatible  details  for  lack 
of  knowledge,  or  of  ability  to  attain  their  ends  by  more 
reasonable  means. 

Marjorie  writes  of  the  death  of  James  II.:  — 
" He  was  killed  by  a  common  splinter, 
Quite  in  the  middle  of  the  winter  ； 
Perhaps  it  was  not  at  that  time, 
But  I  could  find  no  other  rhyme!" 
" Quite  in  the  middle  of  the  winter/'  describes  August  3rd, 
1460  a.d.,  with  no  wider  license  than  we  find  assumed  in  t-lie 
works  of  more  experienced,  if  less  candid,  artists  and  ('ra Its- 
men.    Again,  in  her  sonnet  to  a  monkey ― written,  we  must 
remember,  when  she  was  six  or  seven   years   of   age— she 
acknowledges  the  compelling  power  of  an  artistic  aim  :— 
" His  nose's  cast  is  of  the  Roman  ： 
He  is  a  very  pretty  woman. 
I  could  not  get  a  rhyme  for  Roman 
So  was  obliged  to  call  him  woman." 
It  may  seem  that  I  have  wandered  widely  from  my  text : 
those  who  found  discourses  on  texts  usually  do  ！    But  there 
is,  or  ought  to  be,  a  closer  connection  than  is  usually  recog- 
nised between  the  work  of  the  engineer  and  that  of  those 
to  whom  we  usually  restrict  the  title  of  artist.    There  was 
no  great  gulf  fixefl  between  the  fine  arts  and  the  utilitarian 
arts  in  earlier  times.    Some  at  least  of  those  to  whom  we  owe 
the  greatest  advances  in  the  fine  arts  were  eminent  also  in 
the  arts   of   construction.      We   may   claim  such  men  as 
Michelangelo,  Raphael,  and  Leonardo  da  Vinci  as  masters 
in  the  arts  of  construction  as  well  as  in  those  with  which 
their  names  are  usually  associated.     The  separation  of  the 
beautiful  and  the  useful  is  quite  a  modern  vice.    But  much 
that  I  have  ventured  to  say  in  the  digression ― if  such  it  be— 
is  applicable,  with  little  or  no  alteration  of  terms,  to  the 
work  of  our  own  profession.    The  architect  or  engineer  who, 
for  the  sake  of  effect,  fills  the  space  between  the  flanges  of  a 
beam  or  girder  with  slabs  of  stone,  or  cast-iron  pillars  and 
arches,  that  could  not  fulfil  the  function  of  a  web,  exhibits 
just  the  same  lack  of  skill  as  Pet  Marjorie  owns  up  to- 
sh all  I  say  ？ ― like  a  man.    Such  practices  have  no  "  basis  in 
reason  and  propriety,"  and  the  employment  of  such  "  decora- 
tive  features"  is   certainly  not  a  "grouping  of  elements 
with  science."    It  is  said  that  "  The  highest  art  is  to  conceal 
art  ，，；  the  lowest  in  matters  pertaining  to  our  profession  is 
to  conceal  ill-devised  construction  with  false  and  senseless 
masks.      But  what  I  have  said  has,  I  think,  a  sufficiently 
obvious  bearing  on  the  mechanical  arts ― I  need  not  further 
point  the  moral. 

There  is  an  old  maxim  to  the  effect  that  "  the  designer 
should  ornament  his  construction  and  not  construct  his 
ornament."  This  is  an  admirable  rule  so  far  as  it  goes,  but 
it  should  be  subordinated  to  a  higher  rule,  that  he  should 
ornament  his  structure  only  if  he  lacks  the  skill  to  make  it 
beautiful  in  itself.  A  structure  of  any  kind  that  is  intended 
to  serve  a  useful  end  should  have  the  beauty  of  appropriate- 
ness for  the  purpose  it  is  to  serve.  It  should  tell  the  truth, 
and  nothing  but  the  truth,  and  if  its  character  be  such  that 
it  can  be  permitted  to  tell  the  whole  truth,  so  much  the 
better.  It  should  be  beautiful  in  the  sense  in  which  we 
commonly  use  the  term  with  respect  to  a  machine ― we  call 
a  mechanical  device  beautiful  only  if  it  strikes  us  as  accom- 
plishing the  end  for  which  it  is  designed  in  the  simplest 
and  most  direct  way.  Our  works ― like  the  highest  creations 
in  nature ― should  be  beautiful  and  not  beautified.  "  Beauti- 
fied " should  be  considered  a  vile  phrase  when  applied  to 
a  work  of  construction,  no  less  than  when  used  to  characterise 
a  fair  Ophelia.  Artists  accept  the  human  form,  at  its  best, 
as  the  highest  embodiment  of  grace  and  beauty,  but  there  is 
not  a  curve  in  the  figure  that  is  not  the  contour  of  some 
structural  detail  that  is  there  for  a  definite  purpose.  The 
practice  of  resorting  to  extraneous  adornments  to  minimise 
crudities  of  structural  scheme  had  its  rise 一 if  I  mistake  not ~ 
in  llic  (  (jmparatively  recent  times  when  culture  and  taste 
were  at  their  lowest.    It  is  specially  characteristic  not  only 


of  earlier  times,  but  of  the  earlier  stages  of  the  design  of 
any  particular  product.  It  lias  already  disappeared  in  some 
cases,  and  will  continue  to  disappear  from  the  practice  of  the 
arts  of  construction  as  skill  and  taste  develop.  I  have 
already  alluded  to  the  abandonment  of  ornament  in  the 
design  of  machines,  and  I  think  there  can  be  no  one,  with 
any  sense  of  the  fit  and  pleasing,  who  does  not  approve  this 
change  in  practice.  The  stage  coach  and  horses  of  former 
times  were  lavishly  decorated ― the  carriage  of  to-day  is  more 
graceful  and  pleasing  in  virtue  of  the  simple  elegance  of 
it's  lines.  In  the  best  domestic  architecture  of  to-day  we  see 
the  same  tendency  to  trust  for  effect,  more  and  more,  to  an 
artistic  grouping  of  the  lines  and  masses  of  essential  parts 
and  the  gradual  abandonment  of  purely  decorative  features, 
without,  and  within.  There  was  a  time  when  the  hulls  and 
riggings  and  sails  of  .^liips  were  lavishly  ornamented  ；  now 
even  the  figurehead ― the  last  remnant  of  barbaric  taste ― 
has  disappeared;  and  do  we  not  find  in  a  full-rigged  ship  of 
to-day  (or  yesterday,  perl) aps  one  should  say)  a  grace  and 
dignity  that  no  extraneous  embellishments  would  enhance  ？ 
From  the  racing  yacht  the  designer  has  been  forced,  by  the 
demand  for  efficiency,  to  cast  off  every  weight  and  the  adorn- 
ments that  so  beset  the  craft  of  earlier  times,  with  the  result 
that  there  is  left  only  a  beautifully  modelled  hull,  plain 
masts,  and  broad  sweeps  of  canvas,  and  we  can  hardly  imagine 
any  more  beautiful  or  graceful  product  of  the  constructive 
arts.  These  examples  will  serve  to  illustrate  the  contention 
that  the  attainment  of  the  highest  efficiency  brings  with  it 
the  greatest  artistic  merit.  But  in  the  development  of  the 
yacht  of  to-day,  through  many  stages,  the  designer  has  been 
forced,  from  time  to  time,  to  strive  to  combine  grace  with 
efficiency.  Selection  on  the  part  of  clients  must  have 
eliminated  ungraceful  forms  when  more  beautiful  ones  could 
be  found,  and  therefore  the  advance  has  been  rapid.  I 
think  I  may  appeal  to  this  illustration  to  support  the  further 
contention  that  advance  in  efficiency  may  be  helped  and  not 
hindered  by  keeping  in  view  an  aesthetic  as  well  as  a  utili- 
tarian aim.  Further  illustrations  will  occur  to  anyone  who 
has  studied  the  development  of  design  of  structures  or 
machines. 

It  is  a  matter  of  constant  remark,  and  with  justice,  that 
steel  bridges,  as  a  class,  are  much  less  pleasing  to  the  eye  than 
those  of  stone.  The  reasons  for  the  contrast  in  artistic  merit 
are  not  far  to  seek.  The  building  of  stone  bridges  is  an 
ancient  art,  and  survival  of  the  fittest,  and  selection ― even 
with  little  creative  skill  on  the  part  of  the  designers ― would 
have  led  to  the  development  of  types  having,  of  necessity,  at 
least  the  elegance  of  fitness.  But  further,  this  art  has  come 
down  through  the  times  to  which  I  have  referred  when 
artistic  and  utilitarian  aims  had  not  yet  been  divorced,  in  the 
practice  of  the  crafts  ；  and  further  still,  the  practice  of  build- 
ing in  stone  has  been  in  the  hands  of  architects,  as  well  as  of 
engineers,  and  architects  are  expected  to  be  artists,  and  are 
trained  as  such.  On  the  other  hand,  construction  in  steel  is  a 
very  modern  art,  and  it  has  been  in  the  hands  of  engineers 
who  usually  neglect,  if  they  do  not  despise,  the  study  of  the 
fine  arts.  But  why  have  architects,  with  their  artistic 
training,  not  succeeded  in  producing  structures  in  steel  as 
admirably  as  those  they  design  in  stone  ？  Partly,  no  doubt, 
because  they  are  hampered  by  tradition.  They  have  not  yet 
fully  realised  the  difference  in  spirit  that  must  characterise 
fit  designs  in  the  newer  and  the  older  materials.  No  one  can 
be  an  artist  in  any  material,  the  possibilities  and  limitations 
of  which  he  has  not  fully  mastered.  Again ― if  a  common 
engineer  may  venture  the  criticism ― the  architect,  as  a  rule, 
has  not  sufficiently  mastered  the  science  of  construction,  and 
has  been  too  much  addicted  to  taking  the  easy  course  of 
adopting  a  decorated  treatment  instead  of  striving  to  secure 
elegance  of  structural  scheme  as'  such  ；  and  decoration,  at 
least  on  anything  like  traditional  lines,  is  wholly  incompatible 
with  the  best  possibilities  of  steel  as  a  structural  material. 
Progress  is  being  made  in  the  art  of  designing  efficient  and 
graceful  structures  in  metal,  but  the  best  results  can  only  be 
attained  by  a  designer  who  lias  a  thorough  scientific  and 
technical  knowledge  of  the  properties  of  steel  and  the  processes 
of  its  manipulation,  on  the  one  hand,  and  cultured  artistic 
sense  and  capacity  on  the  other.  These  should  not  be  con- 
sidered as  appropriate  equipments  for  separate  professions. 
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There  are  many,  however,  who  have  a  rooted  conviction 
that  structures  ill  steel  can  never  be  so  beautiful  as  those  in 
stone.  This  I  believe  to  be  altogether  wrong.  It  arises 
partly  from  the  crudity  of  design  that  characterises  most 
of  the  steel  structures  that  have  yet  been  erected,  and  partly 
from  preconceived  notions  as  to  what  is  fitting  in  proportions 
and  massiveness.  We  can  quite  imagine  that  a  native  of 
the  Congo  region  whose  notions  of  the  proportions  suitable 
and  comely  for  a  quadruped  were  founded  on  his  familiarity 
with  the  hippopotamus  would,  at  first  sight,  consider  the 
racehorse  sadly  lacking  in  substance  and  solidity,  but,  in  time, 
he  might  come  to  recognise  some  measure  of  gracefulness  iu 
a  creature  that  has  been  developed  to  meet  requirements  that 
hitherto  he  had  not  fully  considered. 

Mr.  Wells  has  said  in  his  u  New  Utopia/'  u  the  world 
still  does  not  dream  of  the  things  that  will  be  done  with 
thought  and  steel  when  the  engineer  is  sufficiently  educated 
to  be  an  artist,  and  the  artistic  intelligence  has  been  quick- 
ened to  the  accomplishment  of  an  engineer.''  But  we  need 
not  postpone,  till  the  advent  of  a  complete  Utopia,  the  full 
realisation  of  our  duty  to  practise  our  profession  as  far  as  in 
us  lies,  with  due  regard  for  the  material  interests  and  the 
aesthetic  susceptibilities  of  all  who  can  be  affected  by  the 
works  for  which  we  are  responsible. 


THE  INSPECTION  OF  LOCOMOTIVE  BOILERS. 

In  a  recent  issue  of  the  "  Santa  Fe  Employes'  Magazine," 
Mr.  George  Austin,  general  boiler  inspector  of  the  Atchison, 
Topeka,  and  Santa  Fe  Railway,  contributes  an  article  dealing 
with  the  work  of  the  locomotive  boiler  inspector.  No  part 
of  the  locomotive  boiler  or  firebox  will,  lie  states,  wear  out 
more  quickly  than  another  part  if  it  receives  equally  as  good 
treatment.  For  a  firebox  sheet  to  crack  or  bulge  it  must 
previously  have  been  over-heated.  The  same  treatment 
applies  to  flues  or  seams,  and  the  boiler  inspector,  having 
found  such  a  condition,  should  look  for  the  cause.  The  evi- 
dence of  rapid  degeneration  of  a  firebox  sheet  usually  is 
pretty  clearly  shown  on  the  fire  side,  usually  by  leaky  stay 
bolts,  a  slight  cracking  in  the  stay-bolt  holes,  or  a  slight 
bulging  of  the  sheets  between  the  stay  bolts.  This  very  fre- 
quently is  the  case'  with  door  sheets.  Sometimes  it  is  found  in 
the  crown  sheet  or  in  the  side  sheets,  and  in  almost  every  case 
investigation  shows  that  it  is  caused  by  over-heating,  and  is 
due  to  one  of  two  things ― either  to  scale  and  mud  forming 
on  the  water  sides  or  to  improper  draughting,  either  at  the 
smokebox  end  or  the  back  end,  or  both.  It  is  rarely  found 
that  all  the  parts  of  a  locomotive  firebox  show  equal  evidence 
of  wear,  over-heating,  or  rapid  deterioration.  Usually  there 
are  one  or  more  parts  that  show  up  worse  than  the  others, 
and  there  is  a  cause  for  this,  and  that  is  what  the  boiler 
inspector  should  find  out. 

The  boiler  inspector  prides  himself  on  his  ability  to 
detect  broken  or  defective  stay  bolts,  but  such  work  is  only 
a  part  of  his  duties.  A  great  deal  of  trouble  is  due 
to  poor  boiler  washing,  scale  being  allowed  to  accumulate 
around  stay  bolts  and  on  the  plates  until  it  has  become  so 
heavy  as  to  keep  the  water  away  from  the  metal,  causing 
over-heating.  Even  with  the  best  water  there  is  a  con- 
tinuous formation  of  scale,  some  of  which  is  very  dense,  and 
a  comparatively  thin  layer,  not  one-sixteenth  of  an  inch  thick, 
is  liable  to  cause  over-heating  under  conditions  which  may 
concentrate  the  flame  at  any  one  point.  This  is  sometimes 
caused  by  a  banked  fire,  at  other  times  by  a  dirty  fire,  and 
again  it  may  be  caused  by  improper  draughting. 

Take  the  case  of  firedoor  sheets  that  show  unusual  stay- 
bolt  leakage  or  bulging  between  bolts.  Investigation  often 
discloses  the  fact  that  the  deflecting  sheet  was  run  too  high, 
that  an  excess  of  overdraught  was  produced,  and  that  too 
much  of  the  fuel  was  being  consumed  at  the  back  part  of  the 
firebox.  At  other  times  it  would  be  shown  that  scale  or  】im(l 
was  forming.  In  the  case  of  some  engines  giving  unusual 
trouble  from  leaky  flues,  investigation  would  probably  show 
there  was  not  sufficient  overdraught.  It  is  not  presumed  to  give 
a  definite  statement  as  to  just  what  is  the  cause  of  the  un- 
equal draughting,  but  conditions  often  point  out  that  there  is 
something  wrong  with  it,  and  it  should  be  the  care  of  the 
boiler  inspector  at  least  to  report  that  condition  and  have  it 
investigated.    The  boiler  inspector  should  realise  that  it  is  his 


particular  duty  to  prevent  the  necessity  for  repairs,  which 
can  be  clone  only  by  observing  carefully  the  condition  of  any 
firebox  he  inspects,  looking  particularly  for  unusual  rlevelop- 
iHents.  It  does  not  enlighten  ("m  io  say  iliai  a  cracked 
side  sheet  or  door  sheet  is  due  to  contraction  or  expansion. 
Everyone  knows  that.  What  is  desiral)Ic  to  k'mw  is  tlic 
cause  in  a  particular  case  of  expansion  or  contra (； tion,  ami 
if  the  inspector  can  tell,  he  also  very  likely  knows  what  to 
do  to  prevent  it. 

A  locomotive  may  be  a  good  steamer,  may  be  economical 
in  fuel— may  be  entirely  satisfactory  in  that  respect— and  yet 
may  not  be  properly  draughted  (i.e.,  from  the  standpoint  of 
equal  distribution  of  heat),  and  it  is  this  unequal  distribution 
of  heat  in  the  firebox,  in  connection  with  the  deposit  of  scale 
or  mud,  that  develops  defects  in  one  part  of  the  firebox 
more  than  in  another,  whether  it  be  side  sheets,  door  sheet, 
crown  sheet,  or  flue  sheet,  and,  when  we  consider  the  fact  that 
the  hotter  a  firebox  sheet  is  the  greater  the  evaporation,  and 
consequently  the  greater  the  incrustation  at  that  hot  point, 
due  to  the  greater  evaporation,  it  is  not  difficult  to  under- 
stand why  over-heating  occurs  when  heat  is  not  evenly  dis- 
tributed in  a  firebox. 

It  is  to  conditions  of  this  kind  that  the  attention  of  loco- 
motive boiler  inspectors  is  especially  invited.  They  should 
be  continually  on  the  alert  to  detect  such  conditions,  and 
should  strive  to  improve  them.  In  an  average  roundhouse 
there  never  is  a  time  when  there  is  not  some  problem  that 
should  be  calling  for  the  exercise  of  his  judgment  and  ability. 
In  the  inspection  of  the  interior  of  the  boiler  he  should  be 
thorough  and  painstaking,  always  on  the  look  out  for  defects. 
Superficial  inspection  is  of  little  value  ；  he  must  examine 
closely.  He  must  look  for  cracked  side  sheets,  broken  brace 
pins  and  missing  cotters,  and  must  see  that  the  water  spaces 
are  clean  and  free  from  scale.  He  must  be  particularly  care- 
ful to  examine  along  mud  rings  and  to  remove  all  rivets,  bolts, 
and  tools  that  may  have  fallen.  He  must  see  that  the  scale 
is  scraped  away  from  all  parts  of  the  interior,  so  that  there 
is  no  possibility  of  any  defect  being  hidden.  He  should 
interest  himself  in  the  condition  of  the  flues,  to  see  that  they 
are  properly  cleaned,  and  that  the  beads  are  properly  set  up. 
He  should  know  the  air  spaces  in  the  grate  bars  are  free  from 
cinders,  and  that  external  corrosion  is  not  taking  place  behind 
the  side  bars. 

He  should  be  thoroughly  in  touch  with  the  ashpan  and 
grates,  noting  that  the  grates  operate  freely  aud  with  a  full 
opening  without  excessive  lost  motion  ；  that  the  ashpans  are 
tight,  and  that  the  slides  operate  freely  and  close  properly  to 
avoid  the  probability  of  dropping  fire.  He  should  examine 
the  brick  arch  tubes,  and  should  know  whether  any  roughness 
13  apparent  on  the  outside,  which  condition  denotes  the  for- 
mation of  scale  on  the  inside.  He  should  inspect  thoroughly 
the  front  end  appliances,  and  should  know  that  they  are 
secured  properly  to  prevent  the  throwing  of  fires.  He  should 
know  that  the  front  end  and  the  hoppers  and  plates  are  tight 
and  do  not  admit  air  to  the  smoke  arch.  When  the  boilers 
are  being  washed  he  should  inspect  the  interior  carefully,  and 
should  see  that  they  are  being  cleaned  properly. 

It  is  the  constant  practice  of  his  profession  in  inspecting 
these  parts  that  develops  in  him  the  ability  to  quickly  com- 
prehend the  condition  of  a  boiler  or  firebox,  and  his  expert- 
ness  and  reliability  along  these  lines  give  him  a  standing  with 
his  superiors  that  can  be  acquired  only  by  the  thoroughly 
competent  man.  He  will  find  that  bis  efforts  will  be  rewarded 
to  the  extent  that  he  will  be  accepted  as  an  authority,  and  if 
his  immediate  superior  or  anyone  else  interested  wants  to 
know  the  condition  of  a  firebox  or  boiler  he  will  feel  satisfied 
that  the  decision  of  that  particular  boiler  inspector  is  as  good 
as  anyone  can  give,  and  it  is  very  gratifying  to  one  to  have 
established  for  himself  a  standing  of  this  kind. 


Liner's  Coaling  Record. ― Some  4,000  tons  of  coal  was  put 
into  the  bunkers  of  the  White  Star  liner  *'  Olympic  "  in 
14 丄 hours  at  Southampton  on  the  29th  ult.  This  is  a  record 
for  the  port,  and  is  believed  to  be  a  world's  record.  Thirtv- 
two  gangs  of  men  were  employed,  or  10  more  than  usual.  Au 
average  rate  of  288  tons  an  hour  was  maiutaiued  throughout 
the  night. 
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CONDENSERS  AND  CONDENSATION  FOR  VACUUM  PLANTS. 

BY  B.  VIOLA. 

The  condensation  of  vapours  may  be  carried  out  in  two  diffe- 
rent ways ― viz.,  by  dry  surface-condensation  or  by  wet  injec- 
tion-condensation, according  to  whether  the  vapour  comes  in 
contact  with  the  cooling  water  only  indirectly  by  means  of  a 
dry  cooling  surface  or  directly  without  intervening  plates. 

Dry  condensation  is  commonly  employed  in  steam  engine 
plants  in  order  to  keep  the  feed  water  free  from  impurities  or 
salts  ；  wet  condensation  is  generally  used  where  cold  water 
(seldom  cold  air)  may  be  directly  injected  into  the  condenser 
without  disadvantage. 

Another  distinction  is  made  between  direct-current  and 
counter-current  condensers,  according  to  whether  the  cooling 
water  and  the  steam  or  vapour  move  in  the  same  or  opposite 
directions.  In  either  case  the  steam  or  vapour  is  deprived  of 
the  latent  heat  by  which  it  was  produced,  and  it  is  precipi- 
tated once  more  as  water  in  the  form  of  drops,  while  simul- 
taneously the  pressure  exerted  by  the  steam  disappears  and 
a  vacuum  is  produced. 

Wet  condensation  is  the  kind  chiefly  used  in  vacuum  plants. 
The  cooling  surface  here  is  the  surface  of  the  cooling  liquid 
while  flowing  off.  The  steam,  being  brought  into  contact  with 
this  cooling  surface,  will  condense,  reducing  its  volume  and 
pressure.  According  to  the  ability  of  the  cooling  water  to 
consume  heat,  a  certain  quantity  of  steam  can  be  condensed 
continuously  per  unit  of  time  and  surface. 

If  a  vacuum  pan  is  connected  with  a  condenser,  the  reduc- 
tion of  pressure  in  the  condenser  will  communicate  itself  to 
the  steam  space,  in  consequence  of  the  tendency  toward  equali- 
sation of  pressures  in  communicating  rooms,  and  the  difference 
of  pressure  between  boiling  surface  and  condensation  surface 
will  be  only  the  amount  of  pressure  required  for  overcoming 
the  resistance  of  friction  of  steam  aud  gases  during  their 
motion.  These  resistances  are  very  different,  according  to 
the  construction  of  the  condensers  and  the  shape  and  dimen- 
sions of  the  connecting  pipes. 

In  order  to  maintain  a  constant  pressure  in  the  vacuum 
pan,  it  is  not  merely  sufficient  to  condense  the  vapours.  With 
the  cooling  water  a  vast  amount  of  atmospheric  air  and  car- 
bonic acid  is  introduced  continuously  into  the  apparatus. 
Besides,  the  alkaline  earths  dissolved  iu  the  water  can  produce 
gases  which  will  become  noticeable  at  higher  temperatures. 
Even  in  the  evaporator  gases,  carbonic  acid,  &c.，  are  produced. 
All  the  gases  set  free  from  the  cooling  water  have  a  motion 
opposite  to  that  of  the  steam  ；  they  penetrate  the  latter,  mix 
with  the  gases  coming  from  the  evaporator,  and  alter  their 
own  motion  only  in  the  upper  part  of  the  condenser,  or  at 
the  air-pump  connection. 

If  the  gases  were  not  allowed  to  escape  from  the  condenser 
they  would  soon  fill  the  room  of  the  vacuum  pan  to  such  an 
extent  that  in  spite  of  good  condensation  the  pressure  would 
be  considerably  increased.  They  would  also  follow  the  pitch 
to  the  cooling  surface,  taking  up  the  volume  formerly  occupied 
by  the  condensed  steam,  would  delay  the  cooling  of  the  steam, 
and  finally  stop  condensation  altogether.  To  avoid  this,  an 
air  pump  is  attached  to  the  upper  part  of  every  counter- 
current  condenser  in  order  to  take  care  of  these  gases. 

The  cooling  water  gives  off  the  absorbed  air  upon  entering 
the  condenser  in  the  same  proportion  as  the  pressure  is  re- 
duced. The  air  is  therefore  carried  off  by  the  air  pump  from 
the  upper  part  of  the  condenser  at  the  lowest 
temperature,  never  reaching  the  lower  part  of  the  con- 
denser, and  only  promoting  the  condensation  of  the  vapours 
in  the  upper  part.  It  is  generally  known  that  007  is  the 
proportion  of  air  in  the  water  in  a  wet  condenser,  including 
that  passing  through  leaky  joints.  We  therefore  see  how 
important  it  is  never  to  inject  any  more  water  than  the 
vapours  require  for  their  condensation. 

In  practice  it  is  very  often  found  that  by  an  incorrect 
working  of  tlie  vacuum,  or  of  tlie  condensing  plant  the  injec- 
ticn  of  cooling  water  is  increased.  Such  a  faulty  operation 
is  indicated  by  various  symptoms,  but  most  strikingly  by  the 
temperature  of  the  condensed  water.  If  the  flow  of  cooliji^ 
water  is  too  rapid,  i  he  work  of  the  air  puinp  is  inniiediately 
niade  more  difficult,  since  a  great  deal  more  air  is  to  be  re- 
tnovcd .  If  t  lie  air  piurip  is  accurately  proportioned  acconliii^ 
to  the  size  of  tlie  plant,  it  will  now  be  unable  to  iuroniplish  t  he 


work.  If  it  is  larger,  the  work  is  done  at  the  expense  of 
more  steam.  If  a  wet-air  pump  is  employed  it  is  called  upon 
to  remove  more  air  and  water.  Moreover,  the  excessive  injec- 
tion of  water  will  cause  a  higher  pressure  in  the  condenser. 

Suppose  the  falling  water  to  be  a  liquid  cylinder,  the  outer 
surface  or  mantle  of  this  cylinder  will,  upon  entering  into 
the  hot  steam,  first  take  up  the  heat  of  the  steam,  while  the 
interior  parts  remain  cooler.  If,  owing  to  the  great  velocity 
of  fall,  the  interior  portions  of  the  water  column  are  unable 
to  effect  cooling  as  well  as  the  exterior  surface,  the  discharged 
water  will  be  heated  only  to  a  moderate  degree.  But  if  an 
equalisation  of  temperature  can  be  brought  about  through 
the  whole  cylinder  of  water,  while  it  is  falling,  the  cooling 
power  of  the  water  is  utilised  to  much  better  effect. 

The  finer  the  water  can  be  subdivided  in  falling,  the  more 

readily  will  the  gases  pass 
through  it,  and  their  resist- 
ance  will  be  diminished  as  the 
surface  increases.  The  sub- 
division of  the  water  brings 
about  largely  the  escape  of 
wTy^  the  air  from  the  cooling 
P  water.  But  the  division  is 
never  tine  enough  ；  hence  in 
counter-current  condensers 
the  real  counter-flow  takes 
place  only  upon  the  surface 
where  the  water  and  steam 
are  in  contact.  But  the 
utilisation  of  the  cooling 
^  f  surface  also  depends  on  the 
J— ^  time  of  contact ― that  is, 
on  the  time  for  which  there 
is  a  maximum  temperature 
difference  between  water 
and  steam.  For  the  free 
fall  of  a  body  of  water  the 
time  of  falling  t  is  equal 
to  the  velocity  v,  divided 
by  the  gravity  g}  or  t=v/fj. 
The  height  of  the  fall  /t  expressed  by  the  velocity  is  found  from 

v  =  2^/  g  h  or  th  =  ^ ~^  x  s/、" 

Applying  this  equation  to  condensation,  we  may  say  that 
the  time 《h  required  for  a  fall  from  the  height  h  increases 
proportionately  to  the  square  root  of  the  height  of  the  fall. 
But  with  the  height  of  fall  the  resistance  in  the  condenser 
also  increases.  We  can  divide  the  height  of  fall  into  u  parts 
(for  instance,  by  providing  a  series  of  basins  or  trays  as  will 
be  described  later  on),  and  thus  have  ： ― 

h  =  n  x  h/n. 

The  partial  fall  being  /'//"  and  giving  to  the  resistances 
the  smallest  value  possible,  and  to  the  time  of  transferring 
heat  iu  the  condenser  the  highest  value,  we  call  the  limit  of 
the  time  of  contact  of  water  and  heat  tnih  nlJ  und  have  this 
equation  ： ― 

^tlhw  =  a/  ^  nh/y 
From  this  we  derive  the  proportion  ： ― 

h  1 


Fig. 


-COUNTEIt-CUlUtliNT  CONDliNSEH 


'inli/n) 


V7' 


Then  for  every  value  of  n  >  1  we  shall  also  have 一 
iiuh  n,  >  ~，  and  in  general  《mll/n,  =  tlr 

It  we  make  n  very  large  and  /'/"  very  small,  we  shall 
l)i-()})ortioiiately  extend  the  time  of  contact  between  steam 
and  water  iu  the  condenser. 

n  2n- 

It  is  necessary,  however,  that  the  partial  fall  hjn  be  not 
lt'ss  1  li;ui  the  value  required  by  the  amount  of  steam  to  be 
condensed. 

l"'rom  t J l i s  calculation  we  see  that  the  velocity  of  t lie  wafer 
is  governed  by  tlie  height  of  fall,  and  is  advisable  to  restrict 
tin's  hdglii  in  order  to  prevent  I'riction  resistance,  if  for  no 
oilier  reason.    The  smallest  value  of  friction  resistance  corre- 
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spuuds  to  //=";  that  is,  the  condition  when  steam  and  gases 
flow  over  standing  water.  Plants  of  such  construction,  how- 
ever, would  be  too  large.  Moreover,  water  and  gases  being 
poor  heat  conductors  when  in  a  state  of  rest,  it  is  necessary 
to  provide  for  a  certain  degree  of  motion  for  the  water  in 
a  condenser.  Further,  the  quantity  of  steam  condensed  per 
unit  of  time  is  directly  proportional  to  the  cooling  surface, 
and  a  division  of  the  cooling  water  is  therefore  equivalent 
to  an  extension  of  the  cooling  surface. 

Therefore,  to  lieat  the  coudenser  water  quickly  to  tl'e 
necessary  temperature  by  direct  contact  with  steam  it  is 
necessary ― (1)  That  the  surface  of  the  cooling  water  be  large  ； 
(2)  that  the  cooling  surface  change  quickly  ；  and  (3)  that 
the  time  of  contact  between  steam  and  water  be  as  long  as 
possible. 

To  fulfil  these  conditions  a  concentric  counter-current 
condenser  such  as  that  shown  iu  Fig.  1  gives  the  best  results. 
This  condenser  is  designed  for  use  in  connection  witlr  two 
or  more  vacuum  pans.  By  the  additiou  of  basins  or  trays 
the  duration  of  the  contact  between  water  and  steam  is 
raised  in  the  ratio  of  \/ny  resulting  in  an  economy  of 
water.  Some  water  will  accumulate  in  each  of  these  trays 
temporarily,  and  the  temperature  is  therefore  equalised  at 
each  stage.  The  fresli  supply  of  water  will  sink  to  the 
bottom  of  the  tray,  forcing  the  lower  stratum  upward  on 
account  of  the  difference  in  temperature,  and  the  warmer 
water  will  flow  over  from  one  tray  to  the  next.  The  trays 
in  tliis  maimer  form  zones  with  the  desired  small  difference 
of  temperature,  and  constitute  a  graduated  scale  of  tempera- 
tures from  the  temperature  of  the  steam  admission  to  that 
of  the  gas  outlet. 

The  surface  of  coudensation  depends  primarily  ou  the 
size  of  the  cooling-water  cylinder  when  the  depth  of  the  trays 
is  greater  than  zero.  It  may  eveu  be  said  that  these  moving 
water  colunnis  promote  the  cooling,  and  air  and  gases  will  pass 
at  the  surface  of  the  trays  even  though  they  do  not  pass  at  the 
bottom.  During  the  time  the  water  remains  iu  the  trays 
it  has  a  chance  to  take  up  more  heat  which  is  withdrawn 
from  the  steam.  It  is  very  important  that  enough  water 
be  permitted  to  flow  to  secure  good  results,  but  by  pro- 
viding the  trays  with  spray  holes  the  cooling  effect  of  the 
water  is  considerably  increased. 

The  work  of  the  condenser  varies  with  temperature,  but 
in  general  it  performs  about  610  times  the  work  of  the  air 
pump,  volunietrically  speaking.  It  is  absolutely  necessary 
to  exhaust  the  air  and  gases  to  promote  condensation,  but 
the  best  air  pump  cannot  do  good  work  with  a  poor  conden- 
ser, while  a  good  condenser  accomplishes  at  least  fair  results 
with  an  indifferent  air  pump. 

As  I  liave  explained,  it  is  very  important  tliat  the  correct 
quantity  of  water  be  used  to  condense  a  certain  quantity 
of  steam.  This  matter  is  neglected  iu  most  condensing 
plants,  and  some  kind  of  automatic  device  should  be  applied 
to  regulate  the  flow  of  cooling  water.  Experience  has 
shown  that  the  amount  of  water  should  be  from  20  to  40 
times  that  of  the  steam  to  be  condensed.  This  permits 
variations  within  very  wide  limits,  and  in  large  condensing 
】）la"ts  where  immense  quantities  of  cooling  water  are 
required,  some  controlling  device  should  be  applied  for 
ccoiioinical  reasons  to  prevent  waste  of  water. ― '*  Metallur- 
gical and  Chemical  Engineering." 


Trailing  Tramcars. 一 Some  interesting  figures  have  been 
gathered  by  Mr.  A.  L.  C.  Fell,  chief  tramway  officer  of  the 
London  County  Council,  regarding  the  extent  to  which  trail- 
ing tramcars  are  employed  in  various  cities.  .Tliese  show  that 
】,41fJ  are  usefl  in  Vienna,  1,246  in  Berlin,  702  in  Paris, 
Gol  in  Hamburg,  445  in  Marseilles,  350  in  Cologne,  241  in 
； Milan,  240  in  Amsterdam,  216  in  Copenhagen,  170  iu 
Pittsburg,  168  in  Toronto,  110  in  Bordeaux,  and  74  in 
Sydney— a  total  for  the  13  cities  of  6,032.  The  greatest 
number  of  such  cars  hauled  by  one  motor  tramcar  is  three, 
in  Brussels  and  Marseilles.  The  greatest  length  of  the 
trains  is  196  8ft.,  on  the  Cologne  Bonner  line,  followed  by 
132ft.  i"  Sydney,  124*3ft.  in  Paris,  and  】02'3ft.  in  Vienna. 
Tli''  greatest  speed  attained  is  21.75  m.p.li.,  in  Marseilles 
；"" I  Milan,  followed  by  20  m.p.li.  in  Sydney,  18"G  m.p.li. 
in  Vif'iina  and  Hamburg,  and  by  18  ui.p.h.  in  Ainsterd;un . 
In  regard  to  speed  the  lowest  position  is  taken  by  Bordeaux 
with  VIA  m.p.h. 


ELECTRICAL  NOMENCLATURE. 

(Concluded  from  paye  272.) 

Master  Controller  or  Pilot  Contr oiler. — A  controller  use* I 
in  the  multiple  unit  system  of  electrification.  It  does  not  act 
directly  on  the  current  supplied  to  the  motors,  but  works 
electromagnetic  or  other  switches  called  contactors.  Thesci 
contactors  control  the  motors. 

Maxim  um-demand  System, — A  system  for  assessing  the 
payment  to  be  made  for  a  supply  of  electrical  energy  com- 
posed of  two  parts :  (1)  A  sum  depending  on  the  maxiinuni 
power  supplied  during  a  certain  period  ；  and  (2)  a  sum  pro- 
portional to  the  energy  supplied  during  that  period. 

Meg-,  Mega-. ― A  prefix  signifying  one  million  times, 
e.f/.,  megohm,  one  million  ohms  ；  megavolt,  one  million  volts. 

Messenger. — A  name  used  in  America  for  a  wire  or  cable 
from  which  electric  wires  or  cables  are  hung.  Called  in  rail- 
way work  a  catenary,  in  telephone  and  telegraph  work  a  sus- 
pending wire. 

Mho. — The  unit  of  conductance.  The  reciprocal  of  the 
ohm.  The  conductance  of  a  circuit  the  resistance  of  which  is 
1  ohm. 

Micro-. ― A  prefix  signifying  oiie-inilliontli  part,  e.y., 
micro-ampere,  oue-milliontb  of  au  ampere  ；  microfarad,  one- 
millionth  of  a  farad. 

Micron, — Oiie-milliouth  of  a  metre,  /•('.，  one-tbousaudtb 
of  a  millimetre. 

Microphone. — A  device  employed  at  the  transmitting  end 
of  a  telephone  circuit,  consisting  of  a  contact  or  system  of 
contacts  such  that  the  resistance  is  altered  by  the  impact  of 
the  souud  waves. 

Middle  Wire. 一 The  conductor  of  a  three-wire  system  of 
supply,  the  potential  of  which  is  intermediate  between  those 
of  the  other  two.  Sometimes  called  the  iutermediate  or 
neutral. 

Mil. ― One-thousandth  of  an  inch. 

Mil  or  Circular, — A  uuit  used  in  America,  the  area  of  a 
circle  of  which  the  diameter  is  one-tbousandtli  of  au  iucli. 

Milli-. ― A  prefix  signifying  one-tbousaudtb  part,  t.(j.y 
milliampere,  oue-thousaudth  of  an  ampere. 

Milker. ― A  dynamo  used  for  charging  individual  cells 
forming  a  portion  of  a  battery  of  accumulators.  Sometimes 
called  milking  booster. 

Mirror  Galvanometer, ― A  galvanometer  having  a  mirror 
attached  to  the  moving  part.  A  beam  of  light  reflected  from 
the  mirror  is  used  as  a  pointer,  or  the  image  of  a  scale  is 
observed  in  the  mirror  by  means  of  a  telescope. 

Moment, ― (a)  Of  a  force.  The  effectiveness  of  a  force  to 
produce  rotation  about  a  point.  The  product  of  the  magni- 
tude of  the  force  and  the  length  of  the  perpendicular 】et  fall 
on  its  Hue  of  action  from  the  point,  (b)  Of  a  couple.  The 
product  of  the  magnitude  of  one  of  the  two  equal  forces  and 
the  arm  or  perpendicular  distance  between  them,  (c)  Of  a 
magnet.  The  product  of  the  strength  of  one  of  the  poles  of 
a  maguet  and  the  distance  between  them. 

Mo  rue  Alphabtt  .—A  signalling  code  in  which  two  differ  eut 
signals  arranged  iu  groups  of  one  or  more  are  used  to  repre- 
sent a  letter,  figure,  or  symbol. 

Motor. —- A  machine  for  converting  electrical  energy  into 
mechanical  energy. 

Motor  Generator. — A  machine  consisting  of  a  dyuamo  or 
alternator  driven  by  an  electric  motor,  either  iu  the  form  of 
two  distinct  parts  coupled  together,  or  having  the  armature 
windings  on  a  common  core  aud  revolving  in  a  commou  field. 
Sometimes  called  a  dyiiainotor,  a  term  not  recommended. 

Mator  Transform cr. — A  term  uot  recoinmended.  (Ste 
Trausformer.) 

Mftusc  Mill. — A  special  continuous-current  motor  used  for 
riuuiing  paper  strip  through  a  syphon  recorder. 

Mavttaj  ( foil  Instrument. ― A  measuring  instrument,  the 
indication  of  which  depends  on  the  torque  exerted  by  a  mag- 
netic field  on  a  coil  through  which  the  current  to  be  measured 
passes, 

M  ultlrt  II  ulnr  Ytjlf  iti  ftcr  or  Eltvtronwtii\ ― Au  instrument 
in  which  several  pairs  of  quadrauts  act  ou  several  ueedles 
mouuted  on  oue  axis. 
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Midti phase. ― Synonym  for  polyphase. 

Multiple  Arc. — Synonym  for  connection  in  parallel.  A 
term  not  recommended. 

M itlti pic  Board. — A  form  of  telephone  switchboard. 

M  ultlj)1c  Unit  Sj/stcni. —— A  system  of  electric  traction  in 
which  two  or  more  cars  are  units  in  themselves  and  liave 
their  own  motors  controlled  by  electromagnetic  or  other 
switches  called  contactors.  When  the  cars  are  coupled 
together  as  a  train  the  contactors  can  all  be  worked  from  a 
single  master  controller. 

Multiplex  Telegraphy. ― A  telegraphic  system  in  which 
several  messages,  generally  more  than  two  in  either  direction, 
can  be  transmitted  on  one  circuit  at  the  same  time. 

Multipolar  Generator  or  Motor. ― A  dynamo,  alternator, 
or  motor  having  more  than  one  pair  of  magnetic  poles. 

M  utu<d  I  in]  action. ― (See  Induction,  Mutual.) 

Needle. ― A  name  originally  applied  to  the  moving  magnet 
of  a  mariner's  compass,  later  to  the  similar  magnet  of  a  gal- 
vanometer, and  to  the  paddle-shaped  moving  conductor  of  a 
quadrant  electrometer. 

Needle  Astatic. ― (See  Astatic.) 

Negative. ― Of  the  two  poles  of  any  source  of  electricity 
that  one  is  called  negative  which  corresponds,  as  far  as  the 
direction  of  the  current  in  the  external  circuit  is  concerned, 
to  the  zinc  plate  of  a  Daniell  cell. 

Network. ― A  number  of  conductors  inter-connected  for 
the  distribution  of  electrical  energy  in  a  supply  system. 

Neutral, ― (a)  In  a  three-wire  system  of  supply,  the 
middle  wire  is  sometimes  called  the  neutral,  or  intermediate. 
(b)  The  point  of  junction  of  the  conductor  of  a  star  con- 
nected polyphase  system  of  alternate-current  working.  (See 
Phase.)  (c)  Points  on  a  dynamo  commutator.  Those  points 
between  which  there  is  a  maximum  electromotive  force  when 
the  dynamo  is  running  on  open  circuit. 

Nominal  Horse-power. ― An  obsolete  mode  of  describing 
the  output  of  a  steam  engine  in  terms  of  certain  of  its  dimen- 
sions. 

Non-inductive. ― (a)  Circuit :  A  circuit  so  arranged  that 
its  self-induction  is  practically  negligible.  (b)  Winding : 
Two  identical  insulated  conductors  laid  side  by  side  or  twisted 
together  and  so  connected  that  a  current  traversing  them  in 
opposite  directions  generates  no  sensible  magnetic  field,  (c) 
Load :  A  load  such  that  its  self-induction  is  practically 
negligible. 

Ohm. — (a)  True :  The  unit  of  resistance  in  the  practical 
system  of  units.  The  value  in  the  C.G.S.  system  is  equal  to 
10"  electromagnetic  units.  (b)  International :  The  resist- 
ance offered  to  an  unvarying  electric  current  by  a  column  of 
mercury  at  the  temperature  of  melting  ice  14.4521  grammes 
in  mass,  of  a  constant  cross-sectional  area  and  of  a  length  of 
106*300  centimetres.  (International  Conference,  1908,  and 
British  Order  in  Council,  January  10th,  1910.) 

Oh  mmt'ter. — An  instrument  for  measuring  electrical  re- 
sistance by  the  deflection  of  a  pointer  over  a  scale. 

Oil  Transformer.    A  transformer  immersed  in  oil. 

Omnibus  Bar. ― (See  'Bus  Bar.) 

Oscillation,  Electric. ― When  a  system  or  circuit  possessing 
capacity  and  self-induction  is  disturbed  from  its  condition  of 
electrical  equilibrium,  the  currents  flowing  alternately  in 
opposite  directions  with  decreasing  amplitude  during  the 
return  to  equilibrium  are  called  electric  oscillations. 

Osc ；〃, ft;"!/  《，ircuit、 ― A  circuit  in  which  electrical  oscilla- 
tions can  freely  take  place. 

Oscillator. ― A  conductor  having  effectively  both  self-induc- 
tion and  capacity  in  which  electric  oscillations  can  be  set 
up. 

Oacdhx/ra pit . ― An  apparatus  for  observing  or  recording 
quickly  varying  currents  or  potential  differences. 

Outer. ― The  two  conductors  of  a  three-wire  system 
between  which  there  is  a 】naxirnum  voltage  are  called  the 
outers.  A  term  not  recommended  as  a  synonym  for  the 
external  concluctor  of  a  concentric  cable. 

Out jntt. ― A  synonym  for  load.  The  total  power  delivered 
at  the  shaft  or  at  the  terminals  of  a  machine  or  apparatus. 
(Srr  Rated  Output.) 

Orcr  ( U)w /to ti/u/i//f/.—  -(f/)  Of  a  generator :  A  generator  is 
said  to  be  over  compounded  when  the  potential  difference 


between  its  terminals  increases  with  the  load.  (b)  Of  a 
motor  ：  A  motor  is  said  to  be  over  compounded  when  the 
speed  increases  with  the  load. 

Over-Ioftd. ― A  load  greater  than  the  rated  load. 

Over-load  ( 'in'uif  Brruker, — An  automatic  switch  which 
opens  when  a  pre-determined  load  is  exceeded. 

Parallel. — (a)  Two  or  more  systems  of  conductors  are  said 
to  be  in  parallel  in  a  circuit  when  the  current  flowing  in  the 
circuit  is  divided  between  the  two  systems.  (6)  Two  or  more 
systems  of  conductors,  generators,  or  motors  are  said  to  be  con- 
nected in  parallel  when  the  terminals  of  the  same  sign  are 
electrically  connected  together. 

Paramagnetic. ― A  substance  of  which  the  magnetic  per- 
meability is  greater  than  unity  (vacuum) . 

Paste  {pf  an  A  ccuniulator). ― The  active  material  of  the 
plates  or  grids  of  an  accumulator.  So  called  as  it  is  some- 
times applied  as  a  moist  composition  or  paste. 

Peltier  Effect* ― The  liberation  or  absorption  of  heat  which 
takes  place  in  a  heterogeneous  circuit  at  the  joint  where  an 
electric  current  passes  from  one  material  to  another. 

Period  (Periodic  Time). ― Any  varying  quantity  which 
repeats  its  values  regularly  at  equal  time  intervals  is  said  to 
be  periodic,  and  the  time  interval  of  one  repetition  is  called 
the  periodic  time  or  period. 

Permanent  Magnet. — A  body  which,  having  been  mag- 
netised, retains  a  substantial  portion  of  its  magnetism. 

rtrmeabUity.- ~ (See  Magnetic  Permeability.) 

Permeance. — (See  Magnetic  Permeance.) 

Phast. ― (o)  In  an  operation  which  occurs  harmonically, 
the  stage  or  state  to  which  the  operation  has  proceeded,  (b) 
In  an  operation  which  recurs  harmonically,  the  fraction  of 
the  whole  period  which  has  elapsed,  measured  from  some 
fixed  origin,  (c)  Phase  Difference  :  The  difference  of  phase 
(usually  reckoned  in  time  or  in  angle)  between  two  periodic 
quantities  which  vary  harmonically  and  have  the  same  fre- 
quency. (See  Lag.)  (d)  Each  of  the  circuits  of  a  polyphase 
apparatus  is  sometimes  called  a  phase.  Single  Phase  :  A  sup- 
ply is  said  to  be  single  phase  when  it  consists  of  a  single  alter- 
nating current.  Two  Phase  :  A  supply  is  said  to  be  two  phase 
when  it  consists  of  two  alternating  currents  which  are  dis- 
placed with  regard  to  one  another  by  one-quarter  of  a  period. 
Three  Phase :  A  supply  said  to  be  three-phase  when  it  con- 
sists of  three  alternating  currents  displaced  with  regard  to 
one  another  by  one-third  of  a  period.  Pol !i plnw  '.  A  supply- 
is  said  to  be  polyphase  when  it  consists  of  more  than  one 
alternating  current  displaced  with  regard  to  one  another  by 
equal  periods. 

Phase  Angle. ― The  angle  between  two  vectors  represent- 
ing two  simple  harmonic  periodic  quantities  having  the  same 
frequency  but  differing  in  phase  from  one  another,  e.g.,  the 
vectors  representing  alternating  voltage  and  the  current  pro- 
duced by  it.  Extended  Meaning. ― The  angle  between  any 
two  vectors  which  represent  quantities  having  the  same  funda- 
mental frequency. 

Phasemeter. — Apparatus  for  measuring  the  distance  of 
phase  between  two  periodic  electric  quantities  of  the  same 
frequency. 

Photo-electric  Effects. ― Any  changes  in  the  electrical  pro- 
perties of  a  body  produced  by  the  action  of  light,  e.g.,  genera- 
tion of  electromotive  force,  change  of  resistance,  or  loss  of 
charge. 

Piezo- electric  Effect. ― The  production  of  electrification  by 
mechanical  pressure. 

Pile. ― (a)  Thermo-electric :  A  source  of  electrical  energy 
due  to  the  direct  transformation  of  heat  into  electrical  energy, 
generally  consisting  of  a  series  of  thermo- junctions.  (b) 
Voltaic :  An  obsolete  synonym  for  a  battery  of  cells. 

Pilot  Wire, — (a)  A  wire  used  for  measuring  the  voltage 
at  a  distant  part  of  a  network.  (b)  In  a  multiple-unit 
system,  a  wire  used  between  the  master  controller  and  a 
contactor. 

Plant, 一 A  collective  term,  including  various  machines, 
equipment,  and  apparatus  used  together  for  any  purpose. 

Plant t  Plates. ― Accumulator  plates  prepared  by  electro- 
lytic action  on  lead  in  acid.    (Process  invented  by  G.  Plante.) 
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Plough. ― An  appliance  for  effecting  a  sliding  electrical 
connection  between  the  conductors  of  a  conduit  system  and 
the  electric  equipment  of  a  car. 

Plug  Contact. ― A  slightly  conical  or  screwed  metal  plug 
for  making  electrical  contact  between  two  conductors,  con- 
ducting bars  or  blocks,  or  between  the  bars  or  blocks  and  the 
plug. 

Point  (in  Wiring).— The  termination  of  the  wiring  for 
attachment  to  the  fitting  for  one  or  more  lamps  or  other  con- 
suming devices. 

Polarisation. ― A  condition  set  up  in  a  battery  or  electro- 
lytic cell  as  a  result  of  the  passage  of  a  current,  and  which 
manifests  itself  by  a  back-electromotive  force. 

Polar  it//. —— A  quality  of  a  body  in  virtue  of  which  certain 
characteristic  properties  are  manifested  at  points  called  poles. 

Pole. ― (a)  Of  a  Cell :  Synonym  for  the  terminal  or  the 
accessible  part  of  an  electrode.  (b)  Of  a  Magnet :  Points 
towards  which  lines  of  force  converge,  or  at  which  the  re- 
sultant magnetic  force  may  be  considered  to  act.  (c)  Of  an 
Arc :  The  extremity  of  each  of  the  electrodes  between  which 
the  arc  burns. 

Pole-piece. ― Any  specially  shaped  piece  of  magnetic  mate- 
rial forming  a  polar  extension,  and,  in  the  case  of  a  generator 
or  motor,  facing  the  armature. 

Polyphase. ― (See  Phase.) 

Positive. ― Of  the  two  poles  of  any  source  of  electricity, 
that  one  is  called  positive  which  corresponds,  as  far  as  the 
direction  of  the  current  in  the  external  circuit  is  concerned, 
to  the  copper  plate  of  a  Daniell  cell. 

Potential,  Difference  of. ― (o)  Electric :  A  difference  of 
potential  exists  between  any  two  points  if  energy  is  expended 
or  acquired  in  moving  a  unit  of  electricity  from  one  point  to 
the  other.  In  practice  measured  by  a  voltmeter,  (b)  Mag- 
netic ： A  difference  of  potential  exists  between  any  two  points 
if  energy  is  expended  or  acquired  in  moving  a  unit  magnetic 
pole  from  one  point  to  the  other. 

Potentiometer. ― An  instrument  for  measuring  electrical 
quantities  depending  in  principle  on  balancing  an  unknown 
difference  of  potential  against  a  known  fall  of  potential  ob- 
tained by  the  passage  of  a  current  through  an  adjustable 
resistance. 

Power. ― The  rate  of  doing  work.  Units :  the  watt,  kilo- 
watt, and  horse-power. 

Power  Factor. ― The  ratio  of  the  watts  to  the  volt-amperes. 

Practical  Units. ― Some  of  the  units  of  the  centimetre- 
gramme-second  or  C.G.S.  system  are  inconveniently  large  or 
small  for  practical  purposes,  and  therefore  certain  practical 
units  have  been  chosen  which  are  made  some  decimal  multiple 
or  sub-multiple  of  the  corresponding  units.  Thus,  the  ampere 
is  one-tenth  and  the  volt  is  one  hundred  million  times  the 
C.G.S.  unit  (electromagnetic)  of  current  and  the  C.G.S.  unit 
of  electromotive  force  respectively. 

Presstpre. ― Often  used  as  a  synonym  for  voltage,  electro- 
motive force,  difference  of  potential. 

Primary. ― (a)  Cell  or  Battery.  (See  Cell,  in  contradis- 
tinction to  a  secondary  battery  or  an  accumulator.)  (b)  Of 
a  Transformer :  That  winding  of  a  transformer  to  which  elec- 
trical energy  is  supplied. 

Pull-off.— (See  Ear.) 

Pulsating  Current  or  Pulsatory  Current. — A  unidirec- 
tional current  which  varies  in  some  periodic  or  quasi-periodic 
manner. 

Pyro - electric  Effect. 一 The  electrostatic  charge  produced  by 
heating  a  body  (particularly  the  substance  tourmaline). 

I\t/rometer. — An  instrument  for  measuring  temperatures 
higher  than  those  measurable  by  an  ordinary  thermometer. 

Quadrant  Electrometer. —— A  measuring  instrument  con- 
sisting of  a  moving  vane  or  needle  placed  within  or  near  four 
quadrants,  the  electrostatic  forces  between  the  fixed  quadrants 
and  the  moving  needle  producing  the  deflection. 

Qtwdruplex  Teler/ra/jlt  //. —— The  method  in  telegraphy  in 
which  four  messages  are  sent  simultaneously,  two  in  each 
direction. 

(^itatifitif. ― (fi)  Of  Electricity :  The  product  of  current 
into  time.  Units,  coulomb,  and  ampere-hour,  (b)  Obsolete 
term  for  the  strength  of  a  current,  as  distinguished  from  the 
intensity  of  the  battery  which  furnishes  the  current. 


BOILER  ECONOMICS  AND  THE  USE  OF  HIGH  GAS  SPEEDS.* 

BY  J.  T,  NICOLBON. 

(Continued  from  page  263.) 

The  Fan, ― The  question  of  the  fan  must  now  be  taken  up 
in  order  to  find  the  work  to  be  spent  upon  it,  and  the  steam 
required  to  do  that  work.  The  number  of  foot-pounds  needed 
to  compress  lib.  of  air  (or  chimney  gas)  of  absolute  tempera- 
ture r,  from  a  pressure  P,  pounds  square  foot,  to  a  higher 
pressure,  P0  (that  of  the  atmosphere)  is 


W,  =53-2rlogeP^ 


W,  =  53- 


(15) 


(16) 


(17) 


according  as  the  compression  takes  place  isothermally,  adia- 
batically,  or  at  constant  volume. 

For  small  pressure  differences  it  is  found  that  the  three 
expressions  give  results  which  are  very  nearly  the  same. 
Thus  with  P0=  144  x  14'7，  P  =  144  x  13  7,  and  t  =  212  + 
461  =  673°  Fah., 

^  =  35,750  x  0  07045      =2,520  ffc.-lbs. 
W2  =  35,750  x  3-5  x  0*021  =2,610  ft.-lbs. 
and  W3  =  35,750  x  0'073        =2,610  ft.-lbs. 

Thus  it  may  be  assumed  that  the  net  work  to  compress  lib. 
of  air  at  212°  Fah.  from  13'7  to  14*71bs.  per  square  inch  is 
2,600  ft.-lbs.  One  pound  per  square  inch  is  equivalent  to 
27'7in.  of  water  gauge  ；  therefore,  to  compress  lib.  of  such  air 

through  lin.  of  water  gauge  takes  about  ,   ^  ―  94  ft.-lbs.  net. 

To  compress  the  gases  produced  by  (F)  the  number  of 
pounds  of  coal  burnt  per  hour  on  one  square  foot  of  grate 
through  l\V  inches  of  water  gauge  will  require  94  (A  +  1) 
F foot-pounds  (net)  of  work  per  hour,  or 

with  A  +  1  =       +  10,  it  will  require 
r 


94(300  +  10F)  Al},  .  4、 

1,980,000    AP  h0rse-P°wer  (net)' 


Allowing  a  fan  efficiency  of  70  per  cent.,  the  work  required 
94 

will  be       =  135  ft.-lbs,  per  pound,  and  the  horse-power  required 

is  135/398Q  oqqF^  AP  shaft  horse-power. 

Table  IX. ― Shaft  Horsc-potver  and  Steam  per  Hour  for 
the  Fan  per  Square  Foot  of  Grate. 


F 

10 

20 

30 

40 

5  i 

60 

100 

300  +  10F  

S.H.P  

Steam  per  hour 
per  square  foot 
of  grate   

400 

AP 

0-68AP 

600 
△  P 
245 

h3 

800 

AP 
函 

1-37AP 

o 叫9  <1 

Allowing  251bs.  of  steam  per  shaft  horse-power  hour,  the 
steam  needed  to  drive  the  fan  per  square  foot  of  grate  will 
be:— 


25  x  135(300  + 10F)  A  0         ,  , 

I^um ~~ 'AP  pounds  per  hour 

Thus  the  annexed  Table  IX.  is  obtained. 


(18) 


The  value  of  ( A  P'O  the  draught,  in  inches  of  water,  in  terms 
of  the  gas  temperature  and  pressure,  the  mass-flow,  and  tbe 
surface-section  ratio  : — 

According  to  a  formula  deduced  in  Appendix  (IV.), 

△P"  =  const.  —  f— ^-  (19) 

p  \axJ  a  、 

*  Paper  read  before  the  Iustitutiou  of  Engineers  and  Shipbuilders  of  Scotland. 
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From  draught  gauge  observations  taken  by  the  author  on  many 
trials,  the  constant  has  a  value  of  about  7。  |)00，  S°  ^^a^ 


1         T  \  2S 


(20) 


Applying  the  formula,  with  this  constant,  to  the  case  of  the 

economiser,  where  -  =  70,  and  二，  the  surface-section,  ratio  is, 
p  a 

on  the  average,  600  (Table  VII.,  line  8)  ；  then 

厶卜" = 7?o:oZ0  (M)i2  =  C'6 附' •    •    •  (21) 
Thus,  for  the  following  values  of  M1  =  ―  we  may  tabulate  as 
in  Table  X. 

Table  X. 


1 

Mass-flow  (lbs.  per  second 

per  square  foot)  Mi  ... 

1 

3 

0 

9 

12 

2 

Eeonoin  iser     d  r  a  u  g  h  t 
(A fiec")  (also  steam  per 
hour   per    sqimi'c  f < >ot 

of  grate)   

o-o 

54 

21-G 

48-6 

8G*4  inches. 

Adhering  to  the  rate  of  combustion  that  has  been  adopted 
throughout,  viz.,  F  =  30，  as  given  above,  the  steam  required 
for  tlie  fan  in  pounds  per  hour  per  square  foot  of  grate  is 
/\  yj-inch.  Hence  the  figures  in  line  (2)  represent  not  only 
the  draught  pressure  (or  vacuum)  in  inches  of  water  requireil 
for  the  economiser  portion  of  the  boiler,  hut  also  the  steam 
needed  for  its  production. 

For  the  evaporator,  in  which —— = 140,  and  -,  the  surface- 

p  a 

section  ratio,  has  an  average  value  of  about  200  (Table  VIII., 
line  23) :— 

140  x  200 

AP^=    70，000    (M^-O'MM,    •    •    .  (22) 
Hence  Table  XL  :— 

Table  XI. 


Mass-flow  (lbs.  per  second 
per  square  foot)  (Mj)  • 

Evaporator  draught 
APevins.  (also  steam 
per  square  foot  of  grate) 

Total  steam  required  per 
square  foot  of  grate 
for  fan  (F  30)  


1 

3 

fi 

0 

0.4 

30 

144 

32-4 

1 

9 

30 

81 

12 

57*0  inches. 


144  'bs-  Per 
hour. 


These  draughts  have  been  plotted,  in  Fig.  16，  on  a  base  of 
gas-speeds  or  mass-flow. 

Useful  Steam.  ―  The  amount  of  useful  or  unmortgaged 
steam  can  now  be  determined  that  will  be  given  off  per  square 
foot  of  grate  area,  allowance  being  made  for  external  radia- 
tion, and  fan  steam.  The  gross  steam  generated  per  hour  per 
square  foot  of  grate  is  Fe.  The  steam  spent  on  the  fan  per 
square  foot  of  grate  is,  as  will  be  seen  in  Tables  X.  and  XI. ， 
Mx2  lbs.  per  hour,  when  the  value  of  F  is  30.  Allowing  3  per 
cent,  of  all  steam  generated  to  be  wasted  by  external  radia- 
tion, then  for  the  useful  steam  per  square  foot  of  grate  per 
hour ： ~ - 

^  =  0  97  Fe-fM^;  or,  since  when  F  =  30,  /=1; 


^  =  29-le-Mx2 


(23) 


The  values  of  this  quantity,  for  Mx  as  above,  are  given  in 
the  third  line  of  Table  XII.  Reverting  to  the  particular 
case  under  treatment  in  which  10，0001bs.  of  useful  steam 
are  to  be  provided  per  hour  (U  =  10,000),  the  grate  area 
ro(|uirefl  for  clifTerent  draught  intensities  will  he  found  as 
follows : — 

G  = … U   ―   .....  (24) 


29-1«  -  Mf  ' 
or  with  e  =  11*82，  as  above 
10,000 
344  ^  M7' 


G 


New  type  of  hoiU-r  with  hi^h-spord  iminlcrllmv  hcator. 
M os t  ccofKunical  value  of  j^as-sprrd,  or  m;iss-flow,  1  •'  jo. 
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1725    35  72  110  ^2  195 


Speed  of  gas  at  exit  from  counterflow  heater,  feet  per  second. 
Fig.  17. 


Tins  quantity  is  tabulated  in  the  hoti'oui  lino  of  Tal>le 

xir. 

Paut  VII. ― Boiler  Economics. 

The  total  annual  cost  to  the  user  of  a  boiler  plant  is  made 
up  of  the  following  items  ： ― 

1.  [uterest  and  depreciation  on  the  first  cost  of  ：一 

(a)  The  boiler  itself,  including  economiser,  feed 
heaters,  and  pumps,  feed  purifying  plant'  (if  any), 
setting,  and  housing. 

And  of 

(h)  The  chimney  or  fan  plant. 
TT.  (/f)  Tlie  ； unnial  cost  for  fuel  required  for  the  produc- 
tion of  the  given  amount  of  useful  steam  (say, 
10,0001bs.  per  hour  from  feed  at  G0°  Fah.  into 
steam  at  165 lbs.  absolute). 

(7')  Annual  cost  for  fuel  to  generate  steam  used  for 
tlie  fan  plant,  feed  pumps,  or  oilier  steam-using 
accessories. 

(r)  Annual  cost  for  attendance,  maintenance,  clean- 
ing, and  repairs. 

(d)  Annual  rental  value  of  tlie  land  occupied  the 
plant. 

I. ― (a)  First  Cost  of  Boiler  and  Economiser. 
According  to  the  very  accurate  data  collected  from  many 
sources  l»y  Pro t'.  11.  H.  Smiih  (see  】iis  "  Coimnerrial  Economy 


in  Power  Plants/'  Constable,  1905),  the  first  cost  of  a  Lanca- 
shire boiler  for  1601bs.  working  pressure  follows  a  linear  law, 
whicli  may  be  expressed  as  follows  ： ― 

£〇 =110  +  0-066E. 

= 110  +  0'5S  (25) 

Wliere  E  =  evaporation  in  lbs.  per  hour  from  and  at  212°  F. 

S  ―  total  heating  surface  required  for  E，  when  evapo- 
ration is  at  the  rate  of  7J,lbs.  (from  aiul  at- 
212°  Fah.)  per  square  foot  per  hour. 
For  Babcock  &  Wilcox  boilers  the  cost  is  given  by ― 
£C  =80  +  0-078E, 
or  £C  =80  +  0  33S  (26) 

in  whicli  evaporation  is  taken  at  the  rate  of  4'21bs.  (from  and 
-,it  212°  Fah.)  per  square  foot  per  hour. 

The  cost  of  the  chimney,  setting,  and  housing  is  (accord- 


-S33jsq〕  pas 一 LtJJJJ  joj  spunod  ； o  I 


-Jnoq  J3ci  jo  .s£  000,01  M  ^UDOX  000-^  jo  Jelx  .13d  sf-unoci  ui  JS03 
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ing  to  Prof.  R 
will  he  ：  一 

4 


£T 


3 


H.  Smith)  about.  W.  Thus  the  total  cost 
C  =  147  +  0'666  S  for  Lancashire  boilers  ； 


and 


4, 


£T=i° 


110  +  0-44S  for  Babcock  boilers. 


Taking  interest  and  depreciation  at,  together,  12;  per  cent, 
for  Babcock  and  10  per  cent,  for  Lancashire  boilers,  then  the 
following  expression  for  the  annual  charge  for  such  boiler 
plants  is  obtained  ： ― 

(27)  fA^^HT  +  0-66  S)  =  15  +.  0-066  S  for  Lancashire 

boilers  ； 

(28)  £A!  =|(110  +  0-44  S)  =  ] 4  +  0-055  S  for  Babcock 

boilers. 

For  the  high-speed  boilers  here  under  discussion  the 
annual  charge  at  the  somewhat  higher  rate  is  taken  : — 

£AL  =  20  +  ^  (27) 

where  S  =  (.sev  +  s^c)  G,  the  total  heating  surface. 

Now  for  F-30,  and  for  U  =  10,000,  it  was  found  that  the 
grate  area  had  the  values  given  in  Table  XII.,  and  the  heat- 
ing surfaces  per  square  foot  of  grate  had  the  values  given  in 
Tables  VTI.  and  VIII.  Substituting  in  equation  (27)  the 
annual  charges,  as  tabulated  in  Table  XIII. ，  are  obtained. 
Table  XII. ― Gross t  Fan,  and  Useful  Steam  Generated  per 
Square  Foot  of  Grate  :  when  F  ―  SO. 


Mass-flow  (pounds  per  seoond 
per  square  foot)  (Mj)  

Gross  steam  less  radiation,  per 
square  foot  grate  per  hour 
(29-7e)  

0 
344 

1 

344 

3 
344 

6 
344 

9 
344 

12 
344 

Fan  steam  per  square  foot  grate 
per  hour  (Mj^-)   

0 

1  . 

9 

30 

81 

144 

Useful  steam  per  square  foot 
grate  per  hour  (radiation  and 
fan  steam  deducted)  (U/Uj.. 

344 

343 

335 

308 

263 

200 

Orate  area  required  to  produce 
lO.OOOlbs.  per  hour  of  useful 
steam  (0)   

29- 1 

20-2 

29-8fi 

32-5 

38-1 

50 

I.—(b)  Cost  of  Fan  Plant. 
From  particulars  kindly  furnished  to  the  author  by 
Messrs.  Heenan  &  Froude,  Ltd.,  and  by  Messrs.  Sturtevant, 
he  has  deduced  the  following  algebraic  expression  for  the  first 
cost  of  a  fan  plant  to  exhaust  q  thousands  of  cubic  feet  per 
minute  of  waste  gas  at  a  temperature  of  220°  Fah.,  and  raise 
its  pressure  through  A  P(t  (inches  of  water)  to  atmospheric 
pressure. 

Fan  plant  coat=  £[(100  +  5?)  +  (0'1 +  0'002?)  (△?/)•- '1' 

In  the  present  case,  where  F  =  30,  and  10,0001bs.  of  useful 

steam  per  hour  are  required,  we  find  q  as  follows  ： ― 

Gas  per  square  foot  of  grate  per  hour  =  F  (A  +  1)  =300  + 

10F，6001bs.     Volume  per  pound  at  chimney  temperature 

r3  is 

y  一  ct3  — 53'2  x  681  ―  36,240， 

P3  户3  1*3 

The  values  of  P3  are  tabulated  in  Table  XIV. ，  and  it  is 
found  that  the  corresponding  first  costs  and  annual  charges 
for  the  fan  plant  are  as  there  stated. 

II.— O)  Cost  of  Coal  to  Furnish  10，0001bs.  of  net  Steam. 
In  Table  XII.  was  found  the  grate  area  required  to  pro- 
duce 10,0001bs.  per  hour  of  unmortgaged  steam,  deduction 
being  made  of  3  per  cent,  for  external  radiation,  and  of  an 
amount  of  steam  for  the  fan  which  increased  with  the 
draught  intensity.  The  total  coal  required  to  be  burnt  per 
hour  can  be  found  by  simply  multiplying  these  grate  areas 
by  30  ；  since  no  matter  how  great  the  draught  may  be 
through  the  flues,  it  is  always  maintained  just  enough  over 
the  fire  to  burn  301bs.  of  coal  per  square  foot  of  grate  per 
hour.    Thus  the  total  coal  burnt  per  hour,  as  in  Table  XV. ， 


is  obtained  ；  the  coal  burnt  per  annum  allowing  3,000  working 
hours  per  year  ；  and  t  aking  tlie  price  at  8s.  per  ion,  ilie  toial 

Table  XIII. 


M. 

3 

f) 

12 

( irate  area  for  U  (0) ... 

2!)-| 

2!»'8(i 

：{2-5 

:{S  - 1 

50 

llcatiii"  sur- )  Evaporator 

(*ev)  ... 

：52-(12 

11-57 

(i-32 

4-. 'id 

:{-"S 

fares  ])ci'  sc| .  Ecoiioinisci' 

(*.-)  •■• 

01.4 

：52  •  or. 

1(>-7：{ 

1 1  -8 

9-2S 

ft.  of  "'rate  )  Total  ... 

124-02 

44-22 

23-05 

1 ".:!(; 

l2-!l(i 

Heating  surface  for  U  (S  — 

•v  (；) ... 

:{,"20 

I.3I7 

749 

(i23 

"4K 

u/s... 

2-77 

7-« 

13-：{.5 

Hi -05 

Hi -4.-. 

Cost  of  boiler  (T  =  *  C) 

£l,00(i 

£087 

£4"0 

£410 

£420 

Annual  charge  for  capital 

outlay 

on  boiler  A1  =  20  +  S/2() 

£201 

£80 

£57 

£r>l 

£52 

annual  cost  for  coal  is  obtained  to  furnish  10,000Ibs.  per  hour 
of  useful  steam  at  1501bs.  gauge  pressure  from  feed  at 
60°  Fah.,  under  different  conditions  assumed  for  the  drau^lit 
pressure. 

Total  Cost. ~ The  various  items  of  expenditure  for  the 
generation  of  10，0001bs.  of  steam,  under  different  conditions 
of  draught  intensity  in  the  flues  but  with  the  same  rate 

Table  XIV. 


M 

1 

3 

6 

9 

12 

Ap  in  

p.(  lbs.  per  sq.  in.  ... 

li'V-p,  

P^  =  \U  (U-7-ps)  

Vol.  cub.  ft,  per  lb.  (V:1)  ... 
CJ  rate  area  for  U  (G)  

Tola  I  gas  per  nun. (力  ... 

Total  gas  1,000's  of  rub.  ft. 
per  min.  {q)   

^         —二  §  • 

Oin. 

0-325 
14-375 

2,070 
17-5 
20 -S6 

299 
5-23 

o 

Slin. 
2-93 
11-77 

l.t.n-) 

21  -4 
:W  •  1 

3S1 
8-14 

g 隱 — 

First  cost  of  fan  plant  ... 
Int.  and  dep.  20  per  cent.... 

£13" 

£27 

£ur> 

£20 

£28(1 
£57 

I 

5*1 

(301bs.  per  square  foot  per  hour)  of  combustion  on  the  grate 
throughout,  may  now  be  collated  and  their  total  obtained. 
The  result  is  seen  in  'Table  XVI.,  and  the  various  items  a? 
well  as  the  total  have  been  plotted  in  Fig.  17. 

Table  XV. 


l 

3 

a 

9 

12 

Or«ate  area  

Coal  burnt  per  hour  (lbs.)   

Tons    burnt    per    annum  (3,000 

hours)  

Cost  per  year  at  8s.  per  ton  

10,000'     v  3,000  w、.4 
0-»7x  11*82  2,240 

■    卜       卜 卜 
c:  OC  —寸" + 

Ifl  IS  ？ C  W  06 
«  —'WW 

«  一'  -WW 

Excess  for  fan  coal  

£10 

£22 

£54 

£145 

£33" 

Table  XYL 

Htgh-speed  Boilers. 
Cost  of  coal  per  10,0001bs.  of  use- 
ful steam  per  hour,  and  ^, 000 
hours  per  annum.  Kvaporation 
1 1*82  i""'  It)  of  roal.    Coal  Ss. 
per  ton  

£408 

M.ass-fiow  rate  

3 

6 

9 

12 

Total  cost  of  coal  

Annual  cost  for  attendance,  main- 
tenance, cleaning,  and  repairs... 

Annual  charge  for  capital  outlii v 
on  boiler   

Annual  charges  for  first  cost  and 
depreciation  of  fan  plant  

£ 
478 

100 

201 

27 

£ 

490  ； 
1(10 

80 
29  ' 

£ 
522 

100 

£ 
613 

100 
183 

£ 
804 

101) 

52 
5fi0 

Total  cost  

£800 

£705 

£730 

£047 

£1.51(5 

Ordinary  Boiler. ― For  an  ordinary  water-tube  boiler  with 
economiser  (but  not  counterflow)  and  chimney,  to  generate 
】0，0001hs.  of  steam  per  hour,  at  31bs.  of  steam  from  60°  Fah. 
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at  1501bs.  per  square  foot  of  boiler  heating  surface  per  hour 
(about  21bs.  per  square  foot  of  total  heating  surface,  i.e., 
including  economiser,  per  hour),  the  gases  being  discharged 
at  450°  Fah.  from  the  economiser,  the  annual  cost  is  as  fol- 
lows : — 

Taking  chimney  loss,  &c"  at  20  per  cent. 
Taking  radiation  loss,  &c.，  at  3  per  cent. 
And  assuming  an  efficiency  of  77  per  cent. 

To  evaporate  lib.  of  water  from  60°  Fah.  at  1501bs.  work- 
ing pressure  requires  1,162  thermal  units  ；  hence  the  evapora- 
tion will  be 


14,500  x  0-77 
1,162 


- 9*6  lbs. 


from  60°  Fah.  at  1501bs.  per  pound  of  coal.  (This  equals 
9'6  x  1'2  =  ll'51bs.  from  and  at  212°  Fah.  per  pound  of  coal.) 

Coal  required  per  year  of  3,000  hours  for  10，0001bs.  of  net 
steam  per  hour  is 

10,000     3,000      ,  onc 

一  2  240  =  1,395  tons  per  annum. 


9'6 

At  8s.  per  ton  the  coal  bill  is  £558  per  annum, 
ing  surface  of  the  boiler  and  economiser  is 

3,333  square  feet  =  S， 


The  heat- 


3 

The  cost  of  boiler,  economiser,  setting, 
110 十 0'44S  =  £1，576.  Interest  and  depre- 
ciation at  12 J  per  cent,  on  this  makes  the 
annual  charge  £197.  Thus  the  total  cost 
of  steam  generation  from  the  most  efficient 
water-tube  boiler  that  can  be  made  is  ： ― 

For  10，0001bs  of  net  steam  per  hour 
during  3,000  hours  a  year  ： ― 

Annual  cost  of  coal   £558 

Annual  charge  for  attendance, 
maintenance,  cleaning,  and 

repairs  £100 

Annual  charge  for  first  cost 
of  boiler,  economiser,  set- 
ting, and  chimney  £197 


and  chimney  is 


A  represents  the  armature  of  the  generator  and  B  a 
bracket  which  carries  the  brushes  D  bearing  on  the  com- 
mutator C.  The  bracket  is  rigidly  secured  to  a  disc  E 
which  in  turn  is  secured  to  one  of  the  outer  wheels  F  of  a 
differential  gear  which  is  loosely  mounted  on  the  generator 
shaft  G.  The  disc  E  is  adapted  to  be  engaged  by  friction 
blocks  H  of  lignum-vitse  which  are  situated  between  a  flange 
formed  on  the  inside  of  the  generator  casing  and  a  ring  secured 
to  the  casing.  Locked  bolts  are  provided  to  adjust  the  friction 
between  the  blocks  H  and  the  disc  E.  The  intermediate 
wheels  L  and  M  of  the  differential  gear  are  carried  by  an  outer 
ring  N  made  in  two  portions  and  provided  with  projections  O 
and  P  at  diametrically  opposite  points.  The  position  of  this 
ring  is  controlled  by  two-spring  pressed  pawls  Q  and  R  wliich 
are  adapted  to  engage  the  projections  O  and  P  and  to  hold  t  he 
ring  against  rotation  at  certain  times.  The  other  outer 
member  S  of  the  differential  gear  is  rigidly  secured  to  the 
armature  shaft. 

The  operation  of  the  arrangement  is  as  follows :  As  illus- 
trated the  parts  are  in  the  positions  they  occupy  when  the 
armature  is  rotating  in  a  counter-clockwise  direction,  if  now 
the  direction  of  rotation  be  reversed  wheel  S  immediately 
reverses  and  tends  to  carry  the  intermediate  gears  L  and  M 
together  with  the  ring  N  round  in  a  clockwise  direction.  The 
ring  N,  however,  is  held  against  rotation  by  the  projection  O 
which  is  engaged  by  the  pawl  Q.  The  wheel  F,  and  with  it 
the  disc  E  and  bracket  B,  is  therefore  caused  to  rotate  in  a 


Total  annual  cost  ...  £855 
Now  the  total  for  a  high-speed  boiler 
at  the  most  economical  gas-speed  (Table 
XVI.   or  Fig.   17)  is  £695.     Thus  it 
will  be  seen  that  by  the  adoption  of  the 
new  system  an  annual  saving  of  £160  over 
the  very   best  result  now   attained  is 
secured,  when  10，0001bs.  of  steam  are  generated  per  hour. 
This  is  equivalent  to  a  saving  of  £320  per  annum    on  a 
1,000  i.h.p.  installation. 

{To  be  continued .、 


BRUSH-SHIFTING  MECHANISM  FOR  DYNAMOS. 

The  British  Thomson-Houston  Company,  Ltd.,  83，  Cannon 
Street,  London,  E.C.，  in  conjunction  with  Mr.  A.  P.  Young, 
have  recently  patented  the  brush-shifting  mechanism  for 
dynamos  shown  in  Figs.  1  and  2,  the  arrangement  being 
especially  applicable  to  variable-speed  generators  for  supplying 
current  for  lighting  or  heating  railway  or  other  vehicles.  In 
generator  supplying  systems  of  this  character  it  is  necessary  to 
provide  some  means  for  ensuring  that  the  current  through  the 
battery  and  lighting  circuits  will  be  in  the  same  direction, 
irrespective  of  the  direction  of  rotation  of  the  armature  shaft 
or  of  travel  of  the  vehicles.  The  desired  result  may  be 
obtained  either  by  providing  a  change  over  switch  in  the 
circuit  which  is  automatically  operated  from  the  dynamo  shaft 
or  else  by  rotating  the  brushes  through  an  angle  substantially 
equal  to  the  po】e  pitch .  In  the  arrangement  under  notice  the 
latter  of  these  methods  is  adopted  and  consists  in  mechanism 
adapted  to  automatically  shift  the  brushes  through  an  angle 
substantially  equal  to  the  pole  pitch  of  the  generator  in  either 
a  forward  or  backward  direction  whenever  a  reversal  of 
direction  takes  place. 

Referring  to  the  illustrations,  Fig.  1  is  a  sectional  eleva- 
tion through  the  end  of  the  generator  casing  showing  the 
})rush-shifting  meclianism,   and   Fig.   2   is   a  cross-section. 


Figs.  1  and  2.— Brush-shifting  Mechanism  for  Dynamos. 

counter-clockwise  direction,  the  friction  between  the  disc  E 
and  the  blocks  H  being  overcome.  The  rotation  of  wheel  F 
will  continue  until  a  pin  T  carried  by  the  disc  E  engages  the 
pawl  Q  and  throws  it  out  of  engagement  with  tlie  projection  O 
after  which  the  intermediate  gears  and  ring  will  be  free  to 
rotate  and  the  friction  on  disc  E  will  hold  the  wheel  F  and 
bracket  B  against  further  rotation  in  this  direction.  A  pin  V 
serves  to  lift  the  pawl  R  out  of  engagement  with  the  projec- 
tion P  when  the  direction  of  rotation  is  again  reversed.  It 
will  be  seen  that  at  least  one  of  the  pawls  Q  or  R  is  always  in 
position  to  engage  the  projection  O  or  P  should  the  direction 
of  rotation  be  reversed. 


Durability  of  Ball  Bearings. 一 Two  ball  bearings  installed 
in  one  of  the  journal  boxes  of  an  electric  car  of  the  Atlantic 
City  and  Shore  Railroad,  were,  after  3^  years'  service, 
when  the  car  had  run  about  150,000  miles,  removed  for 
measurement,  when  it  was  found  that  the  mean  or  average 
radial  freedom  was  0*000046in .  ，  or  practically  nothing, 
and  the  mean  end  play  was  0'00125in.  The  mean  or  aver- 
age eccentricity  of  the  inner  race  was  found  to  be  only 
0"00004in.,  also  practically  nothing.  The  mean  radial  free- 
dom for  the  second  ball  bearing  was  found  to  be  0'0003in.， 
the  mean  or  average  end  play  0'0097iii.，  and  the  mean  or 
average  eccentricity  of  tlie  inner  race  0'00025in.  The 
larger  wear  shown  in  the  second  bearing,  small  though  it 
is,  is  accounted  for  by  the  fact  that  this  particular  bearing 
had  to  take  tlie  end  thrust  of  thei  axle.  It  appears  that 
liming  the  3^  years  of  service  no  attention  was  required, 
other  ilian  the  supply  of  grease  every  10  or  12  months. 
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LUBRICATING  MATERIALS. 

A  knowledge  of  the  derivation  and  physical  characteristi(;s 
of  different  lubricants  is  of  considerable  assistance  to  engine- 
men,  as  it  enables  them  to  appreciate  the  reasons  for  the 
employment  of  certain  oils  or  greases  for  particular  parts  of 
a  locomotive.  Absence  of  information  on  this  subject  may 
result  in  the  good  qualities  of  a  lubricant  being  lost  on 
account  of  its  being  put  to  a  wrong  purpose. 

The  primary  object  in  using  a  lubricating  medium  is  to 
decrease  the  friction  between  moving  surfaces  in  contact, 
and  next,  to  conduct  away  or  tend  to  "  cool-off  }}  auy  heat 
generated.  Undue  friction  will  cause  heating,  which  in 
turn  will  expand  parts,  &c"  resulting  in  abrasion,  and  pro- 
bably ultimate  "  seizing,"  as  it  is  termed,  of  the  details 
working  together.  Friction  is  actually  the  resistance  one 
surface  presents  to  another  whilst  being  moved  over  it,  and 
is  due  to,  and  is  in  proportion  to,  the  roughness  of  these 
surfaces.  Heat  will  obviously  be  developed  if  friction  is 
allowed  to  exist  unchecked,  as  all  mechanical  motion  pro- 
duces heat. 

To  reduce  friction,  lubricating  materials  are  employed ― 
that  is  to  say,  a  film  of  some  suitable  medium  is  allowed  to 
form  between  the  working  surfaces,  which  will  prevent  them 
coming  into  actual  metallic  contact.  Tlie  "  molecules/'  or 
atoms,  of  the  material  employed  will  develop  friction,  and 
consequently  heat,  amongst  themselves  to  varying  degrees  ； 
it  is  obviously,  therefore,  desirable  to  utilise  those  mediums 
which  will  develop  least  friction  and  heat  under  the  work 
assigned :  hence  the  selection  necessary  for  different  parts 
of  a  locomotive. 

Practically,  a  journal,  or  piston  rod,  may  be  considered 
as  resting  or  working  on  an  infinite  number  of  minute 
" globules,"  or  balls,  of  lubricant,  and  the  oils  and  greases 
which  will  retain  and  replenish  these  supporting  balls  best 
under  heavy  loads  or  high  temperatures  will  prove  the  most 
satisfactory  in  service.  The  property  of  supporting  con- 
siderable weight  without  being  squeezed  out  is  a  requirement 
of  a  good  axle  lubricant  for  rolling  stock.  The  work  donei  in 
overcoming  friction  in  the  moving  parts,  if  utilised  for 
effective  work,  will  add  to  the  efficiency  of  a  locomotive. 
All  bodies,  whether  fluid  or  solid,  have  some  friction  set  up 
between  their  molecules  on  movement,  but  some  have  a 
much  lower  coefficient  than  others  ；  likewise  some  possess 
the  valuable  property  of  conducting  away,  or  decreasing,  the 
tendency  to  develop  heat  more  than  others. 

Materials  selected  as  lubricants  should,  in  addition  to 
being  satisfactory  in  above  requirements,  be  uniform  in 
c  omposition,  so  that  they  may  be  used  with  confidence  ； 
and,  further,  they  must  be  neutral  chemically ― that  is  to 
say,  they  must  possess  no  properties  liable  to  injure  metals 
or  other  materials  with  which  they  come  into  contact. 
A  good  lubricant  should  adhere  tenaciously  to  metallic  sur- 
faces, so  that  it  may  not  be  easily  rubbed  off.  If  used  for 
lubricating  the  steam  valves,  cylinders,  &c.，  it  should  be 
capable  of  withstanding  high  temperatures  without  being 
vaporised  or  carbonised.  Nor  should  a  good  oil  solidify 
at  ordinary  low  temperatures,  or  there  may  be  difficulties 
in  handling  and  applying  it.  The  action  of  the  atmosphere 
should  not  produce  "  gumminess  "  or  add  to  the  "  viscosity," 
nor  should  evaporation  take  place  on  exposure  to  the  air. 

It  will  be  appreciated  from  the  above-mentioned  attri- 
butes, sought  for  in  lubricating  materials,  that  few  oils  or 
greases  will  fulfil  all  ；  some  have  to  be  sacrificed  to  secure 
others,  hence  the  reason  why  different  oils  are  used  for  tlie 
various  parts  of  machines  working  under  different  conditions. 
There  are  three  states  in  whicli  lubricants  are  used ― viz. ： 

(1)  Liquid,  as  oils,  employed  chiefly  for  reducing  friction  ; 

(2)  semi-solid,  as  greases,  used  for  similar  purpose  to  above, 
and  preventing  heating;  and  (3)  solids,  as  graphite,  for 
forming  smooth  wearing  surfaces,  which  can  then  be  lubri- 
cated with  thinner  or  less  viscous  oils. 

Lubricating  materials  are  secured  from  animal  products 
(including  fish),  vegetable  growths,  and  mineral  deposits. 
The  peculiar  products  of  each  are  often  combined  by  mixing 
or  blending,  and  thus  producing  "  manufactured  "  oil  and 
greases  which  better  meet  requirements.  Lubricants  that 
are  wholly  animal  or  vegetable  products  are  usually  known 
as  u  fatty  "  oils. 

Probably,  on  account  of  being  iirst  kuuwu,  animal  oils 


have  been  very  largely  used,  and  are  even  now  preferred 
for  some  purposes.  They  exist  as  oils,  grease,  or  fats : 
as  examples,  ox  oil,  sperm  oil,  lard  oil,  and  tallow.  They 
can  be  used  alone,  or  employed  to  mix  with  and  tliicken 
other  oils.  They  are  usually  obtained  by  melting  out  tlie 
fatty  tissues  of  the  flesh  of  animals,  fish,  &c.，  in  which  they 
are  found,  the  product  being  afterwards  purified  to  eradicate 
smell  and  prevent  decomposition  and  change. 

Vegetable  oils  are  chiefly  derived  from  the  seeds  of 
certain  plants  ；  they  are  made  use  of  either  alone  or  in  com- 
bination with  other  oils.  Instances  of  vegetable  oils  are  raj)e 
oil,  olive  oil,  castor  oil,  cocoa-nut  oil,  &c.  They  are  usually 
obtained  by  crushing  the  seeds  or  the  fleshy  parts  of  Hie 
fruits  of  various  plants,  and  then  heating  the  exuded  product 
in  various  ways  to  separate  the  unsuitable  constituents  and 
to  purify  the  oil.  There  are  two  classes  of  vegetable  oils ― 
drying  and  non-drying;  the  former  are  of  no  use  as  lubri- 
cants if  the  drying  action  is  at  all  rapid,  as  in  oil,  as  they 
very  soon  oxidise  and  become  gummy  and  resinous.  The 
other  kind — viz.,  non-drying  oils,  such  as  rape  oil ― are  wliat 
are  known  as  permanent  liquids,  or  fixed  oils,  and  are  not 
subject  to  this  action  to  any  great  extent. 

Most  of  the  non-drying  vegetable  oils  are  suitable,  aiul 
some  are  unsurpassed,  for  use  as  lubricants  for  machinery 
and  working  parts  of  locomotives.  Vegetable  oils  are  not 
suitable  for  use  in  cylinders,  as  the  heat  there  would  decom- 
pose and  carbonise  in  extreme'  cases,  and  in  superheated 
locomotives  they  would  be  burnt.  Mineral  oils,  which 
possess  the  property  of  standing  great  heat,  have  now  sup- 
planted the  other  oils  entirely  for  the  latter  purposes. 

Petroleum  exists  in  large  quantities  in  various  parts, 
notably  in  the  Caucasus,  Roumania,  &c.，  in  Europe  ； 
Pennsylvania,  Texas,  Mexico,  &c.，  in  America  ；  Burma, 
Persia,  Borneo,  &c.，  in  Asia;  and  in  the  Soudan  in  Africa. 
The  crude  oil  is  obtained  by  methods  which  vary  in  different 
localities  ；  but  mostly  by  drilling  or  boring  artesian  wells 
until  a  "  pocket  "  of  oil  is  struck,  when  the  confined  gas 
drives  up  the  oil  with  great  force';  quantities  are  often  lost 
if  adequate  provision  has  not  been  made.  When  the  pres- 
sure has  decreased,  the  oil  is  pumped  as  required,  and 
treated  for  its  different  products.  First,  it  is  usually 
allowed  to  settle  to  enable  the  water,  which  in  a  greater 
or  less  degree  is  usually  present,  to  be  removed,  and  also 
any  brought  up  with  the  oil  to  the  surface.  The  crude  oil 
passes  then  to  the  distillery,  where  different  varieties  of  oil 
are  extracted,  including  those  pre-eminently  suitable  for 
lubricating. 

These  latter  are  of  different  classes,  and  possess  different 
properties  suitable  for  varying  needs.  The  less  viscous  oils 
are  better  for  the  machinery ― that  is,  the  motion,  &c.，  whilst 
the  more  viscous  oils,  which  are  usually  darker  in  colour, 
are  specially  applicable  for  use  in  the  cylinders,  as  they  will 
stand  a  high  degree  of  heat  without  being  affected. 

Manufactured  oils,  or  mixtures  of  light  mineral  oils, 
with  animal  or  vegetable  oils  to  give  them  "  body,"  are 
very  suitable  for  engine  purposes  or  machinery  generally, 
but  should  not  be  put  into  the  cylinders,  as  the  heat  would 
affect  the  fatty  components. 

Generally  speaking,  mineral  oils  are  safer  than  fatty  oils, 
as  they  do  not  oxidise,  and  there  is  absence  of  danger  from 
spontaneous  combustion;  they  are  also  more  uniform  in 
quality,  and  purer,  being  free  from  acids  ；  they  do  not 
"gum."  If  very  thiu  they  require  body,  however,  and  this 
can  be  added,  as  mentioned  above,  by  mixing  with  other  oils. 

Graphite  is  an  example  of  a  solid  lubricant.  It  possesses 
a  great  many  merits,  as  it  adheres  well  to  smooth  metallic 
surfaces,  and  is  not  affected  by  temperature  or  acids.  The 
only  difficulty  that  attends  its  use  is  keeping  it  in  solution 
in  the  oil  with  which  it  is  mixed.  A  special  form  of  lubri- 
cator is  employed  in  which  the  mixture  is  continually  stirred 
up  to  prevent  the  graphite  settling.  By  its  use  the  minute 
inequalities  in  the  faces  of  the  parts  in  contact  are  filled  up 
perfectly  smooth.  Graphite  is  a  very  pure  form  of  carbon 
mined  in  various  parts  of  the  world.  Two  varieties  are 
found ― crystalline  or  flake,  and  granular  or  '  amorphous. J> 
The  former  only  is  suitable  for  lubricating  purposes  ；  the 
latter,  the  more  common  form,  being  usually  found  n  ixed 
with  sand,  clay,  and  other  impurities,  which  cau  only  be 
separated  with  difficulty. ― "  Tfie  Locomotive." 
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THE  BELLUZZO  STEAM  TURBINE. 

'I'h is  tpypc  of  steam  turbine  lias  the  high,  intennediaic,  ami 
low-pressure  parts  quite  unlike  each  other.  The  liigli-pres- 
sme  part'  is  in  two  pressure  stages,  each  with  two  velocity 
st  figes  in  series,  in  large  units  ；  in  small  units  a  single-pressure 
stage  and  three  velocity  stages  in  series.  The  intermediate 
pressure  part  is  】nade  of  several  discs,  each  with  a  single 
blade  rim,  and  each  rotating  in  a  separate  (:lm】ubei'，  the 
expansion  of  steam  taking  place  in  the  distributors  of  the 
r'""vtive  rotors.  The  low-pressure  part  consists  of  a  drum, 
on  which  are  mounted  several  blade  rings. 

Such  a  turbine  is  held  to  possess  several  important  ther- 
mal and  mechanical  advantages.  It  results,  it  is  stated,  in 
the  highest  thermal  efficiency  since,  as  the  pressure  and  tem- 
perature of  steam  go  down,  the  velocity  of  efflux  from  the 
distributors  and  the  ratio  between  it  and  the  peripheral 
speed  of  the  discs  also  diminish,  and  tliis  decreases  the  loss 
due  to  friction  between  the  steam  and  the  turbine  blades. 
Further,  the  arrangement  of  the  high -pressure  discs  in  several 
velocity  stages,  witli  niiiiinmm  expansion  in  the  distributors, 


sure  discs  have  also  partial  admission,  but  with  a  constant 
angle  of  about  180°.  The  radial  height  of  blade  is  thus 
growing  from  one  disc  to  another  in  accordance  witli  ilie 
decrease  of  the  velocity  of  steam  and  increase  of  its  specific 
volume.  From  the  last  disc  of  the  intermediate  pressure 
section  the  steam  is  led  to  a  collector,  a  sort  of  receiver 
I'd  ween  tlie  intermediate  and  low-pressure  parts.  It  has  a 
double  duty  to  perform.  In  the  first  instance  it  distributes 
uniformly  the  steam  coming  from  the  last  disc  of  the  inter- 
mediate pressure  section,  which  has  a  partial  admission,  over 
the  drum  of  the  low-pressure  section  having  full  admission. 
I  it  the  second  place  it  has  to  maintain  the  cast  -iron  walls 
supporting  the  blades  of  the  distributors  of  the  first  wheel 
at  a  temperature  slightly  higher  than  that  of  the  steam 
expanding  between  the  discs.    Tests  made  by  Prof.  Belluzzo 


2.  — DlSTltlBUTOU  AN1>  llOTOH  CONSTUUCTION  Oh'  THI':  BELLUZZO  STEAM 

Tukuink.   (Two  and  throe  velocity  stages  in  series.) 

in  1905  liave  shown  the  convenience  of  such  a  steam  collector. 
It  is  of  especially  great  importance  for  marine  turbines  in 
that  it  prevents  the  accumulation  of  water  at  the  bottom  of 
the  turbine.    Fig.  2  shows  the  construction  of  the  distribu- 
tors and  rotors.     Attention  is  called  to  the  following :  (1) 
Decrease  of  axial  width  of  the  rotor  blades  from  the  first  disc 
on  to  the  last :  (2)  decrease  of  the  peripheral  blade  pitch  ；  (3) 
decrease  of  the  angle  between  the  direction  of  steam,  and  that 
of  the  peripheral  velocity  ；  the  width  of  the  blades  in  velocity 
stages  arranged  in  series  is  also  de- 
creasing. Thereby  is  gained  the  great 
mechanical  advantage  of  having  the 
weight  of  the  blades  in  various  discs 
as  well  as  the  steam  pressure  on  the 
blades  and  the  stresses  due  to  centri- 
fugal forces  on  the  various  discs,  prac- 
tically uniform. ― '(  Proc.  American 
Society  of  Mechanical  Engineers." 


Fl«.  1.— Stkam  Tuhbine. 

permits  ； i  rapid  decrease  in  steam  pressure  between  the  stages. 
On  the  other  hand,  the  drum  on  the  low-pressure  side  makes 
t  he  rotating  part  of  the  turbine  more  rigid. 

The  velocity  of  efflux  of  the  steam  from  the  distributors 
is  2,100ft.  to  2,300ft.  in  the  first  stage,  and  1,620ft.  in  the 
second  stage  ；  between  1,300ft.  to  960ft.  in  the  intermediate 
pressure  part,  and  only  about  650ft.  in  the  low-pressure  part. 
With  such  velocities  wear  of  the  blades  is  practically  nil. 

On  coining  from  the  first  distributor  (Fig.  1),  the  steam 
arts  on  the  blade  rim  of  the  first  disc,  is  deflected  along  the 
groove  in  the  diaphragm  between  the  two  wheels,  and  enters 
Ui(、  distributor  of  the  next  wheel.  This  arrangement  pre- 
vents the  steam  from  forming  eddies  when  it  reaches  the  dis- 
1  ributor  of  the  second  wheel,  due  to  the  rebound  of  steam 
from  the  first  wheel.  The  lirsl  ； mri  sc-ond  wheel  have  partial 
iulmissioii,  ； nul  1  he  rlisl  ribut  ors  occupy  only  parts  of  the 
r<、s|"、<  live  pei'iplieries,  less  Minn  ：)() '  for  t  he  first  wheel,  and  a 
more  than  90°  h>r  the  sccoikI.    TJie  interinediate  pres- 


PURE  AND 
APPLIED  MATHEMATICS. 

In  his  presidential  address  at  the  fifth 
International  Congress  at  Cambridge, 
Sir  George  Darwin  remarked  that  the 
science  of  mathematics  is  now  so  wide, 
and  is  already  so  much  specialised, 
that  it  may  be  doubted  whether  there 
exists  to-day  any  man  fully  competent  to  understand  mathematical 
research  in  all  its  many  diverse  branches.  It  was  true  that 
there  had  been  in  the  past  at  Cambridge  great  pure 
mathematicians,  such  as  Cayley  and  Sylvester,  but  they  surely 
might  claim  without  undue  boasting  that  their  University  had 
played  a  conspicuous  part  in  the  advance  of  applied  mathe- 
matics. Newton  was  a  glory  to  all  mankind,  yet  Cambridge 
men  were  proud  that  fate  ordained  that  lie  should  have  been 
Lucasian  Professor  there.  But  as'  regards  the  part  played 
at  Cambridge,  lie  referred  rather  to  the  men  of  the  last  100 
years,  such  as  Airy,  Adams,  Maxwell,  Stokes,  Kelvin,  and 
other  lesser  lights,  who  have  marked  out  the  lines  of  research 
in  applied  mathematics  as  studied  in  that  University.  He 
also  made  sympathetic  references  to  the  late  Henri  Poincare. 
Proceeding,  he  said  that  both  the  pure  and  applied  mathe- 
maticians are  in  search  of  truth,  but  the  former  seeks  trutli  in 
itself  and  tlie  latter  trutli  about  the  universe  in  wliich  we  live. 
To  some  men  ahst  rHct-  truth  has  tlie  greater  charm,  to  others 
t  ho  interest  in  our  universe  is  dominant.  In  both  fields  there 
is  room  for  indefinite  advance,  but  while  in  pure  niatliematics 
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every  new  discovery  is  a  gaiu,  in  applied  mathematics  it  is  not 
alwavs  ea、、v  to  find  the  direction  in  which  progress  can  be 
made,  because  the  selection  of  the  conditions  essential  to  the 
problem  preseuts  a  preliminary  task,  and  afterwards  there 
arise  tlie  purely  mathematical  difficulties.  Thus  it  appeared 
t.liat  it  was  easier  to  find  a  field  for  advantageous  research  in 
pu re  than  in  applied  mathematics.  He  miglit  illustrate  what 
he  meant  by  reference  to  Lord  Kelvin's  celebrated  investiga- 
tion as  to  the  cooling  of  the  earth.  He  was  not,  and  could 
not  he,  aware  of  the  radio-activity  of  the  materials  of  which 
the  earth  is  formed,  and  he  thought  it,  was  now  generally 
acknuwletiged  that  the  conclusions  which  he  deduced  as  to  the 
age  of  t  he  earth  cannot  be  maintained  ；  yet  the  mathematical 
investigation  remains  intact.  He  appealed  for  mercy  to  the 
applied  mathematician,  and  would  ask  tliem  to  consider  in  a 
kindly  spirit  the  difficulties  under  which  he  laboured.  If 
their  methods  were  often  wanting  in  elegance  and  did  but 
little  to  satisfy  that  esthetic  sense  of  which  lie  spoke,  yet  they 
were  honest  attempts  to  unravel  the  secrets  of  the  universe  in 
which  we  live. 


CENTENARY  OF  THE  STEAMSHIP  "COMET"  AT  GLASGOW. 

The  citizens  of  Glasgow  and  of  the  other  towns  on  tlie  river 
Clyde  were  en  fete  last  Saturday  to  celebrate  the  hundredth 
anniversary  of  the  introduction  of  steam  navigation  by  Henry 
Bell,  、v】io，  in  August,  1812,  started  running  the  small 
steamship  "Comet"  on  the  river  between  Glasgow  and 
Greenock  as  a  passenger  vessel. 

This  was  not,  however,  the  first  attempt  to  propel  vessels 
by  means  of  steam  power.  In  1698  both  Denis  Papin  and 
Tliomas  Savery  experimented  with  steamboats,  while  William 
Symington,  in  conjunction  with  Patrick  Miller  and  James 
Taylor,  tried  a  steam  vessel  25ft.  in  length  on  Dalswinton 
Loch  in  1789.  About  a  dozen  years  later  Symington  placed 
a  steamer  named  the  "  Charlotte  Dundas,"  driven  by  steam 
by  ineaiis  of  one  stern  paddle,  on  the  Forth  and  Clyde  Canal, 
but  this  boat  had  to  be  withdrawn  because  the  wash  of  water 
injurerl  the  Canal  banks.  In  1804  Francis  B.  Stevens  drove 
a  small  vessel  with  twin  screw  propellers  on  the  Hudson 
Kiver,  and  in  1807  Robert  Fulton  placed  on  tlie  Hudson  the 
s.s.  "Clermont,"  133ft.  in  length,  propelled  by  an  18  h.p. 
engine  by  Boulton  &  Watt.  Just  as  numerous  efforts  had 
been  made  by  Newcomen  and  others  to  introduce  steam 
engines  before  the  inventions  of  Watt  rendered  tlie  machine 
efficient,  so  there  were  repeated  attempts  to  drive  ships  by 
steam  before  1812  ；  but  to  Henry  Bell  belongs  the  distinction 
of  having  been  tlie  first  to  render  steam  navigation  a  prac- 
tical success  in  British  waters.  The  "  Comet, n  which  was  a 
timber  vessel  50ft.  in  length  by  1 1ft.  in  breadth  and  5ft.  6in. 
in  de])t h,  was  built  by  John  Wood,  of  Port  Glasgow.  John 
Kohertson,  of  Glasgow,  constructed  her  engine,  wliich  was 
of  .'3  h.p.,  the  shafting  of  cast  iron,  and  fitted  with  a  fly- 
wheel, and  the  paddles  were  simply  four  blades  fixed  on 
arms,  two  on  either  side  of  the  boat.  The  maker  of  her 
boiler  was  David  Napier,  of  Glasgow,  the  founder  of  the 
subsequent  famous  sliipbuikling  firm  of  that  name.  The 
" Cornet  "  was  quickly  followed  by  other  vessels  of  larger 
size  aiul  greater  speed,  and  in  a.  short  space  of  time  steam 
navigation  was  extended  to  other  British  rivers  and  (leej) 
sea  vessels. 


INDUSTRIAL  AND  TRADE  NOTES. 

Clyde  Ironworkers  and  Piece-work.  ―  T1k'  in>n、vm  k('rs  rmplovcd 
in  Clyde  slii|)l>uil(]in^  yards  have  bt— m'，i  aslvt'd  to  vote  on  the  <|ues- 
tion  of  striking  in  order  to  ont'orcc  an  ； ul\  ance  of  4  per  (！ cat.  on 
ri\  ctiij^  pif'cc  n ork  rates,  wliich,  it  is  stated,  the  Employers' 
Federation  have  rol'uscil. 

New  Wire  Rope  Works  at  Doncastcr. ― We  understiind  Miat  Messrs. 
('r;i\  en  iV  Sp:'('(ling  IJros.,  of  Afonkw  oarniouth,  Sundorlaiul,  pro 
p:)sf>  to  cstalilisli  'i'mv  "m  l"  at  I)on<*astcM"  ior  tlie  nianui'acture  of 
、、irp  rr>|)*'s  for  colli, ',  ics，  -stod  li:' 、、、(— "  s，  w  i ro  l  i^^inji:,  biixlcr  twiuo, 
and  nianill;]  ropes. 

Price  of  Leather  Belting. ― '、（'('ordii'g  io  tlie  h'edcration  of  J;c;itlier 
B"ltiiig  Manufnfturcrs  oi  tin*  I'niicfl  Kingdom,  tlicro  is  to  l»o  a 
rise  of 】（） y)or  cont.  in  the  prico  of  "、： itl"、r  l>(、lting  tlirou^h- 
out  tlie  r  rjunti  v.  It  is  stattyl  tli:，t  hides  ； ill  m  (>r  t\w  world  lia\  c 
l'rf'ii  ccnisiantly  rising  in  pi  icc  lor  more  t  Iki  ii  a  yea r,  and  iliat 
there  is  a  sliortage  of  leather  in  e\  cry  cou'itry. 


Electric  Furnace  for  the  Bethlehem  Steel  Company. -- An  <  l<  H  r"'  fur- 
nace of  the  Girod  type  is  to  )>o  installed  l>y  tlm  J$t?tlil'»li< '川 Steel 
('()mp;ui.v，  ol'  South  Hcihlolicii),  Pcini .,  ior  ilu»  manufiK'ture  of 
tool,  a rinoiir,  projoctile,  and  other  lii^h  ^radc  specrial  steels.  It 
is  cxpocttMl  tlmt  this  will  result  in  lar^or  heats  oi  Um>  Iii'^Ikt 
giiides.    T\w.  i'uniiU'o  will  a  melting  capacity  of  10  tons. 

Wear  Shipbuildings  ―  Dui'ing  llui  pasl  moiiLii  oi^lil  \  esse  Is, 
； ((rcri-ogatiny;  '25 ,3- j 7  tons,  wore  l;uin('li(、（l  in  ilic  Wear,  as  coinpiirod 
、、 itli  tluvt'  vessels  and  】3，（）"1  tons  in  August,  Altw'Ui('r 
") I  ships,  totalling  19U,(i3()  tons,  liavc  Itccn  laiiMclicfl  1  roin  ilu; 
Wrar  .shipyards  this  ,v(、iir，  as  against  52  vessels  ;uid  171,80 1  Iojis 
during:  tlio  correspoiKlin^  eight  moiitlis  of  last  year. 

W.  H.  Willcox  &  Co.,  Ltd. ― Thi's  well  known  firm  of  ""imii:"' 
tui'(M\s  of  (Mi^inoors'  tools  and  supplies,  having,  through  cxpan 
sion  oi'  iluMi"  Imsiness,  found  it  necessary  to  acquire  increased 
iU'coinniodatiou,  taktMi    ;i    Imikliiig    adjoining  tl"、ir  main 

warehouses,  32，  34,  and  36,  Soutlnvcark  Street,  London,  viz..  No.  38,  at 
which  address  their  registered  offices  will  in  future  bo  situated. 

Concessions  to  Number  Shipyard  Workmen.— Negotiations  between  the 
Hull  and  Ousc  Shipbuilding  A.sfsociation  and  the  G;ts  Woikcrs  ； iii'I 
National  Anial^;iinated  Union  of  Lalmur  have  led  to  advanccfs 
Ihmhjj;  ciincoded  to  workers  in  tlie  shipyaids  at  Beverley,  Hull, 
Goolo,  ； uid  Sell>y.  The  advances  are :  J I  cI^xts,  Is.  per  woek  ； 
painters  and  rod-leaders,  (3d.  per  week  ；  and  shipyard  labourers, 
(id.  per  week.  The  increased  wages  were  paid  at  the  end  of  last 
week. 

Oil  Fuel  for  Warships. ― The  Admiralty  have  ordered  the  provi- 
sion of  five  more  oil  fuel  reservoirs  in  Portsmouth  Harl>mu'，  mak- 
ing a  total  of  17，  while  several  others  are  said  to  l>e  contemplated. 
At  present,  oil  is  taken  from  the  reser\oirs  to  the  warships  in 
tank  vt\ssels,  but  instructions  lune  been  received  for  dredging 
operations  to  l>e  commencod  forthwith  alongside  the  oil  fuel  pier, 
so  as  to  enal>le  the  largest  battle  ships  to  come  and  take  their 
supply  direct. 

New  South  Wales  Iron  Industry. 一 The  arrangements  for  the  establish- 
iikmi I.  hy  the  Broken  Hill  Proprietary  Company  of  iron  and  steel 
works  at  Newcastle  h;ive  been  completed.  Tlie  Government  will 
grant  a  ">'(  I  yea  i  s7  lease  of  a  large  area  of  Crou  n  land,  and  agrees 
to  resume  the  Avorking  of  a  private  railway  I)isocting  the  land, 
and  otliorwise  to  assist  the  company.  Mr.  Griffiths,  Secretary  for 
Public  \\'ork.s,  says  that  though  it  is  tl"、  policy  of  the  Govermnyjit 
to  ostaltlisli  State  works,  no  obstacle  、vill  ho  phxcvd  in  tlie  way  of 
tlu*  hona-iido  iiu'estmcnt  of  private  capital  in  useful  productive 
industries. 

Clyde  Shipbuilding.  ―  Owing  la rgely  to  the  launching  recently 
of  the  large  liners,  "  Niagara  "  and  "  Empress  of  Russia,"  at 
('l.v<U 山: ;uul  Fiiirfield,  rospectively,  the  Clyde  shiphuildin^ 
figures  for  August,  viz.,  24  vessels  of  87,599  tons,  are  easily  the 
hi r^cst  mi  record  for  the  month.  'J'lioy  are,  in  fact,  just  about 
douhlo  tlio  August  avorago,  and,  in  addition,  they  lu'ing  the  work 
oF  tli(、  yc;ir  up  to  a  total  of  189  vessels  of  417,551  tons.  This  is 
tlio  second  best  on  record,  being  exceeded  only  by  that  of  1907， 
which  was  larger  by  only  about  3,500  tons. 

Steam  Engine  Indicators. —— Messrs.  Schali'er  &  Budenberg,  of 
Whitworth  Street,  Manplioster.  have  issued  a  new  sectional  cata- 
logue and  price  list,  dealing  with  steam  engine  indicators  and 
acct'ssories.  Like  all  the  literature  issued  by  this  well-known 
firm,  it  is  unnoted  with  useful  and  instructive  hints  on  the  use 
of  the  various  pieces  of  apparatus,  and  、vell  illustrated,  so  that 
it  constitutes  a  practical  and  useful  text-book  on  the  subject, 
and  as  such  wo  would  commend  it  to  all  stoa m  engine  makers  and 
attendants,  for,  apart  from  its  commorcial  value,  it  will  be  found 
convenient  as  a  handy  little  book  of  reference. 

Swan,  Hunter's  New  Yard  at  Sunderland.— The  new  shipyard  which 
Messrs.  Swan,  Hunter,  &  Wigliam  Richardson,  Ltd.,  of  AVallseud, 
； iiv  having  constructed  on  the  Wear,  at  Sunderland,  is  rapidly 
nenring  completion,  and  it  is  anticipated  that  it  will  be  possible 
to  beo;in  work  in  tlio  yard  in  aliont  six  woeks'  or  two  months' 
ti"u>.  Tlio  site  of  tlie  now  yard  adjoins  Messrs.  Priestman  s 
v;ii(l  at  Southwick.  Jt  is  about  12  acres  in  area,  and  when  the 
\  nvd  is  coniplcicd  it  w  ill  ； u-conmiodato  four  lterths.  This  is  the 
first  yard  ou  the  Wear  to  he  built  and  run  by  an  outside  firm. 
The  yard  will  provide  employment  for  several  hundred  men. 

Riveting  Rates  and  Piece-work  of  Boilermakers. ― Two  questions  are  to 
1'  '  balloted  ou  at  the  Octoi)er  nuH'tin^s  of  the  l»raiu-lies  of  the 
Jioilormakers'  and  Iron  and  Stm*]  Shipbuilders'  Union.  They 
arc  :  (1)  Arc  you  in  favour  of  giving  one  month*s  notice  to  cease 
working  on  pioce?  (l2)  Ai't、  you  in  favour  of  giving  one  month's 
notice  to  vo:\s^  worlc  "lt()gt、tht、i'  to  ont'orco  tho  special  advance  of 
4  \wr  c-ont.  on  riveting  rates,  so  that  holders  up  may  have  lOid. 
to  tlio  ri、'(、t("V  Is.?  Vov  some  tinio  past  tlio  l)oilermakers  liavo 
liocn  in  iH*^oiiaiion  with  the  t 、川 pl()y(、rs,  with  a  \  'w\v  to  six-urin^ 
a  4  por  cent,  advance  ou  piece  rates,  but   the  employers  have 
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i  el  used  ihe  application,  und  now  the  executive  of  the  union  recom- 
meud  that  the  workers  should  demand  day  rates  instead  of  piece- 
work. 

Pistons  and  Piston  Valves. ― Messrs.  Lancaster  &  Tonge,  Ltd.,  of 

Pendleton,  Manchester,  the  well-known  makers  of  engine  speciali- 
ties, send  us  a  copy  of  a  new  edition  of  their  piston  and  piston 
valvo  catalogue.  This  is  a  line  to  which  the  firm  have  devoted 
painstaking  attention  for  a  great  many  years,  and  in  the  manu- 
facture of  which  they  may,  without  exaggeration,  claim  the  premier 
position.  The  latest  speciality  they  have  introduced  in  this  direc- 
tion is  an  improved  Ramsbottom  ring,  registered  under  the  name 
of  "Lan-Ram."  The  catalogue  also  includes  several  new  types  of 
pistons  and  piston  valves,  and  nearly  every  type  of  ring  at  pre- 
sent in  use. 

Scheme  for  Amalgamation  of  Shipyard  Trade  Unions. 一 An  agitation 
has  been  started  in  favour  of  one  union  for  all  shipyard  and  engi- 
neering workers.  The  agitation  is  receiving  considerable  support 
from  the  various  branches  of  the  Amalgamated  Society  of  Engi- 
neers. A  similar  project  was  votod  on  a  few  years  ago  by  the 
unions  affected,  and  rejected  by  the  majority  of  them,  but  nego 
tiations  are  now  in  progress  for  the  amal^iUTiation  of  the  th reo 
most  important  societies  in  the  group,  viz.,  the  Amalgamated 
Society  of  Engineers,  the  Boilermakers'  and  Iron  and  Steel  Ship- 
liuilders,  and  the  Ship  Constructive  and  Shipwrights*  Associa- 
tion. 

Large  Gas  Engines. ― Orders  have  recently  been  obtained  by  Messrs. 
Ehrhardt  &  Sehmer,  of  Saarbriicken,  Germany,  for  the  supply  of 
two  of  their  4-cycle  gas  engines  to  British  firms.  One  of  these  of 
1 ,.")( t( )  h.p.  is  for  the  Skinningrove  Iron  Company,  Ltd . ,  Carlin 
How,  and  is  the  fifth  engine  of  this  type  they  have  supplied  to 
that  company.  It  will  operate  in  conjunction  with  their  patent 
scavenging  apparatus,  which  enables  the  power  of  the  engine  to 
be  increased  up  to  30  or  40  per  cent,  without  interfering  with  the 
ru lining  or  general  behaviour  of  the  machine.  The  other  one  of 
2,000  h.p.  is  for  the  Bar  row  Hematite  Steel  Company,  Ltd.,  Bar- 
row-in-Furness,  and  is  to  be  arranged  so  that  it  may  be  utilised 
for  blastfurnace  blowing  or  for  the  generation  of  electricity. 

Hydro  electric  Plant  for  Norway. ― H.M.  Consul  at  Christiania  reports 
that,  according  to  the  local  press,  a  well-known  Norwegian  com- 
pany director  has  applied  for  a  concession  to  dam  up  and  harness 
the  Aura  and  Lilledalen  basins  to  the  east  of  Molde,  in  the  Roms- 
dalen  district.  The  plans  include  a  dam  about  130ft.  high  to 
keep  back  the  waters  of  the  Aurojoen  Lake,  and  the  transmission 
of  the  water  thence  to  Sundalen  either  by  a  tunnel,  affording 
some  197,200  h.p.,  or  by  the  old  bed  of  the  Aura,  providing  by 
various  combinations  about  250,000  h.p.  The  estimated  cost  is 
about  £2,110,000，  and  if  the  plans  are  realised  this  will  be  one  of 
the  largest  hydro-electric  power  stations  in  the  world. 

Burdens  of  Legislation  on  Industry. ― Presiding  at  the  annual  meeting 
at  Birmingham  of  Messrs.  Guest,  Keen,  &  Nettlefolds,  steel  manu- 
facturers, Mr.  Arthur  Keen  said  they  found  it  necessary  to  in- 
crease the  sum  carried  forward  with  a  view  to  meeting  the  addi- 
tional burdens  imposed  by  the  Insurance  Act.  Looking  at  the 
very  large  number  of  their  employes  the  charge  would  be  a  very 
heavy  one,  but  he  preferred  not  to  estimate.  What  with  labour 
unrest  and  the  burdens  of  legislation  their  business,  in  common 
with  others,  had  had  too  much  put  upon  it,  at  least  in  so  short 

ii  time,  especially  as  they  had  to  contend  with  increasing  compe- 
tition at  home  and  abroad.  A  resolution  approving  of  the  pay- 
ment of  a  dividend  at  the  rate  of  10  per  cent,  per  annum,  with  a 
bonus  of  Is.  per  £1  share,  was  passed. 

German  Export  Trade. ― Mr.  ¥.  P.  Koenig,  in  his  consular  report, 
gives  some  interesting  details  regarding  the  general  trend  of  the 
German  export  trade.  Coal  exports  increased  from  £16,000,000 
議 191U  to  £18,550,000  in  1911  ；  coke  exports  from  £4,000,000  to 
i.'-l^-V^OOO;  briquette  exports  from  £1,400,000  to  £1,850,000.  The 
total  amount  of  fuel  exported  increased  from  £22,250,000  to 
£2-"),-).)0)(K)().  The  largest  increase  in  exports  is  shown  by  the 
motal  industries,  amounting  to  over  £15,000,000,  of  which  the  iron 
and  the  nuichiiie  industries  take  the  largest  share.  Th©  value  of 
e.Nports  of  iron  and  iron-made  goods  alone  rose  from  £42,700,000 
to  £51，2()U，W)，  or  an  increase  of  £8,500,000.  Electrical  goods 
and  nuichinery  appear  to  have  found  severe  difficulty  in  increas- 
ing their  exports. 

The  Derwent  Valley  Water  Scheme.  ―  The  first  instalment  of  the 
new  Derwont  Valley  water  scheme,  by  、vhich  the  needs  of  Shoi' 
held,  Nottingham,  Leicester,  and  Derby  will  be  supplied,  was 
opened  last  Thursday  week.  The  scheme,  which  is  of  an  extensive 
clia ractor,  is  being  proceeded  with  in  three  instalments,  the  first 
oi'  \\  liich  comprises  the  Howdon  and  Derwent  reservoirs,  estimated 
to  give  a  daily  supply  of  at  least  13  million  gallons.  Thv  Hu、v(l('ii 
r'  s'  rvoii'  is  u  mile  and  a  (juartcr  long,  and  is  capable  of  holding 
2,050,000,000  gallons,  whilst  the  Dci-weat  reservoir  is  a  mile  and 


three-quarters  long,  and  will  hold  upwards  of  2,000,000,000  gallons. 
The  only  reservoir  in  the  second  instalment  will  be  that  of  Hagg- 
lee，  and  the  Ashopton  and  Bamford  reservoirs  will  form  parts 
of  the  third  instalment. 

Telephone  Trunk  Charges.  ―  Following  an  announcement  by 
Mr..  Herbert  Hamuel,  reduced  rates  for  the  use  of  trunk  t (小 'phoim 
lines  during  the  slack  hours  of  the  day  have  come  into  force.  The 
slack  hours  are  before  10  a.m.,  between  1  and  2  p.m.,  and  between 
4  and  7  p.m.,  and  the  reduced  charges  for  conversations  longer 
than  the  customary  six  minutes  are :  First  and  second  quarter- 
hour  periods,  three-quarter  full  trunk  charges.  Third  and  fourth 
quarter-hour  periods,  half  trunk  charges  ；  each  additional  hour, 
quarter  the  full  trunk  charges.  The  minimum  time  allowed  under 
these  charges  is  15  minutes,  and  each  subscriber  taking  advan- 
tage ot  the  facilities  will  be  obliged  to  sign  an  agreement  for  a 
period  of  at  least  a  month. 

Large  Oil-engined  Vessels. 一 Messrs.  Krupp's  Germania  Dockyard  at 
Kiel  is,  we  learn,  building  for  the  German  branch  of  the  Standard 
Oil  Company  the  largest  oil  motor-driven  x'osscl  yet  constructed. 
It  will  liave  a  carrying  capacity  of  15,000  tons,  and  will  be  the 
largest  "tank  stoanior  "  afloat.  Hitherto  the  vessels  built  for 
the  transport  of  oil  from  America  to  Europe  ha ve  carried  only 
8,000  tons.  The  new  ship  will  be  420ft.  long  and  G5ft.  beam.  It 
will  be  propelled  by  two  simple  Diesel  engines.    These  will  develop 

I,  800  h.p.  and  will  propel  the  ship  at  a  speed  of  10  knots.  Four- 
teen motor-ships,  ranging  in  tonnage  from  4,500  to  15，000，  are 
now  said  to  be  under  construction  in  Germany.  The  "  Selandia  ，， 
(Danish  East  India  Company),  the  largest  motor-vessel  afloat,  is 
7,000  tons,  and  her  success  has  led  the  owners  to  order  two  vessels 
of  10，(XX)  tons.  Five  oil-driven  vessels  of  10,000  tons  are  also  said 
to  be  under  construction  for  the  Italian  General  Navigation 
Company. 

The  Panama  Canal  and  Future  Trade  Routes. ― The  remarkable  effect 
which  the  Panama  Canal  will  exercise  on  trade  routes  in  future 
will  be  seen  from  a  comparison  of  the  following  figures  of  dis- 
tances of  various  ocean  routes :  Before  the  opening  of  the  Suez 
Canal  Liverpool  had  an  advantage  of  480  miles  over  New  York 
in  trade  with  Asiatic  and  Australian  ports  round  the  Cape  of 
Good  Hope,  and  the  Suez  Canal  extended  this  advantage  to  1,924 
miles.  The  opening  of  the  Panama  Canal  will  not  alter  much  the 
relative  distance  to  Asiatic  ports  south  of  Shanghai,  but  the 
route  from  Yokohama  to  New  York  via  Panama  will  be  shorter 
than  that  from  Yokohama  to  Liverpool  via  Suez  by  1,805  miles. 
The  same  comparison  applied  to  Sydney  will  give  New  York  an 
advantage  of  2,382  miles  over  Liverpool.  In  the  case  of  Welling- 
ton the  advantage  will  be  2,759  miles,  which  means  that  the 
Australasian  dominions,  now  a  thousand  miles  steaming  nearer 
to  Liverpool  than  New  York,  will  soon  be  2,500  miles  steaming 
nearer  to  New  York  than  Liverpool. 

North-East  Coast  Iron  and  Steel  Exports. —— The  Middlesbrough 
Customs  return  of  the  shipments  of  pig  iron,  manufactured  iron, 
and  steel  from  the  Tees  tor  August  shows  remarkable  activity. 
The  quantity  exported  reached  183,890  tons.  The  best  month 
this  year  so  far  for  pig-iron  shipments  has  been  March,  when 
131;2o5  tons  were  sent  away,  but  for  manufactured  iron  and  steel 
exports  the  past  month  has  not  been  surpassed.  Scotland  took 
21,025  tons  of  pig  iron  mainly  for  the  foundries  on  the  Clyde,  and, 
as  showing  the  activity  of  trade  on  the  Continent,  7,067  tons 
went  to  Belgium,  8,813  tons  to  Germany,  3,435  tons  to  Holland, 

II,  316  tons  to  Italy,  7,409  tons  to  France,  7^098  tons  to  Sweden, 
and  2,680  tons  to  Russia.  Japan  took  9,967  tons  and  the  United 
States  3,000  tons.  The  manufactured  iron  and  steel  exports  con- 
sisted chiefly  of  railway  and  constructional  material.  India  took 
14,000  tons,  Argentine  8,500  tons,  Cape  Colony,  Natal,  and  Portu- 
guese East  Africa  8,000  tons.  New  Zealand  5,000  tons,  and  New 
South  Wales  and  West  Australia  17,900  tons. 

Miners'  Notices  ―  Important  Test  Case. ~~ A  decision  of  the  greatest 
importance  to  the  mining  community  was  given  in  the  Ystrad 
Police  Court  on  Monday  last.  The  Stipendiary  gave  judgment 
in  the  case  of  Amos  v.  Glamorgan  Coal  Company,  which  tested 
the  legality  of  24  hours'  notice  for  miners.  The  Stipendiary  said 
that  after  Lord  St.  Aldwyn's  award  the  parties  were  never  of  one 
mind  as  to  the  length  of  notice,  and  there  was  no  actual  agree- 
ment between  them  now,  nor  did  he  think  the  matter  was 
govcnied  by  custom.  Length  of  notice  had  so  long  been  a  matter 
of  general  contract  in  the  district  as  to  exclude  custom  altogether. 
No  single  instance  was  given  of  a  colliery  where  customary,  as 
distinct  from  contractual,  notice  prevailed.  In  the  absence  of 
agreement  of  custom  on  the  point,  he  fixed  reasonable  notice  at 
four  Aveoks,  and  gave  judgment  for  the  plaintiff,  who  claimed 
£10,  for  four-sevenths  of  the  amount,  viz.,  £o.  14s.  3d.,  with  costs. 
Tlie  Stipendiary  expressed  willingness  to  state  a  special  case, 
and  it  is  understood  the  matter^  will  be  carried  to  the  House  of 
Lords. 
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Cleveland  Miners  Dissatisfied  with  the  New  Explosives  Order. ― Strong 
toinplaiuts  against  the  adverse  effects  of  the  new  Explosives 
Order  iu  Cleveland  were  recently  addressed  to  the  Executive  of 
the  Cleveland  Miners'  Association  at  their  meeting  at  Saltburn. 
The  committee  expressed  themselves  dissatisfied  with  the  delay 
of  the  Home  Office  in  holding  an  enquiry  into  the  special  condi- 
tions of  Cleveland,  as  asked  by  the  Mineowiiers'  and  Miners'  Asso- 
ciation, and  it  was  resolved  to  suggest  to  the  mineowners  that  a 
further  joint  letter  be  sent  to  the  Home  Secretary  strongly  urging 
the  need  of  au  enquiry  at  the  earliest  possible  date,  with  a  view 
ti)  secure  the  exemption  of  Cleveland  from  the  operations  of  the 
Order,  or  much -needed,  modifications.  The  Executive  discussed 
the  action  of  certain  managers  under  the  Order  in  sending  men 
out  of  the  mine  in  the  event  of  shots  misfiring  and  not  allowing 
them  to  remain  the  hour ― which  the  Order  specifies  shall  elapse 
betne  u  person  cau  return  to  a  place  where  a  charge  has  not  ex- 
ploded― and  then  resume  work.  The  committee  held  that  under 
existing  hiring  conditions  managers  were  not  justified  in  sending 
nieu  home,  and  they  resolved  to  advise  miners  not  to  leave  the 
mine,  but  to  wait  until  the  hour  specified  by  the  Order  had 
elapsed,  and  then  resume  work,  and  finish  their  shift. 

Electrical  Smelting  of  Iron  Ore  in  Norway. ― A  report  of  H.M.  Consul 
at  Christ iaui a  states  that  the  Hardanger  Electric  Ironworks 
started  iu  November,  1911,  and  during  a  short  spell  of  activity 
produced  rather  over  300  tons  of  raw  iroi"  which  were  ex- 
ported. The  ore  smelted  came  from  the  Klodeberg  Mine  near 
xireiidal,  coutaiuing  40  to  45  per  cent,  ot  iron.  The  ore  furnace 
is  calculated  for  a  maximum  of  3;50U  h.p.  Further  experiments 
are  to  be  made  with  ore  from  Rodsana.  A  new  electric  mass 
turnace 】s  being  made,  to  act  at  first  as  a  reserve  furnace,  and 
aa  electric  steel  furnace  will  probably  be  constructed  during  191^. 
'Hie  Areiidai  上,， ossekompagni  has  projected  iron-smelting  works 
near  Arendal,  and  is  to  employ  8,UUU  h.p.  It  is  hoped  to  begin 
working  on  ore  from  tbe  fields  near  Arendai  and  Lyngbr  in  the 
spring  ot 丄 9 丄 3.  The  T infos 丄 roruvorks  tor  electric  smelting  will 
soon  uegm  output,  but  have  been  delayed  by  a  lock-out  and  other 
causes.  The  fctavanger  Electric  SteeiAvorkSj  for  the  manufacture 
of  steel  from  old  battle-ships,  <fec.，  will  pi'ol>at)ly  not  start  work- 
ing be  tore  tbe  latter  half  ot  ly 丄 2;  they  will  employ  some 丄， DUD 
to  l,oU0  h.p.  Hammering  works  are  under  construction.  1  rom 
the  above  it  will  Ij©  seen  that  electric  】ron  smelting  in  Norway 
is  stUi,  comparatively  speaking,  in  its  infancy,  but  several  new 
works  ot  the  kind  ure  already  under  consideration. 

El  feet  of  Legislation  on  Engineering  Industries.  ―  At  the  uutumnal 
meeting  oi  the  Association  ot  Chambers  of  Commerce  to  be  held 
at  >ewcastie  next  week, 丄、丄1\  A.  G.  Hobson3  Lord  Mayor  of  8het- 
helcl,  u  ill  preseut  au  important  contribution  on  the  iniiuence  of 
the  >\  orkruen's  (Jompeusation  Act  and  the  Old  Age  Pensions  and 
Autioual 丄1化111'11111'6  Acts  ou  the  cost  of  engineering  manutactui'es. 
He  points  out  that  the  additional  cost  to  the  great  engineering 
iadu?stneb  oi  this  country,  owing  to  the  Workmen's  Uompensa- 
tion  Act,  iu  the  last  two  years  has  increased  by  52  per  cent,  com- 
pared with  the  five  years  trom  to  1DU0  inclusive.  Pioducery, 
lie  says,  are  theretore  faced  with  an  increased  cost  tor  workmen's 
couipon^atioii  and  health  iusurauce  ot  1*77  per  cent,  on  their 
wages  bill.  ••  Nearly  ull  tlie  materials  they  buy  will/5  said  Mr. 
HoIj-sou,  •  •  be  attected  by  similar  conwiclerations,  and  丄  do  not 
hesitate  to  say  that  the  pi* ice  of  materials  will  be  generally  litted 
at  least  2i  per  cent.  The  prudent  firms  who  look  carefully  into 
the  cost  ot  the  articles  they  manufacture  will  be  bound  to  raise 
their  selling  price  by  2\  iyev  cent.,  and  they  will  be  assisted  to  do 
s.)  by  what  appears  to  me  the  very  importajvt  effect  ot  tlie 
JNational  丄 luniiaiice  Act  and  WolUmen  y  Compensation  Act."' 
Figures,  which  Mr.  Hobson  gives,  show  that  in  19U2  6  the  per- 
centage of  insurance  premiums  in  wages  was  U'Gl,  while  in  lyi 丄 
it  had  increased  to  1' 丄 y，  giving  uii  average  ol*  U*DU  per  cent,  for 
the  years  1(J07  to  1911  inclusive. 

Employment  of  Unskilled  Workmen  on  Scmi  Automatic  Lathes. ― The 

Executive  ot  the  Amalga mated  Society  of  Engineers  have  culled 
out  engineers  from  their  employment  at  the  works  of  Messrs. 
John  Lynn  &  Co.,  of  Pallion,  Sunderland.  This  ytep  has  arisen 
as  a  result  ot  the  decision  of  the  society  that  only  skilled  men 
shall  be  employed  iu  the  working  of  the  semi-automatic  lathes. 
This  action  (m  the  part  of  the  society  indicutefi  the  approach  of  a 
scM'iou.s  iinpiis.se  in  the  engineering  and  sliip building  industry. 
Tlu.''f— '  special  cf>niuroiiccs  between  the  En^iiioeriiig  Employers' 
l'.''(l'  r" tion  ； i ikI  Llic  cn^i ii(_M_'ring  tra<le  unions  lia\o  failed  to  settle 
diflicultics  arising  out  of  the  manning  of  new  machinery.  In 
accord  a  nee  with  the  policy  decided  upon  as  a  result  of  tliis  failure 
of  arljitratioii,  strike's  will  be  sanctioned  l>y  the  trade  union  execu- 
tives iii  all  on^inocrin^  centres  where  <'iiipl()>'(、i's  introduce  handy 
iihmi  on  new  nwicliinos.  Tlie  employers  claim  that  xuider  the 
Terms  of  Agreement,  1907,  they  havo  the  right  to  select,  train,  and 
employ  those  whom  they  consider  best  adapted  to  the  work,  ir re- 
i>l>o(,ti\c  of  apprenticeship,  and  to  pay  thora  according  to  ability  ； 


and  it  is  suggested  that  the  unions  desire  to  restrict  the  adoption 
of  improved  machines  and  limit  tlie  output.  On  the  other  hand, 
the  unions  hold  that  skilled  men  sliould  l)c  employed  on  tlic  jiow 
machinery  at  standard  rates  of  wages,  and  that  somi-skill<;d 
machine  operators  shall  serve  an  apprenticeship  of  at  least  four 
years,  commencing  before  they  are  18  years  of  age. 

British  Trade  with  Norway. ― The  British  Vice-Consul  at  Jiergen,  in 
a  report  on  the  trade  of  that  district  in  11)11，  su^gosts  that  Jiriiisli 
business  managers  and  partners,  who  wish  to  develop  their  trade 
with  Norway,  might  perhaps  with  advantage  I'ollow  the  exaniplo 
of  some  of  their  commercial  rivals  by  undertaking  persojial  visits 
to  Norway  with  greater  frequency  than  now  appears  to  bo  tlic 
case.  Cases  are  known  where  this  method  has  been  attended  with 
great  success  in  other  parts  of  the  world,  and  more  than  one  ljusi 
ness  man  in  Bergen  has  told  the  Vice-Consul  that  he  would  cer 
tainly  feel  more  disposed  to  do  business  with  a  firm  if  he  were  in 
occasional  personal  relations  、vith  its  heiwl.  Such  a  visit  should 
be  stimulating  to  resident  agents,  and  need  not  interfere  with  the 
regular  work  of  the  firm's  travellers,  to  which  it  would  be  supple - 
mentary.  As  regards  the  classes  of  goods  in  which  the  United 
Kingdom  does  not  appear  to  be  getting  her  fair  share  of  businesy, 
the  most  noticeable  are  electrical  appliances  and  motor-car^. 

flexible  Metallic  Tubing. ― The  bterling  advantages  of  this  now  well- 
known  form  of  tubing  for  many  services  wherein  the  ordinary 
flexible  type  of  tubing,  owing  to  the  pressure,  temperature^  or 
nature  ot  the  fluid,  would  be  worthless,  has  led  to  its  wide  adoption 
in  a  variety  of  directions,  and  flexible  metallic  tubing  has  become 
in  innumerable  cases  a  necessity.  JSome  illustrations  of  the  multi 
plicity  of  service  m  which  it  is  employed  are  furnished  in  a  cir- 
cular just  issued  by  the  United  Flexible  Metallic  Tubing  Company, 
丄, td.,  oi  112,  Queen  V  ictoria  Street, 丄 jondon,  E.(J.  The  tubing  is 
unatfected  by  neat  or  cold,  and  remains  flexible  at  ull  tempera- 
tures ； it  will  stand  exposure  to  any  kind  of  weather  and  to  every 
variety  of  climate.  丄 t>  is  not  liable  to  the  attacks  of  vermin  or 
insects  and  it  will  not  char.  Moreover,  it  does  not  kink  or  crush, 
and  thus  it  always  delivers  to  its  full  capacity,  and  so  assures  a 
relatively  larger  service  than  rubber,  linen,  or  leather  hose  oi 
equal  sectional  area.  Owing  to  the  recent  improvements  intro- 
duced into  the  manutacture,  it  has  become  possible  to  supply  pipey 
ot  almost  every  size  up  to 丄 2in.  internal  diameter.  ¥or  tlie  con- 
veyance of  petroleum  and.  otiier  oils,  or  greasy  liquids,  whicli 
speedily  attack  ruUoer?  tms  tuoing  gives  the  best  posbiole  resultb, 
as  the  flexibility  is  improved  by  tne  lubricating  action  ot  tlie 
liquids  passing  thi'ougii  it.  VV ithin  the  memory  ot  many  engi- 
neers, now  only  ot  miaale  age,  such  pressures  as 丄 UUiijs.  per  square 
inch  were  considered  to  be  very  hign,  whiie  working  pressures  oi 
^UOlbs.  and  even  ^UUibs.  were  practically  undreamt  ot.  Under 
the  old  conditions  it  was  possible  ror  rubber  hose  to  be  used  in  many 
cases  to  convey  steam  ；  bui/  now  that  increased  pressures,  naturally 
engendering  much  greater  heat,  have  become  so  widely  prevalent, 
no  tubing  made  trom  cloth,  i*ubber,  or  indeed  trom  any  vegetable 
substance,  will  withstand  tne  heat  and  strain  ior  any  appreciable 
length  of  time.  The  Bronze  No.  2  tubing  is  constructed  to  stand 
steam  pressures  ot"  30Ulbs.  per  square  incJi,  while  special  tubes  to 
withstand  even  greater  pressures  than  this  can  be  supplied. 

Trade  Circulars  and  Catalogues. ― We  beg  to  acknowledge  receipt 
of  the  following  trade  circulars  and  catalogues :  From  Messrs. 
Matlier  &  Piatt,  Ltd.,  Salt'ord  Ironworks,  Manchester,  descriptive 
circulars  of  standard  cast-iron  tanks,  built  up  from  stock,  aud 
of  centrifugal  pumps  combining  the  advantages  of  tbe  volute  and 
tin  bine  designs,  and  either  belt  or  motor  driven,  tor  general 
purposes. ― From  GJoodchild  <te  Partner,  30,  Farringdou  lioad,  Lou- 
don, E.C. j  a  circular  giving  some  descriptive  notes  ou  threading 
tools  and  their  upkeep  for  the  benefit  of  works  managers  aud 
foremen.  The  notes  are  interesting  and  instructive,  and  may  be 
perused  with  advantage  by  all  who  have  to  deal ― and  what 
mechanical  engineer  has  not?" ― with  the  use  and  forruatiou  of  screw 
threads. ― From  Frederick  Bra  by  &  Co.,  Ltd.,  Eclipse  Works, 
Petershill  Road,  Glasgow,  catalogue  of  galvanised  roofing  sheets, 
sheet-iron  tanks,  doors,  windows,  fasteuings,  aud  other  kinds  ot 
iron  building  accessories. ― From  The  Bromell  Patents  Company, 
Ltd.,  02,  Robertson  Street,  Glasgow,  catalogue  and  price  list  of 
several  boiler-house  specialities,  iu  the  shape  of  、'alve  reseaters 
and  facers,  tube  cutters,  and  cleaners  of  various  kinds  tor  smoke 
tubes,  condenser  tubes,  ― From  Soupcr  tt  Callagban,  Deaus- 
gate,  AliUicliester,  circular  of  a  combination  tool  which  com 
prises  on  a  single  bod-plate  a  rotary  blower  forge,  au  anvil,  a 
mechunic's  vice,  an  emery  wheel,  and  a  drill  press. ― From  W.  A. 
Walber  &,  Co.,  38,  Victoria  Street  Westminster,  a  catalogue  ot 
tho  "  Thulc  ' '  high  speed  shaping  machines,  the  special  features 
claimed  for  which  are  the  extreme  lengths  of  the  feeds,  and  the 
useful  range  of  attachnients  for  various  work.  The  machines  are 
Imilt  iu  four  sizes,  having  14iu.,  lGin.,  2Uin.,  and  2oin.  stroke, 
respectively. 
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NEW  PATENTS. 

Specifications  of  the  Jolloioing  are  now  published,  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  lOcl.  Address 
il  Mechanical  Engineer^  53,  New  Bailey  Street,  Manchester. 

MECHANICAL  1911. 

丄 ntermd-combustioii  engines.    Alston  <fe  Houston.    11 230. 
J  tuition  systems  and  apparatus  therefor.    Kt*tk>i'ing.  11292. 
('out  rolling  railway  points  and  signals.    DoscuIrss.  Ml).">!). 
Treating  carbonaceous  materials  for  tlie  production  of  coal  giis 

and  water  gas.    Iloyston.    】'—)!—,（；  1. 
Kinlucing  or  limiting  the  effects  of  explosions  in  coal  mines.  Wet 

tor.  18210. 

Cooling  apparatus  for  the  cvlindors  of  internal  coinbu.stion  engines. 

Smith,  Whitely,  &  Spencer.  18221. 
Carburetters  for  internal  coinl)ustioi]  «"igim 、- s.    Bainbrid^c.  182l(i. 
Controlling  the  admission  and  exliau«t    of  iiitornal-coinlmstioii 

ongines.    Thomson.  182."32. 
Valves.    Russell.  18344. 
Turbines.     Sauer.  183G8. 

Fluid  pressure  engine  or  compressor.  Donaldson,  Scubrook,  and 
Berry.  ' 18371. 

Refining  molten  pi^  iron  lor  stcol-niakiii^;  purposes.  Twyiiain. 
18406. 

Speed  iiidicatiii<i;  clo\  ices.    Mattinson.    ] H\7~>. 

Valves  for  compressors  or  pumps  dealing  with  gaseous  or  lluicl 

-substances.    Workman  and  Mm'ray，  Work  man,  cV  Co.  18478. 
Lubricant  pimips.    Daimler  Motoi'en  Ges.  18018. 
Ball  retainers  for  Imll  Ixmrin^s.    Aktieltola^et  S\-enslc;i  Kulla^er- 

fabriken.  18G62. 
Guards  for  preventing;  the  splashing  oi  oil  ironi  the  cranks  of  <^as 

engines.    Ditclifiekl.  18683. 
Apparatus  for  burning  iinolv  di\  idod  fuel.     Babcock  tV'  Wilcox. 

Ltd.  18712. 
Valves  and  valve  seats.    Lamb  &  Cle<^^.  18724. 
Steam  engines  having  a  snporhe;iter.    Fowler  A:  Li\  sey.  19(130. 
Couplings  for  shafts.    Thompson  &  Kildear.  19503. 
Apparatus  for  handling  ore.    Jaines.  19676. 

Mechanism    for    distributing    liquid    for    hibrieating  purpowos. 

Degang  &  Philippe  Guillemaud  et  Fils.  19789. 
Apparatus  tor  raising  and  forcing  "ak>r.    Card  el  la,  11)880. 
Method  of  generating  gas.    Jordy  &  Hartin^.  191H"in. 
Means  for  separating  and  removing  liquid  impurities  from  gases. 

Carter.  20757. 
Hydraulic  transmission  apparatus.    Schneider.  21078. 
vSelf-oiling  roller-bearing  wheels  and  pulleys.    Samuel  OsJjorn  and 

Co.  and  Laister.  21563. 
Cylinder    water-cooling    arrangements    in    internal  combustion 

engines.    Webber.  21659. 
Valves  for  supplying  liquid  fuel  and  air  to  internal-conibuytion 

engines.    Moon  &  Bm'nand.  222G7. 
Boiler  flue  covers.    Evers.  22601. 

Lubricators  for  internal-combustion  engines.    Smith.  22077. 

Railway  signalling  systems.    BuelL  22781. 

Rotary  explosion  motor.    Beck.  22798. 

Air-compressing  devices.    Mann.  22865. 

Anvils  for  pneumatic  riveting  machiiies.    Olsen.  23137. 

Devices  for  measuring  the  wear  of  railway  rails.    Grierson.  23820. 

Rails,  especially  tramway  rails,  for  preventing  the  formation  of 

corrugations.    Zell.  23859. 
Starting  gear  for  internal-combustion  engines.    Coleman  &  Ra、v- 

】ings.  24508. 
1  ntor nal-eombustion  motors.    Lose}T.  24628. 
Flexible  hand  couplings.  Fischer.  2o322. 
Acetylene  geiu、iators.    Butterfield.  2o527. 

Lubrication  of  engines.  Mavor  &  CouIsoji,  Ltd.,  and  Mavor. 
25644. 

Process  and  means  for  producing  bolt  and  ri\et  heads.  Mulltu'. 
25713. 

Apparatus  for  reversing  hydraulic  couplings.    )Iai'l".  2(jl20. 
Controlling  de\icos  for  hydraulic  traiifsniission  appa ratu.s. 

Schneider  et  Cie.  26738. 
Steam  traps.    Dowrance.  272o8. 

Apparatus   for    arresting   tlie    descent  ot  pit  ca^cs  in  case  oi' 

emergency.    Rowljothain.  28218. 
Turret  lathes.    Herbert  &  Vonion.    284 川. 

Arran^ciiKMit  and  disposition  oJ  pni'ts  of  internal  coniliusl ion  on- 
gines.    Gold,  Beeching,  &  K.v，m('li，  Ltd.  28776. 

Su  iiclu^s  lor  mono  rail  lelplici-  tr:"'l".  Robert  Denipstcr  tV:  Sons, 
Ltd.,  and  Mitton.  29062. 

1912. 

Application  oi'  the  iiitenial-coniliiiMi ion  t' 

niiichiiios.    Uaker.  773. 
V;u  i;il)le  velocity  power  tra nsniibsion  devi 


r.  ItlU. 

of   cngiueB  or 


Railway  signalling  systems.    Minnick.  2436. 
Fimi:i('(、s.    And(u-s(ni  A'  liullick.  2749. 
Clutches  chiefly  ； ippli ('； il>lc  to  tool  holders. 
Bearings  for  lvf'iprcx'atiiig  or  osc  illatiiifi;  i'ts 

machinory.    Jones  &  Kyuoch,  Ltd.  .3179. 
Fittings  for  tli(、  iroiits  of  furnacos.    lien n is.  5189. 
Rotary  i liter iial-comljustion  engines.    Pearson.  5540. 
Liquid  f、"、】  funiac (、- s.    Dahl.  7132. 
Railway  points  or  switclies.    、V(>oh、y.  728G. 
1 1     1  i  n*i  furnaces.    Nice.    73">  I  • 
Railway  rail  joints.     Pyko.    7854 . 

Valve  gear  for  、tr;im  engines.    ^1  u  in  ford  &  Antliony.  8178. 
Track  apparatus  for  interaction  with  moving  trains  on  railways. 

Hoc.  d'Electricite  Mors.  8186. 
Gear  ^rintlin^  d('vi(vs.    、V (、； i vt"'.  8705. 

Apparatus  for  filtering  air  or  gases.    W. \j.  Heth.  87.32. 
Con<leiiscfs  for  use  in  aootylene  ^as  j)lants.    (Jroon.    91  ">2. 
Rotary  blowers  or  pumps.    Green.  9013. 

Screwing  attacliinctit  for  drilling  machines.    Wilson.    98( )■"). 
Fluid-pressure  power  transmission.    Bruii.  112o8. 
Steam  superlieatcrs.     Sdimklt'sclu'  Hcissdumpf  Ges.     1202!)  and 
12030. 

C'onilfi ikmI  prcssuro  re^ulatiii^  and  stop  \  al\'os.    Moll.    1341  I . 
Double  iiKinil)rain>  pump.    Ko\  <»n,  14127. 

Ho^riH,rati\'o  cook  in*;  o\ons.  Soc.  Anon.  Burkhcisez'Eloy.  I(i22(i. 
Coupled  or  twin  steam  engines.    Sinai.    1  (i250. 

Uiiilw  ;iy  sat  or  umiing  devices.  Ad^us.  lolJOO,  100*2 1,  1717.5，  172(3!,， 
and  17938. 

ELECTRICAL,  I9U. 

Electrical  conduit  junction  boxes.    Gatis.  l/58G(i. 
Electric  limiting  apparatus,    lia.stian.  l(il 

Applif'iition  oi  electric  ciurents  for  preventing  tlie  corrosion  of 
the  tubes  of  surfuct1  condonsors.    Harris.  18220. 

Electrical  heating  element.    Judd  tfe  Hil(\v.  18334. 

Man ui'jictinx'  of  niotal  filaments  ior  electric  lumps.    Grotc.    I S^ol . 

Manufacturo  of  filaments  for  incandescent  eloctric  lamps.  Hoge 
and  "  Z  "  Kloctric  Lamp  AI:uu"':K'turiiig  Cmiipaii.v.  183!)2. 

Sparking  plug's  ()f  internal-comlm.stiou  engines.    Johnson.  19800. 

Electric  heating  apparatus.    Holmquist.  *2U)2(i. 

1^  i  tt  i  1 1  lis  for  incandescent  electric  lamps.  G  uini  unci  W.  T.  Nicliol 
son  A:  Clipper  Company. 

Electric  safety  lamp.    Hefton  Jones.  27820. 

1912. 

Mt'clmnical  connectors  for  electric  cables.    Neave  and  Callenders 

Cable  and  Construction  Company.  163. 
Sparking  plug  for  internal-combustion  engines.    Stevens.  24(37. 
Method  of  ignition  in  internal-combustion  engines.  Gasniotoren 

Fabrik  Deutz.  4167. 
Electric  switches.    Murray.  0112. 
Electric  motors.    Girarclelli.  6496. 

Electricity  meters.    Siemens-Schuckertwerke  Ges.  UG47. 
Restraining  the  augmentation  of  an  electric  current.  Hazlehurst 

and  LiOiigstreth，s，  Ltd.  6882. 
Electricity  meters.    Isaria  Zahlerwerke  Akt.  Ges.  807.5. 
Oil  brake  electric  switches.    Barbour  &  Travis.  10o!28. 
Electric  switches.    Fairweather.  10704. 

Clutch  gear  for  Hughes  telegraph  apparatus.  Siemens  Bros.  &  Co. 
12313. 

Electric  switches.    Siemens  Bros.  Dynamo  A\'orks,  Ltd.  12980. 


limine  to  tlie  dri\in^  of 
[； es.    Louis.  2100. 


METAL  QUOTATIONS. 

TUESDAY,  SEPTEMBER  3rd. 

Aluminium  ingot  ,   80/-  per  cwt. 

"        wire,  according  to  sizes,  &c  from  102/-  " 

，，        sheets        ，，  ，，  ......  ,,  120/ -  ，， 

Antimony   £28/-/-  to  £29/-/-  per  ton . 

Brass,  rolled  •   8Jd.  per  lb. 

，，    tubes  (brazed)   114(1. ，， 

，，       ，，     (solid  drawn)   9Jd.  ，， 

，，       ，，     wire  ，•••   8|d.  ，， 

Copper,  Standard   £79/2/6  per  ton. 

Iron,  Cleveland   64/1 J  " 

，， Scotch   70/1 J  ，， 

Lead,  English    £21/7/0  ，， 

，， Foreign  (soft)    £20/17/0  ，， 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

"  ，，  "       medium   3/6  to  6/-  " 

，，  ，，  ，，       large   7/6  to  11/- ，， 

Qiiicksilver   £8/5/-  per  bottle 

Silver   28 Jd.  per  oz. 

Spelter    £20/10/-  per  ton. 

Tin,  block   £217/15/- ，， 

Tin  plates   14/9  ,， 

Zinc  sheets  (Hilcsian)   £29/10/-  ，> 

，，  (Stettin  ；  Vieille  Monlagnc)   £29/17/0  ,, 
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FLEXIBLE 


METALLIC  TUBING 

UNRIVALLED  FOR  ALL  PURPOSES. 


Steam,  Highest  Pressures,  Oil  Pumping, 
Air,  Gas,  &c. 


THE 

UNITED  FLEXIBLE  METALLIC  TUBING  CO.,  Ltd. 
Works  :  PONDERS  END,  MIDDLESEX. 
Head  Office : 

112,  QUEEN  VICTORIA  STREET,  LONDON,  E.C. 


The  man  itood  on  the  boiler  top,  whence  all  but  he  had  flown, 
For  one  and  then  another  of  the  blessed  joints  had  blown  ； 
'Tw&s  there  we  found  him  swearing,  when  we  took  him  underhand, 
Now  a  Bmile  ho's  always  wearing,  he's  found  ••  NONLEAK  "  will  stand. 


WHY  NOT  WEAR  A  SMILE P 

NflNL rAK  jointing 

llUllLbAIV  COMPOUND 

Will  Put  a  Stop  to  Leaking  Joints  &  Blow-outs. 


BBITIBH  UAKUl 


TRBB  FROM  LEAD  I 

IMPROVES  WITH  AGB  1 


TEBTENO  SUfPIiBS.  WILL  MEYEB  BLOW  OUT,  SCALE,  OR  B( 

J.  E.  TURNER  &  CO.,  Ltd.,  s。'，  8«^6^0,^0^.. 


Second  and  Greatly  Enlarged  Edition. 

The  Testing  of  Engines, 
Boilers,  &  Auxiliary  Machinery. 

A  Treatise  on  the  Construction  and  Use  of  the  Instruments 
and  Methods  Employed  in  the  Testing  of  Prime  Movers  in 
the  Laboratory  and  Workshop         ::       ::       ：;       ::  :: 

By  W.  W.  F.  PULLEN, 

Whitworth  Scholar  ；  Member  of  the  Institution  of  Mechanical  Entinetrs  ； 
Associate  Member  of  the  Institution  of  Civil  Engineers. 

Price  13/-  post  free. 

CONTENTS.— Tables  and  otber  Data.  Mechanical  Aids  to  Calculation.  Measure- 
ment of  Presfinre.  Moasurt  u:f  nt  of  Temperature.  Measurement  of  Sreed. 
Meaeorement  of  Power  Otitjmt.  Measurement  of  rower  Input  with  D》 namorueter. 
Mftasurernent  of  Power  In)  ut  with  Indicator.  Indicator  Bi^s  aDd  Accessories. 
Hints  on  the  Management  of  Indicators.  Analysis  of  the  Steam  Engine  Indicator 
Diagram.  Other  Featurts  of  Steam  Engine  Diagrams.  The  Adjustment  of  the 
ftlide  Valve.  Intprnal-combustion  Engine  Uiagrams.  TestiD^  Indicator  Springs. 
MeBPorcment  of  the  Quolity  of  Steam.  Measurement  of  Quantity  of  Stenm  and 
WaUr.  The  Testing  of  Steam  KDgiru'p.  Fuel  TestiD^.  Tbe  Analysis  of  Flue 
Ousen.  Boiler  TestiDg.  T)ie  TcstiD«  of  Auxiliary  Machinery.  The  Testinfi  of 
iDternal-couabustiOQ  Engines. 

The  Scientific  Publitking  Co.,  53,  New  Bailey  Street,  Manchester. 


M  30,  No.  764. 


Edited  by 

WILLIAM    H.  FOWLER, 
Wh.  Sc.,  M.Inst.CE. 


Telegrams :    *  *  Scientific, "  Manchester. 
Telephone  No.  8628  Central. 

SUBSCRIPTION  RATES. 


United  Kingdom  ：  12/6  per  annum,  post  free. 
Anywhere  Abroad  ： ― 

17/6*  per  annum,  post  free.    Thin  paper  edition. 
， 21/  •  ，，  ，，  Thick  ，， 

"Foreign  Remittances  by  International  Money  Order  only. 
Note.— Direct  annual  subscriptions  include  a  Free  Copy  of 
Fowler's  u  Mechanical  Engineers'  Pocket  Book." 

•  Cheques  and  Postal  Orders  should  be  made  payable  to  the 
Scientific  Publishing  Company,  and  forwarded  to  our  Manchester 
Office,  53,  New  Bailey  Street. 

Advertisements,  displayed,  for  insertion  in  current  issue  should 
reach  our  Manchester  office  not  later  than  first  post  Tuesday 
morning,  and  small  prepaid  advertisements  not  later  than  first 
post  Wednesday  morning. 


University  Training. 

The  Congress  of  the  Universities  of  the  Empire  lias,  unfor- 
tunately, not  received  the  attention  it  deserves.  No  doubt 
there  are  many  contributory  reasons  for  this  neglect,  but  one 
reason  is  undoubtedly  that  the  world,  and  particularly  the 
business,  commercial,  and  technical  world  is  not  deeply  con- 
vinced that  the  university  of  to-day  is  something  that  really 
matters.  The  existence  of  this  feeling  makes  it  all  the  more 
regrettable  that  the  occasion  of  the  Congress  has  not  called 
forth  more  criticism  from  the  lay  world.  If  such  criticism 
were  well  considered  and  thoughtfully  received  it  would 
advance  the  cause  of  higher  education  one  step  further  on  the 
road  to  a  wide  and  far-seeing  utility  which  it  is  alleged  it  does 
not  now  possess  in  any  considerable  degree.  The  business  man 
to-day  is,  however,  shy  of  voicing  his  dissatisfaction  with 
modern  university  training.  Twenty,  and  even  10  years  ago 
he  was  less  reserved,  but,  as  a  result  of  a  vigorous  campaign 
mainly  on  behalf  of  technical  education,  in  which  many  lead- 
ing public  men  have  taken  part,  he  has  been  half  converted 
and  constrained  to  lip-service  in  the  cause  of  higher  education. 
Already,  however,  there  is  a  reaction,  and  the  technical  press 
contains  frequent  criticisms  of  higher  education  in  general, 
and  special  features  in  particular.  It  is  only  by  meeting 
criticisms,  acknowledging  defects,  and  accepting  improvements 
that  progress  can  be  made,  and  in  this  spirit  it  is  proposed  to 
offer  a  few  comments  upon  modern  university  training,  par- 
ticularly as  it  affects  engineers  and  business  people. 

In  business  it  is  common  to  hear  it  remarked  that 
systematic  methods  are  essential  both  in  the  office  and  in  the 
works,  but  that  it  is  a  mistake  to  have  too  much  "  system." 
In  other  words,  every  extension  of  system  which  facilitates 
the  attainment  of  the  legitimate  objects  of  the  business  is 
valuable,  but  as  soon  as  one  begins  to  think  of  the  system  as 
something  apart  froiu  one's  business,  as  something  to  be 
polished  and  perfected  for  its  own  sake,  it  is  time  to  call  a 
halt,  and  take  stock  of  one's  position  and  attitude.    So,  too, 
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in  the  case  of  higher  education.  Behind  all  the  discontent, 
there  is  a  very  strong  feeling  that  the  simple  elementary  educa- 
tion which  served  the  working  world  fifty  or  more  years  ago  is 
not  sufficient  to-day.  It  does  appear,  however,  that  know- 
ledge is  being  too  much  considered  for  its  own  sake,  and  not 
in  the  light  of  its  influence  on  its  recipients.  This  must  not 
be  construed  into  an  attack  upon  scientific  research,  with 
which  we  are  not  concerned  in  the'  present  article.  University 
training  approximates  in  its  character  too  much  to  that  of  an 
encyclopedia  and  too  little  to  that  of  a  craft.  The  difference 
is  radical.  In  an  encyclopedia  you  expect  to  find  a  more  or 
less  complete  discussion  of  everything  within  the  field  covered 
by  the  encyclopedia.  Absence  of  a  few  items  condenuis  it, 
although  some  may  be  admirably  treated.  Moreover,  each 
item  stands  more  or  less  detached  from  the  rest,  like  stones 
before  the  building  has  been  commenced.  A  craft,  wlieUier 
of  the  hand  or  the  brain,  is  the  opposite  of  an  encyclopedia. 
It  covers  a  very  much  smaller  field,  and  ignores  many  things 
which  do  not  possess  any  particular  relationship  to  the  whole. 
Relationship  is,  indeed,  an  essential  feature.  Each  item  rests 
upon  its  fellows,  and  hence  there  are  none  of  those  omissions 
which  seem  too  trifling  to  be  worthy  of  separate  notice  in  the 
encyclopedia,  but  which  in  practice  form  the  links  which  con- 
vert a  mob  of  facts  into  a  disciplined  army  with  a  purpose  and 
value  in  life.  The  difference  between  the  encyclopedist  and 
the  craftsman  in  practical  life  is  this.  The  encyclopedist  is  a 
reference,  a  signpost.  In  short,  he  is  passive.  The  craftsinan, 
on  the  other  hand,  is  active.  He  can  do  things,  and  getting 
things  done  is  half  the  battle  in  practical  life. 

On  the  other  hand  it  must  be  recognised  that  there  are  two 
opposite  tendencies  at  work  modifying  modern  industrial  life. 
One  is  the  increasing  specialisation  both  of  product  and  indi- 
vidual labour ;  whilst  the  other  is  the'  growing  demand  for  a 
wider  outlook  on  the  part  of  those  who  direct  industrial 
operations.  The  tendency  towards  specialisation  is  all  in 
favour  of  the  craft  type  of  education  in  the  lower  grades  oi' 
labour,  and  very  largely  so  in  the  higher  grades.  The  need 
of  a  wider  outlook  in  the  higher  grades  calls  for  a  much  more 
encyclopedic  knowledge,  but  it  also  calls  for  a  considerable 
measure  of  the  craft  training  by  which  the  isolated  data  of  the 
encyclopedia  can  be  co-related  and  translated  into  practice. 
Craft  training  in  this  connection  does  not  necessarily  involve 
any  form  of  manual  work.  The  essential  thing  is  that  it 
should  present  knowledge  in  the  form  of  a  map,  with  each  item 
in  its  proper  relationship,  both  as  to  position  and  magnitude, 
to  the  others.  Given  moderate  courage  and  general  ability  a 
man  who  possesses  a  blending  of  encyclopedic  information  and 
craft  knowledge  is  capable  of  wisely  directing  the  affairs  of  an 
industrial  concern  in  a  manner  far  superior  to  one  who  has 
had  no  higher  education  or  only  such  as  is  of  the  encyclopedic 
kind. 

It  may  be  said  that  such  higher  education  is  too  narrowly 
technical,  and  fails  to  give  that  wider  culture  and  development 
which  our  older  universities  attempted,  and  which  is  to-day 
frequently  advocated  under  the  motto  "  knowledge  for  know- 
ledge sake."  On  the  contrary  knowledge  for  its  own  sake  pre- 
eminently fails  to  give  a  wide  culture,  and  it  is  to  remedy  this 
defect  and  to  secure  the  best  results  of  the  older  system  that 
the  strengthening  of  the  craft  outlook  is  recommended.  The 
strength  of  the  old  so-called  classical  university  training  was 
its  study  of  the  actions  of  men  in  the  varying  circumstances, 
whether  difficult,  dangerous,  or  merely  ordinary,  of  life.  It 
was  the  nearest  approach  to  craft  training  for  the  higher  walks 
of  life  which  was  then  available,  and  the  failure  of  present-day 
scientific  training  is  largely  accounted  for  because  it  sets  up 


the  encyclopedia  as  its  model  to  the  excl usion  of  the  old 
classical  or  craft  idea.  It  is  still  true,  and  probably  always 
will  be,  that  a  large  part  of  life  in  responsible  positions  is  non- 
technical, and  hence  in  addition  to  the  teclmical  side  of  a 
university  training  the  human  side  is  of  great  importance. 
There  are  many  ways  of  encouraging  this  wider  training,  not 
all  of  them  class-room  methods ；  but  one  wliich  is  not  suffi- 
ciently appreciated  is  the  desirability  of  gradually  throwing 
on  to  the  students  the  government  of  themselves. 

Exaniinat iujis  are  still  a  bone  of  contention.  Most  people 
profess  to  dislike  them,  but  nearly  all  rely  upon  them.  It  is 
urged  against  them  that  they  are  no  test  of  practical  ability 
and  intellectual  capacity.  The  reason  for  this  seems  to  b©  that 
the  training  given  is  of  tlie  encyclopedia  type,  and  although 
an  examination  constitutes  a  fair  test  of  the  training,  we  have 
seen  that  the  training  itself  is  defective.  When  the  training 
partakes  more  of  the  nature  of  a  craft  so  that  the  student  is 
taught  to  give  due  weight  to  each  item  of  knowledge  as  a  part 
of  a  connected  whole'  which  cannot  be  understood  from  a  study 
of  the  items  separately,  the  exaniination  will  change  to  suit 
the  training,  and  will  be  a  correspondingly  better  test  of  the 
value  of  the  student's  attainments.  No  doubt  examinations 
suffer  from  inherent  defects,  but  their  chief  defect  to-day  is 
that  they  reflect  a  defective  system  of  training.  When  the 
training  is  improved  the  examination  will  be  a  truer  test  of 
fitness.  Whilst  on  the  subject  of  examinations  something 
ought  to  be  said  regarding  the  rigidity  of  many  of  these,  par- 
ticularly in  the  case  of  matriculation  and  entrance  exam  illa- 
tions. The  value  of  these  turns  upon  their  ability  to  determine 
the  quality  of  the  student's  mind.  It  is  not  right  that  a 
capable  student  should  be  failed  because  his  abilities  don't  run 
to  languages  or  fall  short  on  history  or  science.  No  single 
subject  whatever  is  essential  for  a  general  examination,  and 
there  ought  to  be  the  widest  possible  choice  of  alternative  sub- 
jects. Political  economy  is  as  valuable  an  index  as  chemistry, 
geography  as  English  grammar,  and  descriptive  industrialis»i 
as  any  language,  dead  or  alive.  The  chief  condemnation  of 
higher  education  is  to  be  found  in  the  narrowness  of  highly 
educated  people  who  can  see  no  good  outside  their  own 
subjects. 

THE  FACTOR  OF  SAFETY  IN  MINE  ELECTRICAL 
INSTALLATIONS.* 

BY  H.  H.  CLARK. 

A  factor  of  safety  may  be  regarded  as  representing  the  ratio 
of  maxiTiiuni  capacity  to  average  duty.  Factors  of  safety  are 
used  in  the  solution  of  engineering  problems  in  wliich  the  con- 
ditions cannot  be  exactly  determined  in  advance,  or  in  wliich 
unforeseen  happenings  may  arise  to  introduce  severe  stresses. 
Especially  does  this  apply  to  problems  in  which  the  safe- 
guarding of  human  life  is  a  consideration.  The  safe  operation 
of  electrical  mining  equipment,  is  an  engineering  problem  that, 
involves  the  element  of  human  life,  and  that  is  influenced  by 
conditions  and  events  that  cannot  always  be  foreseen.  Tlie 
successful  solut  ion  of  the  problem  will  therefore  depend  largely 
upon  the  factor  of  safety  that,  is  considered  in  the  selection, 
installation,  and  maintenance  of  such  equipment. 

In  problem's  in  which  the  factor  of  safety  can  be  expressed 
numerically,  it  is  seldom  made  less  than  three  and  often  more 
tlian  30.  In  the  present  discussion  the  factor  of  safety  cannot 
be  numerically  expressed,  because  neither  the  capacity  for 
safety  nor  the  duty  to  be  performed  in  preventing  accidents 
can  he  measured  in  the  same  terms,  or  even  in  any  terms  at 
all.  Therefore,  more  care,  bet-t-er  juil^ment,  and  more  liberal 
allowances  in  design,  coiust  ruction,  and  installation  are 
required  to  ensure  a  factor  of  safety  than  would  be  i'e(|uir("l  if 
its  existence  were  susceptible  of  mathematical  pn、of.  To 
facilitate  consideration,  the  problem  may  be  divided  into  two 
l>i'inci])al  parts  :     First,  an  analysis  of  the  conditions  to  be 
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met  ；  second,  a  discussion  of  how  to  meet  them  and  ensure  a 
desirable  factor  of  safety. 

In  analysing  the  relation  tliat  the  use  of  electricity  in 
mines  bears  to  the  accidents  that  occur  there,  the  first  step  is 
to  classify  the  different  ways  in  which  electricity  can  cause 
injurv,  death,  or  disaster.  One  characteristic  of  the  electric 
current  with  which  everybody  is  familiar  is  its  ability  to  pro- 
duce electric  shocks.  The  conditions  underground  are  favour- 
al»le  to  their  occurrence.  There  is  a  well-known  fire  risk  in 
(.'oiinection  with  the  use  of  electrical  apparatus.  The  use  of 
electricity  in  the  vicinity  of  gas,  explosive  dust,  or  explosives, 
all  of  which  may  be  found  in  mines,  is  attended  with  danger. 
There  are,  therefore,  iu  connection  with  the  use  of  electricity 
in  mining  work  three  possible  dangers ― shocks,  fires,  and 
explosions. 

The  conditions  under  which  electricity  can  start  a  fire  or 
cause  an  explosion  may  be  absent  from  a  mine  at  any  or  all 
times,  but  the  chance  of  receiving  an  electric  shock  is  always 
present'  in  any  mine  where  electricity  is  used  and  men  are  at 
work .  Many  conditions  that  are  peculiarly  favourable  to  the 
occurrence  of  electric  shocks  are  found  in  mines.  Most  of 
these,  such  as  dampness,  dust,  limited  space,  and  scanty  light, 
are  unavoidably  associated  with  mining  work.  In  addition, 
many  underground  employes  are  unfamiliar  with  electrical 
apparatus  and  the  proper  way  to  regard  it. 

Under  the  best  of  conditions  ground-return  circuits  offer 
more  chances  for  shock  than  do  completely  insulated  circuits. 
The  risk  is  increased  wliere  workmen  are  obliged  to  stand  upon 
the  ground  when  handling  apparatus  operating  with  ground 
returns.  In  ground-return  systems  one  side  of  the  generator 
is  connected  to  tlie  earth,  to  the  track-rail  network,  and  to  the 
return  feeders  which  are  in  parallel  with  both.  As  a  result, 
anyone  who  stands  upon  the  ground  stands  upon  one  side  of 
the  electric  circuit,  and  only  a  single  contact  with  the  other 
side  of  the  circuit  is  necessary  to  give  a  shock. 

Apparatus  that  has  accidentally  come  in  contact  with  the 
ungrounded  side  of  an  electric  circuit  is  almost  as  dangerous  as 
a  trolley  wire.  If  such  apparatus  is  metallic  and  is  insulated 
from  the  earth,  it  offers  all  the  necessary  conditions  for  giving 
a  severe  shock,  and  the  danger  from  such  a  shock  is  accentu- 
ated by  the  fact  that  the  victim,  being  unaware  of  his 
proximity  to  danger,  may  firmly  grasp  the  charged  part.  If 
a  shock  is  received  while  the  victim  is  grasping  the  source  of 
current,  the  results  are  more  likely  to  be  severe  than  under 
other  conditions,  because  the  grasp  is  "  frozen  •，  in  place  by  the 
sudden  contraction  of  the  muscles,  and  voluntary  release  from 
contact  with  the  circuit  is  impossible.  By  connecting  to  the 
earth  such  parts  of  apparatus  as  are  made  of  conducting 
material  but  are  not  designed  to  carry  current,  they  cannot 
become  charged  with  electricity  to  a  potential  above  that  of 
the  earth  ；  consequently,  a  shock  cannot  be  obtained  by  a 
person  s  establishing  contact  between  such  parts  and  the 
ground. 

The  danger  from  fires  caused  by  electricity  arises  princi- 
pally from  defective  installation,  careless  upkeep,  or  from 
iiijuries  to  equipment  resulting  from  falls  of  roof  or  similar 
causes.  A  short-circuit  or  an  earth  that  does  not  blow  the 
circuit-breaker  nor  the  fuses  may  produce  heat  enough  to  start 
a  fire  by  leaking  across  coal  or  timbering.  The  blowing  of 
au  °I)en  fuse  is  accompanied  by  sufficient  heat  to  ignite  com- 
bustible materia]  that  is  very  close  to  the  fuse,  especially  if 
for  any  reason  the  arc  is  long  drawn  out.  .  The  presence  of 
inflammable  material  around  electric  motors  or  starting  boxes 
"my  prove  to  be  a  source  of  trouble.  Incandescent  lamps  pro- 
duce heat  enough  to  ignite  combustible  materials  if  the  dis- 
sipation of  Iieat  from  the  bulbs  of  the  lamps  is  allowed  to 
become  restricted.  With  conductors  bare  and  with  both  sides 
ni  * t,e  ("r—t  strung  side  by  side,  there  is  a  chance  that  leakage 
lr(>m  one  side  to  the  other  across  coal  or  damp  timbering  may 
1 請 luce  heat  enough  to  start  a  fire. 

The  conductivity  of  coal,  especially  dry  coal,  is  usually 
very  low.  Tins  fact  tempts  careless  workmen  to  poor  con- 
struction and  poor  installation  ；  also  it  aids  in  covering  up 
these  defects.  Sucli  poor  work  miglit  be  logically  expected 
were  it  not  for  tlie  fact  that,  under  some  conditions,  eartlis  to 
(■(ml  will  produce  sparking,  arcing,  and  Iieating  enough  to 
'st，rt  fires.  Inflammable  material  sliould  never  be  allowed  to 
collect  about  a  motor  or  in  the  vicinity  of  fuses  or  other 
apparatus  tliat  can  produce  arcs,  flashes,  or  considerable  heat,. 
丄 u  provide  a  factor  of  safety,  starting  boxes,  fuses,  and  all 


;i})j>ar;itus  that  may  throw  oil'  sparks  under  nortnal  eondit  ions, 
or  t  liat  are  subject  to  abnormal  condit  ions  t  hat  result  in  t  lie 
production  of  even  greater  heat,  sliould  he  mounted  on  or 
protected  by  a  sheet  of  metal  or  other  strong  iioii-cornbustihlc 
material. 

Explosions  may  be  caused  by  the  ignition  of  explosives,  ^as, 
or  coal  dust.  Accidents  due  to  the  ignition  of  explosives  l，y 
electricity  may  be  divided  into  two  classes :  Those  that  occur 
wliile  handling  and  transporting  explosives  near  electric  cir- 
cuits and  those  that  are  incident  to  the  detonation  of  exj)Io- 
sives  by  electrical  means.  As  to  ac-idents  of  the  first  class, 
electricity  is  no  more  of  a  menace  than  any  other  source  of 
flame  and  heat. 

Electric  sparks  will  ignite  mine  gas  and  air  mixtures  t  liat 
contain  between  5  and  1 1  per  cent,  of  gas  (methane).  Be- 
tween these  limits  a  comparatively  small  spark  is  sufficient  to 
fire  t  lie  gaseous  mixture.  The  size  of  arc  or  spark  that  will 
occur  when  an  electric  circuit  is  opened  depends  upon  a 
number  of  things,  such  as  the  voltage  of  the  circuit,  tlie 
amount  of  current  broken,  tlie  speed  of  break,  and  the  char- 
acter of  the  circuit.  The  determination  of  the  exact  influence 
of  eacli  of  these  factors  is  an  interesting  problem.  For  all 
practicable  purposes,  however,  it  is  safest  to  assume  that  all 
sparks  which  occur  around  such  apparatus  and  circuits  as  are 
used  for  power  and  light  in  a  mine  are  capable  of  igniting  gas. 
Although  this  assumption  may  not  be  correct  at  all  times,  t  he 
continually  varying  conditions  surrounding  such  equipment 
make  a  contrary  assumption  unsafe.  For  instance,  a  motor 
that  is  so  well  designed  and  so  adapted  to  its  load  that  tlie 
commutating  sparks  are  too  minute  to  ignite  gas  may,  in 
starting,  develop  dangerous  sparks. 

The  ignition  of  gas  by  incandescent  lamps  is  now  being 
investigated  by  the  American  Bureau  of  Mines.  A  large 
number  of  lamps  of  various  sizes  are  being  broken  in  different 
ways  while  surrounded  by  a  highly  explosive  mixture  of  gas 
and  air.  The  results  so  far  obtained  show  that  certain  sizes  of 
lamps  when  broken  in  the  presence  of  gas  will  ignite  it,  and 
that  in  the  action  of  the  lamps  there  is  a  difference  which 
depends  upon  the  size  of  the  filament,  the  larger  filaments 
being  more  likely  to  ignite  gas  than  the  smaller  ones. 

The  study  of  the  ignition  of  coal  dust  by  electric  arcs  and 
electric  flashes  has  been  undertaken  to  some  extent.  The 
results  of  the  experiments  indicate  that  electric  flashes  can 
ignite  coal  dust  suspended  in  the  atmosphere. 

The  conditions  surrounding  electrical  apparatus  in  mines 
are  more  severe  and  less  constant  than  those  surrounding 
similar  installations  above  ground  ；  there  are  more  trouble- 
causing  factors  than  are  found  upon  the  surface.  Falls  of  roof 
sufficient  to  wreck  feeder  systems  are  not  uncommon.  Damp- 
ness, dust,  and  acid  water  in  sufficient  quantities  to  be  detri- 
mental to  insulation  are  present  in  many  mines.  Some  or  all 
of  these  conditions  must  usually  be  considered  in  selecting 
mine  electrical  equipment.  Apparatus  that  might  operate 
satisfactorily-  in  the  absence  of  these  elements  will  fail  when 
they  are  present.  The  space  available  for  installing  and 
operating  underground  electrical  equipment  is  usually  limited, 
thus  increasing  the  chance  for  accidental  contact  with  the  live 
part  of  the  system .  Another  factor  that  has  more  influence 
than  is  usually  recognised  is  the  lack  of  light.  Not  only  has 
this  condition  a  direct  bearing  upon  accidental  contact  with 
electrical  apparatus,  but  it  also  has  an  undesirable  indirect 
influence  because  of  the  difficulties  which  it  places  in  the  way 
of  properly  installing  and  inspecting  the  equipment. 

As  compared  with  electrical  installations  on  the  surface, 
those  underground  are  temporary  in  character.  Circuits  ami 
inachines  are  put  in  place  with  the  certain  knowledge  that 
sooner  or  later  they  must  be  removed  and  installed  elsewhere. 
This  fact  undoubtedly  has  an  undesirable  influence  upon  the 
quality  of  work  performed.  For  economic  reasons  it  is  not 
practicable  to  resort  to  methods  of  installation  that  would  be 
followed  if  the  work  were  to  be  permanent.  Although  elabo- 
rate methods  of  installation  may  in  time  pay  for  themselves 
in  low  cost  of  maintenance,  such  methods  are  not  economical 
if  the  equipment  is  to  be  moved  frequently.  Obviously,  an 
installation  investment  in  excess  of  the  amount  necessary  for 
satisfactory  operation  during  the  period  of  service  is  an  entire 
loss.  If  the  period  of  service  is  to  be  short,  there  is  a  natural 
tendency  to  limit  the  cost  of  installation.  Whether  such  cur- 
tailment is  wise  depends  so  largely  upon  circumstances  that 
no  general  statement  can  be  made.    However,  undue  reduc- 
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tion  in  installation  expenditures  not  only  reduces  the  factor  of 
safety  at  one  point,  but  also  lowers  the  general  standard  of 
workmanship  throughout  the  mine. 

The  problem  of  safeguarding  electrical  mine  equipment  is 
not  a  simple  one.  As  previously  stated,  scanty  light,  limited 
space,  and  the  presence  of  dust  and  dampness  are  underground 
conditions  that  are  favourable  to  the  occurrence  of  electrical 
accidents.  The  influence  of  the  first  of  these  may  be  elimi- 
nated by  providing  lights  at  particularly  dangerous  places, 
such  as  partings  and  cross-overs.  If  electric  wires  are  a  source 
of  danger  at  such  places  they  can  be  made  a  source  of  light 
also.  Although  it  may  be  impracticable  to  eliminate  entirely 
the  effect  of  limited  space,  this  condition  in  ay  be  counteracted 
by  the  erection  of  guards  about,  apparatus.  Dust  and  damp- 
ness are  elements  that  can  hardly  be  separated  from  tlie  opera- 
tion of  a  mine  ；  in  fact,  the  presence  of  dampness  is  often 
desirable  to  offset  the  effect  of  dust.  It  is  possible,  however, 
to  provide  apparatus  so  designed  and  installed  as  to  resist  the 
action  of  dust  and  dampness,  and  the  more  generous  the  factor 
of  safety  included  in  such  design  and  installation  the  greater 
will  be  the  resistance. 

The  problem  of  safeguarding  may  be  divested  of  some  of  it's 
vagueness  and  put  in  concrete  lorm  by  considering  thai  if  1 1n1 
electric  current  can  be  kept  where  it  belongs ― in  the  con- 
ductors designed  to  carry  it ― it  cannot  give  shocks,  start  fires, 
or  ignite  gas,  dust,  or  explosives.  Electricity  becomes  actively 
dangerous  only  when  it  breaks  away  from  its  proper  channels 
in  stray  currents  or  as  sparks  and  arcs.  As  far  as  stray- 
currents  are  concerned  the  confinement  of  electricity  in  its 
proper  place  is  primarily  a  question  of  insulation,  a  term  t 
includes  tlie  covering  of  conductors,  the  insulators  upon  which 
they  are  supported,  and  the  insulating  material  used  in  motors 
and  accessory  equipment.  Against  insulating  coverings  for 
conductors  is  brought  the  argument  that  such  coverings 
deteriorate  rapidly  and  are  an  added  element  of  danger 
because  they  give  false  impressions  of  safety.  The  truth  of 
this  argument  depends  upon  the  kiud  of  insulation  and  the 
conditions  of  service,  and  cannot  be  regarded  as  universally 
applicable. 

In  order  to  ensure  a  high  factor  of  safety  in  the  insulation 
of  motors  and  other  electrical  machines,  they  must  be  carefully 
selected  with  a  view  to  the  service  which  they  are  to  perform. 
They  must  then  be  protected  from  moisture  and  dust  unless 
such  protection  is  inherent  in  their  design.  Care  in  this 
respect  will  be  rewarded  not  only  by  increased  safety,  but  also 
by  decreased  cost  of  upkeep.  The  maintenance  cost  of 
enclosed  motors  operated  in  damp  and  dusty  places  should  be 
less  than  for  open  motors  operated  under  the  same  conditions 
if  both  types  of  machines  are  properly  designed,  constructed, 
and  rated. 

It  must  be  admitted  that  the  electric  current  canuot  be 
kept  where  it  belongs  in  the  sense  of  eliminating  entirely  such 
sparks  and  arcs  as  occur  at  fuses,  circuit-breakers,  air-break 
switches,  starting  rheostats,  and  the  commutators  of  direct- 
current  machines.  In  this  connection  the  factor  of  safety 
must  be  applied  by  arranging  to  confine  the  outbursts  of 
current  to  a  limited  area  unoccupied  by  anything  which  may 
be  affected  by  heat  or  fire. 

Assuming  that  in  the  selection  and  installation  of  electric 
equipment  care  has  been  exercised  to  ensure  the  proper  con- 
finement of  the  current,  the  factor  of  safety  may  be  increased 
by  earthing  the  dead  metallic  parts  of  apparatus,  by  provid- 
ing means  for  insulating  the  bodies  of  those  who  work  upon 
such  apparatus,  and  by  barring  from  the  vicinity  of  the 
current  such  elements  as  are  explosive  or  combustible. 

It  is  as  important  to  maintain  a  high  factor  of  safety  as  to 
obtain  it  in  the  first  place,  and  this  requisite  calls  for  careful 
and  frequent  inspection  by  the  mine  electrician,  whose 
responsibilities  can  scarcely  be  over-rated.  The  supervision 
of  the  electrical  equipment  of  a  mine  is  a  t  ask  that  requires 
unusual  ability,  sound  judgment,  and  experience  of  a  peculiar 
sort.  To  select  suitable  apparatus,  to  iustal  it  properly  and 
economically,  and  to  maintain  it  free  from  interruption  of 
service  at  a  minimum  cost  demands  much  ability.  When  the 
requirements  of  safety  are  added  to  the  list  of  duties  the 
responsibility  is  not  lessened.  The  establishment  and  main- 
tenance of  a  high  factor  of  safety  rests  as  much  witli  the  man 
who  has  direct  charge  of  the  electrical  equipment  as  with 
anyone. 


MATHEMATICS  IN  ENGINEERING. 

Sir  W.  H.  White,  formerly  Director  of  Naval  Construction, 
in  the  course  of  a  lecture  delivered  before  the  International 
Congress  of  Mathematicians  at  Cambridge  on  "  The  Place  of 
Mathematics  in  Engineering  Practice,*'  remarked  how  essen- 
tial it  was  that  an  adequate  knowledge  of  mathematics 
must  be  acquired  by  every  practical  engineer.  Differences  of 
opinion  had  always  been  rife  as  to  the  best  methods  of  teach- 
ing mathematics  to  engineering  students,  but  he  noted  that 
few  engineers  engaged  in  practical  work  had  opportunities 
of  using  their  mathematical  tools.  No  branch  of  engineering 
had  benefited  more  from  the  knowledge  of  mathematics 
than  naval  architecture,  and  it  was  a  noteworthy  fact  that 
Cambridge  University  had  found  nearly  all  the  men  who 
had  been  responsible  for  the  construction  of  the  British 
Navy  during  the  past  50  years.  Although  screw  propellers 
had  been  in  use  for  over  70  years,  he  had  to  confess  that  they 
still  knew  little  about  them,  and  mathematicians  had  not 
helped  them  a  bit.  Sir  William  described  at  some  length 
the  experiments  with  screw  propellers  which  the  Depart- 
ment of  Naval  Construction  carried  out  some  years  ago 
when  called  upon  to  design  a  ship  of  23  knots,  a  speed  which 
at  that  time  had  not  been  approached,  and  he  had  to  confess 
that  the  results  were  not  satisfactory.  Mathematicians  seek- 
ing fresh  fields  to  conquer  might  profitably  study  the 
utterances  of  practising  engineers  of  repute,  and  particularly 
the  group  which  govern  the  efficiency  of  screw  propellers 
when  applied  to  steamships.  It  was  no  exaggeration  to  say 
that  at  the  present  time  there  exists  no  mathematical  theory 
which  has  any  considerable  influence  on  the  design  of  the 
screw  propeller  and  the  determination  of  the  form,  area, 
and  pitch.  He  made  an  open  confession  of  the  lack  of  com- 
plete knowlege  of  mathematics  on  the  part  of  engineers, 
who  wanted  every  aid  that  science  could  give  them.  They 
were  always  ready  to  gratefully  acknowledge  very  valuable 
help  given  by  mathematicians,  and  he  felt  that  this  expres- 
sion would  be  endorsed  by  all  members  of  the  engineering 
profession. 


E0LIN，S  GEAR-CUTTING  MACHINE. 

A  machine  for  cutting  spur  gears,  the  invention  of  Messrs.  W. 
P.  Eglin,  Ltd.?  Globe  Works,  Sowerby  Bridge,  is  shown  in  the 
accompanying  cuts,  Fig.  1  being  a  plan  view  of  the  machine, 
Fig.  2  an  end  view,  and  Fig.  3  a  partial  longitudinal  section. 
On  the  table  is  mounted  a  carriage  A，  on  which  is  movable 
longitudinally  a  slide  B  forming  part  of  a  vertical  pillar  C. 
In  a  bearing  on  a  slide  D  adjustable  vertically  on  the  standard 
C  is  mounted  a  spindle  E  on  which  the  blank  F  to  be  cut  is 
secured.  The  cutter  G  is  mounted  on  a  spindle  H  driven  by 
gears  from  a  shaft  J.  A  pulley  on  the  shaft  H  transmits 
motion  through  a  belt,  pulley,  and  gears  to  a  shaft  K.  Fast 
on  this  shaft  is  a  pinion  L  which  meshes  with  a  pinion  M  on  a 
stud  carried  by  the  arm  of  a  lever  loosely  mounted  on  the  shaft 
K  and  having  its  other  arm  secured  to  a  fixed  bracket,  as 
shown  in  Fig.  3.  Fast  on  the  same  spindle  as  the  pinion  M 
is  a  partially  toothed  pinion  N  adapted  to  mesh  with  the  teeth 
of  a  rack  O  secured  to  the  slide  B.  The  pinion  N  revolves  in 
the  direction  of  the  arrow,  Fig.  3，  and  so  long  as  the  teeth 
of  the  pinion  are  in  mesh  with  the  teeth  of  the  rack  O  the  rack, 
and  consequently  the  slide  B，  will  be  moved  in  a  direction  to 
carry  the  blank  towards  the  cutter  G.  A  weight  Z  connected 
by  chains  P  to  the  slide  B  acts  to  d raw  the  slide  to  the  left 
(Fig.  1),  that  is  to  say,  in  a  direction  to  move  the  blank  back 
clear  of  the  cutter  when  in  the  rotation  of  the  pinion  N，  the 
last  tooth  thereon  moves  clear  of  the  rack  O.  The  number 
of  teeth  in  the  pinion  N,  and  the  consequent  distance  the  rack 
is  moved  at  each  rotation  thereof  is  regulated  according  to  the 
width  of  the  face  of  the  blank  or  blanks  being  cut.  The 
position  of  the  pinion  N  is  capable  of  adjustment.  Fast  on 
the  shaft  K  is  a  cam  Q  having  three  steps  or  lifts  of  varying 
heights,  one  or  other  of  which  according  to  the  longitudinal 
adjustment  of  the  cam  on  the  shaft  is  adapted  to  engage  and 
raise,  at  the  proper  time,  a  slide  R  movable  vertically  in  a 
guide.  Secured  on  the  slide  R  is  a  finger  T  adapted  to  engage 
in  a  tooth  space  of  a  dividing  wheel  U  fast  on  the  blank 
spindle  E  and  according  to  the  particular  step  of  the  cam  Q 
by  which  the  slide  R  is  engaged,  to  rotate  the  dividing  wheel 
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through  one,  two,  or  three  teeth  as  may  be  required  to  give 
the  necessary  circular  feed  to  the  blank  prior  to  the  commence- 
ment of  each  fresh  cutting  movement. 

Carried  by  a  spindle  V  secured  in  a  slide  adjustable  verti- 
cally ou  a  fixed  guide  W  is  a  flat  plate  or  member  X  extending 
longitudinally  of  the  direction  of  the  sliding  motion  of  the 


starting  position  on  completion  of  eacli  cut  is  limited  by  means 
of  an  adjustable  stop  Y. 

The  action  of  the  machine,  assuming  that  the  blank 
is  approaching  completion  of  a  cut,  is  as  follows :  The 
partially  toothed  pinion  N  is  set  so  that  its  last  tooth  leaves 
the  rack  O  as  soon  as  the  blank  has  moved  past  the  cutter. 


dividing  wheel  U.  This  member  X  is  adapted,  as  the  slide  B 
moves  the  blank  towards  the  cutter,  and  before  the  dividing 
wheel  U  has  moved  longitudinally  clear  of  the  finger  T，  to 
engage  in  a  tooth  space  of  the  dividing  wheel  and  to  accurately 
position  same.  The  engagement  of  the  member  X  with  the 
wheel  U  is  timed  to  take  place  before  the  blank  reaches  the 
cutter  so  that  in  the  event  of  the  finger  T  having  failed  to 


c 
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Fig.  3.— Eglin's  Oi:AR-cuTTiNfi  Machine. 

move  the  wheel  U  to  the  exact  required  position,  the  error 
will  be  corrected  by  the  fixed  member  X.  The  wheel  U  slides 
o"  the  member  X  during  the  whole  of  the  time  cutting  is 
taking  place,  consequently  the  blank  is  held  or  locked  in  the 
correct  position  from  end  to  end  of  its  movement  past  the 
cutter  and  absolute  accuracy  in  cutting  is  assured.  The 
return  movement  of  the  slide  B  to  carry  the  blank  back  to 


Immediately  the  rack  is  freed  by  the  pinion  N，  the  weight  Z  on 
the  chains  P  which  has  been  raised  during  the  forward  move- 
ment of  the  blank,  causes  the  slide  to  be  drawn  back  and  the 
blank  to  be  carried  back  to  its  starting  position,  determined  by 
the  stop  Y.  The  backward  movement  of  the  slide  has  caused 
the  dividing  wheel  U  to  slide  off  the  positioning  member  X 
and  on  to  the  dividing  finger  T.  The  cam  Q  now  lifts  the 
slide  R  and  causes  the  finger  T  to  give  the  requisite  rota- 
tion to  the  dividing  wheel  and  consequently  to  the  blank.  By 
the  time  the  cam  has  effected  this  raising  of  the  finger  T  the 
pinion  N  again  begins  to  mesh  with  the  rack  and  to  cause 
the  slide  to  move  towards  the  cutter,  but  before  the  blank  has 
been  moved  far  enough  to  reach  the  cutter  and  before  the 
dividing  wheel  has  moved  far  enough  to  leave  the  finger  T，  the 
wheel  is  engaged  by  the  positioning  member  X  along  which  it 
slides  and  by  which  it  is  locked  throughout  the  cutting  move- 
ment of  the  blank.  The  cycle  of  operations  above  set  forth  is 
automatically  repeated  until  the  whole  periphery  of  the  blank 
has  been  cut. 


Explosion  in  a  Gasometer.  ―  An  explosion  occurred  in  the 
interior  of  a  gasometer,  in  which  three  men  were  working,  at 
the  gasworks  of  the  Mossley  Corporation  on  the  29th  ult. 
One  man  was  killed  outright  and  two  others  seriously  injured. 
The  latter  were  rescued  by  the  foreman  at  great  personal  risk. 
The  gasometer  was  capable  of  holding  500,000  cub.  ft.  of  gas 
and  was  100ft.  diam.  The  gas  was  cleared  from  the  struc- 
ture two  months  ago,  and  it  had  since  been  elevated  by  air. 
A  number  of  men  employed  by  Messrs.  Ashmore,  Benson, 
Pease,  &  Co.，  of  Stockton-on-Tees,  were  engaged  in  the 
interior  on  repairs.  On  the  afternoou  of  the  explosion  the 
gasometer  was  at  a  very  low  level  when  three  men  entered  it 
to  continue  their  work.  One  of  the  men  struck  a  match  to 
light  a  candle  by  which  to  work.  By  some  means  at  present 
unexplained  gas  had  accumulated  in  the  chamber  and  there 
was  at  once  a  violent  explosion,  with  the  result  that  the  gas- 
holder was  lifted  to  a  height  of  20ft.  and  the  supporting  pillars 
broken. 


Figs.  1  and  2.— Eg 乙 in's  Gear-cutting  Machine. 
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THE  BRITISH  ASSOCIATION. 

The  82nd  annual  meeting  of  the  British  Association  for 
the  Advancement  of  Science  was  opened  last  week  at  Dundee, 
under  the  presidency  of  Prof.  E.  A.  Schiifer.  The  engineer- 
ing section  was  presided  over  by  Prof.  Archibald  Bart',  whose 
address  was  reproduced  in  our  last  issue  (see  p.  295  ante). 
This  was  followed  by  a  number  of  interesting  papers, 
abstracts  of  which  are  presented  below. 

Experiments  on  "  Suction "  or  Interaction  Between  Passing 
Vessels.  ―  In  view  of  the  general  lack  of  experimental  data  as 
to  the  magnitude  of  the  mutual  forces  involved  in  the  cases 
of  interaction  between  two  vessels  moving  in  parallel  pailis  in 
close  proximity 3  and  as  to  their  effective  range  of  action,  the 
authors  (Prof.  A.  H.  Gibson,  D.Sc,  and  Mr.  J.  Hannay 
Thompson,  M.Sc.  ，M. Inst. C.E.)，  decided  to  carry  out  a  series  of 
experiments  to  investigate  these  points  on  boats  of  sufficiently 
large  size  to  enable  the  results  to  be  applied  with  some  con- 
fidence to  sea-going  vessels.  The  vessels  used  were  the  steam 
yacht  "  Princess  Louise  "  and  a  motor-boat,  each  being  pro- 
pelled by  a  single  screw.    Their  details  are  as  follows  ： ― 


Vessel. 

Length  be- 
tween Per- 
pndiculars 

Beam. 

Draught. 

Displace- 
ment. 

Area. 

" Princess  Louise" 
Motor-  boat  

ft.  in. 
88  6 

29  6 

ft.  in. 
13  0 

6  0 

6ft.  forward 
7ft.  aft 
2ft.  3in. 

100  sq.  in. 

Two  sets  of  experiments  were  carried  out.  Tn  the  first,  tlie 
helm  of  the  motor-boat  was  lashed  amid.shi]>s,  with  the  vessels 
on  parallel  paths,  and  its  behaviour  was  noted  when  at  difVe- 
rent  lateral  distances,  and  when  the  boats  were  moving  at 
different  absolute  and  relative  speeds.  Its  position  relative  ") 
the  "  Princess  Louise  ，，  was  determined  by  angular  measure- 
ments taken  from  the  latter  vessel  at  intervals  of  15  seconds. 
Pressures  at  a  series  of  corresponding  points  on  the  two  sides 
of  the  motor-boat  were  measured  at  the  same  instants,  with  a 
view  to  determining  the  lateral  forces  involved.  The  second 
series  of  experiments  was  devoted  to  a  determination  of  the 
helm  angle  necessary  to  maintain  the  course  of  the  motor-l)oat 
when  in  different  positions  relative  to  tlie  larger  vessel. 
Owing  to  possible  collision  risks  the  maximum  speed  was 
limited  to  six  knots,  which,  in  the  case  of  the  "  Princess 
Louise,"  corresponds  to  18  knots  in  a  vessel  of  the  size  of  tlie 
" Olympic."  The  results  showed  that  with  both  vessels 
moving  at,  about  this  speed  with  helms  amidships  the  smaller 
vessel  was  drawn  into  collision  from  any  lateral  distance  less 
than  100ft.  (three  and  a  half  lengths  of  tlie  smaller  vessel). 
The  precise  behaviour  depended  largely  on  the  relative  and 
absolute  speeds  of  the  vessels  and  on  their  initial  distance 
apart  and  initial  relative  position.  These  points  were  dis- 
cussed in  the  paper,  as  was  the  question  of  the  helm  angle 
required  to  prevent  collision.  The  authors  were  of  opinion 
that  the  experiments  proved  conclusively  that  the  forces 
involved  during  interaction  were  much  greater  than  had  been 
generally  realised  hitherto,  while  tliey  were  particularly 
impressed  by  the  rapidity  with  which  collision  usually  fol- 
lowed the  first  sign  of  any  interaction. 

The  Experimental  Determination  of  the  Stresses  in  Springs. ― 

This  subject  was  dealt  with  by  Prof.  E.  G.  Coker,  M.A.,  who 
said  that  the  chief  difficulties  in  determining  the  state  of  stress 
in  a  body  usually  arose  from  the  great  variations  of  stress 
intensity  which  occurred  owing  to  its  complicated  shape  and 
the  loading  ；  and  further,  in  the  case  of  springs  where  plates 
were  built  up  into  a  matrix,  the  rubbing  friction  between 
the  surfaces  was  usually  considerable  enough  to  render  the 
assumptions  of  perfect  elasticity  of  the  whole  body  somewhat 
unreliable  for  purposes  of  calculation,  although  each  plate 
miglit  be  regarded  as  fulfilling  the  elastic  conditions  perfectly. 
Methods  of  experiment  were  described  by  optical  and  electrical 
methods  of  general  application  to  stress  problems.  In  the 
first  method,  models  of  springs  were  constructed  of  transparent 
materials  for  which  it  was  shown  that  the  stress  distribution 
was  very  similar  to  that  in  steel.  These  models  permitted  of 
determinations  of  the  difference  of  principal  stresses  at  any 
point,  and  an  important  result  was  that  the  optical  effect  of  a 
pure  shear  was  proportional  to  twice  the  numerical  value  of 


one  of  the  principal  stresses.  Examples  of  plate  springs  and 
flat-coiled  springs  were  considered  in  detail,  and  the  general 
distribution  of  stress  illustrated  by  diagrams  ； utd  nalu ral- 
colour  pliotographs  of  springs  viewed  in  polarised  light.  The 
second  method  depended  on  the  fact  that  steel  and  other 
metals  when  subjected  to  stress  within  the  elastic  limit  experi- 
enced a  change  of  temperature — a  diminution  for  tension 
stress  and  an  increase  for  compression  stress ― proportional  to 
the  stress.  The  effect  at  any  point,  therefore,  was  due  to  the 
sum  of  the  priiK'ij>aI  stresses,  and  in  cases  of  pure  shear  the 
effect  was  zero ― a  noteworthy  difference  from  the  first  metliod. 
Examples  of  tension,  compression,  bending,  and  shear  experi- 
ments were  described  showing  the  applications  of  the  electrical 
method.  The  paper  described  some  attempts  to  utilise  the 
difference  in  the  electrical  condition  of  stressed  and  unstressed 
metals  for  determining  the  stresses  in  materials. 

The  Acceleration  of  a  Motor-car. ― In  the  first  part  of  tliis 
paper,  by  Mr.  H.  E.  Wi"]peris，  M.A.，  a  simple  grapliical 
metliod  is  given  of  predicting  from  its  design  the  accelerat  ion 
and  hill-climbing  ability  of  a  "totor- car.  In  tlie  first'  place,  a 
torque-speed  curve  was  constructed  ；  from  this  was  deduced 
an  acceleration-speed  curve  ；  and  from  tliis  in  turn  was 
derived  the  acceleration-time  grapli.  In  working  out,  these 
curves  a  15 】i.p.  car  was  taken  as  typical.  The  next  part  of  tlie 
]>aper  contained  an  account  of  the  methods  in  use  for  the 
experimental  itieasurernent  of  the  acceleration  of  a  motor-car. 
The  various  advantages  and  disadvantages  of  these  methods 
were  discussed.  The  autlior  tlien  gave  the  actual  acceleration 
curves  for  the  above-mentioned  car  as  obtained  by  the  use  of  a 
recording  acce】erometer.  Two  cases  were  taken  (a)  when 
starting  as  in  a  race,  and  (h)  when  starting  as  in  ordinary 
rumiiug.  The  predirled  and  actual  curves  were  coinpareil  and 
the  differences  analysed.  The  author  showed  that  tlie  chok- 
ing of  the  carburetter  caused  a  material  loss  of  acceleration  on 
siartin^.  The  paper  concluded  witli  a  reference  to  tlie  con- 
siderations wliicli  influence  wliat  may  he  termed  "  ideal 
acceleration,"  and  pointed  out  tliat  this  ideal  was  inca])able  of 
attainment  witii  cars  as  at  present  constructed. 

Exposure  Tests  of  Light  Aluminium  Alloys.— During  the  ]^asi 

11  years  reports  have  been  presented  by  Prof.  Ernest'  Wilson 
to  the  British  Association  at  fairly  regular  intervals.  The 
tests  showed  that  alloying  commercial  aluminium  with  copper, 
unaccompanied  by  iron,  nickel,  or  manganese,  was  not  satis- 
factory. A  2*6  per  cent,  copper  alloy  had  completely  deterio- 
rated in  10  years  and  increased  its  electrical  resistance  25  per 
cent.  "  Duralumin  "  was  a  copper-manganese  alloy  of 
alumiiiiiuii  witli  the  addition  of  about  0*5  per  cent,  magne- 
sium. During  tlie  last  year  a  specimen  liad  increased  its 
electrical  resistance  5'15  per  cent.  It  would  be  interesting  to 
know  if  this  was  due  to  the  comparatively  large  percentage  of 
copper  (3*5  to  5'5)  wliich  this  alloy  was  stated  to  contain,  or  if 
the  percentage  of  manganese  (0'5  to  0*8)  was  too  low.  This 
alloy  had  attracted  attention  in  that  a  breaking  load  as  high 
as  90，0001bs.  could  be  obtained,  if  desired,  according  to  treat- 
ment. Its  specific  electrical  resistance  at  15°  C.  was  about 
twice  that  of  commercial  aluminium.  A  specimen  of  liigh- 
conductivity  copper  wire  had  increased  its  electrical  resistance 

12  per  cent,  in  one  year. 

The  Behaviour  of  Ductile  Material  during  Torsional  Straining.  ~ 

In  this  paper,  by  Mr.  C.  E.  Larard,  the  author  said  the  exact, 
recorded  limit  of  "  proportionality  between  strain  and  stress  " 
might  depend  on  the  instrument  used  and  the  degree  of  fine- 
ness to  wliich  it  was  possible  to  indicate  the  strain.  The  yield 
period  in  torsion  and  the  yield  load  was  dependent  on  the  time 
rate  of  loading.  If  the  test  be  made  very  slowly  there  was  no 
sudden  plastic  yield  experienced  similar  to  that  obtained  in 
the  case  where  a  test  was  carried  out  moderately  quickly.  In 
fact  the  stress-strain  curve  was  smooth  and  continuous.  The 
approximate  laws  of  flow  of  ductile  during  twisting  at  a 
uniform  angular  velocity  might  be  stated  as  follows :  (a)  Tlie 
rate  of  increase  of  the  torque  with  respect  to  time  varied 
inversely  as  the  time  and  therefore  inversely  as  the  strain  or 
angle  of  twist,  (h)  The  acceleration,  wliich  decreased,  or  as 
it  may  be  called  the  deceleration  of  the  torque  with  respect  to 
time  varied  inversely  as  the  square  of  the  time  or  inversely  as 
the  square  of  the  angle  of  torsion.  (r)  The  relationship 
between  torque  and  time,  and  therefore  between  torque  and 
twist,  followed  the  compound  interest  law.  Two  theories  had 
been  advanced  to  explain  the  method  of  fracturing  of  a 
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specimen.  (1)  The  author's  theory,  whicli  might  be  stated  ： 
When  the  maximum  torque  was  reached  shearing  took  place 
over  an  annulus  near  the  periphery,  the  shearing  extending 
from  annulus  to  annulus  of  decreasing  mean  radius  and  under 
a  diminishing  value  of  the  torque  until  owing  to  the  irregular 
form  of  the  sheared  area  setting  up  a  wedging  action  a  more  or 
less  central  core  of  the  material  was  fractured  by  tension. 
(2)  A  theory  advanced  by  Dr.  Wm.  Garnett,  in  wliicli  he  sug- 
gested that  the  outside  layers  being  in  helical  tension  and  the 
inside  layers  in  compression,  resulting  in  one  cylindrical  layer 
being  in  a  state  of  pure  shear  so  that  the  first  part  of  the 
failure  was  due  to  tension  of  the  outside  annulus,  while  the 
second  part  and  the  flying  apart  of  the  two  pieces  of  the 
specimen  was  due  to  sudden  release  in  compression .  Lantern 
slides  and  kinematograph  illustrations  were  given  for  cylin- 
drical, hollow,  square,  and  rectangular  sections,  as  well  as  for 
tlie  machine  representing  its  operations.  The  projections, 
enormously  enlarged,  were  made  in  a  small  fraction  of  the 
time  required  for  the  tests  ；  so  that  the  behaviour  of  the 
material  was  readily  demonstrated.  In  the  case  of  the 
wrought  iron,  the  defects  of  the  metal  were  made  manifest, 
while  the  flow  had  the  appearance  of  a  turgid  stream  in 
motion. 

Alternating   Load   Tests.  — This  paper,  by  Mr.  Bernard  P. 
Haigh,  B.Sc,  dealt  with  the  testing  of  wire  specimens  under 
pulsating  loads,  the  pull  being  applied  in  a  sine-wave  by  a 
machine  comprising  an  electromagnet  supplied  with  alternat- 
ing current.    The  pull  of  such  a  magnet  varied  between  zero 
and  a  maximum  in  a  sine-wave  with  twice  the  frequency  of  the 
alternating  current  supplied,  and  the  maximum  pull  was  pro- 
portional to  (E-rC)2,  wliere  E  and  C  were  respectively  the 
voltage  and  frequency  of  the  current.    The  wire  specimen  was 
attached  at  its  lower  end  to  an  armature  which  vibrated  above 
the  pole  face  of  the  magnet,   the  magnetic  circuit  being 
arranged  so  as  to  give  as  liglit  an  armature  as  practicable. 
Tlie  conditions  necessary  to  ensure  that  the  pull  was  indepen- 
dent of  the  range  of  vibration  were  discussed,  and  also  tlie 
means  by  which  the  forces  absorbed  in  accelerating  the  mass  of 
the  armature  in  its  harmonic  motion  were  compensated.  The 
vibrating  armature  was  carried  on  springs  adjusted  to  such  a 
stiffness  that  the  force  exerted  under  any  given  deflection  was 
equal  to  that  required  for  tlie  acceleration  of  the  mass  of  the 
armature  in  that  amplitude  at  the  particular  frequency  of  the 
test  required.    Tn  the  instrument  exhibited  the  springs  were 
arranged  to  compensate  at  frequencies  from  35  up  to  120 
extensions  per  second,  and  were  adjusted  by  an  experimental 
method   emplovingr   "  resonance."      The   springs   were  also 
arranged  to  hold  the  armature  in  position,  and  as  no  guides 
were  emploved  it  was  unnecessary  to  make  anv  allowance  for 
f  net  ion.    The  value  of  the  pull  was  calculated  from  the  read- 
ings of  the  frequency  and  the  voltage  induced  in  a  special 
measuring  coil,  wliicli  was  wound  close  to  the  armature  so  that 
the  flux  measured  was  independent  of  leakage.    Tlie  "  factor  ，， 
of  the  instrument  was  determined  experimentally  bv  a  method 
in  which  a  standardised   spring  was   substituted  in  place 
of  the  specimen,  and  a  heavy  mass  was  attached  to  the 
armature  to  reduce  tlie  amplitude  of  vibration.    Tlie  maxi- 
mum value  of  tlie  magnetic  pull  was  double  that  of  the  mean 
value  wliicli  was  thus  determined.    It  was  shown  that  the 
influence  on  the  wave  of  pull  (rf  liiglier  harmonics  in  the  wave 
of  electromotive  force  was  small,  as  onlv  tlie  fifth  and  seventh 
harmonics  were  active.      A  searcli  coil  was  provided  in  the 
instrument  for  checking  their  values  by  means  of  an  oscillo- 
graph.     Particulars  were  given  of  tests  carried  out  with 
ductile  and  liard-drawn  stee】  wires.    From  these  it  appears 
that  specimens  of  a  047  per  cent,  carbon  steel  broke  wlien 
tested  under  pulsating  load,  with  about  85  per  cent,  of  their 
breaking  load  under  steady  loads.      A  ductile  low-carbon 
steel,  on  the  other  liand,  broke  with  only  65  per  cent,  of  the 
steady  breaking  】oad，  i.e.,  at  a  load  close  to  the  yield  point. 
Tlie  extension  of  this  material  under  pulsatine:  load  (20  per 
cent.)  was  very  close  to  that  obtained  with  steady  load. 

The  Fcfy  Bomb  Calorimeter.— This  paper,  l)y  Mr.  Koberi 
s-  Wliipple,  dealt  witli  the  Fery  bomb  calorimeter.  This 
form  of  calorimeter  was,  lie  said,  now  frequently  employed  for 
t,he  determination  of  tlie  calorific  value  of  coal,  because  the 
combustion  of  the  coal  was  more  complete  than  in  those  calori- 
meters in  wliicli  tlie  oxygen  was  admitted  at  atmospheric 
pressure  or  at  a  pressure  slightly  above  at.mospliere.  The 


instrument,  designed   by   Prof.  C.   Fery,   of  the  Ecole  de 
Physique  et  de  Cliimie,  Paris,  was  of  the  bomb  type,  being  in 
general  design  somewhat  similar  to  the  well-known  Mahler 
instrument,  but  greatly  simplified  in  its  details.    Tlie  bomb 
consisted  of  a  light  iron  vessel  weighing  about  1  kilo,  and  had 
a  capacity  of  about  250  c.c.  supported  in  the  centre  of  a  brass 
vessel  by  two  discs  of  constantan  (an  alloy  of  fO])per  and 
nickel).    As  the  mass  of  metal  in  the  bomb  was  small  and  no 
water-jacket  was  used ,  Hie  rise  iti  temperature  of  the  bomb  due 
to  the  combustion  of  the  coal  was  large,  averaging  about 
20°  C.  when  0  5  gramme  of  coal  was  burnt.      It  was  evident 
tliat  with  such  a  large  temperature  rise  the  measurements 
need  not  be  made  with  the  same  degree  of  accuracy  as  in  the 
case  of  the  usual  type  of  bomb  calorimeter,   in  which  the 
temperature  rise  amounted  to  only  2°  C.  or  3°  C.  for  the  same 
quantity  of  coal.    The  temperature  rise  was  measured  by  the 
thermo-electric  force  generated  by  the  constantan  discs  and 
the  iron  bomb,  the  surrounding  envelope  acting  as  the  cold 
junction   of  the   thermo-couples.      These   couples  gave  an 
electromotive  force  of  40  micro-volts  per  degree  C.，  and  gave 
on  a  pointer  galvanometer  a  deflection  of  60  mm.  for  a  rise  of 
20°  C.    It  was  thus  possible  to  estimate  the  temperature  rise 
of  the  bomb  to  at  least  \  °  C.  or  to        of  the  total  rise  in 
temperature.    The  loss  of  heat  from  the  bomb  was  due  to 
three  causes :     (1)  conduction  along  the  constantan  discs  ； 
(2)  convection  currents  in   the  air  space  surrounding  the 
bomb  ；  and  (3)  radiation  from  the  walls  of  the  bomb.  The 
effect  of  the  loss  by  conduction  was  only  to  lower  the  maxi- 
mum temperature  obtainable  as  compared  with  what  it  would 
liave  been  if  the  supporting;  discs  were  non-conductors.  The 
losses  due  to  convection  and  radiation  were  negligible  as  com- 
pared to  those  due  to  conduction.    The  coal  under  examina- 
tion was  placed  on  a  small  tray  in  the  bomb,  the  latter  being 
filled  with  oxygen  at  about  2001bs.  pressure.      The  coal  was 
fired  electrically,  and  the  maximum  temperature  rise  on  tlie 
galvanometer  took  place  about  lh  minutes  after  ignition. 
Experiments  showed  that  the  gas  pressure  could  be  varied 
from  1501bs.  to  2501bs.,  and  ilie  weight  of  coal  burnt  from  0*2 
to  0'7  gramme,  without  any  difference  in  the  results  obtained. 
The  instrument  was  standardised  by  burning  either  sugar, 
carbon,  or  standardised  coal  briquets,  the  calorific  values  of 
which  were  known.    The  instrument  was  easy  to  operate,  and 
gave  consistent  results. 

The  Ignition  of  Gaseous  Mixtures  by  Momentary  Electric  Arcs. — 
This  paper,  by  Prof.  W.  M.  Thornton,  D.Sc,  gives  the  results 
of  an  investigation  to  ascertain  the  least  currents,  direct  and 
alternating,  required  to  ignite  gaseous  mixtures  at  different 
voltages  and  frequencies.  The  lower  and  upper  limits  of 
mixture  within  which  ignition  was  possible  were  found  to  be 
4"25  and  14  per  cent,  for  firedamp  in  air,  G  and  40  per  cent, 
for  coal  gas.  Tliere  was  a  well-defined  maximum  of  sensitive- 
ness to  ignition  at  7  per  cent,  in  the  former,  8*5  per  cent,  in 
the  latter.  Witli  direct  voltage  the  least  igniting  current  was 
approximately  proportional  to  the  reciprocal  of  the  voltage  ； 
with  alternating  voltage  tlie  frequency  was  of  more  import- 
ance, and  the  current  remained  constant  over  a  long  range  of 
voltage,  being  higher  for  methane  than  for  coal  gas.  Tlie 
energy  of  spark  which  would  just  ignite  tlie  most  sensitive 
mixtures  was  about  0*10  ioule,  corresponding  to  the  com- 
bustion of  37  c.c.  of  an  11  per  cent,  mixture  of  coal  gas. 
Sinerle  sparks  therefore  gave  relatively  poor  ignition.  It 
would  appear  from  tlie  results  that  when  alternating  current 
was  used  for  signalling  or  where  there  was  no  continuous 
sparking  at  a  contact,  the  risk  from  electrical  siernallinsr  in 
coal  mines  was  extremely  small.  Where  tliere  was  sparkinor 
as  at  a  vibrating  contact  tlie  bells  must  be  enclosed  in  flame- 
proof cases,  or  be  situated  in  places  which  could  not  be  reached 
by  firedamp  in  mixtures  approaching  4  per  cent. 


Personal. ―  Mr.  George  Thomas  Beilbv,  F.R.S.,  LL.D.. 
has  been  appointed  a  member  of  the  Roval  Commission  on  Oil 
Fuel,  in  succession  to  Mr.  H.  Owen  Jones,  deceased.  Mr. 
Beilby  is  a  prominent  man  of  science,  who  has  made  a  special 
study  of  fuel  economy  and  smoke  prevention,  and  has  invented 
processes  which  are  in  use  in  several  departments  of  industrv. 
TTe  was  President  of  the  Institute  of  Chemistry  in  1909,  and  is 
chairman  of  the  Glasgow  and  West  of  Scotland  Technical 
College.  He  was  born  in  Edinburgh  in  1850，  and  educated 
at  Edinburgh  University. 
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BOILER  ECONOMICS  AND  THE  USE  OF  HIGH  GAS  SPEEDS, 

ItY  J.  T.  NICOLSON. 

(Conchuled  from  page  306.) 
Part  VIII. 一 Applications  to  Practicb. 
It  ought  to  be  pointed  out  that  in  compiling  these  competi- 
tive figures  nothing  has  been  allowed  for  the  annual  rental 
value  of  the  floor  space  saved  by  the  adoption  of  high-speed 
boiler  plant.  This  is  a  most  important  item  in  the  case  of 
power  stations  in  crowded  centres  of  population.  In  many 
cases  the  mere  feasibility  of  installing  the  steam  generating 
plant  at  all  turns  upon  the  possibility  of  economising  space 
in  the  boiler  room.      In  the  author's  system  】ess  space  is 


The  high-speed  boilers  designed  to  replace  them  are  also 
double-ended  and  placed  back  to  back,  with  one  turbo-fan 
of  250  b.h.p.,  to  provide  a  draught  of  24in.  water  gauge, 
placed  above  and  between  them .  Eacli  such  double-eiuled 
boiler  has  two  grate  surfaces  each  of  84  sq.  ft.  area,  or 
168  sq.  ft.  for  the  two,  so  that  it  will  have  the  same  grate 
area  as  one  of  the  17ft.  6in.  diam.  by  22ft.  long  boilers  of 
the  Cunard  ships.  The  plans,  Figs.  21  to  23,  show  clearly 
how  six  rows  of  four  boilers  per  row  take  up  exactly  the 


whilst  the  evaporation  per  square  foot  of  heating  surface  is 

88,000  x  H-5      r  0on  , 

~ ：  —―  =  6-2olbs.  per  hour. 

*  Paper  read  before  the  Institution  of  Engineers  and  Shijibuilders  of  Scotland. 


Allowing  tlie  usual  figure  of  40  cub.  ft.  to  the  ton,  this  saving 
amounts  to  6,400  tons  of  extra  cargo  space. 

Estimating  the  boiler-hold  displacement  under  present 
couditions  at  17,000  tons,  the  above  saving  of  space  amounts 
to  over  37  per  cent,  thereof.    The  author  is  not  able  to  say 


Figs.  18  and  19.— K.M.S.  "  iiUsiTANn. 

occupied  than  with  any  other  ；  even  the  express  boilers  used 
on  destroyers  not  being  excepted.  The  author,  therefore, 
proposes  now  to  conclude  this  rather  lengthy  paper  by  giving 
two  examples  of  the  application  of  the  high-speed  boiler  to 
practical  examples.  The  type  of  boiler  is  that  shown  in  Fig. 
15,  and  the  two  instances  chosen  for  illustration  are  from 
the  mercantile  and  naval  marine  respectively. 

Application  to  Mercantile  Marine— The  "  Lusitania  "  and 
" Mam'etania."  In  Figs.  18，  19，  and  20，  the  drawings  given 
of  these  ships  in  "  Engineering,"  Plate  XXXIV.,  of  August 
2nd，  1907  (see  also  Plate  CII.  of  November  8th,  1907)，  have 
been  reproduced  as  fitted  with  double-ended  return-tube 
boilers  of  the  usual  type  ；  whilst  Figs.  21,  22,  and  23  show 
the  vessels  as  fitted  with  high-speed  boilers  as  proposed  by 
the  author.  From  these  figures  it  can  be  seen  that  the  pro- 
posed design  is  so  much  less  bulky  for  a  given  power  than 
that  actually  used,  that  four  of  the  new  boilers  (each  of  the 
same  power  as  the  old)  can  be  placed  on  the  same  floor  space 
as  three  of  the  double-ended  boilers  of  the  "Lusitania." 
Each  of  the  latter  boilers  has  168  sq.  ft.  of  grate  surface 
(21  sq.  ft.  per  furnace),  and  6,393  sq.  ft.  of  heating  surface. 
There  are  24  altogether  to  develop  68,000  i.h.p. ,  so  that  each 

boiler  develops  ^^！ ^^-  =  2,840  i.h.p.    An  indicated  horse- 
24 

power  is  developed  by  l'451bs.  of  coal  or  14*51bs.  of  steam 
per  hour.    Thus  the  coal  burnt  per  square  foot  of  grate  is 

68,000  x  1-45      0, -,,  , 
〜 一 …、一 = i4*4Ibs.  per  hour  ； 
24  x  168 


Fios.  21  and  '2'2. — R.M.S.  "  Lusitania. 


Fig.  23. 
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same  floor  space  as  six  rows  of  three  boilers  per  row  in  the 
old  design.  Thus  the  whole  of  the  stokehold  and  boiler 
space  forward  of  frame  No.  197  {vide  u  Engineering/' 
August  2nd,  1907，  Plate  No.  XXXIV，  or  November  8th, 
1907,  Plate  CII.)  can  be  saved  and  used  for  cargo  purposes  ； 
for  those  24  boilers  of  the  new  type  can  easily  develop  the 
68,000  i.h.p.  required. 

Nor  is  this  all.  In  the  elevation,  Fig.  21,  it  will  be 
observed  that  the  new  boilers,  along  with  all  fan  equipment, 
can  easily  be  got  into  a  height  less  than  that  of  the  present 
boilers  alone,  so  that  a  strip  of  space  (about  12ft.  high  by 
57ft.  wide  and  250ft.  long),  where  the  present  fans,  &c.，  are 
stowed,  is  also  made  available  along  the  whole  length  of  the 
boiler  hold.    The  space  saved  is  as  follows  ： ― 

Forward  of  frame  197. 

Width  Length  Height 
(feet),     (feet).  (feet). 

57  x  47^  x  30  =  81,200  cub.  ft. 
40  x  52    x  30  =  62,300  cub.  ft. 
Strip  above  boilers  (between  main  and  lower  deck) . 
50  x  283  x  8  =  113,000  cub.  ft. 
Total  =  256,500  cub.  ft. 
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what  the  annual  value  to  the  shipowner  of  one  ton  of  cargo 
space  is.  # 

As  to  economy,  a  net  evaporation  of  lllbs.  of  cold  water 
can  easily  be  guaranteed  per  pound  of  the  kind  of  coal  burnt 
on  a  Cunarder  with  such  a  low  rate  of  firing  as  251bs.  per 
square  foot  of  grate  per  hour. 

Application  to  Ships  of  War. 

Chilian  battle-ship  "  Libertad  ，，  {vide  "  Engineering, J> 
January  15th,  1904).  This  ship  of  18,000  tons  displacement 
was  fitted  with  12  Yarrow  boilers,  each  of  1,200  h.p.,  the 
speed  of  the  ship  being  20  knots.    As  shown  by  Figs.  24  to 
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Figs.  -24,  2.5,  and 


Chilian  Battle-ship  "  Libertau.''    Boilkr  Hold  10"jft.  long,  16ft 


29,  three  rows  of  four  boilers,  each  of  the  high-speed  type, 
with  turbo-fans,  occupy  the  same  floor  space  as  three  rows  of 
three  boilers  each  of  the  Yarrow  type,  the  high-speed 
boilers  being  each  capable  of  more  than  the  1,200  h.p.  for 
which  the  Yarrow  boilers  were  designed.  A  boiler-hold  dis- 
placement of  (25ft,  long  by  45ft,  wide  by  20ft.  high)  22,500 


=  coal  fired  per  square  foot  of  grate  per  hour,  lbs. 
= area  of  grate,  square  feet. 
=  air  supplied  per  lb.  of  coal,  lbs. 
^  specific  heat  of  products  of  (:omt)usti (川. 
二  Thermal  capacity  of  products  per  lb.  of  cos 
"•P(A  +  1). 

= entering  feed  temj)erature  =  60°  Fah. 
=/，  temperature  corresponding  to  steam  pressure. 
=  fire  temperature  (°Fah.)  ；   ru  =  fire  tempeniture 
absolute. 

Tj     ―  temperature  of   gases  entering 

evaporator. 
T2     二  temperature    of    gases  leaving 

evaporator    (entering  eebno- 

miser). 

= temperature    of    gases  leaving 

economiser. 
= temperature  (mean  of  fire  and 
water  sides)  of  metal  of  heat- 
ing surface  at  any  point. 
― density  of  gases,  lbs.  per  cub.  ft. 
= density  of  water,  】bs.  per  cub.  ft. 
= speed  of  gases,  foot-seconds. 
= speed  of  water  circulation,  foot- 
seconds. 

= weight  of  gas  from  one  square 

foot  of  fire  (lbs.  per  second). 
― weight  of  water  evaporated  per 
second    per    square    foot  of 
grate 

of  flue  per  square  foot  of  grate 


cub.  ft.  or 


22,500 
百 


565  tons  is  thus  saved  and  made  available, 


either  for  an  additional  33  per  cent .  of  boiler  power  (thereby 
increasing  the  possible  speed  to  about  22  knots)  ；  or  for  an 
additional  685  tons  of  coal  bunker  capacity.  The  radius  of 
action  would  in  the  latter  case  be  increased,  at  20  knots, 
from  3,800  to  5,100  miles. 

(N.B. ― As  the  high-speed  boilers   weigh   only   20  tons 
against  the  30  tons  of  the  Yarrow  units,  there  is  an  addi- 
tional saving  of  120  tons  on  this  account,  making  565  and 
120  =  685  tons  in  all.) 

The  advantages  claimed  tor  t  lie 
higli-s|)eed  boiler  for  ships  of,  war  may 
be  concisely  enumerated  as  follows  : —— 

(1)  Saving  of  boiler-hold   space  of 

30  per  cent. 

(2)  Saving  in  boiler  weights  of  3() 

per  cent. 

(3)  Economy   of   coal  consnmpLioji 

of  at  least  5  per  cent. 

(4)  No  flaming  at  the  funnels  even 

at  full  power. 

(5)  No  smoke. 

(G)  Funnels  may  l)c  of  ； niy  (s?nal I ) 
height  sufficient  io  carry  gases 
over  bridges,  and  need  only 
liave  60  per  cent,  of  the  pre- 
sent area. 
(7)  Steam  may  be  got  up  from  cold  in 
15  minutes,  provided  stand-by 
steam  is  available  for  the  fans. 

(8)  Great  handiness  for  changing  power  by  regulation  of 

fan  speed. 

(9)  No  closed  stokeholds  or  closed  ashpits. 

APPENDIX  I. 
Meaning  of  Symbols  used  in  this  Paper. 
Q     =  calorific  value  (higher  value)  of  lib.  of  coal,  Th.U.'s 
per  lb. 

Qy    二 heat  generated  in  fire,  Th.U.'s  per  lb. 


, W1UK,  20FT.  UKiU. 

a }     ―  cross-sectional  a 
(square  feet). 

pxuv  =  //'j  ja{  ―  Mj  =  tl  mass-flow  "  of  gas,  lbs.  per  second  per 

square  foot  of  flue  section. 
pM.,  ―  〃'2/"2  =  M2  = mass-flow  ，，  of  water,  lbs.  per  second  per 

square  foot  of  feed  channel. 
c       =  total  evaporation  per  lb.  of  coal,  lb.  from  f3  at  fn. 
<'i      —  radiatiou  evaporation  per  lb.  of  coal,  lb.  from  f3  at  t.2. 
―  convec-tion  evaporation  per  lb.  of  coal,  lb.  from  f3  at  tn. 

srt,     ―  heating  surface  (economiser)  per  square  foot  of  grate. 
«s'1>v     ―  heating  surface  (evaporator)  per  square  foot  of  grate. 
s      ―  heating  surface  (total)  per  square  foot  of  grate. 
3,600 


coefficient  of  heat  transference  on  the  gas  side, 


AND  29.  — CHIJ4AN  BATTLK-SHI1'  "  LlliEUTAD."      liOILER  HOLD  10「)t'T.  LONG,  4»FT.  WIDE,  '20FT.  HIGH. 


Th.U/s  per  square  foot  per  hour  per  0  Fah. 
3,600 


IV, 


= coefficient  of  heat   transference  on  the  water 


W, = 


side,  Th.U/s  per  square  foot  per  hour  per  °  Fah. 
weight  of  gas  flowing  through  flue  or  tube,  lbs.  per 
hour. 

W2  =  weight  of  water  flowing  through  tube,  lbs.  per  hour. 


322 


THE   MECHANICAL   ENGINEER.  [September  13,  1912 


C  j/i^^T  -  (^Trd^x   (1) 

c'W"i^  —  t)Trd2dx   (2) 

- A,Wl(/T   (3) 

lidtv2    (4) 


^1  L_  ^1  ,7  ,  

3,600^  T+r  «7  T-t 


From  (ij)  ； aid  (-1)  denoting 


by  K 


(9) 


Ari'ENDix  V. —— A  Poktion  of  Mk.  Longkidge's  Eepokt. 


Oct.  12   Oct.  13   Oct.  14   Oct.  19   Oct.  20   Oct.  21 


Jtcf. 


d  fuel  iired  per  liour   Ll>s. 

rature  of  gases  (； iik'riiig  cvaixjrator,  T2   Dcg. 

,  ，,       in  conibustioii  cliiiiiibfr,  T, ....  ,, 

of  gases  per  lb.  dry  coal  ： ― Total   

i  I'litorini,'  narrow  aiinulai'  space  in  bdilor     . .  I'Y't't  per  second 
leavijig  narrow  annular  space  in  boiler  ....      ，，  ,, 

entering  evaporator   ,,  ,, 

leaving  evaporator    ,,  ,, 

entering  cconotniscr    ,,  ,, 

leaving  econoini.ser    ，.  ，， 

es  entering  annular  space  in  Ixiilcr   Lbw.  pev  '.  ubiu  foot 

leaving  annular  spate  in  Ijoilcr   ,,  ,, 

,,      evaporator  ，  ,, 

,.      econciuiiser   ,,  ,, 


Ii(i2-(i 
2,102 


im-5 

],：}22 

3,000 
:i  ■  SS.'!.-, 

149 
82 

140 

111) 

Ki'.t 

114 
(tt)l  12 
0  0205 
0  0249 


：!!»!! -r, 
1,184 
2.0(10 
+  -sst:i 
7!) 
57 
98 
73 
83 
•id 
00174 
0-0195 

o-o:wo 

U'l— >:i!,7 


4()7-5 
l.lli.S 
],!14：. 
5-0123 
！) (i 
("i 
114 
92 
】 10 
S7 
0  •()!(»：{ 
0-02：{0 
()-02!ll 
0  03()7 


724-0 

J,:i(i() 

3,000 
3-5426 

148 
83 

140 

122 

142 

118 
OOI  i:s 
0(1202 
0-0244 
0  0293 


721-0 

1.4  IS 

：{,()()() 
3-0707 

152 
89 

152 

128 

153 

128 
0-0108 

0-0279 


14't 
22 & 
22c 
23a 
5()/ 

•r»'v/ 

5(i// 
56t 

r"". 
r,(H 

5(>w 
5(io 


^c2P2u.2  d2=nns  =  f  (5)     we  get- 

C1  p1Ul  (/j 


T-6  = 


T+r 


(T—f) 


(6) 


T  -T  T 
1  K 


K 


(11) 


and — 


APPENDIX  II. 
For  the  heat  transmitted  per  second  ihrougli  an  eleincn- 
tary  length  dx  of,  a  tube  (or  tubes)  of  bore  dv  through  which 
gas  at  teinpcraturc  T  is  passing,  and  a rnmid  whose  outside 
diameter  <J2  water  at  constant  temperature  t  is  flowing,  we 
have  the  i'our  values  ： ― 


and 


0-t  = 


1 

1  +  r 


(T-0 


(8) 


From  (1)  and  (3)  substituting  from  (7)  for  T  —  ft 


From  (1)  and  C2) 


lief. 


From  (1)  and  (3),  substituting  from  (6)  for  T ― 0  ： 

cw)  M ,  1 ~ irddx  =  -  A'jW,  ^ '^―  • 
1  i 】1  +  ,    1  1    iT—  i 

Now 

c\   P       1  +  r  ^+0^8' 

also 

Piif^-1  and  3,600Wl; 

•  clC2R/3         1       mh.      _  dT  7 

••       Ci+CaR/3 '  3,600^  -  « x     ~    T^7"    •    •    { ' 

This  can  now  be  integrated,  as  t  is  constant. 

I  =WT1J:1《 
3,600^!+ c2R8)  wx  ~  oef~t 

or 

s^v  =  ^  =  3,600^-^6^ +  c2R/3) lo  T ，- f 
a,.v     mey  CjC^R^  °'T2  —  t 

which  is  equation  (8)  in  the  text. 

APPENDIX  III. 

The  heat  r/H  transferred  in  the  steady  state  through  an 
elementary  length  of  tube,  Fig.  30,  is: ― 

(IK  =C1PjM1(T  -  ejTrdjflx   (1) 

=  c2p2u2(0  —  t)Trd.,dj;   (2) 

= -  k^V^lT  ：  .  (3) 

= -kzWJt  (4) 

From  (1)  and  (2) — 

=  =  nHB  =  r  (5) 

9  一  t  c1p1u1d1 

Hence : 

0  =  ^  T  +  T^t  (6) 

I  +  r       1  +  7 

T-"r^r(T-"  (7) 


Substituting  in  (9)  the  value  for  T  -  t  from  (12)  ；  and  denot- 
ing the  known  quantities 

=  K-l      y    '  WG  get  Lwlth  wi 〜丄」 ：一 


fir 


K  f/T 


3,600)^  1  +  r 


K  -  1  T—(/ 


GAS 


Via.  30. 


This  can  now  be  integrated,  since  b  does  not  depend  on  the 

variable  T  ；  and  thus  we  obtain  ： ― 

— -丄 丄丄 =1  T,-& 
3,6 歸 ^  "tl       。  T,  -  b  " 


(1-) 


齡 ,,,,,, 
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Similarly  for  the  water  side  we  obtain : 


c,(K-l)  1 


I      ，  t、一b 


But 


and 


3,600^,,    1  +  r  '"2  ―'" sel^b 

[here  '^=SJ 


11-b  _t1-b_Ti-t1 


(14) 


M6 


1  +  r  c^cMB 
Therefore,  substituting  in  (13)  from  (15)  and  (16), 


(15) 


(16) 

have 


K-l      c,c.,Ri8 丄 


&ec  一  l>r 

ae.:     mcc       Jv-i  CjC, 
The  equation  (9)  as  given  in  the  text. 


3,600^K  cx+  c,R/3  , 
K-l       c,c,R«  °g,; 


APPENDIX  IV. 

The  formula  for  the  drop  of  pressure  through  a  boiler 
tube  may,  to  a  first  approximation,  be  written  of  the  same 
form  as  if  the  flow  were  of  water,  namely  ：  一 


r 


Now 


To  obtain 


we  have 


P 


p,- p.- -ACL  5^ 

' ct  2(j  a 


AP  in  terms  of  pa  = 


〃- 


fyu., : 


A      Ui2px2y  \aj 


I 


WithVp"  =27-7aP  we  obtain  the  formula  (19)  in  the  text. 


SUPPLY  PUMPS  FOR  INTERNAL-COMBUSTION  ENGINES. 

AVith  a  view  to  simplify  the  valve  arrangements  of  interna I- 
coinbustion  engines  of  the  2 -stroke  type,  the  air  and  gas 
supply  |)uni]>8  shown  in  the  accompanying  illustrations  \\h  ve 
been  designed  and  patented  by  Messrs.  Mather  k  I)latt，  Ltd., 
S^lford  I ronworks,  Maii''li('ster，  in  conjunction  willi  Mr. 
A.  E.  L.  Chorlton.  Fig.  1  shows  sectional  views  of  one  form 
of  the  pump,  and  Fig.  *J  is  a  valve  diagram  of  the  pump. 
Fi^r.  3  is  a  section  of  the  pump  with  stationary  cylinder  and 
sliding  open-ended  sleeve.  Tlie  double  walled  fixed  cylinder  or 
outer  casing  A  is  divided  by  a  horizontal  partition  into  gas 
and  air  chambers  D  and  E,  these  in  their  turn  being  divided  by 
a  vertical  partition  into  inlet  and  outlet  chambers,  with  gas 
inlet  F  and  outlet  G,  and  air  inlet  H  and  outlet  ,J，  and  cor- 
responding ports  K，  L，  M，  and  N.  B  is  the  sliding  sleeve 
valve  driven  through  the  lug  at  the  lower  end,  and  provided 
with  gas  inlet  ports  O  and  air  inlet  ports  P  at  one  side  and 
gas  and  air  outlet  ports  Q  and  R  at  the  other  side.     C  C  are 


Coal  Consumption  of  Locomotives.  —In  the  paragraph  on 
page  290  of  our  last  issue  the  figures  throughout  refer  to  coal 
consumption  and  not  to  steam  consumption  as  stated. 

Reliability  of  Electric  Locomotives. ― During  last  year  33 
electric  locomotives  were  operated  on  the  Pennsylvania  Rail- 
road's New  York  terminal  district  with  a  total  delay  of  only 
13  minutes  attributable  to  the  electric  apparatus.  The  total 
mileage  run  by  these  locomotives  was  909,238,  and  in  one 
case  the  mileage  amounted  to  56,000. 

Personal.  ―  Mr.  Thomas  H.  Mottram,  H.M.  Inspector  of 
Mines  in  the  Liverpool  and  North  Wales  District,  has  been 
appointed  by  the  Secretary  of  State  to  the  position  of  divi- 
sional inspector  of  mines  of  the  Yorkshire  and  North  Midlands 
Division,  in  succession  to  the  late  Mr.  W.  H.  Pickering,  who 
was  killed  in  the  Cadeby  Colliery  explosion.  Mr.  Mottraxn 
will  be  succeeded  in  Lancashire  by  Mr.  J.  R.  R.  Wilson,  of 
Leeds. 

Another  Crane  Accident ― Am  accident  occurred  on  the  5th 
inst.  on  the  extension  of  the  works  of  Messrs.  Goldsworthy 
and  Sons,  emery  manufacturers,  Manchester,  resulting  in 
serious  injury  to  three  workmen.  It  appears  that  the  men, 
who  are  employed  by  a  firm  of  contractors,  were  working  on  a 
scaffolding  two  storeys  liigh.  A  crane  on  the  scaffolding  was 
lifting  a  large  iron  girder  when  it  suddenly  collapsed,  and  the 
jib  turned  completely  over.  The  greater  part  of  the  crane 
fell  from  the  platform  on  to  some  scaffolding,  carrying  three 
of  the  four  men  working  on  top  with  it. 


Fig.  1.  Fig  3. 

Supply  Pumps  for  Intebnal-combustion  Engines. 

the  pistons,  one  for  air  and  the  other  for  gas,  fixed  in  tan- 
dem ou  the  piston  rod. 

In  Fig.l  the  air  chamber  E  is  of  greater  capacity  thau  the 
gas  chamber  D，  and  the  casing  and  sleeve  are  stepped  to  pro- 
vide for  this,  as  shown.  The  sleeve  forms  a  sliding  cylinder, 
having  end  covers  S  and  a  central  partition  T  dividing  it 
into  separate  chambers  for  the  air  and  gas.  The  sleeve  or 
cylinder  may  be  driven  so  that  its  movement  partially  opposes 
that  of  the  pistons,  an  eccentric  or  other  suitable  device  on 
the  engine  effecting  the  reciprocation.  The  outlet  or  deli- 
very ports  of  the  sleeve  are  so  placed  that  they  may  be 
covered  by  the  pistons  near  the  end  of  their  stroke  to  cut  oil 
the  discharge,  and  form  a  cushion  to  reduce  the  shock  upou 
reversal  of  the  reciprocating  parts.  As  the  inlet  aud  outlet 
ports  are  opposite  to  each  other  a  straight  course  is  provided 
for  the  air  and  gas  from  the  suction  to  the  delivery  side  of 
the  pump.  The  ports  are,  as  shown  in  Fig.  1，  placed  at  short 
intervals  completely  around  the  sl'eeve  and  casing,  so  as  to 
give  as  large  a  channel  as  possible  for  tlie  passage  of  the  fluid 
and  thus  reduce  the  frictional  losses,  especially  at  high  speed. 

The  cycle  of  operations  of  either  the  air  or  the  gas  pump 
is  shown  in  the  diagram,  Fig.  2,  which  indicates,  on  a  circle 
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representing  t ho  patli  of  tht  drivi cratik,  tlie  points  at 
wliich  the  ports  open  and  close.  The  su<  1  ion  closes  at  ,''，  at 
义1  tlie  delivery  opens,  at  w'1  the  piston  closes  the  outlet  or  deli- 
very port,  at  the  port  is  closed  by  the  sleeve,  and  at  xl 
the  suction  opens.  The  pump  is  double  acting  and  the  cycle 
of  operations  is  repeated  in  both  divisions  of  the  cylinder  at 
each  stroke. 


Flti.  2. 

In  Fig.  3  the  sleeve  B  is  open  ended,  and  the  fixed 
cylinder  A  is  provided  with  end  covers  U  and  V  and  an 
inner  cylindrical  extension  W  carrying  the  separating  p^rt  i- 
tion  X  dividing  the  interior  into  two  working  spaces.  The 
lower  end  cover  V  is  mounted  on  a  fixed  bracket  in  any  con- 
venient manner.  The  sleeve  B  slides  at  its  upper  end  between 
the  fixed  cylinder  A  and  tlie  inner  extension  W,  through 
wliich  the  gas  inlet  and  outlet  ports  K  and  L  are  continued. 
The  cycle  of  operations  is  the  same  as  in  the  pump  described 
above.  The  air  pump  is  in  Fig.  3，  below  the  gas  pump,  as 
the  lower  piston  is  of  greater  diameter  than  the  iipj)er  one. 


THE  INSTITUTE  OF  METALS. 

As  previously  announced,  the  autumn  meet  iiig  of  ilic 
Institute  of  Metals  will  be  held  in  London,  on  Wednes- 
day and  Thursday,  September  2.5th  and  26th.  On 
the  Wednesday  morning  a  selection  of  papers  will  be 
read  and  discussed.  In  the  afternoon  visits  will  be  paid  to 
the  works  of  Messrs.  Fraser  &  Chalmers,  Ltd.,  Erith,  or  to 
the  National  Physical  Laboratory.  A  reception  will  be  held 
in  the  evening  by  the  President  of  the  Institute,  Prof.  W. 
Gowland,  and  Mrs.  Gowland  at  the  Royal  United  Service 
Institution.  On  the  Thursday  the  morning  will  be  devoted 
to  the  reading  and  discussion  of  papers.  In  the  afternoon 
visits  will  be  paid  to  Woolwich  Arsenal,  or  to  tlie  Brooklands 
Motor  Racecourse  and  Aviation  Ground.  The  following 
is  a  list  of  the  papers  that  are  expected  to  be  submitted  ： 
(1)  Prof.  F.  Carnevali,  Ph.D.,  on  "  Autogenous  Welding  by 
means  of  Oxygen  and  Acetylene  of  Copper  and  its  Principal 
Alloys,  and  of  Aluminium."  (2)  Prof.  H.  C.  H.  Carpenter, 
M.A.，  Ph.D.,  on  "  The  Effect  of  Other  Metals  on  the  Struc- 
ture of  the  Beta  Constituent  in  Copper-zinc  Alloys." 
(3)  Prof.  H.  C.  H.  Carpenter,  M.A.，  Ph.D.,  on  "The  Struc- 
tural Resolution  of  the  Pure  Copper-zinc  Beta  Constituent 
into  Alpha  plus  Gamma."  (4)  Prof.  A.  K.  Huntington, 
Assoc. R.S.M.,  on  "The  Effect  of  Temperatures  Higher  than 
Atmospheric  on  Tensile  Tests  of  Copper  and  it's  Alloys." 
(•r))  F.  Johnson,  M.Sc.，  on  "  The  Influence  of  Impurities  in 
' Tough-pitch  ，  Copper,  With  Chief  Reference  to  Antimony." 
(6)  E.  F.  Law,  Assoc. R.S.M.,  on  "The  Influence  of  Oxygen 
on  1  he  Properties  of  Metals  and  Alloys."    (7)  T.  Kirke  Rose, 

D.  Sc,  on  "The  Annealing  of  Coinage  Alloys."  (8)  W. 
Rosenhain,  D.Sc,  B.A.，  and  D.  Ewen，  M.Sc.，  on  Inter- 
crystalline  Cohesion  in  Metals.  (With  an  Appendix  on  the 
Formation  of  Twinned  Crystals  in  Silver,)"    (9)  Alexander 

E.  Tucker,  F.I.C.,  on  "The  Joining  of  Metals."  (10)  Prof. 
T.  Turner,  M.Sc,  on  "  Oxygen  in  Brass." 


THE  COMMERCIAL  ECONOMY  OF  TURBINE  PUMPS.* 

BY  F.  /UK  NEDDEN  AND  II.  13，  MAXWELL. 

The  subject  of  turbine  piunps  lias  been  dealt  wiili  w>  I'ro- 
quently  that  the  authors  must  apologise  for  again  bringing  it 
before  the  Institution.  They  would,  however,  claim  the  right 
to  do  so,  because,  in  spite  of  all  that'  has  been  written  on  the 
subject,  those  economic  questions  which  are  of  special  interest 
t o  tlie  engineer  who  has  to  order  and  to  operate  high  lift 
turbine  pumps  liave  hitherto  very  seldom,  if  ever,  been 
touclied  upon.      There  is  scarcely  any  machine,  except  an 


Fig.  1.— Action  of  thk  Impellkk.      Fig.  2.— Impeller  and  Guidk  Channels. 

electrical  one,  which  gives  the  engineer  more  riddles  to  solve 
than  does  a  turbine  pump.  Now  the  reason  why  all  problems 
connected  with  rotary  machines  appear  so  complex  is  that  one 
generally  does  not  attack  them  in  the  】）ropei'  iiianner. 

In  the  ordinary  centrifugal  pump  water  enters  the  centre 
part  of  a  rotating  impeller  at  A  (Fig.  1)，  and  is,  by  means  of 
blades,  seized  and  given  an  impetus,  thereby  producing  centri- 
fugal energy,  which  at  B  partly  exists  in  the  form  of  pressure 
and  partly  in  the  form  of  velocity.  By  catching  the  water 
when  leaving  the  impeller  and  guiding  it,  in  channels,  the 
cross-sections  of  which  gradually  expand  (Fig.  2)，  the  energy 
which  exists  in  the  form  of  velocity,  i .f "  tlie  kinetic  energy,  is 
fairly  effectively  transformed  into  pressure,  and  only  sufficient 
velocity  is  left  in  the  water  to  pass  it  either  out  of  the  pump, 
or,  in  the  case  of  a  multi-stage  pump,  into  the  next  impeller. 
Fig.  3  shows  this-  process  in  a  cliagrannnatic  way.  It  is 
essential  to  note  that  the  full  amount  of  energy  transmitted  t  o 
the  water  within  one  so-called  stage,  consisting  of  impeller  and 
guide  channels,  is  completely  transmitted  to  the  water  at  point 
B,  and  that  the  guide  apparatus  does  nut  add  to,  but  only 
transforms  energy. 

If  several,  say  three,  stages  are  combined  in  a  way,  as 
shown  by  Fig.  4  (Worthington  multi-stage  pump),  all  that 


Fig.  3.— Knehgt  Tbansmiksion  in  a  SiNdLio-sTVGE  Higu-lipt  Tukbine  Pumi*. 

happens  is  an  addition  of  the  eiTects  of  the  single  stages,  ； is 
shown  by  Fig.  5，  and  the  authors  only  show  this  diagram  in 
order  to  make  it  clear  that  the  final  efficiency  of  the  process, 
i 丄, the  ratio  between  losses  and  useful  energy,  is  quite 
evidently  the  same  as  for  each  single  stage.      It  needs  no 

*  Paper  rctul  bofore  the  South  Africau  Institution  of  Engineers. 
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lengthy  matlieinatical  deduction  to  prove  this.  The  geornetn 
cal  similarity  speaks  for  itself,  and  shows  that  ： 一 

A,  F, 

i\  g., 


Iii  other  words,  only  the  ratio 
obtained  in  one  stage  matters, 


A,  F 
F  G 

>et  ween  loss  and  useful  work 
lecidiu^,  and  being  identical 


water  through  the  pipeline  P.  As  mucli  water  will,  therefore, 
flow  out  at  B  as  will  hy  its  velocity  create  a  frict  ion  iti  t  Ik* 
pipeline  equal  to  H  -  C. 

1 1'  no  crouiiterpressure  C  is  exerted,  a  definite  maxiniurn 
amount  (Q  max)  will  flow  out  at  B，  a  quantity  so  great  thai  it 
flows  througli  the  pipe  P  at  a  velocity  creating  a  friction  equal 
to  the  pressure  H，  therefore  just  absorbing  all  the  available 


Table  I. —— Test  of  a  Three-stage  High-lift  Turbine  Pump,  lifting  normally  500  gallons  per  minute 
aqainst  a  head  of  SS5ftty  coupled  direct  to  75  h.p.  three-phase  alternating -current  motor,  lt480  r.p.m. 
at  50  cycles  constant. 


Test  Number. 

3 

5 

c 

7 

丄 

10 

1 1 

Number  of  cevolutions  per 

i 

minute  ... 

1.480 

1,470 

1,465 

1,470 

l  480 

1  486 

l.»9C 

i,4yo 

Indicated    electric  energv. 

I 

o 

KVA 

51  1 

62-9 

82-7 

84  6 

84  1 

" 8 

r.oi 

67  > 

36  8 

28  6 

Motor  etfieieiicy  acconling  to 

guarajitee  ，,M  %  ..~  -.. 
BHp  KVAx.M 

yi  5 

92  0 

90  5 

90  5 

90  5 

9f 

92 

9'J 

90 

86 

66  5 

o 

"U"46x  100 

6275 

77  8 

1 00"  3 

o 

' V  6 

/0  •* 

44  55 

33  6 

Pressure  head  as  uxticaieiJ 

by  manoniet.T,  lbs.  per  yq. 

inch 

148  0 

130  0 

655 

4  S 

30  0 

\0i  b 

134 

U3 

155 

154 

I&3  7 

Suction  head  as  indicated  by 

vacuum  meter ,  inches  of 

mercury  . 

； 8 

84 

9  25 

90 

8  I 

6  65 

6  65 

Leveldirterenct1  between  both 

instruments,  Hli  in  ft. 

0  7" 

0'  V 

0  7" 

0  7' 

0  7" 

0  ？ 

o  -- 

0'  7 

Delivery,  Q  i"  imp  galls. 

？. 

per  minuie         ■ -.        - -. 

429 

579 

83*2 

809 

678  D 

546 

488  5 

234  f) 

91 

0 

Prcssu  e  liead  III'  "•  ft. 

341 

300 

153 

10 

69 

236 

308 

330 

357 

354  6 

3ti2'  1 

Suction  head  Hs  in  ft.  -. 

8.  4 

8'  10" 

9  6" 

10'  6' 

io'  r 

9  6 

S  6 

8  24' 

7  H' 

7  6^ 

Total  nianomeiiic  head-- 

349  Jl ' 

309'  5" 

163'  r 

•29'  r 

71  9 

246  l' 

317  9j' 

339  1 

365  "  '|3C2  7A' 

370  i 

Watftr  horse  |»ow  or ― 

HPw=l^H  . ... 

45-45 

54  2 

38  'J 

5  32 

195 

■>0  & 

52  6 

i6  0 

10  0 

0 

33.0U0 

Efficacy       -  100  ^ 

oy  9 

38  0 

a  2 

19  1 

06  0 

'0  9 

)fe  i 

0 

Notes 

Gauge 
Full 

Gauge 

Ctose^. 

with,  the  efficiency  of  the  whole  pump,  no  matter  how  often 
the  process  is  repeated,  i.e.,  how  many  stages  the  water  passes 
through. 

So  far  the  theory  of  turbine  pumps  is  simple.  It  is  not 
necessary  that  the  intricacies  and  niceties  of  the  problems  of, 
say,  the  influence  of  the  form,  angles  and  curvature  of  blades, 
the  flow  of  the  water  both  relatively  and  absolutely,  &c.，  be 
brought  in  here,  but  the  question  of  how  such  a  mechanism 
behaves  under  varying  conditions  can  be  at  once  studied.  As 
sl»own  above,  each  stage  or  each  turbine  pump  generates  a 
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certain  amount  of  energy,  which  is  ready  for  use  at  the  cir- 
cumference of  any,  or  tlie  last',  impeller.  When  whirling 
around  with  a  certain  velocity  the  rotor  of  the  pump  therefore 
represents  a  constant  storage  of  energy  in  a  similar  manner  to 
a  tank  A  (Fig.  6),  the  water  level  in  which  is  by  some  means 
kept  constantly  at  a  certain  height  H，  above  the  outlet  B.  If 
no  water  is  tapped  off  from  the  pipeline  P,  then  there  is  a 
pressure  at  B  exactly  equal  to  the  liei^Iit  II.  Wlien  water  is 
allowed  to  flow  out  at  B，  hy  gradually  reducing  tlie  counter- 
pressure  which  at  first  kept  tlie  opening  at  B  closed,  the 
quantity  of  water  flowing  out  always  has  a  definite  relation  to 
tlie  counierpressure  C,  acting  against  the  opening  at  B. 
Therefore  the.  pressure  di (Terence  (II  -  C)  is  left,  for  forcing  the 


pressure.  More  water,  viz.  (Q1  max),  can  only  be  driven 
tlirough  the  pipeline  P  and  tapped  off  at  B  if  the  height  H  be 
increased  to,  say,  HJ .  This  coherence  can  be  made  clear  by  a 
diagram  as  per  Fig.  7，  and  this  mode  of  representation  is  the 
key  we  need  in  order  to  understand  all  the  intricacies  of  the 
working  of  turbine  pumps  and  centrifugal  machines  a 
whole.  In  this  diagram  the  quantities  and  heights  which  are 
co-existent  and  mutually  dependent  on  each  other  are,  in  each 
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case,  represented  in  such  a  way  that  over  each  quantity  as 
abscissa  tlie  prevailing  pressure  is  erected  as  ordinate. 

It  is  important  to  note  that  all  static  heights  or  pressures, 
viz. ,  those  pressures  which  are  not  influenced  by  the  velocity 
of  the  flow  of  the  water,  must  appear  as  parallels  to  the 
quantity  axis.  The  dynamic  resistances  or  pressures,  i.e. ， 
those  dependent  on  the  velocity  of  the  water,  also  follow  a 
definite  rule  :  they  increase  or  decrease  always  iu  proportion  to 
the  square  of  the  velocity,  and,  as  the  velocity  for  a  given 
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system  of  pipes,  valves,  and  openings,  bears  a  direct  propor- 
tion to  the  quantity  of  water  flowing  through  that  system  per 
minute,  the  dynamic  pressure  is  also  in  proportion  to  the 
square  of  the  quantity.  Dynamic  resistances,  therefore, 
always  appear  in  these  diagrams  as  parabolae.  In  Fig.  7  the 
straight  lines  A  —  A  and  A7  —  A'  represent  the  heights  of  the 
tank  level  above  the  outlet,  and  the  dynamic  resistances  of  the 
pipeline  P  being  four  times  as  great  for  the  double  quantity 
OD  as  they  are  for  the  single  quantity  OB,  and  nine  times  as 
great  for  OE,  the  parabolse  AF  or  A1?1  are  the  result.  This 
diagram  now  enables  us  to  ascertain  at  a  glance  what  counter- 
pressure  we  must  exert  against  the  outlet  in  order  to  obtain 
a  certain  amount  of  water  per  minute  from  the  tank,  or,  put 
the  reverse  way,  it  enables  us  to  tell  how  much  water  will  flow 
out,  if  we  exert  a  certain  counterpressure,  or,  put  in  a  third 
way,  it  enables  us  to  find  how  much  static  pressure  and  how 


Fig.  6. 


mucli  water  per  minute  will  be  available  at  the  outlet,  say,  for 
driving  a  turbine  or  feeding  a  hydraulic  lift,  if  the  resistance 
of  the  pipeline  has  a  certain  value.  The  curves  AF,  AJFl  are 
called  the  characteristic  curves  of  the  plant. 

A  turbine  pump  behaves  exactly  in  this  manner,  and  its 
characteristic  curve  is  exactly  similar  to  those  shown  in  Fig.  7. 
Each  impeller  generates  a  certain  head  or  pressure  correspond- 
ing to  the  height  of  that  tank,  and  it  only  depends  on  the  scale 
used  for  the  ordinates  whether  the  diagram  becomes  the 
diagram  of  each  single  impeller  or  of  the  whole  pump  consist- 
ing of  several  impellers  coupled  in  series.  (This  is  important 
to  note  when  calculating  the  effect  of  one  or  two  impellers 
being  taken  out  of  the  pump  and  replaced  by  dummies.)  The 


Fig.  7.— Diagram  of  Outflow  from  Tank. 

resistance  of  the  pipeline  P  in  the  former  case  is,  with  a 
tiubine  pump,  replaced  by  the  resistance  the  channels  within 
the  pump  oppose  to  the  rapid  motion  of  the  water  passing 
through  them.  The  characteristic  curve  will,  therefore, 
decline  rapidly  for  increasing  quantities  wlien  the  channels  in 
t lie  pumps  are  narrow  or  badly  designed,  and  will  be  "  flat" 
for  pumps  with  wide  channels  and  low  velocities  of  water. 
These  resistances,  again,  are  in  direct  proportion  to  tlie 
number  of  stages  ；  this  proves'  the  correctness  of  the  state- 
ment made  above  that,  the  difference  between  the  characteristic 
of  one  stage  and  that  of  many  equal  stages  coupled  in  series 
is  merely  a  difference  in  the  scale  of  the  ordinates. 

With  equal  ease  it  can  be  shown  that,  for  pumps  consisting 
of  several  stages  working  in  parallel,  the  flid'erenoe  of  the 


diagram  of  the  pump,  in  comparison  with  tliat  of  only  one  of 
its  stages,  is  merely  a  difference  in  the  scale  of  the  abscissae . 
We  can,  however,  go  even  a  step  further  in  comparing  a 
turbine  pump  with  a  tank,  viz.,  by  plotting  a  curve  indicating 
the  power  required  for  each  given  quantity  or  head.  The 
turbine  pump  is  a  tank  automatically  filling  itself  up  to  a 
level,  viz. ,  that  corresponding  to  its  speed  (which  can,  for  tlie 
present,  be  regarded  as  always  constant)  and  the  diameters  of 
the  impellers.  No  matter  how  the  energy  put  in  to  perform 
this  is  afterwards  expended,  whether  the  greater  amount  is 
used  to  overcome  the  internal  resistances  (i.e.9  by  overloading 
the  pump)  or  used  to  produce  useful  pressure  at  the  outlet,  the 
quantity  of  water  has  always  to  be  pumped  up  to  that  same 
height,  and  the  power  required  for  keeping  the  level  of  the 
tank  constant  is  therefore  directly  proportional  to  the  duty,  as 
it  simply  represents  the  product  of  head  and  duty  multiplied 
by  a  constant.  In  Fig.  8  the  straight  line  OR  indicates  the 
power  input  required  for  pumping  the  water  up  to  the  level  in 
the  tank,  or  for  generating  the  pressure  in  the  turbine  pump. 
It  should  be  specially  emphasized  that  this  power  input  covers 
all  the  losses  caused  by  the  flow  of  the  water  through  both 
impellers  and  guide  channels.  The  power  is  zero  for  zero 
delivery,  i.e.,  the  pump  filling  the  tank  may  be  idle  if  no  water 
is  taken  o 伃， and  a  certain  definite  amount  of  power  is  required 
for  every  duty,  which  can  again  be  shown  by  erecting  it  as  an 
ordinate  on  the  abscissa  representing  that  duty.  The  result 
will  be  a  straight'  line  OR  forming  an  angle  with  the  abscissae, 
the  angle  varying  witli  the  scale  adopted  for  representing  the 
power. 


Pig.  8.— Combined  Pressure  and  Power  Diagram. 

Now,  unfortunately,  these  losses  are  not  the  only  ones  that 
occur  in  turbine  pumps.  There  is  one  type  of  loss  which  does 
not  appear  in  the  characteristic  curve,  but  which,  as  a  matter 
of  fact,  forms  the  heaviest  percentage  of  loss  in  almost  every 
turbine  pump.  This  is  the  frictional  loss  caused  by  the 
motion  of  the  rotor.  Such  friction  occurs  :  (1)  In  the  bear- 
ings, stuffing-boxes,  and  bushings  of  the  pumps  ；  (2)  where 
the  impellers  rotate  in  the  surrounding  deadwater.  In  other 
words,  a  turbine  pump  is  r  only  a  pump,  but  is,  at  the  same 
time,  inevitably  a  water  bfake.  The  amount  of  energy  use- 
lessly expended  in  this  manner  is,  of  course,  constant,  and 
independent  of  the  quantity  pumped,  and,  therefore,  appears 
as  a  straight,  line  parallel  to  the  line  OR,  viz.,  ST,  in  Fig.  8. 

The  brake  energy  is  in  direct  proportion  to  the  square  of 
the  speed,  but  also  to  the  fifth  power  of  tlie  diameter  of  the 
impellers.  The  importance  of  this  item  of  the  pump's  opera- 
tion is  generally  overlooked.  This  explains  why  it  is  not 
economical  to  pump  small  quantities  up  to  high  heads  with  one 
impeller  only,  the  brake  action  then  exceeds  the  useful  part  of 
the  action,  ？ )•，  the  efficiency  becomes  low.  This  further 
explains  the  fact  that  the  efficiency  of  a  turbine  pump  is  not 
exclusively  dependent  on  workmanship  and  design,  as  by  using 
many  stages,  i.e.,  small  impellers,  for  overcoming  the  head 
instead  of  few  large  impellers,  one  can  save,  by  reducing  brake 
losses,  what  one  expends  through  careless  design.  Even  the 
scrupulous  manufacturer  sometimes  finds  it  difficult  to  draw 
tlie  line  between  economy  obtained  with  very  correct  and 
scientific  design  of  the  blades  and  channels  and  good  workman- 
ship on  the  one  hand,  and  that  obtained  by  increasing  the 
number  of  stages  with  a  cheaper  standard  of  workmanship  on 
tlie  other  hand.  By  a  cheaper  standard  of  workmanship  is 
meant  not  what  is  known  as  "  shoddy  "  work,  but  the  simplifi- 
cation and  saving  effected  by  standardisation  of  the  blade 
form  for  a  iuunJ)er  of  duties  instead  of  designing  a  new  blade 
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for  every  duty.  The  efficiency  will  in  both  instances  be  about 
the  same,  but  the  number  of  spare  parts  to  be  stocked  is 
higher  for  the  pump  with  more  stages. 

Returning  to  the  diagram,  it  is  now  easy  to  plot  an 
efficiency  curve  on  the  basis  of  the  two  curves  contained  in 
Fig.  8，  as  the  efficiency  is  only  the  ratio  between  the  actual 
useful  energy  as  shown  by  curve  AF  and  the  energy  spent  as 
by  curve  ST.  By  erecting  the  value  of  this  ratio  for  each 
particular  duty  as  an  ordinate  over  the  abscissa  representing 
this  duty,  the  curve  OMF  in  Fig.  9  is  obtained,  which, 
hv-the-way,  also  is  a  parabola.      We  see  from  this  that  the 
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Fir'.  9. —Combined  Prkssure,  Power  and  Efficikncy  Diagram. 

ratio  between  all  losses  and  the  power  input  is  most  favourable 
at  one  definite  duty  at  M，  which  we  shall  call  the  normal  duty. 

We  have,  so  far,  advanced  in  a  purely  speculative  manner, 
and  the  authors  owe  you  the  proof  that  the  theory,  in  a 
nutshell,  as  just  developed,  really  covers  the  facts  to  such  an 
extent  as  to  be  admissible  for  practical  purposes.  Attached 
is  a  table  containing  the  results  of  an  ordinary  and  typical 
turbine  pump  test  taken  on  Messrs.  Weise  and  Monski's  test 
bed  with  a  3-phase  50-cycle  motor,  i.e,  running  at  practically 
a  constant  speed .  The  counterpressure  against  which  the 
pump  is  worked  on  the  test  bed  is  generated  by  throttling  the 
delivery.  The  text  on  the  left  hand  of  the  table  contains  all 
necessary  information  regarding  the  readings  taken  off  the 
instruments  and  the  formulae  for  working  out  these  readings 
in  the  shortest  possible  manner.  The  results  contained  in 
this  table  can  now  "be  put  down  in  exactly  the  same  manner  as 
were  the  diagrams  above,  whereby  we  obtain  Fig.  11.  Witli 
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the  sole  exception  of  the  very  smallest  and  very  largest  duties, 
which  are  practically  of  no  importance,  eddies  being  formed 

the  interior  of  the  pump  which  somewhat  upset  regular 
laws,  this  diagram  coincides  with  the  one  developed  above. 

We  might,  therefore,  now  proceed  to  apply  the  new  method 
to  practical  problems.  Only  a  few  typical  cases  can  be 
selected  for  discussion  in  the  time  at  our  disposal,  but  the 
principal  object  of  this  paper  is  to  show,  by  a  few  examples, 
the  application  of  the  graphical  method  to  practical  problems 
wlndi  micrht  tlien  be  applied  by  anybody  to  the  particular^ 
problem  to  be  solved.  The  simplest  method  by  which  the 
fulle"  light  is  thrown  on  the  problems  to  be  generally  dealt 
with  is  to  superimpose  the  pressure  diagram  of  the  tairl>ine 


pump  on  a  counterpressure  diagram  of  the  system  on  which  it 
has  to  work.  These  counterpressure  diagrams  are  plotted  out 
ou  exactly  the  same  principles  as  the  pressure  diagrams 
described  above. 

Fig.  12  shows  the  counterpressure  diagram  of  a  mine 
drainage  plant  in  whicli  the  pump  tested,  as  per  the  table 
give",  might  be  intended  to  pump.  Let  the  total  stat  ic  lieiglit 
H  be  300ft.  ；  the  parallel  to  the  axis  of  absciss*  AB  therefore 
represents  the  static  portion  of  the  resistance  for  all  duties. 
The  resistance  H2  of  the  pipeline,  including  valves,  &c.，  will 
either  be  known  to  the  user  or  may  easily  be  calculated  by 
one  of  the  well-known  formulae  for  one  particular  duty,  say 
500  galls,  per  minute.  The  friction  head  will  be  nil  when  no 
water  is  pumped,  it  will  be  one  quarter  of  .H2  when  only 
one-half,  i.e.,  250  galls.,  flow  through  the  pipeline,  and  it  will 
be  y  of  H2  if 香 = 667  galls,  be  pressed  through  tlie  mains. 
By  putting  down  I  H2  above  the  line  AB  at  250  galls.,  H2  at 
500  and  ^  H2  at  667  galls,  per  minute,  4  points  of  the  curve 
indicating  the  static  plus  the  dynamic  resistance  of  the 
drainage  system  are  fixed,  so  that  it  can  easily  be  traced . 
The  curve  A — A1  therefore  indicates  exactly  what  pressure  will 
have  to  be  overcome  if  any  desired  quantity  is  to  be  pumped 
to  the  surface  through  the  existing  or  planned  mains. 

Fig.  13  shows  both  diagrams  Fig.  11  and  Fig.  12  super- 
imposed and  combined,  and  it  might  be  well  to  dwell  on  this 
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Gallons  per  minute. 
-Counter  Pressure  Diagram  op  a  Mine  Drainage  Plant. 


diagram  at  some  length  in  order  to  exemplify  the  value  of  such 
superimposing.    We  read  the  following  from  this  diagram  ： ― 

(1)  Starting  of  the  Pump. ― It  is  well  known  that  turbine 
pumps  should  always  be  started  with  their  delivery  valve 
closed,  thus  keeping  down  the  starting  torque  to  the  amount 
of  the  brake  action  of  the  rotor  of  the  pump  only.  We  see 
that  in  this  case  the  load  thrown  on  the  motor  when  starting 
will  be  29  b.h.p.  (point  B  on  the  axis  of  ordinates)  and  that 
the  pump  will  tlien  generate  about  its  highest  pressure, 
362ft.  water  column.  When  slowly  opening  the  gate  valve  a 
part  of  the  pressure  difference  H3  is  throttled  away,  and  as 
tlie  throttling  resistance  gradually  decreases,  more  and  more 
water  flows  through  the  pump  and  mains,  until  at  last,  with 
the  gate  valve  full  open,  and  H3  therefore  having  become  nil, 
the  pressure  of  the  pump  and  the  natural  counterpressure  of 
the  drainage  system  must  coincide,  the  delivery  of  the 
punij)  will  then  be  about  540  galls,  as  indicated  by  the* point 
of  intersection  P  between  the  pressure  and  counterpressure 
curves. 

(2)  Motor  Load. 一 The  margin  of  17ft.  pressure  which  the 
manufacturer  has  allowed  over  and  above  the  pressure  oi 
318ft.,  as  calculated  to  be  the  total  head  for  a  flow  of  500  galls, 
per  minute  through  the  pipeline,  has  tlie  effect  that  the  pump 
throws,  with  the  gate  valve  full  open,  about  540  galls,  instead 
of  500  galls.,  thereby  loading  the  motor  to  about  75  h.p.  The 
manufacturer,  in  leaving  this  margin,  only  acts  in  the  interests 
of  his  clients,  for  there  is,  firstly,  always  the  possibility  of  a 
slight  error  either  way  in  calculating  dynamic  resistances,  and, 
secondly,  tlie  pressure  generated  by  the  pump  will  later  on 
decrease  owing  to  wear  and  tear,  so  that  the  user  woukl 
soon  find  tlie  duty  decreasing  below  the  quantity  required  and 
be  forced  to  re-bush  the  pump.     Another  reason  for  providing 


328 


THE    MECHANICAL   ENGINEER.  [September  13，  1912 


for  such  a  margin  is  that  the  speed  of  the  motor  to  wliicli  tlie 
])iinip  will  .be  coupled  on  site  might  be  somewhat  diderent 
even  at  the  exact  ^periodicity  of  50  from  that  guaranteed, 
or  that,  for  some  reason,  the  periodicity  on  site  might 
he  slightly  less  than  50.  A  pump  cut  down  too  finely  would 
not.  then  ])urnp  the  specified  quantity.  Last  of  all  it  is 
exceedingly  difficult  to  cut  down  a  turbine  pump  so  finely  on 
the  test  bed  that  its  characteristic  curve  runs  exactly  through 
a  previously  settled  point .  There  is,  of  course,  a  very  simple 
means  of  reducing  too  large  a  margin,  viz. ,  by  simply  reducing 
the  diameter  of  the  pointe  of  the  impeller  blades  from  wliicli 
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Fig.  13.— Combined  Pressuhe  and  Counter-diagham  for  Mink 
Drainage  Turbine  Pump. 

the  generated  height  depends  in  the  second  power.  Should, 
on  the  other  hand,  a  slight  deficiency  in  pressure  be  found 
when  testing  the  pump,  the  internal  losses  of  the  pump  might 
be  lessened  either  by  easing  off  clearances  or  widening  channels 
whereby  the  characteristic  curve  will  rise.  All  this,  however, 
requires  patience,  money,  and  time,  and  especially  constitutes 
an  "  odd  job,''  which  in  a  factory  organised  like  clockwork 
requires  much  more  time  than  under  ordinary  circumstances. 
Often,  therefore,  a  larger  margin  than  is  absolutely  necessary 
will  be  left  in  order  not  to  delay  delivery. 

This  margin,  however,  upsets  a  good  deal  of  the  calculations 
on  which  the  figures  of  the  contract  might  be  based.  For 
example,  suppose  the  guaranteed  efficiency  of  this  pump  be 
70  per  cent,  when  pumping  500  galls,   per  minute  against 

318ft.    This  would  lead  to  a  normal  load  of  f '  n„ „X  = 

o  >,UU0  x  '  i\) 

roughly,  69  b.h.p.  Actually  a  72  per  cent,  efficiency  (instead 
of  70  per  cent.)  is  obtained,  but,  owing  to  the  margin  allowed, 
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tlie  ])iun])  requires,  wit li  delivery  valve  full  open,  75  b.li.p., 
/./'.，  aixnit,  (S  per  cent.  more.  The  margin  of  10  per  cent,  above 
the  guaranteed  power  consumption  usually  allowed  when 
fixing  the  rated  output  of  a  suitable  motor  is,  therefore,  not 
(lue  to  an  uncertainty  on  the  part  of  the  maker  regarding  the 
guaranteed  punip  efficiency,  as  many  engineers  seem  to  assume, 
hut  is  necessary  to  cover  any  increase  of  power  due  to  the  head 
or  speed  being  slightly  different  from  what  was  ant icipated  by 
both  tlie  }nir<;liaser  and  the  maker. 

(3)  Speed  Variations.  ―  It  might  in  some  cases  even  be 
;ul visal)lo  to  provide  foe  ； i  l;ir^(M*  "i;u'gin，  ,？/.，  wliere  the; 


periodicity  varies  by  a  few  per  cent. ,  as  is  the  caso  in  mines 
where  heavy  electric  hauling  motors  are  taking  their  (,un'('iit 
from  tlie  same  inuins  ； is  pumps  and  fans.  Tlie  ； nit  hors  have 
seen  the  periodicity  varymg  「mm  48  to  52  cycles,  in  ;i  vot  y 
well-inana^ed  mine,  du ring  the  periods  of  acceleration  and 
retardation  of  the  hoists.  Tlie  effect  chu  easily  !>e  read  from 
the  diagram  Fig.  13  into  wliicli  the  characteristic  curves  for  48 
and  52  cycles  are  drawn  (we  shall  later  on  deal  with  the 
question  how  they  are  plotted  in  a  perfectly  simple  manner). 
The  delivery  will  "slide  along  "  tlie  curve  P..PP, ,  being 
450  gaJls.  at  48  cycles,  610  galls,  at  52  cycles,  and  when  draw- 
ing the  power  curve  for  52  cycles  one  finds  that  the  pump  then 
loads  the  motor  up  to  90  b.h.p.  (point  L,). 

(4)  "Snapping  off." — Another  very  serious  consequence 
of  periodicity  variations  is  the  occurrence  known  under  Hie 
name  of  "  snapping  off.,'  Fig.  13  shows  that,  in  spite  of  the 
ample  excess  of  pump  pressure  over  counterpressure,  it  only 
requires  a  decrease  in  periodicity  to  slightly  less  than  46  cycles 
to  make  the  characteristic  curve  sink  down  so  low  that  its 
vertex  only  just  touches  the  counterpressure  curve,  when,  of 
course,  the  check  valve  will  close  and  the  pump  run  without 
delivering  (point  C).  It  will  not  "  recover," 八'. , commence 
delivering  again,  before  the  characteristic  curve  has  again 
risen  so  far  that  an  excess  of  pressure  over  counterpressure  is 
formed  large  enough  to  lift  the  check  valve  and  accelerate  the 
water  column  in  the  rising  mains.  Re-opening  the  check 
valve  without  its  being  controlled  by  the  throttling  effect  of  a 
gradually  opened  gate  valve  leads  in  some  cases  to  fluctuations 
equally  as  interesting  to  the  scientific  engineer  as  disastrous 
to  the  machinery.  Generally,  however,  no  difficulty  arises 
from  such  "  snapping  off，"  provided  the  blades  in  the  pump 
are  correctly  formed. 

Fig.  14  shows  what  happens  if  this  requirement  is  not 
fulfilled.  The  characteristic  curve  (NP)  is  obtained  by  com- 
bi  ning  an  impeller  with  radial  blades  with  guide  channels 
which  open  too  suddenly.  As  a  consequence  beavy  eddies  are 
formed  under  all  except  nearly  normal  conditions.  They 
absorb  a  considerable  part  of  the  useful  pressure  and  let  it 
fall  even  below  the  static  counterpressure  (N ,).  Such  a  pump 
can  only  be  started  if  previously  a  part  of  the  water  contained 
in  the  rising  mains  is  let  off,  thus  easing  off  the  counter- 
pressure  above  the  check  valve  to  less  than  N.  Under 
normal  conditions  no  serious  objection  could  be  raised  to  sucli 
a  procedure,  as  the  amount  of  energy  lost  in  the  form  of  water 
which  had  already  been  raised  is  trifling.  But  imagine  such 
a  pump  working  under  the  conditions  described  above. 
Firstly,  it  will  snap  off  much  sooner,  as  tlie  vertex  of  the 
characteristic  curve  is  near  to  normal  working  conditions. 
Secondly,  once  it  has  snapped  off  it  will  not  recover  unless  the 
periodicity  rises  so  high  as  to  raise  point  N  above  N,.  As  it 
is  generally  characteristic  of  electric  conditions  as  described 
above  that  the  variations  in  periodicity  occur  very  suddenly 
and  in  rapid  succession,  it  will  not  be  possible  to  run  off  a 
little  of  the  contents  of  the  rising  mains  to  re-start  delivery, 
because  this  would  take  so  much  time  that  probably  the  punip 
will  snap  off  again  immediately  it  has  been  re-started. 

(To  be  continued.) 

Miner  Electrocuted.  一  A  miner  employed  at  Klondyke  Pit, 
Tolcross,  was,  on  the  4tii  inst.,  instantaneously  killed  wliile 
working  at  the  coal  face.  It  is  stated  tliat  lie  accidental  I  v 
caught  hold  of,  a  live  wire  connected  with  a  coal -cut tin^ 
machine. 

New  President  of  the  British  Association.— Sir  W.  II.  While, 
K.C.B.,  lias  been  elected  president  of  the  British  Association 
for  next  year's  meeting,  which  is  to  be  held  in  Birmingham 
from  September  lOtli  to  17th.  The  following  new  menil)ers  of 
tlie  Council  were  elected  ：  Dr.  Dugald  Clerk!  F.R.S.  ； Prol'.  A. 
Dendy,  F.R.S.  ；  Ca[»i;iin  11.  G.  、Lyoiis，  F.R.S.  ；  Sir  Oliver 
ijod^e  ；   and  Prof.  J .  B.  Farmei*. 

Fatal  Winding  Accident  at  a  Mine. — A  serious  winding 
accident  occurred  on  tlie  bt\\  inst.  at  Shakesj)eare  Colliery, 
Dover,  resulting  in  the  deatli  of  two  men  and  slight  injuries 
to  six  others.  A  gang  of  sinkers  were  at  work  at  the  bottom 
of  the  pit,  1  ,()00t't.  down,  when  the  chain  attached  to  a  heavy 
water  tank  ]>roke  and  tlie  tank  craslied  to  t-lio  hoitom,  cai-rvin^ 
wit  h  it  the  staging  of  the  ])uni])ing  instalhition,  and  falling  on 
some  of  t  he  men  working  Ix^lovv,  with  t Jk1  i-esult s  si aied . 
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GASEOUS  EXPLOSIONS. 

In  this  report  the  Committee  propose  to  give  a  short  review 
of  the  present  state  of  knowledge  with  regard  to  the  heat-flow 
from  the  working  substance  of  a  gas-engine  into  the  cylinder 
walls.  It  is  unnecessary  to  insist  on  the  importance  to  prac- 
tical designers  of  this  side  of  the  theory  of  internal-combus- 
tion engines.  It  is  now  fully  recognised  that  a  great  part 
of  tlie  difficulties  experienced  in  the  construction  and  work- 
ing of  these  engines  is  ultimately  due  to  heat-flow,  and  the 
su bjet-t  has  been  brought  into  special  prominence  in  recent 
years  by  the  introduction  of  large  cylinders  in  which  these 
difficulties  have  only  partially  been  overcome. 

The  rate  of  flow  of  heat  from  the  gas  to  any  part  of  the 
walls  at  each  instant  of  time  depends  upon  the  then  state  of 
the  gas  as  regards  temperature,  density,  and  motion,  and 
also  on  the  temperature  and  condition  of  the  wall  surface. 
It  differs  widely  at  different  points  of  the  expansion  stroke, 
being  far  greater  just  after  firing,  when  the  gas  is  at  a  high 
temperature,  and  highly  compressed,  than  towards  the  end 
of  expansion.  There  will,  however,  be  a  certain  mean  rate 
of  heat- flow  into  any  patch  of  the  cylinder  walls,  and  heat 
must  be  conducted  from  that  patch  on  the  whole  as  fast  as  it 
goes  in.  In  order  that  the  heat  may  be  conducted  away  at 
the  required  rate  there  must  be  a  certain  temperature 
gradient  in  the  metal,  and  there  will  be  a  corresponding 
mean  surface  temperature.  Superposed  on  the  mean  surface 
temperature  are  variations  due  to  the  varying  rate  of  lieat- 
flovv  at  different  parts  of  the  cycle.  The  thermal  conduc- 
tivity and  capacity  for  heat  of  cast  iron  are,  however,  so  large 
that  these  variations  on  a  clean  metal  surface  must  be  small ― 
a  conclusion  which  has  been  verified  by  Coker,  who  found  a 
maximum  cyclical  change  of  but  7°  C.  at  a  depth  of  0'015in. 
in  the  wall  of  the  combustion  chamber  of  an  engine  running 
at  240  revs,  per  minute.  If  the  metal  surface  is  not  clean 
the  variation  at  the  surface  of  the  carbon  or  other  deposit 
may  be  much  greater. 

The  important  practical  question  is  the  mean  rate  at 
which  heat  goes  into  each  part  of  the  surface,  and  the  result- 
ing mean  distribution  of  temperature.  The  chief  problem  in 
designing  large  gas  engines  is  to  control  the  mean  tempera- 
ture distribution  by  water- jacketing  or  otherwise  in  such  a 
way  that  the  metal  does  not  get  overstrained  by  unequal  ex- 
pansion nor  reach  a  temperature  sufficient  to  ignite  the  gas. 
The  temperature  gradient  necessary  to  sustain  the  flow  of 
heat  from  the  inside  of  a  combustion  chamber  to  the  external 
water  is  not  likely  to  exceed  50°  C.  per  inch.  At  places 
where  the  metal  is  not  thick  and  effective  external  circulation 
of  water  is  possible,  cooling  does  not  present  great  difficulty  ； 
but  at  places  which  are  not  near  to  the  cooling  water,  so  that 
the  heat  has  to  travel  a  long  way,  the  temperature  must  be 
high  to  give  the  necessary  gradient.  Thus  the  central  por- 
tion of  the  head  of  an  ordinary  flat-faced  piston  if  not  water- 
cooled  gets  very  hot,  reaching  a  temperature  of  perhaps  600° 
C.  in  a  four-cycle  engine  of  24in.  bore.  The  piston  expands 
considerably  in  consequence,  the  expansion  being  greater  at 
the  centre  than  at  the  edge  which  is  accordingly  put  into 
tension.  In  larger  cylinders  the  stresses  in  the  piston  set  up 
by  unequal  heating,  and  the  danger  of  pre-ignition  arising 
from  the  hot  metal,  necessitate  the  cooling  of  this  part  by 
the  circulation  of  oil  or  water.  Even  then  the  great  thick- 
ness of  metal  in  certain  portions  of  the  combustion  chamber, 
？ uul  the  difficulty  of  keeping  the  water  flowing  properly  in 
every  corner,  may  cause  high  local  temperatures. 

The  lieat  carried  away  by  the  cooling  water  and  by  radia- 
tion is  the  total  given  to  every  part  of  the  walls,  and  its 
measurement  gives  no  in  formation  on  the  important  question 
of  the  manner  in  which  the  flow  is  distributed  over  the  walls. 
It  is  certain,  however,  that  the  greater  part  of  the  heat-flow 
in  a  cycle  occurs  in  a  comparatively  short  time  just  after  the 
moment  of  ignition,  and  passes  therefore  into  the  surface  of 

*  Fifth  report  of  the  committee,  consistinfi  of  Sir  W.  H.  Preece  (chairman).  Dr. 
DugaW  Clerk  and  Prof.  Bertram  HopkiiiHon  (ioint  secretaries).  Profs.  Bone, 
Bui-Btall.  flallenrlar.  Coker.  Dalby,  an(】  Dixon  Dr.  Glazebrook,  Profs.  Petavel , 
Siiiitl:ell«,  ami  Watson  Dr.  Harker,  Lieut. -Col.  H olden,  Captain  Sankey,  Mr. 
D'  L.  Chapman,  and  Mr.  H   E.  Wirn peris   appointed  for  the  investigation  of 

' r''ls  explosions,  with  npecial  reference  to  tempfcratnre.  Presented  before 
section  G  of  the  British  Association,  Hepternher,  1912. 


the  combustion  chamber  and  valves  and  into  the  face  of  the 
piston.  But  little  goes  into  the  barrel  of  the  cylinder,  which 
is  not  uncovered  until  the  density  and  temperature  of  the 
gases  have  fallen.  That  this  must  be  so  is  obvious,  but  the 
magnitude  of  the  effect  is  perliaps  not  generally  recognised. 
Dugald  Clerk  found  in  his  experiments  on  the  compression 
and  expansion  of  flame'^  that  the  average  heat-flow  per  square 
foot  per  second  in  the  first  three-tenths  of  the  stroke  is  three 
times  that  of  the  average  over  the  whole  stroke  for  equal 
temperature  differences,  and  he  calculates  that  the  actual 
rate  of  heat-flow  in  the  first  three-tenths  is  six  times  that  of 
the  whole  stroke  in  ordinary  gas  engines  working  at  full  load. 
This  estimate,  however,  does  not  include  loss  due  to  radiation 
before  maximum  temperature.  In  the  actual  firing  and 
expansion  stroke  of  a  gas  engine  the  difference  must  be  even 
more  when  radiation  and  other  losses  incurred  before  maxi- 
mum temperature  are  included,  and  it  is  probable  that  in 
discussing  the  problem  of  cooling  the  metal  it  is  a  sufficiently 
good  approximation  to  neglect  the  heat- flow  into  the  outer 
half  of  the  barrel  altogether.  Prof.  Hopkinson  informs  the 
Committee  that  he  has  worked  a  gas-engine  cylinder  of  over 
30in.  diam.  in  which  there  was  no  water  circulation  round 
the  barrel  at  all.  The  whole  of  the  heat  passing  into  the 
barrel  was  in  this  case  removed  either  by  radiation  or  by 
conduction  into  the  piston,  nor  was  the  cooling  which  was 
applied  to  the  piston  much  more  than  that  found  necessary 
on  other  parts  of  the  walls  of  the  combustion  chamber.  In 
small  engines  with  uncooled  pistons  the  water-jacket  round 
the  barrel  is  necessary  to  keep  the  piston  cool. 

In  the  scientific  analysis  of  gas-engine  phenomena  the 
facts  stated  in  the  last  paragraph  are  important  because  they 
show  that  the  heat-flow  is  not  much  different  from  that  which 
would  occur  in  a  closed  vessel  of  invariable  volume  having 
the  form  and  size  of  the  combustion  chamber,  the  mixture 
fired  having  of  course  the  same  composition,  density,  move- 
ments, &c.，  as  in  the  engine.  Some  allowance  must  be  made 
for  the  fall  of  temperature  and  density  which  occurs  in  the 
initial  stages  of  the  expansion  in  the  engine,  but  this  will  be 
of  the  nature  of  a  correction,  and  will  not  affect  the  value  of 
the  general  conclusions  as  to  the  effect  of  the  various  factors 
in  heat-flow  which  may  be  drawn  from  closed-vessel  experi- 
ments. 

The  Factors  in  Heat-flow. 

1.  The  State  of  the  Walls. ― The  loss  of  heat  following 
a  gaseous  explosion  in  a  confined  space  depends  partly  on 
the  state  of  the  gas  and  partly  on  the  state  of  the  walls  of 
the  enclosure.  Dealing  first  with  the  walls,  it  is  obvious  that 
the  higher  the  surface  temperature  the  less  rapid  will  be  the 
flow  of  heat,  which  (generally  speaking)  depends  on  the 
difference  of  temperature  between  the  gas  and  the  surface. 
If  the  metal  surface  be  clean  the  surface  temperature  cannot 
rise  by  more  than  an  insignificant  percentage  of  the  tempera- 
ture difference  ；  but  if  it  be  coated  with  a  non-conducting 
layer  the  exposed  surface  may  be  heated  by  the  first  rush  of 
heat  after  the  ignition  to  such  an  extent  as  materially  to 
check  the  subsequent  flow.  For  instance,  Hopkinson  found 
that  a  layer  of  brown  paper  TTfoo^n*  thick  pasted  inside  an 
explosion  vessel  of  1  cub.  ft.  capacity  would  reduce  the  rate 
of  heat-flow  in  the  first  tenth  of  a  second  following  maximum 
pressure  by  more  than  30  per  cent.  The  surface  of  the  paper 
was  not  charred,  but  it  must  for  an  instant  have  reached  a 
temperature  of  several  hundred  degrees  Centigrade  in  order 
to  produce  sucli  a  result.  This  shows  that  a  badly  conducting 
deposit  of  carbon  in  a  gas  engine  may  materially  reduce  heal  - 
flow.  Since  the  high  surface  temperature  occurs  just  after 
explosion,  it  will  not  necessarily  cause  pre-ignition,  though  of 
course  if  the  mean  temperature  be  high,  so  that  the  surface 
remains  red -hot  throughout  the  cycle,  it  will  have  that  effect. 

2.  Radiation  from  the  Gas. ― Of  more  scientific,  though 
perlia])s  of  less  practical,  interest  is  the  reduction  in  heat-loss 
which  is  found  when  the  walls  are  liighly  polished.  This  is 
due  to  tlie  fact  that  radiation  is  a»i  important,  if  not  the 
priticipsl,  agent  in  tlie  transfer  of  heat  from  the  gas  to  the 
metal.    This  matter  was  dealt  with  in  tlie  third  rejiort  of  the 
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committee,  and  it  is  unnecessary  to  recapitulate  the  results 
tliere  given.  It  has,  however,  been  carried  a  good  deal  further 
by  the  researches  of  W.  T.  David,  wlio  lias  investigated  the 
relation  between  the  amount  of  the  radiation  and  the  mean 
t (Miiperature  of  the  gas.  He  finds  that  the  rate  of  loss  from 
this  cause  varies  roughly  as  the  fourth  ])o\ver  of  the  absolute 
temperature.  Thus  the  products  of  exploding  a  ]5  per  cent, 
mixture  of  coal-gas  and  air  in  a  cylindrical  vessel  lft.  by  1ft. 
radiate  about  5  gramme  calories  per  square  centimetre  per 
second  when  the  absolute  temperature  is  2,100°  C.  (in axi:num 
pressure),  but  a  tenth  of  a  second  later,  when  the  tempera- 
ture has  fallen  to  1,700°  C,  the  radiation  is  only  lialf  as 
great. 

Tn  a  closed-vessel  explosion  the  rate  of  heat- (low  dimi- 
nishes with  very  great  rapidity  as  the  gas  cools  clown  after 
ignition.  Thus  Ilopkinson  found  that  the  products  of  ignit- 
ing a  niixtui  e  of  coal-gas  and  air  in  a  closed  cylind rical  vessel 
lft.  by  lft.  lost  heat  at  the  rate  of  10  gramme  calories  per 
square  centimetre  per  second  at  the  moment  of  maximuni 
pressure,  when  the  temperature  was  1,760°  C.  ( )ne-fifth  of  a 
second  later,  when  the  mean  temperature  was  1,300°  C.，  the 
rate  of  heat-loss  was  reduced  to  3 J  calories,  or  only  one-third 
of  its  value  at  maximum  temperature. 卞  One  cause  of  this  is 
the  fact  that  when  the  flame  first  touches  tlie  walls  tlie  heat 
i:s  drawn  almost  wholly  troi»i  tlie  surface  layer  of  gas  in  con- 
tact with  them,  and  the  flow  is  at  first  extremely  rapid.  This 


Fig.  i. 

Ordinary  ignition  a  to  b  takes  0*037  second  ；  trapped  ignition  on  third  com - 
])i*ession ;  line  a1  to  Z^1  takes  0  092  second  ；  mi  vturt'  in  both  eases  1  volume  gas, 
9*3  volumes  air  and  other  gases. 

surface  layer  soon  parts  with  its  heat,  and  further  supplies 
have  to  be  drawn  from  the  inner  portions  of  the  gas,  the  cool 
surface  layer  now  acting  as  heat  insulation.  But  it  is  pro- 
bable that  the  rapid  reduction  in  radiation  as  the  tempera- 
ture falls  is  quite  as  important  a  factor  in  this  phenomenon. 
In  the  gas  engine  it  is,  of  course,  accentuated  by  •  the  reduc- 
tion of  temperature  consequent  on  expansion.  The  closed- 
vessel  experiments  lend  confirmation  to  the  view  already 
expressed,  that  in  the  gas  engine  the  rate  of  heat-flow  per 
unit-  of  area  has  fallen  to  a  comparative  small  value  when 
the  piston  has  moved  a  short  distance  out  on  the  expansion 
stroke. 

An  important  practical  consequence  of  radiation  is  the 
greatly  increased  loss  of  heat  which  occurs  when  the  mean 
pressure  in  an  engine  is  increased  by  increasing  the  strength 
of  the  mixture.  The  jacket  loss  and  the  metal  temperatures 
are  raised  in  a  much  greater  proportion  than  the  fuel  con- 
sumption, and  the  efficiency  is  dimiiiislied.  In  very  large 
engines  this  sets  a  fairly  sharp  limit  to  the  possible  output, 
wliidi  is,  as  a  rule,  considerably  less  than  the  maximum  of 
wliicli  tlie  engine  would  be  capable  if  it  were  given  all  the 
fuel  t  liat  it'  could  take.  Tf  tlie  load  be  in  excess  of  this  limit 
ilie  engine  overheats  rapidly  in  consequence  of  the  greatly 
increased  heat- flow. 

3.  The  Effect  of  Cylinder  Dimensions  on  Hcai-flow.— At  first 
s"_'lit  it  rni<f lit  appear  that  heat-flow  is  a  surface  phenomenon 

•  •'  l，hil.  Trans.  Koy.  8oc,"  A..  Vol.  CCXI,,  p.  ：*75. 
t  "Proc.  Roy.  Soc,"  A.,  Vol.  LXXTX.,  p.  138. 


― that  is,  the  number  of  calories  per  square  centimetre  per 
second  passing  into  tlie  walls  of  an  engine  or  explosion  vessel 
containing  a  gas  at  a  given  temperature  and  density  sliould 
be  iiidepemlent  of  t he  volume.  Tliis  view,  whicli  is  latlier 
widely  held,  is,  however,  certainly  erroneous,  ； md  |)robal)lv 
to  u  considerable  aniount.  Tlie  el\evt  of  radiut ion  is  neces- 
sarily to  make  the  heat-loss  per  unil.  area  from  a  large  volume 
greater  than  tliat  from  a  smal!  volume,  because  the  walls 
receive  radiation  from  the  inner  layers  as  well  as  froio  t  he 
portions  nearer  to  the:".  At  some  depth,  of'  course,  the  radi- 
ation will  cease  to  be  sensible,  and  when  t  hat  lias  been 
readied  t  lie  radi;it  ion  from  tlie  whole  mass  will  not  be  in- 
creased by  further  increasing  its  volume.  The  experiments 
of  David,  to  which  reference  lias  been  made,  show  that  tlie 
transparency  of  tlie  products  of  an  explosion  while  still  at  a 
high  temperature  is  very  great,  and  lead  to  the  conclusion 
t  liat  tlie  lieat-loss  per  unit  ； ireu  from  a  mass  of  glowing  ^as 
would  go  on  increusing  witli  the  volume  (  f  tlie  mass  until 
tliat  volume  is  comparable  with  tlie  largest  sizes  of  gas 
engine  cylinder  now  made.  David  found  tliat  t he  radiation 
after  an  explosion  in  a  cylindrical  vessel  1  ft.  by  lft.  was 
nearly  twice  as  great  when  the  walls  of  the  vessel  were 
highly  polished  as  when  they  were  black.  Tlie  effect  of  com- 
pletely polisliing  the  interior  of  a  vessel  is,  so  far  as  radiation 
is  concerned,  mucli  the  same  as  greatly  enlarging  the  volume 
of  enclosed  gas,  so  that  this  experiment  gives  an  idea  how  far 
the  heat  loss  from  the  gas  in  a  cylinder  lft.  diam.  falls 
short  of  that  in  a  very  large  cylinder.  It  is  quite  clear  that 
in  a  12in.  cylinder  the  limit  of  size  beyond  wliich  heat  loss  per 
square  foot  does  not  increase  is  far  from  having  been 
reached. 

One  practical  aspect  of  this  question  is  the  relation 
between  size  and  thermal  efficiency.  This  was  fully  discussed 
by  Callendar  in  a  paper  read  before  the  Institution  of  Auto- 
mobile Engineers  in  1907,  who  pointed  out  tliat  the  pro- 
bability that  some  part  of  the  radiation  loss  was  proportional 
to  the  volume.  If  heat  loss  were  simply  a  question  of  the 
surface  exposed  the  percentage  losses  in  similar  engines 
should  be  reduced  in  proportion  to  the  linear  dimensions,  and 
there  should  be  a  corresponding  increase  in  efficiency.  But 
in  so  far  as  heat-flow  increases  with  the  volume,  the  efficiency 
of  large  and  small  engines  will  become  more  nearly  the  same. 
Of  even  greater  importance  practically  is  the  absolute 
amount  of  heat-flow  per  square  foot,  since  it  is  this  which 
determines  the  internal  temperatures  and  so  sets  a  limit  to 
the  output  of  the  engine.  The  results  cited  show  broadly  that 
this  quantity  must  be  considerably  greater  in  an  engine  of 
say  3ft.  bore  than  in  one  whose  cylinder  diameter  is  only 
] ft.,  and  that  the  difficulty  of  designing  and  working  the 
first  is  not  alone  due  to  the  greater  thickness  of  metal,  but 
also  to  the  greater  heat-flow. 

4.  The  Effect  of  Density. ― The  density  of  the  gas  in  a  gas 

engine  explosion  is  from  four  to  seven  times  that  of  the  at- 
mosphere. In  the  Diesel  engine  it  is,  of  course,  very  imich 
greater.  The  effect  of  this  factor  is  greatly  to  increase  the 
lieat-flow  as  compared  with  an  ordinary  closed- vessel  explo- 
sion, where  the  density  is  that  of  the  atmosphere  and  tlie 
vessel  similar  in  size  and  shape  to  the  combustion  chamber. 
A  rough  notion  of  the  magnitude  of  this  effect  can  be 
obtained  by  comparisons  of  the  jacket  loss  in  a  gas  engine 
when  the  total  quantity  of  combustible  mixture  is  altered 
by  throttling  or  otherwise,  the  composition  remaining  the 
same.  It  has  been  found  that  the  total  heat  carried  away 
from  the  jackets  increases  with  the  quantity  of  mixture,  but 
not  quite  in  proportion  thereto.  A  similar  result  is  obtained 
from  closed-vessel  explosions  ；  it  is  found  that  the  pressure 
after  firing  a  mixture  of  given  conqiositioii  falls  relatively 
less  rapidly  when  the  pressure  before  explosion  is  higher, 
but  tlie  absolute  amount  of  heat-loss  in  a  given  time  is 
greater. 卞  The  quantitative  relation  between  heat  flow  atid 
density  seems  to  be  com])licated  and  dependent  upon  the  size 
and  shape  of  the  enclosure.  In  one  experiment  on  a  gas 
engine  of  1 1  I'm.  bore,  ilie  jacket  loss  varied  as  (density)00 
when  the  density  at  the  moment  of  the  explosion  was  varied 

' " Proc.  Inst.  Aut.  Kng.,"  April,  】9"7. 
I  "  Tlie  Gas,  Oil,  and  Petrol  Engine,"  by  Dugald  Clerk,  Vol. 【. （Tjcmgnians, 
1910),  Chap. 漏 


September  13,  1912J  THE    MECHANICAL  ENGINEER. 


331 


froTii  three  times  atmospheric  to  about  six  times.*  After  an 
explosion  in  a  cyHiulrica]  vessel  lft .  by  1  ft  .,  the  absolute 
rate  of  heat-loss  is  roughly  twice  as  great  when  tlie  initial 
pressure  is  l.1,  atmospheres,  as  when  it  is  A  atmosphere,  corre- 
sponding to  the  relationf  (density)0 11 

The  relation  between  heat-loss  and  density  in  an  explo- 
sion vessel  is  dependent  upon  two  factors ― namely,  radiation 
and  direct  surface-loss  by  convection  and  conduction.  To  a 
first  approximation  it  may  be  expected  that  the  heat  radi- 
ated from  a  given  mass  of  gas  at  a  given  temperature  will 
be  independeut  of  the  volume  which  it  occupies  because  the 
number  of  radiating  molecules  is  the  same.  Thus,  to  obtain 
from  closed-vessel  experiments  at  atmospheric  density  an 
estimate  of  radiation  in  a  gas  engine  in  which  the  ratio  of 
compression  is,  say,  5，  it  would  be  necessary  to  experiment 
with  a  vessel  of  the  same  shape  as  the  combustion  fhamber, 
but  of  five  times  the  volume.  From  the  work  of  David, 
however,  it  would  appear  that  the  radiation  increases 
slightly  with  the  density,  so  that  the  flame  in  the  gas  engine 
would  radiate  a  little  more  heat  than  an  equal  amount  of 
gas  at  atmospheric  density  in  the  closed  vessel. J  The  effect 
of  the  other  element  in  heat-loss ― namely,  convection  cur- 
rents― is  probably  more  affected  by  the  density  than  is  radi- 
ation, and  may  perhaps  increase  in  proportion  thereto.  The 
heat-carrying  power  of  the  gas  depends  upon  its  capacity  for 
heat*  per  unit-volume,  and  this  increases  in  proportion  with 
the  density.  Thus  it  may  be  expected  that  the  amount  of 
lieat  transferred  to  the  walls  from  the  interior  by  a  given 
amount  of  bodily  movement  of  the  gas  will  increase  more  or 
less  iu  proportion  to  the  density.  It  is  therefore  to  be 
expected  that  the  combined  effect  of  these  two  factors,  radia- 
tion and  convection,  will  be  to  make  heat-loss  in  a  vessel  of 
given  form  increase  according  to  some  fractional  power  of 
the  density. 

The  most  importaat  practical  quest  ion  connected  with 
the  relation  between  density  and  heat-loss  is  the  effect  of 
degree  of  compression  on  the  working  and  efficiency  of  gas 
engines.  To  put  the  matter  in  its  simplest  form  we  may 
suppose  that  the  engine  has  a  cylindrical  combustion  space 
and  flat-headed  piston,  so  that  the  enclosure  containing  the 
gas  at  the  moment  of  firing  is  a  cylinder.  The  length  of  tliivS 
cvlinder  will  in  most  cases  be  a  fraction  of  the  diaineter,  the 
ratio  of  diameter  to  length  being  of  the  same  order  as  the 
compression  ratio  of  the  engine.  The  problem,  then,  is  to 
determine  how  the  amount  and  distribution  of  heat-loss  to 
tlie  walls  is  altered  when  the  compression  ratio  of  the 
engine  is  clianged,  say,  by  lengthening  tlie  connecting  rod. 
I"  tlie  ordinary  case  of  a  fairly  】iigh  compression  ratio,  the 
effect  of  this  alteration  will  be  to  reduce  the  length  of  the 
cylindrical  combustion  space  without  changing  its  diameter, 
and  to  keep  the  mass  of  gas  confined  therein  substantially 
constant  so  that  tlie  density  goes  up  in  inverse  proportion  to 
the  length  of  tlie  space.  At  the  same  time  there  will  be  a 
small  rise  in  the  temperature  of  the  fired  mixture  consequent 
(川  t ho  higher  temperature  before  firing.  Tliis,  however, 
、 would  not  be  very  much,  arnouiiting  to  about  1 00°  C  for 
an  increase  in  compression  ratio  froni  A  to  G. 

The  average  heat- loss  per  square  foot  to  tlie  surface  will 
increase,  but  not  in  proportion  to  the  density.  On  tlte  oilier 
1'Hiul,  the  area  over  wliicli  that  loss  is  distributed  is  reduced, 
hut  again  in  a  considerably  less  proportion  tlian  the  density. 
_Fm'  instance,  with  an  engine  of  equal  stroke  bore  ratio,  lia v- 
ing  a  cyliiulrical  conibust ion  cliamber,  tlie  result  of  im'm's- 
in^  the  con'pression  ratio  from  \  to  (；  will  he  to  reduce  tlie 
surface  of  the  combustion  cliamber  by  nearly  1(;  per  cent. 
The  density  is,  of  course,  increased  50  per  cent,,  and  if  tlie 
fieat-loss  increases  in  a  greater  ratio  than  the  square  root  of 
the  density,  which  is  almost  certainly  the  case,  the  effect  of 
ll'is  increase  of  cDinpression  would  be  to  increase  the  total 
lieat-loss,  and  therefore  to  diminish  tlie  efficiency  of  the 
engine  relative  to  the  air  standard.  This  in  tlie  case  sup- 
posed would  not,  of  course,  lead  to  ； uiy  reduction  in  actual 
cfririency,  because  the  greater  heat  loss,  would  be  more  than 
counterbalanced  by  the  increase  in  the  efficiency  due  to  in- 
creased expansion.  But  it  is  clear  that  if  the  process  were 
(•arried  sufficiently  tar  tlie  absolute  efficiency  might  also  be 

" *  '■  I'roc  Inst.  Civil.  Eng.,"  Vol.  CXXVI.,  p.  2347： ~ 
t  T)avid,  he.  cit. 
X  David,  loc.  cit.,  p.  104. 


reduced.  Some  approach  to  this  state  of  tilings  was  found 
by  Biirstall  wlien  tho  conipression  exceeded  about  7."^ 

The   cDiu'lusion  From   ])r;icl         experience,  1 

there  is  a  point  beyond  which  it  will  not  pay  to  iiicrcasR  the 
compression  in  the  gas  engine,  is  therefore  in  full  accord 
with  the  results  of  laboratory  experiments  on  the  relation 
between  density  and  heat-flow.  Not  only  is  there  a  poii" 
beyond  which  increasing  compression  is  not,  followed  by  an 
increase  in  efficiency,  but  before  that  point  is  reached  1 1m 
flow  of  heat  per  unit  area  is  increased  to  an  amount  ； it 
which  trouble  will  begin  to  arise  on  account  of  the  difficult  v 
of  cooling.  It  is  sometimes  supposed  that  the  difficulties 
wliicli  arise  from  pre-ignition  when  the  compression  is  in- 
creased too  far  are  due  in  some  way  to  the  rise  of  tempera- 
ture of  the  ga&  consequent  on  the  high  acliabatic  compres- 
sion. It  is  very  improbable,  however,  that  this  has  much  to 
do  with  the  matter.  The  real  cause  of  pre-ignition  is  the 
overheating  of  some  part  of  the  interior  surface  of  the  metal 
or  of  a  deposit  thereon,  due  to  excessive  heat-flow  following 
an  increased  density.  If  the  metal  could  be  kept  clean  and 
cool,  compression  could  be  carried  to  very  much  higher 
values  than  are  now  used  in  practice  without  any  danger  of 
pre-ignition. 

The  effect  of  increasing  density  on  heat-loss  is,  however, 
a  matter  on  wliich  further  experimental  evidence  is  needed. 
A  comparison  of  the  rates  of  loss  after  explosions  in  a  series 


Fig.  ± 

OrOinaVy  iynition  n  to  h  i»kea  0.033  souond  ；  trajiped  ignition  on  third  compres- 
sion ； line  a1  to  b1  takes  0  078  second  ；  mixture  in  both  cases  1  volume  gas,  9  3 
voluiucs  air  and  other  yases. 

of  cylinders  of  the  same  diameter  but  of  different  lengths, 
the  density  of  the  mixture  fired  being  varied  in  inverse  pro- 
|)ortion  to  the  length  (so  as  to  keep  the  total  quantity  con- 
stant), would  be  of  great  interest.  Such  a  comparison  would 
throw  direct  light  on  the  heat  flow  in  an  actual  gas  engine 
ii  artiong  the  cylinders  tried  were  some  in  wliich  the  lengt  li 
was  a  fraction —— say,  one-sixth  to  one-thircl —— of  the  diameter. 
In  many  gas  engines  the  shape  of  the  combustion  space  is 
approximately  of  this  character. 

5.  Turbulence. ― During  the  suction  stroke  of  a  gas 
engine,  or  during  the  period  of  injection  in  an  engine  cliarged 
from  a  separate  compressor,  the  mixture  of  gas  and  air  which 
is  subsequently  to  be  exploded  enters  the  engine  through  the 
valves  or  ports  at  a  liigh  velocity,  so  that  the  gas  within  the 
cylinder  is  in  a  state  of  eddying  or  turbulent  motion.  Tliis 
motion  gradually  dies  away  after  the  valves  are  closed,  hut 
will  persist  for  some  time  during  tlie  compression  stroke,  so 
t  hat  at  the  nioinent  of  explosion  there  may  still  be  a  good  deal 
of  turbulence.  In  consequence  of  this  motion  of  the  gas  the 
convection  of  heat  will  go  on  more  rapidly,  and  what  may  be 
called  the  "  effective  conductivity  of  the  gas  will  be 
increased. 

Perhaps  the  most  obvious  direction  in  which  to  look  for  the 
efTects  of  turbulence  in  gas  engines  is  the  relation  between 
speed  and  fuel  economy,  and  this  aspect  of  tlie  matter  has  been 
discussed  by  Callendar,  Lanchester,  and  others.  On  the  one 
liancl,  it  may  be  expected  that  the  longer  the  time  taken  over 
the  operations  of  compression  and  expansion  the  more  heat, 

*  "l'roc.  Inst.  Mcch.  Eng.,"  1908,  p.  5.  See  also  Prof.  Callendar's  remarks  iu  dis- 
cussion on  paper  by  Dr.  Watson,  "  Proc.  Inst.  Aufc.  Eny..''  Vol.  III.,  p.  457,  where 
the  limit  of  advantageous  compression  iu  the  petrol  motor  is  estimaLed  as  i  to  5. 
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other  things  being  the  same,  will  pass  into  the  walls  during 
(liat  period.  As  against  this  must  be  set  the  consideration 
t  liat ,  with  a  given  valve  opening,  slow  speed  means  less  turbu- 
lence, first,  because  the  velocity  of  entry  of  the  gas  is  less,  and 
accond,  because  the  time  available  for  the  resulting  turbulence 
to  die  out  under  the  influence  of  viscosity  is  longer.  Reduc- 
i  ion  of  speed  therefore  means  less  effective  conductivity,  and 
it  is  even  conceivable  that  on  this  account  the  heat  flow  per 
cycle  may  be  less  and  the  fuel  economy  greater  at  the  lower 
speed.  The  effect  of  heat  flow  upon  economy  is  not  very 
marked,  and  it  is  therefore  not  surprising  that  no  decisive 
verdict  has  yet  been  pronounced  on  the  relation  between 
economy  and  speed.  There  is  no  doubt  that,  given  satisfac- 
tory ignition,  economy  is  somewhat  improved  by  increasing 
the  speed,  but  the  relation  between  these  two  things  has  not 
heen  so  precisely  determined  as  to  permit  a  conclusion  to  be 
drawn  about  the  part  played  by  turbulence,  nor  in  view  of  the 
complication  of  the  question  does  it  seem  likely  that  much 
information  can  be  derived  from  this  source.  A  more  promis- 
ing line  of  enquiry  would  be  a  direct  measurement  of  jacket 
losses  at  different  speeds.  The  Committee  are  not  aware  that 
any  very  accurate  measurements  of  jacket  loss  at  different 
speeds,  other  conditions  being  kept  rigorously  tlie  same,  have 
ever  been  undertaken.  From  some  rather  rough  measure- 
ments of  this  character  made  by  various  members  of  the  Com- 
mittee, it  appears  that  the  heat  loss  per  cycle  does  undoubtedly 
diminish  with  increase  of  speed,  but  not  in  proportion  thereto. 

The  complete  elucidation  of  the  part  played  by  turbulence 
in  the  working  of  a  gas  engine  seems,  however,  to  require  more 
direct  methods  of  investigation  than  the  ordinary  tests. 
During  the  past  year  Dugald  Clerk  has  applied  his  method  of 
indicating  the  engine  with  tripped  valves,  so  as  to  obtain  a 
" zigzag  "  diagram,  to  the  investigation  of  this  point.  During 
the  first  expansion  line  in  such  a  diagram  there  is  present  the 
normal  amount  of  turbulence  wliich  obtains  in  the  ordinary 
working  of  the  engine  ；  during  the  second  and  later  expansions 
of  the  "  zigzag  "  the  turbulence  has  practically  died  out.  We 
have  here  obviously  a  method  of  considerable  delicacy  for 
detecting  and  measuring  the  effect  of  turbulence  in  causing 
heat  loss  on  the  expansion  line.  Clerk  has  found  that  in  the 
compression  and  expansion  of  air  or  carbon  dioxide  without 
firing,  the  engine  being  simply  motored  round,  the  rate  of 
heat  loss  at  a  given  temperature  is  greater  in  the  first  compres- 
sion after  drawing  in  the  charge  than  in  the  subsequent 
compressions. 

For  the  purpose  of  studying  by  this  method  the  effect  of 
turbulence  on  heat  loss  in  the  ordinary  working  stroke  of  a 
ga&  engine,  Clerk  tried  the  experiment  of  drawing  in  a  com- 
bustible charge  into  the  engine  in  the  ordinary  way  and  then 
t  ripping  the  valves  and  compressing  and  expanding  this  charge 
for  one  or  two  revolutions  before  firing.  By  this  means  the 
turbulence  which,  in  the  ordinary  method  of  working,  persists 
till  the  moment  of  firing  was  given  time  to  die  away.  It  was 
expected  that  a  comparison  of  an  expansion  line  obtained  in 
this  manner  with  that  following  a  normal  ignition  would 
show  the  effect  of  turbulence  on  heat  loss.  While  the  experi- 
ment did  not  give  any  very  clear  indication  on  this  point,  it 
was  the  means  of  bringing  to  light  a  matter  of  perhaps 
greater  importance.  Clerk  found  that  the  result  of  damping 
down  the  turbulence  was  to  retard  the  rate  of  inflammation 
of  the  gas  to  a  very  remarkable  extent,  so  that  the  character 
of  the  diagram  was  completely  altered.  Two  of  Clerk's 
diagrams  are  reproduced  (see  Figs.  1  and  2),  from  an  inspec- 
tion of  which  the  importance  of  this  point  in  the  working  of 
gas  engines  will  be  appreciated.  If  ignition  be  delayed  until 
the  combustible  mixture  taken  into  the  engine  has  been  com- 
pressed and  expanded  twice  and  then  again  compressed,  the 
period  of  inflammation  is  about  two  and  a  half  times  that  of  a 
normal  ignition  in  which  the  gases  have  some  turbulent 
motion.  The  diagrams  shown,  Figs.  1  and  2,  were  taken  by 
an  optical  indicator  from  an  engine  of  9in.  diam.  cylinder  and 
17in.  stroke  when  running  under  full  load  at  180  revs,  per 
minute.  The  engine  was  fitted  with  two  electric  igniters  ； 
one  operating  at  the  charge  inlet  valve  at  the  back  of  the  coni- 
l)ustion  chamber,  and  the  other  operating  at  the  side  of  the 
cylinder  close  to  the  piston .  Tn  Fig.  1  the  back  electrical 
ignition  was  used,  and  in  Fig.  2  the  side  igniter  was  in  opera- 
tion. It,  lias  l)oen  noticed  more  iluin  once  that  tlie  period  of 
inflannriation  in  the  gas  engine  is  considerably  less  than  that 
obtaining  in  an  explosion  of  a  similar  mixture  in  a  closed 
vessel  of  the  size  of  the  combustion  chamber,  and  it  must  have 
occurred  to  many  that,  were  it  not  for  this  fact,  it  would 


hardly  be  possible  to  work  internal-combustion  engines  at 
reasonably  high  speeds  because  the  ignition  would  be  too  slow. 
It  now  appears  that  this  is  wholly,  or  almost  wholly,  due  to 
the  fact  that  the  gas  in  the  engine  is  in  turbulent  motion. 

Simultaneously  with  the  experiments  by  Dugald  Clerk, 
described  in  the  last  paragraph,  Prof.  Hopkinson  (with  the 
assistance  of  his  pupils,  Messrs.  Miley  and  Peache)  carried  out 
some  measurements  of  the  effect  of  turbulence  on  heat  loss 
and  inflammation  phenomena  in  a  closed  vessel  explosion.  A 
cylindrical  vessel,  1ft.  diam.  by  lft.  long,  was  used  and  was 
lined  with  copper  strip,  the  rate  of  heat  loss  being  measured 
by  a  record  of  the  rise  of  electrical  resistance  of  this  strip.  A 
small  fan  was  mounted  in  the  centre  of  the  vessel  and  com- 
parisons were  made  of  the  result  of  exploding  the  same 
mixture,  first  with  the  fan  at  rest,  and  second  when  tlie  fan 
was  driven  at  a  speed  of  several  thousand  revolutions  per 
minute.  These  experiments  also  showed  the  great  increase  in 
speed  of  inflammation  consequent  on  the  motion  of  the  gas. 
Taking  a  mixture  of  10  per  cent,  of  coal  gas  and  90  per  cent, 
of  air,  the  time  from  ignition  to  maximum  pressure  with  the 
gas  at  rest  is  about  0*13  second  ；  with  the  fan  running  at  2,000 
revs,  per  minute  this  time  was  reduced  to  0  03  second,  and  at 
a  speed  of  4,500  revs,  per  minute  to  002  second.  The  effect 
on  heat  flow  was  also  very  marked.  At  maximum  pressure, 
with  a  10  per  cent,  mixture,  the  rate  of  flow  of  heat  was 
approximately  doubled  when  the  fan  was  running  at  a  speed  of 
4,500  revs,  per  minute,  the  mean  temperature  of  tlie  gas  in  tlie 
two  cases  being  the  same  (about  1,600°  C).  It  is  interesting, 
】iowever，  to  note  that  at  the  higher  temperatures  reached  witli 
a  15  per  cent,  mixture ― say  at  2,000°  C. 一 the  heat  flow  from 
the  gas  was  not  materially  altered  by  the  turbulent  motion 
produced  by  the  fan.  This  is  doubtless  due  to  the  fact  that 
at  such  temperatures  radiation  is  an  important  agent  in  the 
transfer  of  heat,  and  this  would  probably  be  unaffected  by  the 
motion  of  the  gas. 

For  the  application  of  the  results  obtained  with  the 
closed  vessel  and  the  fan  to  the  gas  engine,  it  is  necessary  to 
get  some  measure  of  the  amount  of  turbulence  remaining  in 
the  latter  at  the  end  of  the  compression  stroke.  Mr.  H.  J. 
Swain,  under  the  direction  of  Prof.  Hopkinson,  has  made  some 
measurements  during  the  past  year  bearing  upon  this  point. 
It  is  hoped  that  full  details  of  these  experiments,  and  of  those 
cited  above,  will  be  published  in  the  course  of  the  next  few 
months,  and  the  results  only  need  be  given  here.  The  method 
used  was  to  determine  the  rate  of  loss  of  heat  from  a  platinum 
wire  mounted  in  the  combustion  chamber  of  a  gas  engine,  the 
wire  being  heated  by  an  electric  current.  Within  moderate 
limits  of  temperature  the  heat  loss  from  such  a  wire  is  pro- 
portional to  the  temperature  difference  between  it  and  the 
surrounding  gas.  The  ratio  between  heat  loss  and  tempe- 
rature difference  is  a  measure  of  the  effective  conductivity  of 
the  gas,  and  depends  upon  its  temperature,  density,  and  state 
of  motion.  If  the  first  two  factors  are  the  same,  then  the 
effective  conductivity  depends  only  upon  the  state  of  motion, 
and  may  be  taken  as  a  measure  of  its  amount.  The  wire  was 
mounted  in  the  combustion  space  of  an  engine  of  7in.  bore  and 
15in.  stroke,  which  was  motored  round  so  as  to  compress  and 
expand  charges  of  air,  the  gas  supply  being  cut  off,  and  corft- 
parative  measurements  of  effective  conductivity  at  the  top 
of  compression  were  made  first  with  the  engine  valves  work- 
ing in  the  ordinary  way,  and  second,  with  the  valves  closed, 
so  that  the  same  charge  of  air  was  continually  compressed  and 
expanded,  and  there  was  therefore  no  turbulence  resulting 
from  suction.  It  was  found  that  at  240  revs,  per  minute  the 
conductivity  was  more  than  60  per  cent,  greater  in  the  first 
case  than  in  the  second,  while  at  60  revs,  per  minute  the  diffe- 
rence was  only  about  20  per  cent.  In  these  comparative 
experiments  the  temperature  and  density  of  the  gas  were  the 
same,  and  the  difference  could  only  be  due  to  the  motion  - 
From  measurements  of  the  heat  loss  from  a  similar  wire  in  the 
closed  vessel,  Hopkinson  infers  that  the  motion  of  the  gas  with 
a  fan  speed  of  2,500  revs,  per  minute  is  probably  considerably 
greater  than  that  obtaining  in  the  gas  engine.  At  this  speed 
the  heat  flow  at  a  temperature  of  1,600°  C.  or  over  is  increased 
l)y  an  amount  of  the  order  of  25  per  cent.,  and,  while  it  is 
certain  tliat  turlmlence  is  responsible  for  some  increase  of  heat 
flow  in  the  gas  engine,  it  is  improbable  tliat-  this  is  such  as 
materially  to  affect  the  thermal  efficiency,  tliough  it  is  of 
importance  in  the  problem  of  cooling.  The  great  influence  of 
this  factor  on  this  manner  of  inflammation  which  has  been  dis- 
closed by  these  experiments  of  Clerk,  and  of  Hopkinson  also， 
makes  the  subject  worthy  of  more  detailed  investigation. 


September  13,  1912]  THE    MECHANICAL  ENGINEER. 


333 


ROYLE  S  VACUUM  AND  SUPER  LIFTING  STEAM  TRAP. 

In  draining  pipes  or  vessels  under  vacuum,  or  alternately 
pressure  aud  vacuum,  difficulty  often  arises  in  releasing  the 
condensed  water  to  atmosphere.  This  is  usually  met  by 
some  kind  of  valve  mechanism  which  puts  the  receiving 
vessel  or  trap  into  comniunication  with  the  vacuum  when 
filling,  and  destroys  the  vacuum  in  the  trap  by  admitting  air 
during  the  discharge,  but  as  this  air  finds  its  way  to  the 
condenser  wheu  the  trap  reverses,  it  is  obviously  not  good 
for  the  vacuum. 

The  special  feature  of  the  Royle's  patent  vacuum  trap, 
made  by  Royles,  Ltd.,  Irlam,  near  Manchester,  and  shown 
in  the  accompanying  sectional  views,  is  that  no  air  can  enter 
the  trap,  the  water  being  discharged  to  atmosphere  by 
admitting  a  supply  of  live  steam  to  destroy  the  vacuum  and 
discharge  to  atmosphere.  This  arrangement  has  the  addi- 
tional advantage  that  the  power  thus  obtained  can  be  used 
to  elevate  the  condensed  water  into  overhead  tanks  or  dis- 
charge it  at  a  distance  from  the  trap,  regardless  of  level. 

The  same  mechanism  is  also  useful  for  discharging  con- 
densed water  from  low-pressure  drips  into  tanks  much  beyond 
the  height  that  the  trap  would  discharge  naturally.  The 
employment  of  a  supply  of  live  steam  admitted  at  the  right 
moment  to  do  the  lifting  is  a  novel  feature  in  traps  working 
under  these  conditions,  and  is  appropriately  named  a 
" super-lifting  "  action. 

Tlie  action  of  the  trap  is  as  follows :    The  float  B  being 


MANUFACTURE  OF  SEAMLESS  STEEL  BOILER  TUBES.* 

BY  J.  JAY  DUNN. 

Since  the  time  of  Watt  and  Boulton,  late  in  the  eighteenth 
century,  the  design  of  steam  boilers  has  been  modified,  not  to 
say  hampered,  by  the  materials  available  for  construction.  At 
that  time  plates  were  made  of  iron  by  hammering,  and  were, 
necessarily,  of  small  size.  Tubes,  as  we  understand  the  term 
to-day,  could  not  be  obtained  at  all.  Trevithick,  early  in  the 
nineteenth  century,  was  the  first  to  experience,  in  a  marked 
degree,  the  limitations  placed  on  this  design  by  available 
materials,  as  he  was  the  first  to  actively  advocate  the  use  of 
higher  pressures.  It  is  probable  that  Watt's  antagonism  1(, 
the  use  of  higher  pressures  was  due  to  his  clear  understand- 
ing of  the  numerous  forces  which  were  to  be  controlled.  That 
Trevithick  was  able  to  design  and  build  boilers  for  steam 
pressures  above  lOOlbs.  to  the  square  inch,  with  the  small  and 
poor  quality  of  wrought-iron  plates  available,  is  remarkable. 
Without  question,  the  introduction  of  the  locomotive  was 
delayed  at  least  a  dozen  years  through  lack  of  suitahl*.- 
material,  i.e.,  was  delayed  until  small  diameter  tubes  were 
available. 

The  locomotive  was  not  entirely  successful  until  Stephen- 
son, in  1829,  equipped  the  boiler  of  his  Rocket  with  ti 山 ('s 
practically  3in.  diam.  The  boilers  for  previous  loco- 
motives had  been  designed  with  a  single  large  flue  passing 
through  the  boiler,  with  perhaps  one  example  in  which  this 
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empty  and  at  its  highest  position,  and  the  valve  G  being 
open,  an  equilibrium  is  thereby  established  between  the  trap 
and  the  vessel  under  vacuum  requiring  to  be  drained,  and 
the  condensed  water  flows  into  A  through  the  check  valve. 
Meanwhile  the  discharge  pipe  E  is  closed  by  the  syphonia 
valve  D，  and  the  box  is  further  sealed  to  atmosphere  by  the 
outlet  check  valve  being  closed  naturally.  As  soon  as 
sufficient  water  has  overflowed  the  bucket  B  to  destroy  the 
buoyancy,  it  falls  to  the  dotted  】fne，  so  opening  the  discharge 
pipe  E.  At  the  same  time  the  striker  action  F  operates 
the  cocks  G  and  H，  closing  G  to  the  vacuum  and  opening  H 
to  the  steam  supply.  The  incoming  steam  rapidly  destroys 
the  vacuum  and  presently  exerts  sufficient  pressure  in  the 
vessel  or  box  A  to  drive  the  water  out  via  E  and  the  outlet 
check  valve.  The  driving  out  of  the  water  from  the  bucket 
B  presently  restores  its  buoyancy  and  it  rises  to  its  former 
position,  and  in  so  doing  reverses  the  valves  G  and  H,  and 
the  filling  action  is  again  renewed.  Obviously  with  this 
arrangement  the  water  can  be  elevated  any  height  required 
within  the  limits  of  the  steam  pressure  available. 


Serious  Crane  Accident. ― Seven  men  were  seriously  injured 
on  the  2nd  inst.  by  a  crane  falling  on  them  on  the  site  of  an 
old  synagogue  in  Great  St.  Helen's,  city  of  London.  A  man 
was  driving  the  crane  when,  without  warning,  the  centre 
column  snapped  and  fell  with  great  force  upon  several  men 
working  below.  Two  of  the  men  were  very  seriously  injured, 
and  one  is  not  expected  to  recover. 


flue  was  returned  to  the  firing  end  of  the  boiler.  The  failure, 
or  only  partial  success,  of  these  early  locomotives  was  due  to 
inadequate  supply  of  steam.  The  boiler  of  the  locomotive 
Rocket  is  typical  of  all  locomotive  boilers  since  designed, 
there  having  been  no  radical  changes  made  down  to  the 
present  day.  The  invention  of  the  process  of  welding  sheets 
into  long  tubes  had  an  immediate  effect  on  the  design  of  the 
stationary  and  marine  boilers  as  well  as  the  locomotive 
boiler.  The  introduction  of  the  Bessemer  process  and  im- 
provements in  rolling  methods  made  available  larger  and 
better  sheets  for  boiler  construction.  Bessemer  sheets  were 
first  used  for  boiler  construction  about  1862,  but  it  required 
not  less  than  twenty  years  to  overcome  the  objections  made 
against  the  new  material.  A  few  years  after  the  period 
when  Bessemer  steel  plates  began  to  be  used  in  about  equal 
quantities  with  wrought-iron  plates,  open-hearth  plates  be- 
came available,  and  have  practically  supplanted  all  other 
material  for  boiler  construction.  Tubes  continued  to  be 
made  of  wrought  iron  until  about  twenty  years  ago,  when 
Bessemer  steel  began  to  be  used  for  the  purpose.  The  use 
of  steel  for  tubes  has  steadily  increased,  until  at  this  time 
considerably  more  steel  is  used  than  iron.  Open-hearth  steel 
for  tubes  was  introduced  by  the  seamless  process.  The  effort 
to  produce  a  more  satisfactory  tube  than  could  be  made  either 
by  butt  or  lap  welding,  led  inventors  to  turn  their  attention 
to  the  production  of  a  seamless  tube,  the  purpose  being  to 

*  Paper  read  before  the  American  Boiler  Manufacturers'  Association. 
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eliminate  all  uncertain  ties  of  the  welding  operation.  Among 
tliese  early  at  tempt's  to  produce  a  seamless  t  ul>e  might  be 
mentioned  a  method  of  extrusion  similar  to  that  used  by 
makers  of  lead  pipe,  and  the  method  of  casting  a  short,  thick, 
walled  hollow  cylinder,  the  walls  of  which  were  afterward 
reduced  by  rolling  or  hammering.  One  of  the  first  successful 
processes  consisted  in  forming  hollow  cylinders  and  tubes 
from  discs  of  steel  by  successive  cupping  and  drawing  opera- 
tions. This  method  has  been  applied  to  the  production  of  all 
sizes,  and  is  in  use  to-day  for  large  diameter,  heavy  wall 
material. 

The  real  beginning  of  the  present  process  of  manufact in 
ing  seamless  steel  boiler  flues  was  the  discovery  of  Mannes- 
mann,  that  when  a  round  bar  of  heated  metal  is  caused  to 
revolve  by  frictional  contact  between  two  surfaces,  so 
arranged  as  to  apply  a  pressure  on  the  metal  along  the 
diameter  of  the  bar,  the  ends  of  which  are  in  contact  with  the 
two  surfaces,  a  rupturing  of  the  metal  occurs  along  the  axis 
of  the  bar  which  was  being  revolved,  causing,  or  tending  to 
cause,  the  production  of  a  hole  along  the  axial  line  where 
operated  upon.  Mannesmann's  invention,  and  those  of  the 
inventors  who  followed  him,  relate  principally  to  the 
mechanism  required  to  cause  the  revolution  of  the  heated 
round  bar  with  the  pressure  applied  under  correct  conditions, 
ami,  at  the  same  time,  to  give  the  round  bar  a  forward  niove- 
ment  as  well  as  one  of  rotation,  and  so  control  the  flow  of  the 
metal  as  to  produce  a  hollow  cylinder  which  would  be  or 
could  be  worked  into  a  commercial  tube.  The  Mannesman n 
process  being  an  expansion  of  the  metal,  which  reverses  the 
condition  found  in  ordinary  rolling  processes,  tended  to  open 
up  any  defect  in  the  nature  of  a  seam  which  existed  in  the 
material  being  worked.  The  process  required  ideally  perfect 
steel,  which,  of  course,  could  not  be  obtained.  A  great  deal 
of  attention  was  devoted  to  the  designing  of  machinery  for 
producing  hollow  billets  by  the  Mannesniami  process,  in  such 
a  manner  that  the  stresses  on  the  material  during  operation 
would  be  so  controlled  as  not  to  enlarge  or  extend  defects 
existing  in  the  material  worked. 

In  1895  Mr.  R.  C.  Stiefel  invented  a  piercing  iiiachiiie, 
the  object  of  which  was  to  pierce  metallic  blanks  and  billets 
in  a  heated  state,  without  subjecting  them  to  a  torsional 
strain  which  would  materially  disturb  the  longitudinal 
arrangement  of  the  fibres  of  the  metal.  The  piercing 
machine  invented  by  Mr.  Stiefel  is  at  this  time  producing 
the  major  portion  of  the  seamless  tubes  used  in  the  United 
States. 

For  the  manufacture  of  seamless  steel  boiler  tubes,  l)asic 
o])en-hearth  steel  is  used.  The  steel  is  made  especially  for 
the  purpose,  every  precaution  being  taken  in  the  melting, 
casting,  and  rolling  to  ensure  sound  material.  The  steel  used 
is  low  in  sulphur,  phosphorus,  and  carbon,  and  usually  runs 
more  than  99"25  per  cent,  metallic  irou.  The  steel  is  rolled 
into  blooms  5in.  to  7in.  square,  sheared  and  allowed  to  cool 
for  inspection.  Inspection  of  the  blooms  is  very  rigid.  The 
material  which  is  passed  has  all  surface  defects  removed  by 
cliipping,  as  is  the  practice  in  the  production  of  forging 
billets.  The  square  blooms  are  re-heated  and  rolled  into 
various-sized  rounds,  the  diameter  depending  on  the  size  of 
tube  which  they  are  intended  to  make,  and  the  rounds  are 
cut  to  a  length  required  to  give  the  quantity  of  metal  desired 
in  the  finished  tube. 

The  rounds  are  prepared  for  the  piercing  operation  by 
drilling  a  liole  in  the  centre  nf  one  vud  1  in.  (liaiii.  and 
about.  Lin.  in  deptli.  This  centring  of  the  round  is  for  the 
purpose  of  starting  the  piercing  mandrel  centrally,  and  also 
to  relieve  the  work  on  the  point  of  the  piercing  mandrel  at 
the  beginning  of  the  operation.  After  centring,  the  rounds 
are  charged  to  a  continuous-heating  furnace,  where  they  are 
heated  to  a  temperature  of  about  1,225°  C. 

The  essentia]  elements  of  the  piercing  machine  consist  of 
two  sliat'ts,  which  are  parallel  and  lie  in  the  same  horizontal 
j)]aiie.  Tliey  are  adjustable  in  the  direction  of  their  axes, 
； Hid  are  lield  rigidly  against  longitudinal  movement  by  thrust 
bearings.  These  shafts  carry  discs,  bevelled  on  their  outer 
portion  and  overlapped  in  such  a  manner  as  to  form  a  pass 
which  first  converges  and  then  diverges.  The  discs  rotate  at 
the  same  speed  and  in  the  same  direction.    They  are  so  re- 


lated, one  to  the  other,  that  the  sum  of  the  radius  of  one 
disc  to  a  given  point  of  contact  of  the  disc  with  the  billot 
and  the  radius  of  the  other  disc  to  its  given  point  of  contact 
with  the  billet  diametrically  opposite  to  the  assiunecl  j)oint 
"f  «'<)iitacb  of  llie  first  disc  is  constant.  This  relation  residls 
in  each  successive  cross-section  of  the  billet  in  contact  with 
the  disc  rotating  at  the  same  speed,  thus  accomplishing  the 
object  of  the  inventor ― not  to  disturb  materially  the  longi- 
tudinal arrangement  of  the  fibres. 

The  piercing  mandrel  controls  the  flow  of  the  metal  and 
determines  the  wall  thickness.  The  piercing  mandrel  is 
supported  against  longitudinal  movement  by  a  mandrel  bar, 
which  in  turn  is  supported  by  a  thrust  bearing.  In  opera- 
tion the  piercing  mandrel  supported  on  the  mandrel  bar  is 
placed  in  the  correct  position  relative  to  the  discs.  The 
heated  round  billet  is  brought  into  contact  with  the  discs, 
which  cause  it  to  rotate  and  at  the  same  time  feed  forward 
on  to  the  piercing  mandrel,  first  reducing  the  diameter  of 
the  billet,  then  expanding  it  as  the  metal  flows  over  the  pierc- 
ing mandrel  in  the  form  of  a  tube.  The  feeding  of  the  billet 
on  to  the  piercing  mandrel  is  accomplished  by  holding  the 
billet  by  means  of  guides  in  a  horizontal  plane  above  or  below 
the  horizontal  plane  containing  the  axes  of  the  disc  shafts. 

After  the  billet  has  passed  entirely  over  the  piercing 
mandrel  the  mandrel  bar  is  withdrawn,  and  the  hollow  billet 
is  removed  from  between  the  piercing  discs  and  transferred 
to  the  rolling  mill,  for  the  purpose  of  reducing  the  wall  to 
its  final  thickness  and  removing  corrugations  left  on  both 
inside  and  outside  surfaces  of  the  tube  by  the  piercing  opera- 
tion. The  rolling  mill  consists  of  an  ordinary  stand  of  two- 
higli  rolls,  the  rolls  containing  grooves  of  the  diameter 
required  by  the  finished  tube.  Lying  within  the  grooves 
of  the  roll  is  a  rolling  mandrel,  which  is  supported  against 
longitudinal  movement  by  a  bar  which  is  in  turn  supported 
by  the  framework  connected  to  the  mill  housing.  The  hollow 
blank  from  the  piercing  mill  and  in  the  piercing  heat  is  started 
between  the  rolls,  which  draw  the  pierced  billet  over  the 
rolling  mandrel,  reducing  the  wall  to  the  required  thickness. 

From  the  rolling  mill  the  tube,  which  is  now  of  approxi- 
mately the  finished  diameter  and  of  the  finished  wall  thick- 
ness, is  transferred  to  the  reeling  machine.  The  work  of  this 
machine  is  to  eliminate  any  variation  in  the  wall  thickness 
left  by  the  rolling  mill  and  to  smooth  up  the  interior  and 
exterior  surfaces,  particularly  the  interior  surface,  which 
may  have  become  somewhat  scored  by  the  action  of  the  rolling 
mandrel.  In  the  reeling  machine  the  movement  of  the  tube 
is  identical  with  its  movement  in  the  piercing  operation,  i.e., 
the  tube  is  caused  to  rotate  about  its  axis  and  at  the  same 
time  to  advance  in  a  longitudinal  direction.  In  the  reeling 
machine,  however,  the  discs  of  the  piercing  mill  are  re- 
placed by  rolls  whose  axes,  while  in  parallel  planes,  are  in- 
clined to  each  other.  The  reeling  mandrel  is  supported  by 
a  mandrel  bar,  as  in  the  piercing  operation.  The  piercing 
and  reeling  operations  are  identical,  except  that  whereas  in 
the  piercing  machine  the  piercing  mandrel  was  conical,  in 
the  reeling  machine  the  mandrel  is  cylindrical,  tlie  rounded 
end  of  the  mandrel  simply  facilitating  the  entry  of  the 
mandrel  into  the  interior  of  the  tube.  In  reeling,  the  rolls 
carried  by  the  shaft  are  brought  into  contact  with  the  tube 
with  the  reeling  mandrel  in  position.  The  walls  of  the  tube 
are  under  pressure  between  the  surface  of  rolls  and  reeling 
mandrel,  tlie  movement  of  the  rolls  im])artin^  a  motion  nf 
rotation  and  translation  to  the  tube,  bringing  tlio  r'、H m"r 
mandrel  into  contact  with  every  point  in  the  interior  of  t  he 
tube,  producing  a  uniformly  smooth  surface  of  both  interior 
and  exterior. 

FVom  the  reeling  machine  the  tube  is  delivered  to  t  lie 
conveyer  of  the  sizing  mill,  which  brings  the  tube  accurately 
to  diameter.  From  the  sizing  mill  the  tube  passes  througli  h 
cross-rolling  machine  for  straightening,  and  is  delivered  to 
t  he  cooling  table.  On  the  cooling  table  the  tubes  are  kept 
from  conn ii g  in  contact  with  each  other,  and  are  revolved 
slowly  to  ensure  even  and  gradual  cooling. 

From  the  cooling  table  the  tubes  are  handled  by  crane  to 
the  inspection  benches,  where  they  receive  inspection  for  sur- 
face. All  tubes  which  pass  this  inspection  are  conveyed  by 
crano  to  the  eutting-ofl  machines,  where  tubes  are  cut  to 
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length.  From  the  cutting-off  machines  the  tubes  are  rolled 
down  to  the  hydraulic  testing  macliine.  In  this  machine  all 
boiler  tubes  are  subjected  to  an  internal  hydraulic  pressure 
of  l,0001bs.  per  square  inch,  for  the  purpose  of  detecting  any 
weakness  which  may  have  passed  surface  inspection.  From 
the  testing  machine  the  tubes  pass  to  the  inspectors  for 
gauge.  After  passing  inspection  for  gauge  they  are  stencilled 
and  are  then  ready  for  shipment. 

When  tubes  are  to  be  finished  cold-drawn,  the  hot 
operations  are  identical  with  those  just  described.  The  diver- 
sion in  the  process  starts  after  the  surface  inspection  as  the 
tubes  come  from  the  cooling  table.  Tubes  which  are  to  be 
cold-drawn,  after  passing  the  surface  inspection,  are  taken  to 
the  pointing  hammers,  where  the  end  of  the  tube  is  reduced 
so  that  it  will  pass  through  the  drawing  die.  After  pointing 
the  tube  is  pickled  to  remove  all  mill  scale  ；  it  is  then  washed 
to  remove  all  traces  of  acid,  then  dipped  into  a  solution  of 
flour  and  tallow,  which  coats  all  surfaces  inside  and  outside, 
and  acts  as  a  lubricant  in  the  drawing  operation. 

The  cold-draw  bench  consists  essentially  of  a  framework 
supporting  a  driving  mechanism  that  gives  travel  to  a  heavy 
steel  chair.  A  carriage,  with  arrangement  for  gripping  the 
pointed  end  of  the  tube  and  for  making  connection  to  the 
moving  bench  chain,  travels  on  the  framework  of  the 
machine.  The  die,  of  the  correct  diameter  for  forming  the 
outside  of  tube,  is  supported  in  a  suitable  holder.  The 
mandrel,  of  the  correct  diameter  for  forming  the  inside 
diameter  of  the  tube,  is  carried  on  the  end  of  a  long  rod, 
which  is  adjustable  longitudinally,  and  is  anchored  at  the 
rear  of  the  framework,  so  that  the  mandrel  and  dies  are 
maintained  in  correct  relation. 

The  tube  to  be  drawn  is  placed  by  the  workman  on  the 
bench  with  its  pointed  end  extending  through  the  die  so  that 
it  raay  be  gripped  by  the  carriage.  The  mandrel  is  then 
inserted  into  the  inside  of  the  tube  and  the  carriage  connected 
to  the  moving  chain.  The  tube  is  pulled  through  the  die 
and  over  the  mandrel,  reducing  its  diameter  and  its  wall 
thickness.  This  work  is  done  cold.  The  operation  hardens 
the  material,  so  that  annealing  is  necessary  if  further  cold- 
drawn  operations  are  to  be  done  on  the  same  tube  or  to  fit  it 
for  most  purposes  for  which  tubes  are  used.  This  annealing 
operation  is  conducted  in  large  furnaces  designed  to  give 
accurate  temperature  control,  the  temperature  being 
observed  by  pyrometers,  so  that  uniform  results  may  be 
obtained. 

In  its  inception  the  seamless  tube  owes  its  origin  princi- 
pally to  the  desire  to  eliminate  the  uncertainties  of  the  weld 
which  existed  in  all  other  classes  of  tubes.  This  uncertainty- 
exists  to-day  in  welded  tubes,  but  is  not,  probably,  a  matter 
of  grave  importance,  as  modern  methods  and  materials,  com- 
bined with  rigid  inspection,  ensure  welds  which  will  resist 
stresses  occurring  in  boiler  tubes,  but  it  is  still  desirable  to 
eliminate  any  uncertainty  where  it  can  be  done  without 
introducing  others  of  greater  moment. 

The  manufacture  of  seamless  steel  tubes,  as  carried  on 
to-day,  not  only  eliminates  the  weld  as  a  possible  sort  of 
weakness,  but  the  operation  is  so  conducted  as  to  leave  the 
material  in  an  ideal  physical  state .  Throughout  the  hot 
operations  there  is  a  constant  breaking  down  or  refining  of 
the  grain  of  the  metal,  and  at  no  time  is  this  grain  size  raised 
by  heating  operations. 

The  influence  of  the  structure  of  the  material  in  tubes  on 
the  physical  properties  is  most  markedly  shown  in  impact  and 
vibratory  tests,  the  grain  size  having  only  slight  influence  on 
the  tensile  properties.  Tensile  tests  of  seamless  steel  boiler 
tubes  give  the  following  average  results  ： ― 

Hot-finished  boiler  tubes :  Elastic  limit,  40，3001bs.  per 
square  inch  ；  ultimate  strength,  57,4001bs.  per  square  inch  ； 
elongation  in  8in.  30  00  per  cent.  ；  reduction  of  area,  50*02 
per  cent. 

Cold -drawn  boiler  tubes :  Elastic  limit,  29，3001bs.  per 
square  inch  ；  ultimate  strength,  52,6001bs.  per  square  inch  : 
elongation  in  8in.,  34'00  per  cent.  ；  reduction  of  area,  53'5 
per  cent. 

The  high  elastic  ratio  of  the  hot-finished  boiler  tube  is 
characteristic  of  the  material,  and  is  due  to  the  continuous 
working  of  the  material  in  the  process  of  manufacture  until 


the  temperature  has  dropped  to  the  critical  point.  This  lii^li 
elastic  ratio  is  combined  with  only  slightly  less  ductility  tlian 
is  shown  by  the  cold-drawn  tube.  The  】iigli  elastic  limit 
enables  the  hot-finished  seamless  tube  to  stand  the  lar^e  hut 
unknown  stress  which  occurs  in  boiler  tubes  due  to  tempera- 
ture variation. 

The  tensile  properties  of  the  seamless  cold-drawn  tube 
depend  almost  entirely  on  the  temperature  at  which  it  is 
annealed.  It  is  standard  practice  to  anneal  cold-drawn  boiler 
tubes  at  the  lower  critical  point  of  the  material,  in  order  that 
all  strains  due  to  cold-clrawing  may  be  removed  with  cer- 
tainty. As  a  matter  of  fact,  the  stresses  due  to  cold-drawing 
are  eliminated  at  a  temperature  approximately  100°  C.  below 
the  lower  critical  point.  This  annealing  temperature  gives 
physical  properties  comparable  with  those  of  welded  steel 
tubes,  and  with  a  much  higher  elastic  limit  and  greater 
ductility  than  can  be  obtained  with  iron. 

Any  consideration  of  the  corrosion-resisting  qualities  of 
seamless  steel  tubes  must  be  comparative,  as  conditions  of 
service  vary  so  widely.  Until  there  is  some  argument  as  to 
the  theory  of  corrosion,  it  will  be  impossible  to  speak  of  cor- 
rosion in  absolute  terms.  Speaking  generally,  the  steel  tube 
is  superseding  the  iron  tube  in  locomotive  boilers,  while  in 
marine  boilers  for  the  Government  the  iron  tube  has  been 
entirely  displaced.  The  largest  manufacturers  of  water-tube 
boilers  for  stationary  service  use  seamless  steel  tubes  almost 
exclusively.  This  indicates,  broadly,  that  the  steel  tube  is  a 
decided  improvement. 

Rear  Admiral  John  D.  Ford,  in  a  paper  read  before  the 
American  Society  of  Naval  Engineers,  gives  the  following 
results  of  an  elaborate  series  of  corrosion  tests. 

Average  loss  in  weight  per  square  inch  after  64  weeks, 
compared  with  iron,  as  100. 

1.  Hot-drawn  seamless  steel,  open-hearth,  93*7. 

2.  Lap-welded  Bessemer  steel,  94'5. 

3.  Cold-drawn  seamless  steel,  open-hearth,  101*3. 

4.  Charcoal  iron,  100. 

Mr.  Ira  H.  Wooldon,  member  of  the  American  Society  of 
Mechanical  Engineers,  from  an  investigation  made  by  him 
while  in  charge  of  the  testing  laboratory  at  Columbia 
University,  concludes:  ((In  my  judgment,  from  the  evidence 
collected,  there  was  absolutely  no  difference  in  the  corrosion 
of  the  two  classes  of  pipe  (wrought  iron  and  steel).  They 
appear  to  be  equally  susceptible  to  the  attack." 

Mr.  P.  DeC.  Ball,  of  St.  Louis,  in  a  paper,  "  Steel  Pipe 
？,.  Wrought-iron  Pipe  in  Refrigerating  Work/'  concludes  ： 
"From  33  years  of  personal  observation,  construction,  erect- 
ing, and  operating  ice-making  and  refrigerating  machines, 
absorption  and  compression  types,  and  using  iron  pipes  for 
the  first  fourteen  years  and  iron  and  steel  pipes  for  the  next 
nineteen  years,  we  are  convinced  that  local  conditions  only 
govern  the  corrosion  of  pipes  in  refrigerating  and  ice-making 
machines,  and  that3  chemically  and  mechanically,  mild  steel 
pipe  meets  the  requirements  of  the  refrigerating  engineer  in 
all  respects,  and  better  than  any  other  pipe,  for  the  reason 
that  it  is  superior  in  point  of  finish,  strength,  strength  of 
seam  and  uniformity  of  material." 

From  all  data  obtainable  the  fair-minded  conclusion  must 
be  that  there  is  no  marked  difference  in  the  corrodibility  of 
iron  and  steel. 


Admiralty  and  Oil  Engines. 一 Some  reports  which  are  cur- 
rent rather  exaggerate ，  says  ' '  The  Glasgow  Herald ， ' '  tlie 
extent  to  which  the  Admiralty  has  definitely  committed 
itself  in  respect  of  oil  engines.  A  tank  ship,  which  is  to 
have  Diesel  engines  by  Messrs.  J.  S.  White  &  Co.，  Cowes, 
is  to  be  built  at  Devonport,  and  another  which  is  to  have 
Diesel  engines  made  by  Messrs.  Vickers  (Limited),  is  to  be 
built  at  Barrow ― by  Messrs.  Vickers,  of  course.  The  de- 
signed capacity  of  each  of  these  vessels  is  said  to  be  about 
1,000  tons,  so  that  neither  is  what  can  be  called  an  ambitions 
project,  although  it  goes  without  saying  that  both  will  be  very 
interesting  vessels.  The  only  other  oil-engined  ship  which 
the  Admiralty  has  definitely  decided  to  build  is  the  larger 
tanker.  The  tenders  for  it  are  still  under  consideration. 
There  are  enquiries  out,  however,  for  a  number  of  motor 
boats  of  the  types  now  carried  by  war  vessels. 
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MAVOR  &  COULSON'S  SYSTEM  OF  LUBRICATION. 

A  system  of  forced  lubrication,  more  particularly  adapted 
for  use  in  conjunction  with  coal-cutting  machines  and  with 
high-speed  enclosed  air  engines,  has  recently  been  patented 
by  Messrs.  Mavor  &  Coulson,  Ltd.,  47，  Broad  Street,  Mile 


F】g.  1.— Mavoii  &  Com'soN's  System  of  LrBUH  ATioN. 

End,  Glasgow.  In  this  system  the  oil  contained  within  a  well 
is  raised  and  projected  upon  the  parts  to  be  lubricated  by 
means  of  air  under  pressure  derived  from  the  source  provided 
for  serving  the  engine,  or  generated  by  apparatus  driven  by 
the  engine,  and  after  use  is  drained  back  into  the  well,  if 
required.  Fig.  1  shows  sectional  views  of  the  system  applied 
to  an  engine  having  a  single  crank,  Fig.  2  shows  the  oil  dis- 
tributor, and  Fig.  3  its  application  to  an  engine  having  more 
than  one  crank. 

Referring  to  Fig.  1，  a  well  A  is  arranged  below  the  level 
of  the  crank  B,  into  which  oil  introduced  into  the  crank  case 
C  is  adapted  to  gravitate.  Within  the  well  A  and  axially 
directed  towards  the  parts  to  be  lubricated  is  an  oil  dis- 
tributor E，  which,  as  shown  in  Fig.  2,  consists  of  a  sleeve  E， 


pipe  G  which  serves  the  engine.  In  action,  with  the  sleeve  E 
cliarged  wit 山  oil  and  air  under  pressure  issuing  from 
the  nozzle  F,  the  oil  is  projected  from  the  nozzle  D  upon  the 
parts  to  be  lubricated.  By  this  arrangement  it  is  not  essen- 
tial that  the  well  A  should  be  disposed  immediately  beneath 
the  crank  pin,  although  this  arrangement  may  be  adopted. 

In  consequence  of  the  force 
witli  wliich  the  oil  can  be  pro- 
jected, the  oil  may  be  deflected 
on  to  parts  which  are  not  in 
tlie  direct  line  of  projection,  hy 
providing,  for  example  as 
shown  at  Fig.  3，  deflectors  IT 
for  the  oil  to  impinge  against 
and  from  thence  pass  to  the 
desired  ]>arts.  In  applirat'io" 
to  engines  h;i ving  two  or  nioro 
cranks,  as  shown  at  Fig.  3，  an 
oil  distributor  is  arranged  be- 
tween adjiicfiii  pairs  of  cranks, 
and  the  oil  projected  from  tlie 
disirihiit.or  may  be  dist rihuted 
so  as  to  serve  the  two  cranks 
t)y  being  directed  thnuigh  i wo 
nozzles  D.  In  other  cases, 
more  than  two  cranks  may  he 
arranged  to  derive  their  supply  of  lubricant  from  one  oil 
l)iitor. 


EXPERIMENTS  IN  COLOUR  BLINDNESS. 


Somk  interest  in^  experiments  in  colour  blind  ness  are 
recorded  by  Mr.  George  J.  Burc'h,  F.R.S.,  in  a 
meiiiorandun]  for  tlie  Departmental  ( 'ommittee  on  Sight 
Tests.  Mr.  丁 hircli  states  that  liis  special  knowledge 
of  colour  blindness  began  with  tlie  discovery  that  by 
exposing  his  eye  to  direct  smiliglit  in  the  focus  of  a  lens 
behind  a  screen  of  red  glass  he  could  render  himself  for  a 
time  completely  colour  blind  to  red,  so  that  scarlet  geraniums 
appeared  black,  red  roses  appeared  blue,  and  he  made  the 
same  mistakes  in  matching  skeins  as  are  made  by  the  red- 
blind.  Fm'tlier  investigation  showed  that  other  colours  pro- 
duced analogous  but  different  effects.  The  sensations  during 
artificial  colour  blindness,  says  Mr.  Burch,  are  very  impres- 
sive, and  not  easily  forgotten.  During  red-blindness  the  world 
looks  curiously  sombre ― all  the  brilliancy  seems  to  have  gone 
out  of  it.  The  general  effect  is  depressing.  Yellow  objects 
look  green,  and  the  orange  parts  of  them  darker  instead  of 
brighter  ；  but  the  yellow  is  not  of  a  brighter  green  than  the 
young  green  leaves,  which  have  the  colour  of  green  paint. 
Blue  flowers  remain  blue,  but  free  of  any  red  tinge,  e.g.,  Can- 
terbury bells  look  bluer,  but  more  dull.  During  green-blind- 
ness the  brilliancy  of  the  landscape  is  unchanged,  but  every- 
thing looks  dry  and  dusty.  Most  flowers  retain  their  colour, 
but  the  foliage  is  grey.  The  effect  is  suggestive  of  a  pencil 
drawing  with  tinted  flowers.  When  the  green-blindness  sub- 
sides it  is  as  if  Naples  yellow  were  added  to  the  palette.  Dur- 
ing blue  and  violet  blindness  the  landscape  appears  to  lack 
white.  The  grass  and  the  trees  are  of  that  peculiarly  brilliant 
green  that  one  sees  in  the  paintings  of  some  of  the  Impres- 
sionists. To  the  eye  not  rendered  colour  blind  the  scenery 
appears  chalky  by  comparison. 


fig.  3. 

Mavor  &  CouiiSON's  System  op  Lubrication. 

furnished  at  one  end  with  apertures  S  for  the  free  passage 
of  the  oil  from  the  well  into  the  sleeve,  and,  at  its  other 
end  with  a  nozzle  D  for  distributing  the  oil  on  to  the  parts 
to  be  lubricated.  Within  the  sleeve  E  a  nozzle  F  is  axially 
arranged  with  its  mouth  pointing  in  the  direction  of  the  dis- 
tributing nozzle  D  and  connected  by  means  of  a  pipe  P  with 
a  supply  of  air  under  compression  obtained  from  a  supply 


Launch  of  an  Australian  Cruiser. —— The  Australian  cruiser 
" Sydney  "  was  launched  from  the  yard  of  the  London  and 
Glasgow  Engineering  and  Iron  Shipbuilding  Company,  Ltd., 
Govan,  on  the  29th  ult.  She  is  the  sixth  ship  of  the 
Australian  fleet,  and  is  one  of  four  protected  cruisers  pro- 
vided for  under  the  1910-11  programme.  These  four  vessels, 
wliich  have  a  speed  of  26  knots,  are  designed  as  light  un- 
armoured  ships,  intended  for  reconnaissance  work  in  associa- 
tion with  the  more  powerful  armoured  cruisers  of  a  fleet. 
The  dimensions  of  the  "  Sydney  "  are  as  follows  :  Length 
between  perpendiculars  430ft.,  extreme  breadth  49ft.  lOin., 
mean  draught  15ft.  9in.,  and  a  displacement  of  5,400  tons. 
The  propelling  machinery,  of  25,000  li.p.,  is  of  the  Parsons 
turbine  type,  driving  four  shafts  in  three  separate  engine- 
rooms. 
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OIL  ENGINES  FOR  MARINE  AND  LAND  PURPOSES.* 

BY  C.  LAKIN-SMITIf,  M.I. E  E.,  A.M.I. M.K. 

There  can  be  no  question  that  we  are  on  the  eve  of  a 
revolution  as  to  the  position  the  oil  engine  is  destined  to 
occupy  in  the  immediate  future  and  it  can  now  with  compara- 
tive safety  be  described  as  the  modern  power.  If  we  look  back 
over  a  period  of  25  years,  we  find  that  it  was  then  used  in 
quite  small  sizes  mostly  for  domestic  purposes,  and  its  best 
friends  did  not  consider  it  a  serious  competitor  with  gas  or 
steam.  The  idea,  however,  of  internal-combustion  engines  is 
by  no  means  a  modern  one,  as  we  can  go  back  a  very  long  way 
and  read  of  attempts  being  made  with  the  use  of  gunpowder 
as  fuel,  though  these  early  engineers  did  not  apparently  find 
it  necessary  to  keep  records  of  fuel  consumption,  &c.  The 
wonderful  and  rapid  changes  of  the  last  few  years  have 
resulted  in  the  oil  engine  being  practically  universally  adopted 
for  automobiles,  aeroplanes,  &c.y  and  not  only  to  its  being  in 
keen  competition  witu  gas  and  steam  for  all  purposes  except 
for  the  largest  horse-powers,  but  in  excelling  these  competi- 
tors, at  anyrate  on  the  very  important  point  of  fuel  consump- 
tion,  particularly  whenever  standby  losses  and  a  low  load 
factor  have  to  be  reckoned  with. 

Engines  of  the  Diesel  type  are  now  being  built  up  to 
7,200  h. p.  in  six  cylinders  of  1,200  h. p.  each ,  and  the  Diesel 
Engine  Company  state  that  they  are  prepared  to  accept  orders 
for  9,000  h. p.  engines  in  six  cylinders  of  1,500  h. p.  each,  arid 
other  firms  are  experimenting  witli  even  higher  powers  up  to 
2,000  li.p.  per  cylinder.  The  somewhat,  popular  idea  there- 
fore that  the  oil  engine  can  only  compete  for  the  small  work 
is  erroneous.  There  is  no  class  of  work  to-day  where  the  oil 
engine  is  not  represented,  and  I  cannot  even  exclude  railway 
work,  as  an  experimental  Diesel  locomotive  of  1,000  h. p.  and 
also  a  rail  motor  of  200  h.p.  are  already  accomplished  facts. 

For  canals  the  oil  engine  is  destined  to  play  a  most 
important  part  and  may  prove  itself  their  salvation.  On  the 
Grand  Canal  Company's  system  in  Ireland  there  are  now 
48  barges  fitted  with  Bolinder  crude  oil  engines,  and  there  are 
a  large  number  in  use  and  on  order  for  this  country.  Tlie 
usual  horse-power  employed  for  a  barge  70ft.  by  7ft.  is 
lo  li.p. ,  wliicli  enables  two  other  barges  to  be  towed,  and, 
taking  into  consideration  the  additional  cargo  capacity  avail- 
able of  5  to  7  tons,  it  can  safely  be  said  that  the  oil  engine  can 
be  used  at  one-third  the  cost  of  a  steam  engine,  and  a  furtlier 
point  in  their  favour  is  that  neither  constant  nor  skilled 
attention  is  necessary. 

Tliis  almost  sudden  popularity  of  tlie  oil  engine  for  all 
purposes,  apart  from  tlie  question  of  tlie  larger  powers  now 
available,  is  due  (1)  to  the  demand  for  lower  fuel  costs  ； 
(2)  to  the  demand  for  a  saving  in  weight  and  space  ；  (3)  to 
the  demand  for  a  fuel  that  can  be  more  easily  handled  and 
stored  ；  and  last,  but  by  no  means  least,  the  great  improve- 
ment recently  made  in  the  manufacture  of  these  engines. 

The  different  tvpes  of  oil  engines,  as  applied  to  general 
purposes,  will  now  be  considered,  their  particular  applications 
to  marine  work  being  dealt  with  later  on.  I  would  mention 
Here  tliat  my  remarks  refer  to  the  single-acting  engines  only, 
as  I  believe  this  type  of  engine  has  cbme  to  stay,  for  the  range 
of  sizes  now  made,  though  for  still  larger  sizes,  above,  say, 
2,000  li  .p.  per  cylinder,  the  double-acting  engine  will  probably 
have  to  he  adopted  in  spite  of  its  obvious  complications.  In 
comparing  steam  and  oil  engines  it  must  always  be  borne  in 
tnind  that  in  the  one  case  the  working  fluid  is  entirely  manu- 
factured outside  the  cylinder,  whereas  in  the  other  case  its 
manufacture  is  completed  inside  the  cylinder.  The  classifi- 
cation of  the  various  types  can  be  done  in  many  ways,  with 
numerous  subdivisions,  but  they  must  at  anyrate  be  classified 
as  2-cycle  and  4-cycle  engines,  the  Diesel,  the  hot  bulb  type, 
some  using  the  heavier  and  some  the  lighter  oils.  I  would 
point  out  that,  the  Diesel  engine  being  in  a  distinct  class  of  its 
own  and  dealt  with  separately  later  on,  many  remarks  speak- 
ing generally  of  the  oil  engine  do  not  necessarily  apply  to  this 
type. 

The  4 -cycle  Engine. ― The  operation  of  the  4-cycle  engine, 
better  known  perhaps  as  the  Otto  cycle,  which  gives  a  work- 
ing stroke  every  two  revolutions,  is  too  well  known  to  need  a 
full  description,  and  it  will  suffice  to  say  that  after  the  working 
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stroke  tlie  next  three  strokes  are  occupied  wiili  the  ejection 
of  tlie  exhaust  gases,  drawing  in  a  fresh  charge,  and  then 
compressing  it.  The  weaker  points  in  this  type  of  engine  are 
due  to  its  having  only  one  working  stroke  for  every  two 
revolutions,  its  larger  size,  and  its  less  regular  turning  move- 
ment, which  necessitates  tlie  use  of  heavy  flywheels  when  a 
regular  turning  movement  is  essential. 

The  2 -cycle  Engine. ― Tn  the  2-cycle  engine,  at  the  end  of 
the  working  stroke  the  exhaust  and  inlet  valves  or  ports  are 
opened  almost  simultaneously  and  compressed  air  rushing  into 
the  cylinder  is  used  first  as  a  scavenging  charge  expelling 
the  exhaust  gases  and  is  afterwards  compressed  on  the 
upstroke  of  the  piston  after  both  valves  or  ports  are  closed . 
The  objection  to  this  type  lies  in  the  fact  that  some  means  of 
air  compressing  has  to  be  made  which  naturally  reduces  the 
mechanical  efficiency,  and  thereby  increases  the  fuel  consump- 
tion from,  say,  5  to  8  per  cent.,  and  also  the  fact  that  increased 
attention  must  be  given  to  the  dissipation  of  heat  from  tlie 
cylinder  walls  owing  to  there  being  an  explosion  at  each  revo- 
lution. If  it  were  not  for  this  loss  in  mechanical  efficiency  the 
2-cycle  engine  would  be  the  more  economical,  as  in  the  case 
of  the  4-cycle  engine  the  gas  has  more  time  to  become  decom- 
posed and  to  be  deposited  on  the  cylinder  walls.  All  2-cycle 
engines,  however,  have  a  great  advantage  in  addition  to  the 
question  of  size  and  regular  turning  movement  in  being  able 
to  be  made  valveless,  which  is  of  great  advantage  both  as 
regards  reliability  and  the  cost  of  attendance  and  repairs. 
The  saving  in  running  costs  under  these  last  two  heads, 
attendance  and  repairs,  certainly  counterbalances  and  often 
more  than  counterbalances  the  loss  in  mechanical  efficiency, 
and  I  venture  to  tliink  tliat  some  engineers,  and  particularly 
consulting  engineers,  often  think  too  much  of  tlie  last  *001  in 
the  fuel  costs  and  not  enough  of  the  total  running  costs,  whicli 
of  course  include  the  repairs  and  attendance  and  other  practi- 
cal points.  Before  going  on  to  describe  the  different  engines 
there  are  certain  points  that  always  require  consideration, 
such  as  tlie  gas,  ignition,  vaporisation,  governing,  &c. 

Fuel  Supply. ― In  the  cylinder  of  an  oil  engine  the  time 
available  for  combustion  is  very  small,  and  consequently  it  is 
essential  that  the  gas  be  such ,  or  fed  in  sucli  a  way,  as  to 
ensure  almost  instantaneous  combustion.  If  the  oil  is  insuffi- 
cient in  quantity  the  combustion  is  very  slow  and  tliere  is 
always  then  a  chance  of  pre-ignition,  caused  through  a  linger- 
ing flame  still  burning  when  the  end  of  the  working  stroke  is 
reached.  If,  on  the  other  hand,  the  mixture  is  too  highly 
charged  with  oil  vapour,  and  there  is  present  insufficient 
oxygen,  the  combustion  is  probably  incomplete  and  a  deposit 
is  left  in  the  cylinder  and  other  passages. 

Ignition.  ―  Beau-de  Roclias,  the  inventor  of  tlie  Otto  cycle, 
intended  that  compression  should  continue  to  the  point  of 
spontaneous  combustion,  so  as  to  avoid  the  complications  of 
ignition  devices,  but  on  this  point  he  was  wrong,  as  the  tempe- 
rature of  the  charge  drawn  in  on  the  suction  stroke  would 
vary  to  some  extent  with  the  temperature  of  the  cylinder 
walls,  depending  upon  tlie  load  the  engine  was  doing,  and  thus 
making  pre-ignition  always  likely.  Where  this  form  of  igni- 
tion by  spontaneous  combustion  is  used  the  fuel  must  not  enter 
the  cylinder  until  the  time  for  firing  the  charge  has  arrived, 
and  for  other  forms  of  ignition  the  electric  spark,  or  the  hot 
bulb  or  tube  are  usually  adopted. 

Carburation.  ~ -  The  ordinary  method  of  carburation  of  the 
lighter  oils  such  as  petrol  consists  in  drawing  the  air  required 
for  combustion  at  considerable  speed  through  a  passage  con- 
tracted at  a  point  and  surrounding  a  nozzle  at  which  the  spirit 
stands  at  constant  level.  In  all  of  the  many  types  of  car- 
buretters this  is  the  usual  principle  adopted,  but  for  the  heavy 
oils  external  heat  is  required,  and  for  this  purpose  the  exhaust 
gases  are  often  used  and  the  apparatus  is  usually  called  a 
vaporiser.  In  the  hot  bulb  type  of  engine,  however,  the 
matter  is  more  simple,  the  oil  being  pumped  direct  into  the 
ball,  which  is  kept  hot  by  the  working  of  the  engine  and  there 
vaporised. 

Governing.  ―  The  governing  of  an  oil  engine  is  a  point  of 
particular  importance  and  is  often  put  forward  as  an  objec- 
tion to  their  adoption  by  steam  engine  makers.  There  are 
two  principal  methods,  the  one  known  as  the  " 】iit  and  miss," 
whereby  a  working  stroke  of  the  engine  is  entirely  cut  out, 
and  the  other  by  means  of  which  the  supply  of  fuel  is  regulated 
to  suit  the  load  and  no  working  strokes  are  missed.  Other 
methods  consist  in  prematurely  opening  the  exhaust  valve  or 
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keeping  it  closed,  hut  these  are  hardly  in  general  use.  On 
light  loads  the  hit  and  miss  principle  has  the  advantage  in 
fuel  consumption,  the  mixture  l)ei"g  kept  constant  at  all  】oa(ls， 
whereas  with  the  graduated  charge  the  mixture  may  vary  and 
also  the  amount  of  compression.  Water  injection  is  now 
generally  used  and  is  found  not  only  to  increase  the  efficiency 
of  the  engine,  but  to  allow  the  compression  to  be  carried  to  a 
higher  point  without  increasing  the  risk  of  pre-ignition. 

Price  of  Oils. ― I  do  not  propose  to  discuss  the  question  of 
oils  here  except  as  regards  the  price.  We  have  recently  been 
much  inconvenienced  by  a  general  rise  in  price,  though  this  I 
firmly  believe  is  due  to  rises  in  freight  rather  than  in  the  oil, 
and  cannot  last.  In  January,  1911,  a  usual  freight  from  the 
United  States  to  this  country  was  12s.  6d.,  but  to-day  this 
price  ranges  from  40s.  to  50s.  There  are  now  96  tank 
steamers  building,  54  of  them  in  this  country,  and  it  is  calcu- 
lated that  as  soon  as  they  are  at  work  they  will  be  capable  of 
increasing  the  tonnage  transported  by  three  millions  per 
annum.  It  is  evident  from  this  that  at  anyrate  the  owners  of 
these  boats  realise  the  increased  demand  that  will  be  made 
and  that  they  see  no  dangers  ahead  as  to  the  supply  of  the 
necessary  oil. 

Comparative  Costs  of  Steam,  Gas,  and  Oil  Engines. ― As  far  as 

comparative  figures  are  concerned  for  fuel  costs  and  efficiencies 
for  steam,  gas,  and  oil  engines  the  only  means  of  obtaining 
accurate  and  average  figures  is  to  use  those  published  in  the 
returns  of  electricity  supply  undertakings.  Mr.  Charles  Day, 
in  a  paper  recently  read  at  Portsmouth,  gave  the  following 
figures  of  fuel  costs,  having  worked  out  the  average  figure 
from  all  central  stations  up  to  1 ,000  h.p. ： ― 

Pence.  Load  factor. 

Steam    '45    14'7 

Gas    '43    153 

Oil    '23    143 

The  figure  given  here  for  oil  is  remarkable  by  cgmparison, 
and  emphasizes  the  large  saving  to  be  effected  in  standby 
losses  on  a  low  load  factor,  the  standby  losses  very  probably 
amounting  to  20  or  25  per  cent.  The  figures  he  quotes  for 
repairs  are  also  very  favourable  to  oil  engines,  but  as  pro- 
bably the  various  oil  plants  were  fairly  new  and  the  rest  of 
the  plants  fairly  old  I  have  omitted  the  figures. 

Mr.  Peiffer,  in  his  paper  of  May  31st,  1909，  gives  the 
following  comparative  figures  for  the  thermal  efficiency  at  a 
52  per  cent,  load  factor,  which  again  shows  the  superiority 
of  the  oil  engine  ： ― 

Steam    8  7  per  cent. 

Gas    14*5  per  cent. 

Oil    27  8  per  cent. 

'All  these  figures,  however,  naturally  favour  the  oil  engine  on 
account  of  standby  losses  alone,  but  I  think  the  following 
figures  will  to-day  give  a  fair  comparison  for  the  thermal 
and  mechanical  efficiencies,  and  are  ones  that  we  may  expect 
to  meet  in  daily  practice,  and  are  not  makers'  figures  or  the 
results  of  special  tests : —— 

Efficiency,  Mechanical 


Thermal.  Efficiency, 

Steam   101 2%       92%  (forced  lubrication). 

Gas   18-20%       80%      ，，  ，， 

Oil    28*30%       74%  (4-cycle  Diesel). 


The  Diesel  Engine. ― A  lengthy  description  of  this  well- 
known  engine  is  not  necessary.  Its  leading  features  are:  (1、 
Carrying  the  compression  up  until  an  ignition  temperature 
has  been  reached ,  thus  avoiding  all  ignition  devices  ；  (2)  In- 
jecting the  fuel  after  the  compression  is  completed,  thus 
avoiding  all  possibility  of  pre-ignition  ；  (3)  the  fuel  is  injected' 
gradually  for  stroke,  and  no  explosion  takes  place  ；  (4) 
governing  is  carried  out  by  altering  the  period  of  injection 
as  well  as  the  quantity  of  fuel. 

The  advance  in  efficiency  made  by  this  engine  can  be 
attributed  to  its  high  compression  up  to  about  5001bs.，  and 
the  method  adopted  of  spraying  in  the  oil  with  a  further 
injection  of  air  at  about  8001bs.  In  the  4 -cycle  land  engine 
the  fuel  valve  is  usually  placed  in  the  centre  of  the  cylinder 
cover,  with  the  inlet  and  exhaust  valves  on  either  side  of  the 
ordinary  mushroom  type,  but  with  removable  seats,  and  in 
addition  a  starting  valve.  In  the  2-cycle  engine  the  exhaust 
valve  is  dispensed  with,  though  the  scavenge  air  valve  is  an 
addition,  the  other  valves  being  arranged  on  the  cover  as  on 


the  4-cycle  engine.  A  separate  fuel  pump  for  each  cylinder 
is  generally  supplied,  whicli  has  the  advantage  of  making 
each  cylinder  independent  of  the  others,  and  the  riglit  supply 
of  oil  more  certain. 

The  compressed  air  for  starting  is  obtained  either  from  a 
separately  driven  compressor  or  by  either  driving  the  com- 
pressor from  the  crossbead  or  by  connecting  it  to  the  end  of 
the  crank  shaft,  and  the  scavenge  air  pump  is  driven  generally 
by  one  of  the  two  latter  methods.  All  these  details  of  general 
arrangement  vary  with  the  different  makes,  each  maker  strik- 
ing out  a  liue  of  his  own  as  the  best,  but  it  is  impossible  here 
to  go  into  the  comparative  merits  of  tlie  well-known  makes, 
such  as  the  Westinghouse,  Carels  Freres,  Sulzer  Bros.,  Mirri- 
lees,  Bickerton,  &  Day,  and  others.  The  engines  for  the  largest 
powers  are  built  with  as  many  as  eight  cylinders,  which  is 
probably  the  greatest  number  practicable,  and  if  in  this 
direction  the  limit  has  been  reached,  and  also  in  the  sizes  of 
the  cylinders,  due  to  the  very  】iigh  pressures  and  tempera- 
tures, we  must  then  fall  back  on  the  double-acting  engine  for 
the  still  larger  sizes. 

The  fuel  consumption  of  these  engines  is  not  only  remark- 
able for  its  lowness,  but  for  comparatively  small  difference 
between  the  various  sizes.  The  following  are  the  present 
guaranteed  figures  of  the  Diesel  Engine  Company  for  their 
4-cycle  engine,  to  which  3  to  4  per  cent,  must  be  added  for 
the  2-cycle  engines  to  balance  the  loss  in  mechanical  efficiency  ： 


25  h.p   -491b.  per  horse-power. 

33  ，，    481b.  ,，  ，， 

40  ,，    "461b.  ，，  ，， 

50  ,，    "441b.  ，，  ，， 

80  ，，    421b.  ，，  " 

135  ，，    '421b.  ,，  ，， 

156  ，，    -411b.  ，，  ，， 


From  150  h.p.  upwards,  as  far  as  present  sizes  go,  the 
figure  of  '41  appears  to  remain  constant,  and  thus  there  is 
only  a  difference  of  '08  from  the  smallest  to  largest.  For 
marine  engines  the  2-cycle  type  is  almost  universally  adopted, 
principally,  uo  doubt,  on  the  grounds  of  weight  and  space, 
though  the  absence  of  the  exhaust  valve  is  yet  another  advan- 
tage of  considerable  importance,  as  exhaust  valves  have  a 
nasty  habit  of  requiring  attention  at  awkward  moments.  The 
present  type  of  engine  for  marine  work  is  built  very  much  on 
the  lines  of  a  marine  steam  engine,  the  earlier  higher  speed 
enclosed  type  having  been  abandoned.  Reversing  can  be 
carried  out  by  means  of  compressed  air  as  rapidly  as  with  the 
steam  engine,  and  the  engines  will  run  quite  satisfactorily 
down  to  about  one-third  of  their  speed.  We  have  here,  at 
the  Exhibition,  two  interesting  samples  of  4-cycle  oil  engines, 
the  Westinghouse  and  Blackstone  engine,  and  another  inte- 
resting exhibit  in  Tangyes  gas  and  oil  well-boring  engine. 

Westinghouse  Engine, ― The  Westinghouse  engine  is  of  the 
hot  bulb  vertical  type.  One  special  feature  of  this  engine  is 
that  the  piston  when  nearing  the  end  of  its  upstroke  covers  an 
annular  chamber  or  pocket,  which  on  the  compression  stroke 
gets  filled  with  compressed  air.  At  the  end  of  this  stroke  the 
fuel  is  injected  and  fired,  and  the  piston  on  its  downward 
stroke  uncovers  the  annular  chamber,  releasing  its  charge 
of  compressed  air,  and  which,  mingling  with  the  burning  fuel, 
makes  the  combustion  complete  and  ensures  greater  economy 
and  efficiency.  Another  feature  is  an  auxiliary  air  valve 
placed  above  the  combustion  chamber,  whicli  ensures  its  being 
swept  out,  a  portion  of  the  air  being  drawn  in  through  this 
valve  on  each  suction  stroke.  The  governing  is. done  by  regu- 
lating the  stroke  of  the  pump,  and  no  working  strokes  are 
missed. 

Blackstone  Engine. ― The  Blackstone  is  a  horizontal  engine 
practically  of  the  hot  bulb  type,  but  possesses  a  special  dual 
spraying  device,  which  has  the  advantage  of  keeping  the  igni- 
tion at  a  constant  temperature  at  all  loads.  This  device  con- 
sists in  spraying* a  main  jet  of  fuel  into  the  combustion 
chamber,  and  an  auxiliary  and  constant  jet  into  the  ignition 
chamber.  A  port  is  so  arranged  between  the  ignition  and 
combustion  chambers  that  the  flame  in  the  former  impinges 
on  the  spray  in  the  latter  and- ignites  it.  The  fuel  first  reaches 
the  ignitor-spray,  the  pump  being  controlled  by  the  governor, 
and  any  oil  in  excess  of  the  constant  amount  required  over- 
flows into  the  main  spray.    These  engines  work  on  a  low 
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compression  of  150Ibs"  but  the  fuel  is  injected  with  a  charge 
of  air  at  4501bs. 

Tangyc  Engine. ―  The  Tangye  exhibit  is  of  particular 
interest,  both  because  it  is  specially  designed  as  a  well-boring 
engine  and  because  it  is  a  combined  oil  and  suction  gas  engine, 
being  able  to  be  used  for  either  purpose.  This  special  adapta- 
bility of  the  engine  to  gas  or  oil  may  in  some  cases,  where 
boring  has  just  been  started,  be  of  great  value,  as  no  oil  might 
for  the  time  being  be  procurable.  The  engine  proper  is  really 
one  of  their  standard  4 -cycle  horizontal  gas  engines,  with  the 
various  attachments  made  so  that  it  can  also  be  used  as  an  oil 
engine,  and  special  attention  has  been  given  to  the  fact  that 
it  is  likely  to  work  in  extremely  cold  places. 

Oil  starting  the  engine  benzoline  is  used,  and  on  the  top 
of  the  cylinder  is  a  float  tank  which,  on  starting,  can,  when 
necessary,  be  filled  with  boiling  water,  but  when  the  engine 
has  started  the  cylinder  jacket  water  is  circulated  round  it. 
In  about  20  minutes  the  vaporiser,  which  is  heated  by  the 
exhaust,  is  sufficiently  warm,  and  the  crude  oil  can  then  be 
used.  The  vaporiser  consists  of  a  jacket  round  the  exhaust 
pipe,  the  crude  oil  being  admitted  at  the  top  and  flowing  all 
round  the  exhaust  pipe.  *  As  the  oil  flows  down  the  exhaust 
pipe  the  lighter  oils  are  given  off,  and  coming  in  contact  with 
the  hot  air,  which  is  also  exhaust  heated  and  drawn  up 
through  the  bottom  of  the  vaporiser,  are  vaporised.  The 
heavier  or  residual  oils  are  drained  off  from  the  bottom  of  the 
vaporiser.  Magneto  ignition  is  used,  aud  the  magneto 
specially  protected  from  any  danger  of  oil  flames.  There  is 
a  special  arrangement  to  ensure  the  vaporiser  being  kept 
hot  enough  on  light  loads  by  means  of  lighter  charges,  and 
there  is  also  a  special  attachment  for  controlling  the  speed  of 
the  engine  at  a  distance  by  means  of  a  cord  attached  to  a 
lever  on  the  governor  gear. 

There  are  quite  a  host  of  different  4 -cycle  makes  of  engines 
too  numerous  to  mention,  the  Allen  Campbell,  Crossleys,  Tan- 
gyes,  Dudbridge,  Gardner,  Hornsby,  Westinghouse,  Petters, 
Ilustons,  Kromhout,  and  many  others.  In  many  main  features 
all  these  engines  are  more  or  less  alike,  but  iu  the  smaller  but 
not  less  important  details,  such  as  valves,  vaporisers,  and 
ignition  devices,  each  maker  has  ideas  of  his  own.  The  con- 
struction generally  of  the  smaller  sizes  of  the  horizontal  type 
is  akin  to  the  4-cycle  gas  engine,  and  also  the  methods  of 
operating  the  valves,  the  principal  differences  being,  of 
course,  in  the  vaporisers  and  ignition  devices.  Now  the 
2-cycle  engine  is  quite  different.  It  is  usually  of  the  vertical 
type,  and  can  be  made  valveless,  and  has  the  other  advantages 
previously  mentioned  as  to  weight  and  space3  and  no  need  for 
highly  skilled  attention. 

The  Bolinders  Engine. ― I  will  give  a  brief  description  of  the 
operation  of  Bolinders  crude  oil  valveless  2-cycle  engine, 
as  there  are  several  others,  more  or  less  of  this  type,  made  by 
Messrs.  Coates,  Plenty,  &  Co.,  Petters,  Ltd.,  &c.  On  the 
upstroke  of  the  piston  the  charge  is  compressed,  while  air  is 
drawn  into  the  crank  case  through  two  automatic  flap  valves. 
As  the  piston  comes  to  the  top  of  its  stroke  fuel  is  injected 
into  the  hot  bulb  and  immediately  converted  into  vapour,  and, 
mixing  with  the  compressed  air  in  the  cylinder,  is  flrecl. 
While  the  piston  is  then  moving  do\vn  on  its  working  stroke 
the  air  in  the  crank  chamber  is  compressed  to  about  151bs.  to 
201  bs.  Tlie  piston,  now  nearing  the  end  of  its  working  stroke, 
uncovers  the  exliaust  port,  and  almost  immediately  after  the 
air  inlet  port  from  the  crank  chamber  is  uncovered,  admitting 
tlie  compressed  air  from  the  crank  chamber.  The  head  of  the 
piston  is  so  shaped  that  the  air  first  rushes  to  the  head  of  the 
cylinder,  completely  scavenging  it,  and  then,  as  the  piston 
pioves  upward  again,  the  two  ports  are  closed,  and  the  remain- 
ing charge  in  the  cylinder  is  compressed.  An  ordinary  blow- 
lamp is  used  for  the  preliminary  heating  of  the  hot  bulb, 
、vliich  takes  10  to  15  minutes,  and  the  governing  is  done  by 
v— "g  tlie  supply  of  oil  to  each  cylinder.  These  engines  are 
made  in  sizes  from  3  h.p.  to  about  320 h.p.  the  horse-power 
Per  cylinder  being  80.  The  fuel 函 sumption  ranges  from 
'54,b-  Per  horse-power  per  hour  in  the  smaller  sizes  to  481b. 
1,1  t,ie  larger,  which,  as  you  will  see,  is  quite  a  small  increase 
over  the  Diesel  engine. 

Oil  Engines  for  Marine  Purposes.  -The  position  of  the  oil 
engm"  for  rnarino  purposes  is  now  such  that  every  shipowner 
must  be  more  or  less  considering  the  question  of  its  adoption, 


the  results  of  previous  achievements  and  the  number  of  ships 
aud  boats  already  fitted  out  having  demonstrated  its  value 
sufficiently  to  remove  much  of  the  prejudice  that  may  have 
previously  existed,  and  we  have  now  readied  a  stage  in  the 
history  of  the  marine  oil  engine  when  progress  will  be  very 
much  more  rapid.  It  is  perhaps  remarkable  to  have  reached 
this  stage  just  at  the  present  time, as  it  is  just'a  century  ago  last 
month  that  the  well-known  steamship  "  Comet  '，  commenced 
her  thrice  weekly  sailings  between  Glasgow  and  Greenock, 
and  during  this  time,  except  for  the  last  few  years,  steam 
has  held  its  own  against  all  comers  and  has,  to  say  the  least 
of  it，  had  a  fair  innings.  The  "  Comet  •，  was  the  first  steam- 
ship, at  any  rate  in  this  country,  to  be  in  regular  service,  and 
though  many  previous  attempts  had  been  made  it  is  not  at  all 
surprising  that  they  were  doomed  to  failure  when  one  reads 
descriptions  such  as  the  following  ：  "  About  the  year  1795 
Lord  Stanhope  constructed  a  vessel  which  was  tried  in  Green- 
land Dock.  The  paddles  were  made  in  imitation  of  the  feet 
of  a  duck  and  were  placed  under  the  quarters  of  the  vessel,  but 
the  mechanism  did  not  answer  his  lordship's  expectation." 

Now  the  reasons  that  are  bringing  about  present  changes 
in  marine  work  are  due  to  the  way  manufacturers  have 
adapted  their  engines  to  suit  the  particular  purpose  and  the 
enormous  increase  in  their  horse-power,  aud  also  to  the  neces- 
sity now  realised  by  shipowners,  in  times  of  keen  competition, 
of  economising  in  weight,  space,  labour,  and  fuel  costs. 
Apart,  however,  from  the  question  of  economies,  there  are  two 
points  essential  for  a  successful  marine  engine,  the  one  being 
reliability,  with  which  one  can  combine  simplicity,  as  they 
usually  run  hand  iu  hand,  and  the  other  the  question  of  start- 
ing and  stopping  and,  perhaps  of  even  more  importance,  the 
reversing.  These  are  the  points  which  in  the  past  made  pro- 
gress slow  and  which  the  marine  engineer  never  lost  an  oppor- 
tunity of  trotting  out  and  using  against  us  on  every  conceiv- 
able occasion. 

Reversing,  ~~ -  There  are  now  in  use  three  distinct  methods 
of  reversing  :  (1)  The  use  of  clutches  and  gears  in  small  boats. 
(2)  Reversing  the  engine  by  compressed  air.  (3)  Direct 
reversing  of  the  engine  by  prematurely  igniting  the  charge  on 
the  upstroke  of  tlie  piston  for  sizes  up  to  320  h.p. 

The  first  two  of  these  methods  speak  for  themselves  and 
the  time  taken  in  reversing  will  satisfy  all  requirements,  but 
the  third  system  of  direct  reversing  has  been  adopted,  I 
believe,  by  J.  &  C.  G.  Bolinders  alone.  At  the  time  of 
reversing,  the  engine  is  always  declutched  and  the  speed 
reduced  to  about  10  per  ceut.  There  is  no  sign  of  shock  or 
strain,  nor  has  the  cylinder  or  other  parts  of  the  engine  any 
extra  weight,  and  the  momentum  to  be  overcome  on  the 
reversal  taking  place  is  only  that  of  a  small  flywheel,  which  is 
small  in  comparison  with  a  propeller  immersed  in  water. 
Before  I  had  seen  an  instance  of  one  of  these  engines  reversing 
I  admit  I  felt  doubtful  about  it,  but  in  this  case  seeing  is 
believing,  and  those  of  you  who  have  seen,  I  am  sure,  will 
agree  with  me.  The  time  taken  in  reversing  is  less  than  with 
any  other  engine,  aud  although  65  of  these  marine  engines  are 
in  use  in  this  country,  not  to  mention  a  further  107  on  order, 
no  accident  through  reversing  has  so  far  been  recorded. 

All  types  of  engines  have  at  one  time  or  other  been  tried 
for  marine  work,  with  varying  results,  but  if  we  keep  before 
us  the  two  vital  considerations  of  reliability  and  weight  tlien 
we  may  at  anyrate  agree  that  the  2-cycle  engine  is  the  one  to 
be  adopted,  and  at  present  I  should  favour  the  Diesel  type  for 
the  larger  work  and  valveless  hot  bulb  type  for  the  smaller. 
Now  it  is  generally  admitted  that  the  Diesel  engine  requires 
highly  skilled  attention,  and  on  a  large  boat  carrying  a  stall' 
of  engineers  there  is  no  reason  why  she  should  not  get  it,  but 
on  the  smaller  boats  matters  are  very  different,  and  the 
simplicity  of  an  engine  is  here  of  considerable  advantage  and 
outweighs  the  additional  5  to  10  per  cent,  gained  in  the  fuel 
consumption  of  the  Diesel  even  apart  from  probably  smaller 
costs  in  repairs. 

At  present  engines  have  been  built,  and  are  now  being 
built,  up  to  7,200  h.p.  in  six  cylinders,  and  makers  are  willing 
to  accept  orders  up  to  9,000  h.p.  This  means  that  it  is  only 
the  really  abnormal  ships  that  for  the  moment  are  beyond  our 
reach,  aud  although  tlie  usual  practice  is  to  use  two  main 
engines,  there  is  no  real  reason  why  a  third  or  even  a  fourth 
should  not-  l>e  installed,  which  would  result  in  our  being  able 
to  put  3G,000  h.p.  into  a  ship,  driving  the  screws  direct.  In 
the  case  of  three  engines  the  third  would  stand  of  course 
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between  tlie  other  two,  just  as  if  it  was  a  single-engined  sliip, 
and  iti  addition  to  increasing  the  reliability  might  on  occasion 
be  used  alone  with  great  advantage,  particularly  when  in 
dock. 

For  the  past  few  years  one  has  heard  from  time  to  time 
suggestions  of  electrical  drives  as  a  means  of  obviating  any 
difficulties  there  might  be  in  manoeuvriiig  with  oil  engines,  but 
more  particularly  for  dealing  with  the  larger  horse-powers. 
The  idea  consisted  in  coupling  a  dynamo  to  the  engine  shaft 
and  tlien  transmitting  to  motors  on  the  propeller  shaft,  and 
where  the  liorse-power  required  was  too  large  for  one  engine 
it  was  intended  to  employ  a  large  number  of  generating  sets 
and  run  them  more  on  central  lines.  One  obvious  objection  is 
the  weight  of  the  electrical  machinery,  though  the  weight 
miglit  be  less  than  boilers,  and  although  when  this  idea  was 
first  mooted,  the  possible  horse-powers  then  being  much 
smaller,  some  useful  work  miglit  have  been  done  in  this  direc- 
tion, it  is  now  too  】ate，  and  I  cannot  help  thinking  that  this 
method,  with  it's  many  disadvantages,  would  never  have  clone 
more  than  cover  the  transition  stage  from  smaller  to  larger 
engines.  It  seems  therefore  remarkable  to  be  reading  at  the 
present  time  of  the  U.S.  collier  "  Jupiter  '  being  electrically 
equipped,  as  this  is  a  first  instance  of  a  ship  of  any  size  being 
so  equipped. 

Owing  to  the  fact  that  it  is  only  quite  recently  that  o('(';m 
going  ships  have  been  fitted  with  oil  engines,  it  is  most  diffi- 
cult or  practically  impossible  to  get  accurate  figures  as  to  the 
savings  in  weight  and  space  that  have  been  effected,  but  to 
put  it  at  a  safe  figure,  I  should  say  that  the  saving  in  weight 
should  amount  to  50  per  cent.,  and  in  space  to  45  per  cent., 
the  space  alone  required  for  the  storage  of  fuel  for  equal 
powei  being  one-third  that  of  coal.  What  we  want  for  this 
purpose  is  an  instance  of  a  steam  engine  being  replaced  by  an 
oil  engine  of  equal  power,  but  unfortunately  no  such  instance 
exists,  though  the  ship  "  Uto  '，  is  a  good  illustration  of  the 
economies  to  be  effected  -  This  ship  originally  had  a  steam 
engine  of  70  li . p . ,  which  was  replaced  by  a  Sulzer-Diesel  engine 
of  150  h.p.,  and,  in  spite  of  this  large  increase  in  horse-power, 
the  weight  of  the  complete  installation  was  reduced  from 
14^  tons  to  9^  tons,  the  necessary  length  of  engine-room 
from  23ft.  to  18ift.,  and  the  cost  run  per  kilometre  from  9'5d. 
to  6'34d.,  the  price  of  oil  being  51s. 

As  an  instance  of  comparative  fuel  consumption  I  would 
quote  a  test  made  in  two  heavily-powered  fishing  boats  during 
two  months  of  this  year,  which  resulted  in  a  fuel  cost  of  £79. 
lis.  2d.  for  the  steam  boat  and  <£35.  13s.  8d.  for  the  oil  boat, 
in  which  was  a  Bolinder  engine.  The  latest  example  of  a 
Diesel-engined  ship  is  the  "  Eavestone,"  of  4,350  tons  dis- 
placement, which  has  just  accomplished  its  maiden  voyage  and 
will  shortly  be  in  the  London  docks.  The  engines  are  of  the 
Carel-Diesel  type  and  of  800  b. h.p.  at  115  revs,  per  minute, 
there  being  four  cylinders  20in.  diam.  with  a  36in.  stroke. 
The  fuel  consumption  on  the  maiden  voyage  with  the  two 
engines  working  at  650  b.h.p.  was  '4251b.  per  brake  horse- 
power hour  per  hour.  When  dealing  with  the  smaller  sizes 
of  ships  where  all  types  of  engines  are  available,  the  weights 
per  horse-power  are  of  course  in  themselves  an  important 
feature  in  deciding  the  type  of  engine,  and  for  a  250  h.p. 
engine  the  weights  for  the  different  types  might  be  as 
follows  : — 

Diesel  Ty\w.  Hot-bulb  Type.  Steam. 

21  tons  13  ton.  33 

The  following  is  a  comparison  between  a  100  b.h.p. 
Bolinder-engined  ship  and  a  105  b.h.p.  steam  engine  ： ― 

Steam  engine,  complete...  7  tons.     Engine    6  tons. 

Boiler    9    ，,       Fuel,  water, 

Fuel    i    ，，  and  tanks..  4^  ，， 


20    ，，  10J  ，， 

Oil  Engines  for  the  Navy. — Much  that  I  have  said  in  the  last 
poi  t  ion  of  this  paper  applies  equally  well  to  the  Navy,  but  in 
one  important  particular  the  needs  of  the  Navy  are  very 
diirerent  to  those  of  the  merchant  service.  Except  in  times 
of  war,  which,  fortunately,  seein  to  be  few  and  far  between , 
<>r  wlien  on  special  service,  a  cruising  speed  is  all  that  is  re- 
quired, which,  in  round  figures,  means  going  about  half  speed 
on  one-quarter  of  the  horse-power,  the  engines  then  working 
at  a  very  low  efficiency.  The  difficulties  previously  mentioned 
； is  to  Hie  larger  sizes  of  ships  are  the  same  here,  and  thougli 
\vc  cannot  uow  supply  cngiues  for  these,  what  we  cau  do,  aud 


do  well,  is  to  give  an  auxiliary  engine  for  her  cruising  ,s|)ec(ls. 
The  total  horse-power  would  remain  the  same,  but  would  1"， 
divided  up  between  the  t  liree  engines,  and  I  believe  some 
experiments  are  now  being  carried  out  on  these  lines. 

This  combined  system  would  give  increased  reliability, 
wliicli  is  of  absolute  vital  iiiiportance  not  only  to  the  ship 
to  the  nation,  and  the  (juestion  of  possible  coal  strikes  would 
be  less  serious.  There  would  be  at  the  same  time  an  economy 
in  space  and  weight  due  to  the  displacement  of  boilers,  and 
the  ordinary  objections  to  oil  engines  could  no  longer  exist. 
The  saving  in  fuel  costs  at  cruising  speeds  would  probably 
ainount  to  at  least  50  per  cent.,  which,  in  a  12  liionths'  fuel 
bill,  would  amount  to  a  very  large  figure,  part  of  this  saving 
being  due  to  the  increased  economy  of  the  oil  engine  as  com- 
pared with  steam,  and  part  to  the  very  low  efficiency  of  tlie 
steam  engines  when  working  at  quarter  loads.  Each  ship 
would  have  two  entirely  independent  units  of  power,  and 
either  could  be  used  separately  or  both  together  when  llic 
niaximum  power  was  required.  It  is  gratifying  to  know, 
and  it  is  a  sign  of  the  new  era,  that  at  last  a  Royal  Commis- 
sion has  been  appointed  to  investigate  these  matters,  and  it  is 
to  be  hoped  that  the  more  difficult  problem  mentioned  in  the 
terms  of  reference  as  to  tlie  applications  of  oil  for  internal- 
coin  bvistion  engines  will  receive  the  serious  attention  it 
demands,  as  being  much  more  novel  than  the  simpler  problems 
as  to  the  use  of  oil  fuel. 


THE  SELECTION  OF  AN  ELECTRIC  FAN. 

II V  H.  M.  SCHEIBE. 

Fan  motors  are  so  generally  used  and  operate  with  so  little 
attention  that  it  is  coitnnonly  thought  that  all  fan  motors  are 
more  or  less  alike,  and  that  little  care  is  needed  in  their 
selection.  Examination,  however,  of  the  various  fan  motors 
on  the  market  indicates  that  there  exists  a  wide  difference, 
not  only  in  fans  of  different  manufacture,  but  at  times 
between  different  sizes  and  models  from  the  same  factory.  The 
selection  of  a  fan  is  made  by  two  classes  of  purchasers,  namely ? 
the  dealer  who  purchases  in  quantity  from  the  factory  and  the 
user  of  the  fan.  As  it  is  usually  to  a  dealer's  advantage  to 
handle  one  line  of  fans  exclusively,  it  follows  that  he  should 
make  his  selection  of  that  line  with  due  regard  to  the  cus- 
tomers' requirements.  The  following  description  will  there- 
fore treat  the  subject  only  from  the  standpoint  of  the  user. 

As  in  the  case  of  larger  apparatus,  a  fan  motor  should  be 
selected  with  a  view  to  the  service  which  it  is  to  perform  as 
well  as  its  initial  and  ultimate  cost，  and  the  service  require- 
ments should  govern  as  to  the  size  and  type  which  is  chosen. 
Portability,  durability,  cool  running,  and  adjustability 
should  be  insisted  on.  Neatness  of  appearance  and  variety 
of  finish  will  also  appeal  to  the  purchaser ,  especially  when  the 
fan  is  for  use  in  the  home. 

The  item  of  first  cost  ordinarily  enters  but  slightly  iuto 
the  selection  of  an  electric  fan,  as  the  prices  of  small  faus  of 
different  manufacture  are  approximately  the  same.  A  slight 
difference  in  price  should  not,  moreover,  be  given  too  great 
consideration,  as  it  may  be  that  the  more  efficient  fan  will 
easily  save  the  difference  in  price  during  a  single  season. 
Usually  the  one  question  which  arises  at  this  point  is  whether 
the  fan  should  be  purchased.  For  residence  purposes  this 
is  simply  a  question  of  whether  the  convenience  is  worth  the 
price.  For  office  or  factory  use  the  question  of  greater  effi- 
ciency of  the  workers  on  account  of  more  comfortable  sur- 
roundings is  the  determining  factor. 

Operating  Costs. ― A  few  years  ago  fan  motors  were  crude, 
clunisy,  and  inefficient,  affairs,  but  active  development  by  the 
various  makers  has  resulted  in  great  improvement.  There 
still  exists,  however,  sufficient  variation  to  make  a  difference 
in  operating  costs,  in  some  cases  of  as  much  as  10  per  cent, 
of  the  first  cost  of  the  fan  during  each  season.  This  saving 
represents  a  good  investment  of  the  time  required  to  make  a 
careful  selection.  It  is  worth  while  for  dealers  to  check  up 
the  power  consumed  both  by  the  fans  they  handle  and  also  by 
fans  of  other  types.  No  special  apparatus  is  necessary  to 
make  input  tests  other  than  a  low-reading  wattmeter  and  a 
voltmeter.  It  is,  of  course,  evident  that  all  fans  which  are 
tested  on  the  same  circuit  should  be  of  the  same  rated  voltage, 
aa  a  Ian  which  is  designed  for  a  lower  voltage  will  take  a 
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la  r^er  curreitt  and  deliver  a  greater  volume  of  air  ill  an  n  i'jui 
built  for  a  higher  voltage. 

.1/V  / 入'〃 '','/•//. ―  It  must  not  be  assumed  t hat  a  fan  with 
low  current  t-onsuniptiou  necessarily  delivers  less  air  t lian 
(tnc  with  a  larger  input,  as  a  wide  difference  will  be  found, 
botli  "i  eflicieiiry  of  fan  motors  and  in  the  efficiency  of  blades 
of  different  designs.  A  final  jiidgineiit  of  a  fan  performance 
involves,  oi'  course,  checking  its  air  delivery  against  the  power 
it  consumes.  Absolute  air  ineasureinents  cannot  be  made 
without  special  equipment  and  elaborate  tests ― and  are  at 
best  of  little  interest  to  the  fan  user,  wbo  is  concerned  only 
、、- ith  comparative  results.  It  is  easy,  however,  to  select  the 
batter  of  two  fans  in  point  of  air  delivery  by  either  of  two 
simple  methods  that  can  be  used  almost  anywhere.  It  is 
suggested  that  dealers  in  fans  will  find  it  to  their  advantage 
to  be  in  a  position  to  make  these  simple  tests  at  any  time,  not 
onlv  in  order  to  select  the  best  fan  to  handle,  but  also  to  be 
fortified  with  first-hand  information  on  the  apparatus  that 
they  sell. 

The  first  test  consists  in  placing  the  fan  so  that  it  will 
deliver  a  current  cf  air  exactly  in  a  vertical  direction.  It 
should  then  be  weighed  on  any  ordinary  scales  graduated  to 
ounces,  first  with  tlfe  fan  running  at  full  speed,  and  again  at 
a  standstill.  The  difference  in  ounces  represents  the  thrust 
witli  whicli  the  fan  propels  the  air.  Obviously  only  fans  of 
the  same  blade  diameter  and  same  rated  voltage  should  be 
used . 

Another  method,  which  is  somewhat  more  direct,  consists 
in  placing  the  two  competing  fans  face  to  face,  about  6in. 
apart,  with  the  shafts  in  line  with  each  other  both  vertically 
and  horizontally.  A  piece  of  cardboard  large  enough  to  more 
than  cover  the  whole  face  of  the  fan  blades  is  held  loosely  by 
the  top  edge  midway  between  the  blades.  With  both  motors 
running  at  full  speed  the  card  will  swing  toward  the  fan  with 
the  smaller  air  delivery.  Care  should  be  taken  that  the  card 
is  held  midway  between  the  blades,  and  not  necessarily  mid- 
way bat  ween  the  guards. 

Jt  is  evident  that  an  electric  fan  which  is  used  for  cooling 
purposes  should  not  become  excessively  warm  itself.  Practi- 
cally all  fans  on  the  market  will  operate  continuously  at  a 
temperature  very  much  below  that  required  to  injure  the 
insulation.  Other  things  being  equal,  a  fan  of  lower  operat- 
ing temperature  should  be  selected,  as  low  temperature  means 
low  losses  in  the  motor  or  a  large  current  of  air  passing  the 
motor,  both  of  whicli  features  are  desirable. 

-\"'.、r. ― A  certain  amount  of  humming  is  involved  in  tlie 
operation  of  any  electric  fan.  Where  slight  noise  is  not  objec- 
tionable and  maximum  movement  of  air  is  desired  the 
ordinary  4-bladed  fan  is  to  be  recommended.  If  quietness  is 
the  prime  consideration  a  6-blacled  fan  running  about  two- 
thirds  as  fast  should  be  selected.  All  of  the  leading  fan 
makers  now  offer  such  a  fan  for  residence  use.  A  great  deal 
of  difference  exists  in  this  respect,  however,  between  different 
i";ik"s  of  fans,  as  by  properly  shaping  tlie  blades  some  manu- 
farturers  have  been  able  to  secure  much  moi  e  quiet  operation 
than  olliers  without  sacrificing  air  delivery. 

Ready  portability  of  a  fan  is  obviously  desirable.  Tins 
means  that  it,  must  be  light  of  weight  witliout  sacrificing 
stability,  and  sufficiently  rugged  to  withstand  careless 
liandlin^  and  carrying  by  the  guards.  A  marked  advance  in 
])ortal)ility  has  recently  been  made  l)y  the  introduction  of 
]»iMSso(l-steel  motors.  This  construction  has  obvious  advan- 
tagns  in  point  of  jiglif  weiglii ,  neatness,  and  ruggedness.  Af. 
H'e  sfiinc  time,  t  ho  sttiooMi,  ch)so-grH  i  ned  metal  surface  lends 
itsf'lf  trj  a  variety  of  oniamental  plated  finishes  not  readily 
applied  to  cast  iron. 

DurahiJih/. ―  Practically  all  of  the  large  manufacturers  of 
fan  motors  are  now  marketing  apparatus  that  will  operate 
sat  isfnctorily  under  long  continued  periods  of  service.  Pro- 
U>ly  no  other  class  of  rotating  macliinery  receives  less  care 
ami  gives  more  uniformly  satisfactory  service  than  does  tlie 
w'w"  fan  motor.  This  statement  is  not  necessarily  true, 
Imwcver,  of  mechanically  oscillated  fans,  as  the  oscillating 
，"（'('li;misni  necessarily  involves  a  gear  and  link  system,  and 
the  various  types  on  the  market  differ  widely  in  durability 
； in  the  facility  wiili  whicli  wearing  parts  may  be  replaced. 
^  system  tliat  involves  a  long  series  of  pin  joints  is  very 
liahle  to  develop  lost,  motion  rapidly  and  tlii's  makes  the 
oscillat ifjn  short  and  unsteady,  when  the  nieclianisin  l)egins  io 
w"r.  Gears  should  be  few  in  number  and  readily  replaced 
without  using  tools  other  than  the  ever-present  screwdriver. 


All  fan  motors  should  be  given  periodic  cleaning  and 
lubrication,  althougli  .many  of  them  seldom  get  it.  This  is 
very  important  if  long  and  satisfactory  service  is  expected. 

Ad justdbilit ij.  ―  Convenience  demands  that  a  desk  fan  Ix; 
readily  adjustable  as  to  direction  of  air  delivery  and  speed  con- 
t  rol .  The  fan  slumld  always  be  stable  on  the  desk  when  poi"ti"g 
in  any  ordinary  direction,  and  it  should  he  capal)le  of  hein^ 
nioxnit ed  on  the  wall  if  desired  without  using  extra  parts  or 
tools.  In  the  case  of  oscillating  fans  it  is  convenient  1  o  he 
able  to  start  or  sioj)  t lie  oscillation  without/  stopping  tlie 
motor.  . 

Inasmuch  as  some  of  the  foregoing  considerations  are  to  a 
certain  extent  conflicting,  it,  is  necessary  t,o  decide  which 
features  are  of  paramount  importance.  Thus  too  low  first 
cost  is  not  compatible  with  highest  quality.  Effective  air 
delivery  is  difficult  to  secure  without  a  certain  amount  of 
noise.  There  is  no  reason,  however,  why  neatness  of  appear- 
ance, light  weight,  &c.，  should  not  be  combined  witli  low 
power  consumption  and  adequate  air  delivery. 

A  fan  motor  should  be  selected  to  suit  the  service  conditions 
just  as  much  as  a  large  piece  of  apparatus.  For  instance,  a 
16in.  fan  delivers  a  big  breeze  sufficient  to  circulate  the  air  in 
a  large  office,  but  most  fans  of  this  size,  when  running  at  high 
speed,  are  entirely  too  noisy  for  use  in  a  house  or  quiet  private 
office.  A  12in.  fan  is  usually  adequate  to  any  demand  of 
house  service,  and  several  makers  are  marketing  a  special 
6-bladed  slow-speed  fan  of  this  size  especially  for  residence  use 
where  noise  is  very  objectionable.  The  Sin.  fan  is  also  largely 
used  as  a  residence  fan,  as  it  is  very  easily  carried  about  and 
entirely  adequate  where  large  volumes  of  air  are  not  needed. —— 
" The  Electric  Journal." 


MINERS'  SAFETY  LAMPS. 

As  the  result  of  experience  gained  by  tests  carried  out  at  the 
experimental  station  of  the  Explosions  in  Mines  Committee  at 
Eskmeals,  the  departmental  committee  appointed  by  the 
Home  Office  have  issued  a  report  detailing  the  nature  of  'the 
tests  which  in  their  opinion  miners'  safety  lamps  should  pass 
in  order  to  be  admitted  to  the  list  of  "  approved  ，，  lamps  in 
accordance  with  section  33  of  the  Coal  Mines  Act,  1911. 
The  tests  for  flame  safety  lamps  are  included  under 
three  heads  ：  (1)  Mechanical  tests,  (2)  photometric 
tests,  and  (3)  tests  in  an  explosive  mixture.  The 
mechanical  tests  include  three :  (1)  dropping  the  lamp, 
complete  with  its  glass,  from  a  height  of  6ft.  upon  a  wooden 
floor  five  times  in  succession.  A  different  glass  is  to  be 
employed  each  time,  and  not  more  than  one  broken  glass  is 
to  be  permitted  in  tlie  five  tests.  If  two  glasses  break  the 
lamp  is  to  undergo  five  more  tests,  and  if  the  glass  breaks  in 
two  of  these  it  will  be  held  to  fail.  (2)  Dropping  a  weight  of 
51bs.  from  a  height  of  6ft.  vertically  upon  the  lamp.  If  the 
glass  is  cracked  tlie  test  is  to  be  repeated  twice,  when  one 
failure  will  condemn  it.  (3)  Dropping  a  lOlbs.  weight, 
attached  to  a  cord,  from  a  height  of  6ft.,  the  other  end  of  the 
cord  being  secured  to  the  bottom  of  the  lamp,  which  is  sus- 
pended at  a  height  of  7ft.  from  the  ground.  This  latter  test 
is  proposed  in  order  to  test  the  security  of  the  attachment  of 
the  different  parts.  Two  further  tests  are  also  proposed  for 
the  lamp  glasses  separately.  The  committee  consider  that  the 
iniiiimum  candle  power  to  be  required  of  flame  lamps  should 
be  0*30  c.j).  (peiitane  standard),  and  that  they  should  give  this 
tnininunn  for  10  liours.  In  tlie  explosion  tests  the  1  a i n j.)  is  to 
liave  its  behaviour  tried  first  in  a  still  inflaitimable  atmospliere 
and  t  hen  in  horizontal  and  inclined  currents  in  an  explosive 
mixture  at,  a  niaxiiiuun  velocity  of  about  1 ,200ft.  a  minute. 
Each  test  is  to  last  two  minutes,  and  an  ignition  is  to  con- 
stitute a  failure  to  pass.  The  mixture  is  to  be,  within  limits, 
the  most  explosive  obtainable  with  the  particular  combustible 
gas  or  vapour  employed -  The  conimittee  are  of  opinion  tliat 
all  approved  lamps  should  ultimately  have  double  gauzes  of 
steel  or  best  charcoal  annealed  iron  wire  (or  copper  wire  in  the 
case  of  those  used  for  surveying  purposes)  of  28  B.W.G.  witli 
28  meshes  to  tlie  lineal  inch.  In  the  case  of  electric  safet v 
lamps  it  is  recommended  that  only  tlie  first  of  the  mechanical 
tests  be  required,  the  test  being  carried  out  with  the  battery 
removed  and  a  dummy  of  tlie  same  weight  substituted.  The 
lamp  should  be  required  to  give  not  less  than  l^c.p.  after 
10  hours'  use,  and  as  regards  the  danger  of  causing  explosion, 
it  should  be  tested  by  having  the  light  switched  oil  aud  off 
while  it  is  in  uu  explosive  mixture. 
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STRUCTURAL  STEEL  FOR  BRIDGES,  &c.，  AND  GENERAL 
BUILDING  CONSTRUCTION. 

A  new  edition  of  the  British  Standard  Specification  for 
Structural  Steel  for  Bridges  and  General  Building  Construc- 
tion (Report  No.  15，  revised  August,  1912)  has  recently  been 
issued.  The  new  issue  is  of  importance  in  view  of  the  fact 
that  the  London  County  Council  (General  Powers)  Act,  1909， 
requires  that  all  rolled  steel  used  in  the  construction  of 
skeleton  framework  for  buildings  shall  comply  with  the 
requirements  of  this  specification.  Since  its  first  issue  in 
June,  1906，  the  committee  from  time  to  time  had  brought 
before  them  points  which  had  arisen  in  connection  with  its 
use,  and  the  present  issue  embodies  the  necessary  amendments 
in  regard  to  these.  Some  of  the  more  important  modifica- 
tions to  the  specification  are  as  follows  ： ― 

■  The  classification  of  the  material  dealt  with  into  t  wo 
categories,  A  steel  and  B  steel. 

(2)  The  increase  of  the  allowable  phosphorus  content  in 
B  steel  from  "07  to  '08  per  cent. 

(3)  The  increase  of  the  upper  limit  of  tensile  strength 
for  plates,  sections,  and  bars  (other  than  rivet  bars),  from 
32  to  33  tons  per  square  inch. 

(4)  The  reduction  of  the  lower  limit  of  tensile  strength 
for  rivet  bars  from  26  to  25  tons  per  square  inch. 

(5)  The  insertion  of  clauses  dealing  with  (a)  tests  by  an 
independent  expert ；  (b)  rejection  after  delivery;  and  (r) 
arbitration  in  cases  where  this  is  not  otherwise  provided  for. 

The  price  of  the  Specification  is  5s.  2d.  post  free,  and  it 
may  be  obtained  from  any  bookseller  or  direct  from  the 
offices  of  the  committee,  28,  Victoria  Street,  Westminster, 
S.W. 


MISCELLANEA. 

Flywheel  Burst. ― The  flywheel  of  a  Diesel  engine  installed 
in  the  electric  light  station  at  Maidenhead  burst  on  the  5th 
inst.,  resulting  in  one  man  being  injured  and  a  portion  of  the 
building  being  wrecked . 

To  Raise  Sunken  Submarines  ：  Admiralty's  New  Salvage  Boat. ― 

Messrs.  Vickers  have  now  completed,  for  the  British  Admi- 
ralty, a  craft  by  which  a  sunken  sutmiai'ine  can  be  lifted  from 
the  bottom  and  taken  into  dock.  This  is  done  in  this  way  ： 
The  salvage  boat  floats  immediately  above  the  submarine, 
chain  slings  are  passed  round  the  sunken  craft,  and  by  means 
of  two  capstans  on  the  salvage  boat  the  submarine  is  hauled 
up  right  into  a  specially-constructed  bottom  in  the  salvage 
boat.  The  craft  is  160ft.  long,  can  lift  1,200  tons,  and  cost 
about  £40,000. 

The  Prospects  of  the  Gas  Turbine. ― Speaking  in  the  engineer- 
ing section  of  the  British  Association,  Dr.  Dugald  Clerk, 
F. R . S . ,  remarked  that  the  efficiency  of  the  gas  turbine  was  so 
small  that  he  did  not  think  it  could  come  into  practical  use 
for  some  time.  As  the  horse-power  went  up  the  increase  in 
weight  was  so  enormous  as  to  make  it  at  present  quite  ineffi- 
cient. It  was  stated,  however,  on  behalf  of  Mr.  Ferranti,  t lie 
President  of  the  Institute  of  Electrical  Engineers,  that  he  was 
making  experiments  which  he  hoped  would  improve  the  out- 
look of  the  gas  turbine,  though  a  more  definite  statement  could 
not  at  present  be  made. 

A  Large  Electrically-propelled  Lake  Steamer. 一 There  is  now 
under  construction  at  the  yard  of  Messrs.  Swan,  Hunter,  and 
Wigham  Richardson,  Wallsend-on-Tyne,  a  vessel  of  2,400  tons 
gross  deadweight  capacity  on  a  draught  of  14ft.  for  use  on 
the  Canadian  lakes,  which  is  to  be  fitted  with  the  apparatus 
designed  by  Mr.  Henry  A.  Mavor,  of  Messrs.  Mavor  and 
Coulson,  Glasgow,  and  already  tried  on  the  small  experi- 
mental vessel  "Electric  Arc."  The  machinery  will  consist 
of  two  300  h.p.  high-speed  Diesel  engines,  each  with  its  own 
alternating-current  generator  and  exciter.  On  the  propeller 
shaft  just  ahead  of  the  thrust  block  there  will  be  fitted  the 
special  compound  wound  squirrel-cage  induction  motor,  turn- 
ing the  usual  form  of  lake  propeller  at  about  80  revs,  per 
iniimte,  as  compared  with  the  400  revs,  of  the  Diesel  engines. 
A  very  simple  arrangement  of  switches  controls  the  flow  of 
current  in  slowing  or  reversing,  with  a  certaiuty  of  response 
quite  impossible  on  a  direct  Diesel  engine  drive.    The  advan- 


tages derived  from  this  arrangement  in  the  numerous  locks 
which  have  to  be  negotiated  in  the  St.  Lawrence  and  Welland 
Canals  are  expected  to  prove  most  important. 

Distance  Traversed  by  Steamer  after  Stopping  and  after  Revers- 
ing the  Engines. —- The  results  of  some  experiments  with  the 
steamship  "  Flandre  '，  to  ascertain  the  distance  travelled 
after  stopping  and  after  reversing  the  engines  are  recorded 
by  E.  Bertin  in  "  Comptes  Rendus  de  l，Acad6mie  des 
Sciences."  With  the  engines  stopped,  the  vessel  reduced  its 
speed  from  4  5  metres  to  2  metres  per  second  in  a  distance 
of  900  metres.  This  result  supports  the  author's  formula : 
x  =  141*9  log,,  v,  where  P  =  displacement  of  vessel,  x  = 
distance  traversed,  V  =  the  initial  speed,  v  =  the  final  speed. 
Applying  the  formula  to  a  vessel  of  20,000  tons  displace- 
ment, and  assuming  V  as  10  metres  per  second  (19'4  knots), 
v  as  '5  metre  per  second  (1  knot),  then  the  distance  traversed 
is  5,011  metres.  If  the  engines  are  reversed,  the  author 
obtains  the  following  formula  for  reciprocating  engines : 
D  =  10'3  ；  or,  taking  the  usual  relation  between  the  dis- 
tance traversed  (D)  and  the  length  of  ship  (/),  it  becomes 
D  =  1*6/.  This  formula,  for  steam  turbines,  is  given  as  D  = 
3-2Z.  , 

Prizes  for  Military  Aeroplanes. ―  The  Secretary  of  the  War 
Office  announces  that  the  Army  Council  has  decided,  on  the 
recommendation  of  the  committee  of  judges,  to  make  the 
following  award  of  prizes  in  connection  with  the  recent 
military  aeroplane  competition  :  "  A  ，，  prizes,  open  to  the 
world  for  aeroplanes  made  in  any  country ― First  prize, 
£4,000,  to  S.  F.  Cody  for  Cody  biplane  (British)  (No.  31)  ; 
second  prize,  £2,000,  to  A.  Deperdussin  for  Deperdussin 
monoplane  (French)  (No.  26).  "  B  "  prizes,  open  to  British 
subjects,  for  aeroplanes  manufactured  wholly  in  the  United 
Kingdom,  except  the  engines ― First  prize,  £15000,  to  S.  F. 
Cody  for  Cody  biplane,  No.  31.  As  no  other  British  aero- 
plane completed  all  the  tests,  the  two  second  prizes  will  be 
withheld,  but  the  three  third  prizes  of  £500  each  are  awarded 
to  the  British  Deperdussin  Company,  Ltd.,  for  Deperdussin 
monoplane  (No.  21),  the  British  and  Colonial  Aeroplane 
Company,  Ltd.,  for  Bristol  Monoplane  (No.  14),  the  British 
and  Colonial  Aeroplane  Company,  Ltd.,  for  Bristol  Mono- 
plane (No.  15).  The  following  competitors  whose  aeroplanes 
were  submitted  to  all  tests,  will  receive  £100  in  respect  of  each 
aeroplane :  M.  Ducrocq,  for  Hanriot  monoplane  (French), 
No.  1  ；  M.  Ducrocq,  for  Hanriot  monoplane  (French) 3  No.  2  ； 
the  Aircraft  Company,  Ltd.,  for  Maurice  Farman  biplane 
(French),  No.  22  ；  L.  Bleriot?  for  the  Bleriot  monoplane 
(French),  No.  4  ；  L.  Bleriot,  for  the  Bleriot  monoplane 
(French),  No.  5;  A.  V.  Roe  &  Co.，  Ltd.,  for  Avro  biplane 
(British),  No.  7. 

Improved  Super- Dreadnought  Battle-ship.  —  Immediately  after 
the  super-Dreadnought  battle-ship  "  Iron  Duke,"  now  build- 
ing at  Portsmouth,  is  named  and  launched  on  October  12th ， 
the  building  slip  will  be  prepared  for  laying  down  another 
ship.  This,  it  is  understood,  will  be  of  even  larger  dimensions 
than  the  "  Iron  Duke."  It  is  stated  that  the  new  vessel  will 
be  700  feet  long,  and  that  she  will  have  a  total  displacement 
of  30,000  tons.  For  propelling  high-powered  geared  turbine 
engines  are  to  be  used,  and  these  are  calculated  to  give  a 
speed  of  29  knots.  Her  guns  will  probably  be  14in.  weapons, 
an  advance  on  the  present  13*5in.  guns  of  the  super-Dread- 
nought type.  Ten  of  these  will  comprise  the  main  armament, 
the  guns  being  mounted  in  pairs  in  barbettes  in  such  a  way 
that  an  all-round,  fire  can  be  maintained.  The  heavier  guns 
aud  mountings  will  necessitate  increased  displacement,  and, 
as  the  weapons  will  be  longer  than  those  now  in  use,  the  length 
of  the  ship  must  be  correspondingly  increased,  and  the  power 
of  the  turbine  engines  enhanced.  It  is  understood  thai  wliilo 
the  side  armour  will  be  heavier  the  armour  will  be  extended,  to 
give  more  adequate  protection  against  attacks  from  above,  the 
advance  of  aviation  having  shown  that  danger  from  dropped 
bombs  must  be  anticipated,  and  that  not  only  gun  positions, 
but  the  broad  funnel  openings  leading  to  the  furnaces  and 
engine-rooms  need  to  be  screened.  Tliis  will  be  a  feature  of 
the  new  design,  and  probably  also  steps  will  be  taken  to  give 
better  protection  ii^ainsi  aerial  attack  in  case  of  vessels  coin- 
plcting  and  alre;ulv  in  conimission.  The  new  shij)  will  be  laid 
down  about  (1hri-stmas，  and  will  be  required  to  be  completed 
within  two  years. 
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INDUSTRIAL  AND  TRADE  NOTES, 
Copper  Production  in  Japan. ― The  Belgian  Consul  at  Yokohama 
reports  that  the  total  production  of  copper  in  JnpaJi  in  1911 
amounted  to  51,708  tons,  valued  at  £2,040,000,  hoing  an  increase 
ni  '2,^&2  tons  over  the  production  in  1910，  and  an  increase  of 
13,734  tons  as  compared  with  1909. 

Petroleum  Production  in  Roumania. ― An  Italian  consular  report  from 
B ucha rest  states  that  the  production  of  crude  petroleu m  in 
Roumania  during  1911  amountod  to  1,544,072  tons,  showing  an 
inrrpaso  of  191,665  tons,  or  1417  per  cent"  on  the  output  of  the 
provions  \oary  which  was  1,3^2,407  tons. 

Admiralty  Oil  Fuel  Contracts. ― The  four  principal  Scottish  mineral 

011  refining  companies  have  secured  from  the  Admiralty  contracts 
for  the  supply  of  fuel  oil  aggregating  200,000  tons.  The  con- 
tracts have  hoen  allocated  among  the  oompanies  in  proportion  to 
thoir  ])rodnction.  The  price  paid  is  a  satisfactory  one,  beinq; 
of|m>aIent  to  2^d.  per  gallon. 

Light  Railway.— The  Board  of  Trade  have  recently  confirmed  tlie 
niHlermeiitioned  Ordor  mado  hv  the  Light  Rnihvav  Commissioners  * 
*min ghani  Corporation  Light  Railway  Order,  1912,  authorising 
thp  fonstruction  of  a  light  railway  in  the  city  and  county  of 
Birmingham,  in  tho  county  borough  of  Smetliwick,  and  in  the 
urban  district  of  Oldhury,  in  the  county  of  Worcester 

Personal.— Mr.  R.  II.  Bevis  has,  we  learn,  resigned  his  position  as 
nimiaging  director  of  the  shipbuilding  and  engineering  works  of 
Messrs.  Cammell,  Laird,  &  Co.,  at  Birkenhead,  but  will  retain 
his  seat  on  the  board.  Mr.  Bevis  was  formerly  with  the  old 
company  of  Laird  &  Co.,  and  has  l>een  managing  director  at 
Rirkonhoad  since  the  amalgamation  of  the  two  oonoerns. 

Hours  of  Winding  Eni?inemen.— The  Home  Secretary  has  issued  a  copy 
of  a  draft  of  regulations  which  he  proposes  to  make  under  Sec- 
tions 57  and  80  of  the  Coal  Mines  Act,  1911，  with  regard  to  the 
hom's  of  employment  of  、、  in(li"g-enginemen.  The  regulations  in 
qnpstion  d^al  with  the  circumstances  in  Avhich  this  class  of  mine 
p?nployes  may  be  employed  over  the  statutory  eight  hours  per  day. 

Wireless  to  Norway.— The  Norwegian  Government  has  entered  into 
a  ron tract  with  the  Marconi  Wireless  Telegraph  Company,  Ltd., 
for  the  erection  of  high-power  stations  in  Norway  and  the  vicinity 
of  New  York,  for  the  purpose  of  conducting  a  commercial  tele- 
graph  service  between  Northern  Europe  and  America.  The  con- 
tract made  is  for  25  years,  with  the  option  of  renewal  by  the 
Norwegian  Government.    The  stations  are  to  be  completed  within 

12  months  of  the  foundations  and  buildings  being  ready. 

Lock-out  at  a  Tube  Works.— Messrs.  Stewart  &  Lloyd  on  Saturday 
1  ;ist  posted  notices  at  the  Plioonix  Tube  Works,  Glasgow,  inti- 
m;it"ig  that  they  had  been  reluctantly  compelled  to  close'  their 
works  temporarily,  owing  to  the  continued  sectional  strikes  ？ nd 
ronspfiuent  dislocation.  Fully  2,000  men  are  locked  out.  Tho 
troul»lo  is  largely  confined  to  the  galvanising  and  fitting-makers' 
flopartments.  Recently  an  advance  of  2s.  was  granted,  bat  the 
mwi  insisted  on  4s.  The  operatives  affected  are  mostly  unskilled, 
hut  all  classes  are  locked  out. 

Cheap  Coal  from  Nova  Scotia. — An  owner  of  Large  coalfields  in  Nova 
Srotia  has,  it  is  stated,  offered  to  supply  the  South  Metropolitan 
and  the  Gas  Light  and  Coke  Companies  with  all  the  coal  they 
rpquire  at  a  less  price  than  they  are  now  paying  for  North  of 
England  coal.  In  the  last  half-year  the  Gas  Light  and  Coke 
Company  used  887,877  tons  of  coal.  The  price  they  pay  at  present 
is  said  to  be  12s.  4|d.  per  ton,  delivered  in  the  Thames.  The 
South  Metropolitan  Gas  Company  pay  slightly  more.  During  the 
last  six  months  for  whifh  a  report  is  available  they  spent  £110,000 
upon  coal. 

Russia's  Oilfields. ― In  a  current  report  to  Washington  the  American 
Vif-o  Consul  at  Batum,  South  Russia,  says :  "On  February  1st  of 
this  year  4,284  oil  wells  existed  in  the  Baku  districts.  Of  these 
2,322  were  producing.  There  are  139  big  oil  firms,  with  capital 
ranging  from  £51,500  to  £2,600,000.  In  addition  there  are  about 
:'0  firms  working  by  hand  shallow  wells,  50ft.  to  100ft.  deep.  The 
flf|)t!i  of  the  large  wolls  runs  from  lf7o0ft.  to  2,800ft.,  the  average 
ht^'wiir  aliout  2,100ft.  Tho  oil  is  mostly  procured  by  bailing  with 
»,iiH"'ts  holding  from  10  to  30  poods  (pood  =  3G-1121bs.).  The 
Rii ku  i\  ro a  consists  of  threo  fields,  all  either  on  the  outskirts  of 
tin*  city  or  within  a  distance  of  a  few  miles." 

Reduction  in  Cable  Rates. ― As  a  result  of  representations  made  to  the 
W'c^t ciii  (Tiiion  T('l<>K'aph  Company  by  the  Postmaster- Gf""',':i I 
of  Oi<i;it  Britain  juul  the  Postmaster-Goncral  of  Canada,  red  no 
tif»ns  will  l>e  made  on  an  early  date,  to  be  suhsoquontly  announcod, 
in  tho  i;i tos  foi*  toU^vnms  in  ])l;iin  language  transmitted  by  that 
roiiipiiiiy  :'""】  its  jissDfiatcd  f-ompanios  botuccii  tho  United  Kin «.»; 
(lom，  on  thfi  ono  IuiikJ,  and  Canada  and  tho'  Unitod  States,  on  tho 
olhff  hiinrl.  Tho  pxistino;  ratf*  of  fid.  por  word  for  tele^i'inns, 
sud.jort  to  possiMo  df]ay  of  21  houi-s,  will  ！ >o  roduoed  to  I  Jd.  p<、r 
word,  ;tn<!  IfU'^rains  will  l»o  Iriuisniitlod  and    dolivorod  subject 


only  to  such  delay  as  is  nnoossary  to  give  priority  to  ordinary 
traffic  at  Is.  per  word.  Tho  now  service  of  night  lotterfl  will  ho 
brought  into  force  at  a  cliargo  of  3s.  por  12  words  and  2\<l.  for 
onofi  additional  word. 

Steam-engine  Makers*  Society. ― The   report  of  the  Steam-engine 
Makers'  Society  for  SeptemlK>r  states :  "Following  upon  tho  vorv 
satisfactory  position  in  tho  full  oinployment  of  our  members  in 
all  parts  of  tho  oounti*y,  as  set  forth  in  our  last  report,  we  aro 
pleased  to  note  this  month's  returns  are  siill  inor<»  satisfactory, 
and  cloar  vacant  hooks  thcou^Iiout  tlio  country  is  tho  rule  rat,}""' 
than  tlio  exception.    We  may  horo  observe  that  so  goo/I  has 
the  demand  for  tho  servicos  of  the  meml)ors  of    tlio    M.E.M  S. 
that  in  many  instances  wo  liave  heen  unable  to  tako  full  nd v;i  n 
tap;e  of  our  opportunities,  and  this  is  especially  so  in  rolation 
to  tho  services  of  skilled  tumors,  more  of  whom  wo  shoulfl  likf 
to  see  in  our  j*anks.    Our  latest  returns  to  hand  show  our  unoiii 
T)lovod  to  be  only  62  out  of  over  15,000  menihors.  coni])ar(i(l  "> 
127  unem nloyed  as  per  last  montVs  report,  and  148  a  yoar  a^o. 
Figures  like  these  will  require  some  beating. n 

Civil  Liability  of  Trade  Unions.— A  Bill,  ontitlod  tlio  Traflo  Bis 
put.os  Law  (AmendniPiiO  Bill,  has  heen  introduced  into  tho  House 
of  Commons  by  Lord  Roliert  Cecil  in  respect  to  the  civil  liahiHtv 
of  trade  unions  for  trade  disputes.  In  a  memorandum  attaoliod 
to 十 Iip  Bill  it  was  stated  that  it  proDOsed  to  restore  the  civil 
linlnlitv  of  trade  unions  in  respect  of  tortious  acts  committfMl 
nnder  their  express  sanction  or  reooenition.  It  is  proposorl, 
however,  to  exempt  from  civil  liability  arising  out  of  n  trnrlo 
disnnte  ^uch  part  of  the  funds  of  a  trade  union  as  may  Ito 
snpoifio.illv  nllocated  to  provident  purposes.  With  this  object  in 
view,  tho  Bill  PTtmowers  a  regi stored  trade  union  to  sot  npnrt  n 
nrovifl^nt  fund,  tho  accounts  of  and  dealine  with  which  will  1>o 
kent  distinct  from  thos^  of  the  fren«ral  or  li  trado  M  finul.  Tho 
lrt^niorandinM  ndds  :  cc  For  the  nhsoluto  imnninitv  from  civil  lin 
lnlltv  conceded  1>v  tlio  Trade  Disputes  Aot,  1906,  to  porRons  wlio 
induce  o+hprs  to  hreak  a  contract  of  emplovmont,  tbo  Bill  sulwti 
tutes  a  liTnited  immunitv  which  will  tak^  ofFoct  in  ono  case  only. 
nnmalv,  whore  tlie  nerson  who  is  induced  to  hreak  his  rontrn ot  nf 
Ai^mlovniPiit  Avas  n  fr^e  labourer  whose  contract  was  Ptitpred  into 
for  nurnosfi  of  ossistinc  one  of  the  parties  to  ,i  tmde  disputp." 
Tho  Bill  a】sr>  provides  for  reenilatioii  of  peaceful  Dicketinp:  with 
rPSnpci  to  the  numbers  enjznep<l,  tbe  T)Lao°  where  it  takes  dI.too. 
pnd  oth^r  TYiatters,  It  is  proposed  to  add  a  new  sub-section  tn 
+1io  Trade  Dispntos  'Act  to  the  effect  thnt  it  sliall  not  be  lawful 
for  arv  nerson  to  on  case  in  pen  oof  nl  pickpfinfr  unless  he  is  won  r 
i"ner  a  bndfrP  showing  ^onsnicuouslv  tho  word  11  picket,"  and.  wlipro 
hp  is  acting  on  Lehalf  of  a  trade  union 3  the  name  of  tlmt  trarlo 
union. 

Purchasing  Coal  bv  SpcrificaHon.— Ov^r  one  million  tons  of  coal  wns 
nnrohased  last  vpar  by  the  United  Stnfps  Govw-nme'it.  on  speri- 
fications  nrepared  hv  the  Bnreo  n  of  Mines.  Tho  nclvcantapps  of 
puiohasiiifr  oonl  under  «necifi cations  are  snTninnrisefl  in  n  ronor^ 
rtwntlv  issued  1>v  the  Bureau  as  follows  :  (1、  Bidders  are  pin  nod 
nn  a  stric+lv  con")etitive  basis  as  regards  oualitv  as  wpII  as  priro. 
This  simplifies  the  selection  of  the  most  desirable  bid  anrl  mirii- 
mises  controversy  and  criticism  in  niakins:  awards.  (2)  Tho 
field  for  both  the  Government  and  the  dealers  is  broadened,  as 
trade  names  are  ienorprl.  and  comparatively  unknown  roals 
offered  bv  responsible  hkldws  may  be  accepted  without  detriment 
to  the  Government.  ^3)  The  Government  is  insured  against  tho 
delivery  of  poor  and  dirty  coal,  and  is  saved  from  disputes  arisiup: 
from  condemnation  based  on  the  usual  visual  inspection.  (4) 
Experience  with  the  old  form  of  Government  contract  shows  thnt 
it  is  not  always  expedient  to  reject  poor  coal  because  of  tho 
diffifultv,  delay,  and  cost  of  removal.  Under  the  present  system , 
j*ejectable  coal  may  be  accepted  at  a  greatly  red  need  price.  (5) 
A  definite  basis  for  the  ranoellation  of  the  contract  is  provided - 
((\)  The  constant  inspection  and  analysis  of  the  coal  delivered 
furnishes  a  check  on  tho  practical  results  obtained  in  burning  tho 
coal.  (7)  Being  paid  for  on  the  quality  basis  incites  the  con- 
tractor to  prepare  tlie  coal  more  carefully.  In  the  purchase  of 
coal  according  to  its  heating  value  in  order  to  award  a  contract 
properly,  the  proposals  are  reduced  to  a  common  basis  for  com- 
parison. The  method  is  to  adjust  all  bids  on  a  given  lot  of  coal 
to  the  same  ash  percentage,  by  selecting  as  the  standard  that 
proposal  which  offers  the  coal  containing  the  lowest  percent;! go 
of  ash.  Each  1  per  cent,  of  ash  content  above  that  of  this  stan- 
dard is  assumed  to  have  a  negative  value  of  2  cents  a  ton,  the 
amount  of  tlie  penalty  whicli  is  exacted  under  the  contract  requiio 
ments  for  1  per  cent,  excess  of  ash.  The  proposal  ]) rices  are  all 
adjusted  in  this  manner,  and  are  so  tabulated.    On  tho  basis  of 

adjustod  i>ric'、，  nllowanco  is  tlien  made  for  tlie  varying  heal 
values  hy  r'omputiiig  tlio  cost  of  1,000,000  H.Th.F.  for  ear-h  ooal 
offerocl.  Tn  ill  is  \\  i\y  tlio  tln  oo  viu  iahles — falorific  value,  pei'- 
font;iK<*  of  asli ,  and  basic  price  per  ton— aro  all  niorged  into  o 
siiigl(、  figm'o ~ tho  cost  of  1, (MM), 000  H/rh.U, ― by  wliich  one  hid 
may  bo  i*o;uliIy  compared  willi  iinolhor. 
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NEW  PATENTS. 

Specifications  of  the  following  are  now  published,  and  we  shall 
he  pleased  to  forward  copies  post  free  on  receipt  of  10<l.  AddrKs.i 
" M er.hnnieal  Engineer,"  53,  Nero  Bailey  Street,  Manchester. 

MECHANICAL,  1911. 

Propollois.     Liwonta  al.  11785. 
Inteniiil  ('onil)tistion  engines.     Li、、  ("it;i:»l.    1 1 780. 
F.vnporation    nnd    dislillnt ion    process.      A ii(1("'soii ,  Mpil、'l(、，  ； nul 
Fulton.  14285. 

A  Hoys  for  ships'  ])ropo11ors.    Huntington  iV'  Pi  ostoii.     1  VM  I. 
OperafTiig  gear  for  intoinal-oonihustioii  ])umps  nnd  fom])rossors. 

Himiplire.v,  Kusdell,  &  North.  18l(il. 
Methods  of  i'ai-si"g  or  forcing  li(,m(ls  or  contpi-cssiti^;  gasos  and 

Mpparatus  thoi^^ior.    Humi>]iroy  A'  Rusdcll.    1 S  1  ( i o . 
\\o])o  ]>ii]lcys.     Lord.  18485. 
Troatmont  of  ores.    Dokkor.  18438. 

Do  vice  for  tlio  j)i(»vontion  of  ovwspwding  nnd  ovorwindinp;  oollii、rv 

、vinding  ("igiii(>s.    Tt 、； il(、.  18fi24. 
Fiii'imcos  and  liquid  fuol  fittings  tl""vl'm'.     Korniod(».  187. 广". 
Stonin  engines.    Marshall.  18805. 

V;iri;il)lo-expansion   valvo    gearing.      Frusor    S:    ( Miiilinors,   I 山 I 
18808. 

TiUhnVant  pumps.    Dninilor  Motoron  Gos.  1888(；. 
Stoiini  snperlioaters.    Stirling.  18931. 

SrM'fMV- gearing  for  moving  parts  u])on  rot;i rv  slinl'ts.  Pliili])Sinn. 

PHilipson.  &  Philipson.  18!M)l. 
I)r;i、vl,rid，     Leslio.  19031. 

Ifydrnulio  transmission  a])paratus.    L:、"i plough.  1D1(;3. 
Stonin  WK、rators.    Blake.    19340.  p 
Automatic  roupliii(>;  for  rail  way  volnflos.     l^ood.     1!)  1 1 !). 
Motal  filing  macliinp.    Horhort  &  Klctciior.  1!H77. 
Power  ten nsmission  niochiuiisin.    Sponco.  1!>71:3. 
Hi^li  tonipora lino  In rnaco.    Govan.  11)800. 
Driving  pulloys  for  ropos.    Atkins  iV  A(l;ims.  20270. 
Vnl vos  of  two-rvliiulof  oscillating  and  it^voisiiiL!;  ono jnos.  Ward 
20347. 

( 'arhurottors  for  intornal-rombiistion  on.uinos.    Millor.  21451. 
Miu'liinos  for  fixing  and  cutting  off  iho  upper  oi*  、vt 、； u  iiip  portions 

of  c()nii)oini(l  tramway  mils.     Uliotlcs,  and  Kom:" 川 f  Tramway 

Construction  Oonipaii.v. 
Sorew  ])ro])t*llors.    Pilenko.  21920. 

Reversing  and  other  friction  gpa'iiig.    Rennorfelt.  2219(1. 
Valvo  gear  for  gas  and  oil  ("igines.    John  K (山 son  (Shipley),  Ltd. , 

and  Hinde.  ―  22217. 
Apparatus  for  cleansing  and  utilising  exhaust  steam  from  olivines 

for  heatino-  boiler  feed  \v;»tt'r.    Morison.  ！ 22o88. 
Fii'ehai's  for  fu niaoes.    Hill.  23202. 

Oi!  fuel  inlet  valves  for  internal-combiistion  olivines.    Bn tes  ami 
Hnll.  24139. 

Construction  of  railways  aiul  plate  ways.    Fol  1 .  24234. 
C1o]ipoi*  allov  and  process  for  manufacturing*  same.  Pie'lwing. 
2X298. ' 

Elastic-fluid  turbines.    Warwiok  Mad、infM'v  Company.    2；") 405. 
Casting  of  metals  or  alloys.    C'nrpmael.  25711. 
Automntio  oouplings  for  railway  A*o1iiflos.    Riodl.  20743. 
Troatnient  of  ores  bv  the  cyanide  promss.    Leslio.  27871) 
Sokleriiig  irons.    Hiitton.  28(K)1. 

1912. 

(1u]iolas.    Harnos.  282. 

f^ilnnood  valve  for  controlling  steam    in    locomotivps.  Evans, 

"Roll 誦， &  Lewis.  288. 
Pnlleys.    Brinley.  14G6. 

Moans  for  starting  internal-comhustion    on^inos.      Goli.  Sulzor. 
3314. 

Steam  sii])erheatet'.    Caille.  4128. 

Pudijis  for  withdrawing  or  forcing  gases.    Siemens-Sf]niokerwoi  !<o 
Ges.  4700. 

Apparatus  tor  operating  the  stop  inoohanism  of  oolliory  winding 

olivines.    Shrigley.  4941. 
Tool  turret  for  lathes.    Berthet.  5730. 
LuhiicntoT's.    Johnston.  7131. 

Pmnps  for  gases.    SienHMis-Schuckorwoi-ke  Ges.  70G3. 
Nut  locks.    Taylor.  8(>70. 

A rr;in<j;(M]HMit  of  the  tank  or  rosorvoir  for  t'uo]   iiijootioii  nir  in 

combustion  engines.    Komaiiowsky .  10145. 
Air  f'ompiessois.    Milno,  Mr'('r;'cl""i，  &  Gr;ili;mi.    1 1312. 
1^ nilwny  rail  joints.    Leonard  A*  M(  M("m;imv.  】：H"3. 
AmwliMg  pots.    Thomas,  and  Tlmmas  &  Davios.    1  1 508. 
Wat  or  tulio  stonin  ^oiHM'iitors.     Ji.  A'  ( RtcMiuniillor.  lfi()")8. 

ELECTRICAL  1911. 


Tolegraph  instruments.      British  Insulated  and  Holsbv 

Ltd.,  and  Moore.  19065. 
Ho^ulatoi's  for  (山1 ftrif'all.v— (lriv<"i    ring    spinning    and  doubling 

inncliiiKvs.      Sionions    Bias.    Dviiiuno    Works,    (Vmvlov,  and 

Gowan.    19034  and  19085. 
Klot-tric  hatt(M-y  lamp.    Van  Radon  &  Co.,  and  Metz.  191i)t. 
A iv  lamps.    Tate  A'  MonUhouso.  19312. 

Holders  l'()r  inc;Hi(l«'sc(Mit  elwtric  lamps.     Julius  Sn\  A'  ('().，  ；m(l 

('ollis.  20(i01. 
Sparking  plugs.    Nagel.  27150. 

Scrips  systems  oi'  incandesfent  lamp  lighting.      Booth  it  Booth. 
278(52. 

Kloc-tnc  i'usos.    Poanl.  28872. 

1912. 


tclios  ； tnd  ciix-iiit,  Itroalvors.  SchuRz.  :H 
i rt  ificinl  lino.     M  iiii  ln';ul,  "lit I  Muiihoad 


Oil  imiMctscd  rlectrica 
l':l"  tric  con<l(  ns<M*s  i\ 
and  Co.  1626. 

.Means  for  hwitiiig  liquids  by  tho  aid  of  oleftricity.   RafFoty.  20ti;i. 
I'r'fK  i'ss  tor  electro  j)tatin^  nod-fondiioiiii^;  ;i i  ticlos.  h'rei. 
( 'oiitiolliiiti;  iin'ims  for  electric  cuokiny;  appni  atus.    Hnddaii. '广' f)87. 
Spjirkin^;  plugs.     KontUim*.  (>0(i2. 

I )ri\'ct' s  hnike  valves  for  oh'r'trk'all.v  ； u>d  piiciiniatirnlly  controllod 
conipi'osscd-air  hrnkos.  H ildchi-and  and  Kiiorr  Br,、ms(、  A k t . - 
Ges.  OlHi. 

Poi't;il)I<»  eicctiic  hiiiLery  la  nips.     Pordos.  11372. 

A  re  lainps.     K'oi'tin^  tV*  Matliieson  Akt.-Gos.  15281. 

Socket  tcrniin;)!  lor  t'lectric  condiu'tois.    Robert  liosoli .  l.r>83G. 


METAL  QUOTATIONS. 

TUESDAY,  SI^PTKMBRR  10'm. 

Aluminium  ingot   SO/-  per  cut. 

"         wire,  according  to  sizes,  &c  from  102/—  ,, 

，，        sheets        ，，  ，，   ，  】20/-  ,， 

Antimony   £28/-/-  to  £28/10/-  per  ton. 

lirass,  rolled    8Jd.  per  lb. 

，，     I  ubos  (l)razed)    1 1  kl. " 

，,       ，，     (solid  drawn)   0}d.  ，， 

，，       ，,     wire   8§d.  " 

Copper,  Standard   £78/10/-  per  ton. 

Iron,  Cleveland   05 /3  ,， 
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Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

,,  ，，  "       medium   3/6  to  6/—  ,, 

，，  ，，  ，，       large   7/6  to  11/- ，， 

Quicksilver   £8/5/-  per  bottle 

Silver   28 Jfd.  per  oz. 

Spolter    £26/12/0  per  ton. 

Tin,  block   £220/15/-  ,, 

Tin  plates   15/—  ，， 
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Demand  for  Electrical  Machinery  in  Spain. ~  According  to  the 
German  Consul  at  Barcelona,  there  is  a  large  demand  in  Spain 
for  electrical  apparatus,  such  as  dynamos,  motors,  incandes- 
cent lamps,  transformers,  &c.  There  are,  he  states,  excellent 
opportunities  for  doing  business,  especially  in  the  case  of  the 
lighter  machines  weighing  up  to  8  cwts.，  as  well  as  in  the  case 
of  small  electric  fittings. 

Iht  Critical  Velocity  of  Flow  of  Mercury  in  Small  Tubes. ― In 

the  course  of  a  paper  on  this  subject,  presented  by  Prof.  E. 
G .  Coker，  M.A.,  before  the  British  Association,  the  author 
stated  that  the  flow  of  mercury  in  tubes  at  low  velocities  had 
been  studied  by  Koch  and  others  with  a  view  to  determining 
the  viscosity  at  different  temperatures,  but  no  experiments 
appeared  to  have  been  made  at  high  velocities  at  which  the 
flow  might  be  turbulent.  In  the  present  experiments  both 
stream-line  motion  and  turbulent  flow  were  the  subject  of 
experiment  in  steel  tubes  having  a  range  of  bore  from  0*04  cm. 
to  016  cm. ，  and  at  temperatures'  between  0°  C.  and  100°  C. 
The  apparatus  used  was  described  in  the  paper  and  differed 
in  some  respects  from  that  usually  employed  in  viscosity  deter- 
minations, particularly  with  respect  to  the  method  of  main- 
taining a  constant  head  of  mercury  and  the  measurement  of 
i  he  Call  of  pressure  due  to  flow.  The  experimental  values 
obtained  showed  that  the  flow  tended  to  become  unstable 
beyond  a  critical  velocity  depending  on  the  bore  of  the  tube 
and  the  temperature  of  the  mercury.  Although  in  general 
st-ream-li  ne  (low,  in  favourable  circumstances,  persisted 
Ih'voikI  this  crit  ical  limit, ，  the  lowest,  velocity  at  which  turbu- 
lenl  inniion  tniglil  conuiience  was  found  to  vary  inverse] v  as 
\  \\o  (li;imH(、r  of  ( lie  ])i]>o  and  dii  oct  ly  as  the  viscosity. 
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Power  Transmission  in  Textile  Mills. 

The  development  of  the  gas  engine,  oil  engine,  steam  turbine, 
and  electricity  lias  within  the  present  generation  led  to  quite  a 
revolution  in  many  directions  regarding  the  methods  of  pro- 
ducing and  transmitting  power.  In  numerous  cases  the 
advantages  of  one  or  the  other  have  been  so  pronounced  that 
tire  old-fashioned  reciprocating  steam  engine  has  been  com- 
pletely displaced  and  there  have  not  been  wanting  some  who, 
in  view  of  the  rapidity  with  which  such  changes  have  been 
effected  and  the  economies  and  advantages  demonstrated,  have 
predicted  tliat  the  reciprocating  steam  engine  would  by  the 
next  generation  only  be  found  as  a  curiosity  in  museums. 
Threatened  machines  like  threatened  men  have,  however,  a 
way  of  disconcerting  their  critics,  and,  while  tlie  advantages  of 
many  of  its  rivals  may  be  readily  admitted,  experience  tends 
to  show  that  the  reciprocating  steam  engine  is  far  from  the  end 
of  its  career.  Bui  in  view  of  the  inroads  】ii'ade  upon  its 
supremacy  it  was  hardly  to  be  expected  that  the  belief  in  its 
merits  generally  felt  by  those  engaged  in  the  textile  industry 
should  not  be  affected  by  the  changes  going  on  around  them. 
The  last  few  years  have  witnessed  several  inroads  into  this 
sphere  of  action  by  gas  engines,  steam  turbines,  and  elec- 
tricity, and  as  in  the  case  of  all  innovations,  the  respective 
merits  of  the  new  methods  have  been  proclaimed  in  rather  a 
loud  voice  and  with  considerable  persistency.  The  innova- 
tions have  naturally  led  to  a  good  deal  of  questioning,  for  the 
textile  manufacturer  is  an  alert  individual  and  does  not  allow 
an  advantageous  opportunity  to  escape  him  if  he  can  help  it. 

It  will  be  remeinbered  that  a  few  years  ago  the  question 
was  taken  up  in  the  Yorkshire  district  aud  a  committee 
appointed  to  investigate  the  matter,  especially  as  regards  the 
relative  merits  of  electrical  and  mechanical  driving,  but  the 
enquiry  resulted  in  the  expression  of  divergent  views  and 
left  matters  pretty  much  as  they  were.  The  taking  up  cf  the 
question  by  the  Textile  Institute  was  of  course  iiidepeiulent  of 
this,  but  here  again  the  question  has  proved  a  rather  thoruy 
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one.  In  the  first  place,  a  joint  committee  composed  of  Lanca- 
shire members  of  the  Institution  of  Electrical  Engineers  and 
of  the  Textile  Institute  was  formed  to  investigate  and  report 
on  the  best  methods  of  driving,  but  as  a  result  of  adverse 
criticism  on  this  procedure  the  Institute  decided  finally  to 
appoint  the  committee  itself.  Four  gentlemen  were  selected 
to  set  forth  the  respective  merits  of  steam,  gas,  oil,  and 
electricity.  The  writers  of  these  several  papers,  though  work- 
ing conjointly  as  a  committee,  were  in  a  sense  advocates  owing 
to  their  special  experience,  and  to  the  fact  that  each  one  con- 
fined himself  to  the  special  features  and  advantages  of  one 
particular  method  of  power  production  in  textile  mills.  These 
four  reports  were  presented  for  discussion  to  the  meeting 
of  the  Textile  Institute  at  Hawick  last  week.  The  relative 
advantages  of  the  steam  engine  and  the  steam  turbine  were 
presented  by  Mr.  G.  B.  Storie,  of  Rochdale,  who,  it  may  be 
remembered,  read  a  paper  on  the  application  of  the  steam 
turbine  to  the  driving  of  textile  mills  before  the  Manchester 
Association  of  Engineers  several  years  ago.  Gas  power  was 
dealt  with  by  Mr.  T.  Roland  Wollaston,  who  is  associated 
with  the  Power  Gas  Corporation  ；  oil  engines  by  Mr.  Frank 
Carter,  of  Messrs.  Mirrilees,  Bickerton,  &  Day,  Diesel  engine 
makers  ；  and  electrical  power  by  Mr.  J ,  F.  Crowley,  who  is,  we 
believe,  connected  with  Messrs.  Siemens  Bros.  At  the  outset 
of  the  investigation  it  was  obviously  impossible  to  discuss  the 
questions  involved  unless  a  common  power  unit  was  adopted 
and  here  some  little  difficulty  was  experienced.  Users  of 
steam  power  speak  and  think  almost  universally  in  indicated 
horse-power  and  the  indicator  is  equally  as  applicable  to  the 
gas  engine  and  oil  engine  as  it  is  to  the  steam  engine,  though 
for  comparative  purposes  the  brake  or  shaft  liorse-power,  Le" 
indicated  horse-power  less  engine  friction,  is  not  proportional 
to  the  indicated  horse-power  for  any  two  engines,  since  the 
engine  friction  is  more  or  less  a  constant  quantity,  irrespective 
of  the  load.  Again,  the  indicator  cannot  be  applied  to  ascer- 
tain the  horse-power  of  a  turbine,  while  further,  electrical 
power,  which  may  be  purchased  from  an  outside  supply,  is 
sold  by  the  Board  of  Trade  unit,  while  electrical  engineers 
think  and  talk  in  kilowatts.  For  the  purpose  of  making 
comparisons  it  was  necessary  for  the  authors  to  agree  upon 
certain  fundamental  data,  and  the  following  was  fixed  upon  ： 
For  good  steam  engine  practice  the  relation  of  brake  horse- 
power to  indicated  horse-power  was  taken  as  9  to  10，  for  good 
gas  engine  practice  as  8  5  to  10，  and  for  Diesel  engine  practice 
as  8  to  10.  The  running  hours  per  annum  were  taken  as 
2,750，  interest  and  depreciation  on  engines,  machinery,  gas 
plant,  &c.，  was  taken  at  10  per  cent.,  and  on  buildings  and 
foundations  at  8  per  cent.  In  considering  labour  charges, 
skilled  engineers  were  taken  at  £120  per  annum,  mechanics 
and  electricians  £100  per  annum,  and  labourers,  firemen,  &c.， 
丄65  per  annum.  For  purposes  of  fuel  costs,  steam  or  bitu- 
minous producer  coal  was  taken  at  lls.，  anthracite  at  32s. ， 
uoke  at  13s"  and  Diesel  engine  oil  at  50s,  per  ton.  These 
various  arbitrary  figures  may  not  accord  with  individual  cases 
or  districts,  but  the  conversion  and  adjustment  for  such 
departures  is  obviously  easily  made. 

It  was  hardly  to  be  expected  that  the  four  papers  presented 
at  the  Hawick  meeting,  covering  as  they  do  so  large  a  subject 
and  involving  so  many  complex  questions,  would  receive 
adequate  treatment  in  the  course  of  a  discussion  immediately 
following  their  reading,  and  as  a  matter  of  fact  very  little  that 
was  pertinent  was  said,  though  it  is  to  be  trusted  amends  will 
be  made  for  this  in  the  course  of  the  written  discussion  which 
is  to  follow  and  which  will  be  published  in  due  course.  Pend- 
ing this  it  may  be  permissible  to  offer  a  few  observations  on 


the  papers  themselves  (abstracts  of  which  we  give  elsewhere  in 
this  issue)  and  on  the  main  questions  involved.  At  the  outset  it 
will  be  evident  that  a  comparison  of  the  relative  advantages  of 
the  various  methods  of  developing  and  transmitting  power  in  a 
textile  mill,  where  the  power  plant  forms  as  a  rule  only  a  small 
percentage  of  the  total  outlay  of  capital  and  continuity  of 
running  is  essential,  divides  itself,  roughly  speaking,  into 
three  parts  :  (1)  capital  charges,  depreciation,  and  running 
costs  ；  (2)  reliability  ；  (3)  quantity  and  quality  of  output'. 
All  three  are  finally  expressed  in  terms  of  £  s.  d.  to  the 
millowner,  and  it  is  their  final  sum  which  decides  whether  a 
given  method  is,  or  is  not,  advantageous  to  him.  Economy  of 
actual  power  production  is  but  one  aspect  of  a  larger  question, 
though  the  prominence  given  to  it  sometimes  obscures  the 
main  issue.  We  may  say  at  the  outset  that  we  hold  no  brief 
for  either  steam,  gas,  oil,  or  electricity,  but  we  are  concerned 
with  the  truth  respecting  the  relative  merits  of  each.  A  careful 
perusal  of  the  papers,  we  must  say,  leaves  us,  as  we  venture  to 
think  it  will  most  textile  niillowners,  somewhat  hazy  as  to 
where  these  lie,  considering  the  question  as  a  whole.  At  all 
events  no  particular  one  can  claim  predominance,  and,  not- 
withstanding the  basic  data  agreed  upon  for  the  purpose  of 
comparison,  one  puts  the  papers  dowi),  with  a  feeling  that  it  is 
difficult  to  reduce  the  various  questions  involved  to  a  coninion 
denominator. 

The  use  of  steam  involves  consideration  of  both  the  reci- 
procating engine  and  also  of  the  turbine,  and  in  the  interests 
of  the  former  it  is  to  be  regretted  that  its  merits  have  not 
been  set  forth  as  explicitly  and  at  as  great  a  length  as  its 
rivals.  Mr.  Storie  does  profess  to  do  this,  but,  with  all 
deference  to  his  efforts  at  impartiality,  his  paper  leaves  the 
impression  that  he  is  much  more  concerned  to  poiii,t  out  the 
merits  of  the  steam  turbine  as  the  prime  niovei'  par  excellence 
for  large  textile  mills,  as  the  other  authors  in  turn  point  out 
the  merits  of  gas,  oil,  and  electricity  than  to  put  forward  the 
strong  features  of  the  reciprocating  engine.  The  reciprocating 
engine  aloue,  in  fact,  amongst  the  various  alternatives  pre- 
sented, appears  to  be  without  a  special  advocate.  It  may  be 
the  merits  of  this  are  so  well  known  and  have  been  so  long 
tried  that  it  requires  no  special  advocacy.  All  the  same  we 
think  it  would  have  been  better  for  purpose  of  comparison  if 
they  had  been  dwelt  on  at  greater  length.  Mr.  Storie's  pre- 
dilections for  the  turbo-alternator  are  pronounced  and  well 
known,  and  as  impartial  outsiders  we  cannot  help  feeling  they 
lead  him  in  some  directions  to  rather  prejudiced  expressions 
of  opinion.  For  example,  alluding  to  the  troubles  and  break- 
downs due  to  failure  of  turbine  blades,  lie  states  that  "  these 
defects  have  disappeared,  and  the  systems  of  blading  now 
used  by  the  leading  turbine  builders  are  such  that  stripping 
of  blades  has  almost  become  a  thing  of  the  past. 1 }  This  may 
be  Mr.  Storie，s  view,  but  it  certainly  does  not  accord  with 
that  of  others.  The  chief  engineers  of  the  various  engine 
inspecting  and  insuring  companies,  if  they  were  at  liberty  to 
publish  all  they  know  about  turbine  breakdowns,  could  tell 
a  different  tale,  and  its  bearing  on  tho  issue  is  obvious.  Advo- 
cates of  any  innovation  are  proverbially  enthusiastic,  other- 
wise they  would  not  deserve  their  position,  nor  would  bene- 
ficial changes  in  many  cases  stand  much  chance  of  being 
instituted.  The  observant  critic  recognises  this,  and  makes 
a  discreet  discount  in  arriving  at  his  conclusions.  It 
happens  that  at  this  early  stage  of  development,  the  turbiue, 
the  gas  engine,  the  oil  engine,  and  electricity  are  fighting 
hard  to  dispossess  the  reciprocating  engine  from  some  of  its 
lung- established  holding  in  textile  mills,  and  their  respective 
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advocates  can  scarcely  avoid  the  instinctive  tendency  to  paint 
their  merits  in  rosy  colours.  The  freedom  of  the  steam 
engine's  rivals  from  breakdown,  which  is  illustrated  in  the 
several  papers  by  some  particular  plant,  is,  we  happen  to 
know,  not  supported  by  the  experience  of  insurance  com- 
panies, who  have  very  often  to  face  the  liabilities  when  break- 
downs occur. 

For  the  purpose  of  comparison  Mr.  Storie  takes  (】) a 
turbo-alternator,  (2)  an  alternator  driven  by  a  horizontal 
cross  compound  condensing  engine,  and  (3)  a  similar  engine 
arranged  for  a  rope  drive,  in  each  case  for  a  power  ot 
1,080  i.h.p.  (750  kw.).  On  the  basis  of  the  figures  given  for 
depreciation,  Ac,  he  makes  out  the  cost  of  (1)  per  indicated 
horse-power  per  annum  £2.  4s.  4d.，  (2)  £2.  10s.  8d.,  and  (3) 
£2.  7s.  lOkl.  Between  these  various  figures  there  is  not 
liiufh  to  choose,  even  with  the  assumptions  made,  though  i  lie 
slight  advantage  on  the  figures  taken  lies  with  the  turbo- 
alternator.  It  should  be  pointed  out,  however,  and  this  again 
shows  the  difficulty  of  making  strict  comparisons  and  bow 
easv  thev  may  be  misleading,  that  the  losses  between  the 
engine  aud  the  machine  drive  are  considerably  greater  with 
electricity  than  with  ropes,  probably  to  the  extent  of  10  per 
cent-,  and  in  an  actual  scheme  would  require  to  be  taken  into 
account.  Mr.  Wollaston,  in  presenting  the  case  of  the  gas 
engine,  puts  it  on  the  whole  succinctly  and  fairly,  and  gives 
some  interesting  figures  respecting  an  actual  installation  at 
the  Hollins  Mill,  Marple,  where  the  gas  engine  is  worked  in 
connection  with  an  ammonia  recovery  plant,  and  on  the  basis 
of  these  deduces  the  cost  per  unit  of  power  with  an  electric 
drive,  and  also  works  out  similar  hypothetical  results  for  other 
power  of  gas-engine  installations,  for  which  we  】nust  refer  the 
reader  to  page  359.  Although  the  Diesel  engine  is  under- 
going rapid  development,  its  application  to  the  driving  of 
textile  mills  is  extremely  limited.  For  one  thing  the  engine 
so  far  has  only  been  made  in  small  sizes  ；  at  all  events,  for 
purposes  of  comparison  only  small  sizes  are  taken.  The 
economy  of  the  Diesel  engine  as  regards  fuel  cost  is  pro- 
nounced and  unmistakable,  but  a  reference  to  the  figures 
given  shows  that  other  costs  do  not  work  out  so  economical, 
and  it  is  in  the  smaller  sizes  that  tlie  Diesel  engine  excels 
when  compared  with  its  competitors,  and  we  would  add 
further  that  experience  of  Diesel  engine  breakdowns  indicates 
tliat  they  call  for  superior  skill  and  intelligence  in  their 
supervision  than  steam  engines,  while  failures,  if  they  do 
(j«'('iir，  are  as  a  rule  disastrous.  '  Here,  again,  one  touches 
upon  the  question  of  reliability,  and  detailed  consideration 
of  the  various  types  of  prime  movers  discussed  shows 
Uiat  many  items  have  to  be  considered  in  an  actual  power 
plant  which  are  not  taken  account  of  in  the  papers  before 
us.  A  pertinent  illustration  of  this  is  afforded  by  the 
fact  that  under  local  by-laws  it  is  often  compulsory  for  t lie 
effluent  from  gas-cleaning  plant  to  he  filtered  aiul  deoderised 
hefovti  tinning  into  drains.  This,  of  course,  entails  labour 
aiid  expense,  though  no  account  is  taken  of  it  by  Mr.  Wollas- 
ton in  setting  forth  the  merits  of  the  gas  engine. 

Tlie  merits  of  electric  driving  for  textile  purposes  is  a 
matter  round  which  a  good  deal  of  discussion  has  been  waged, 
and  about  which  no  very  clear  conclusion  can  be  said  so  far 
to  have  emerged.  Tlie  advocates  of  electricity  cannot,  on  ilie 
basis  of  capital  charges  aii'l  running  costs,  establish  ；' iiy 
strong  claim  for  consideration  in  its  application  to  powers 


below  500  kw.,  though  in  \i\rgov  sizes  iurlj<j  ;i  It  (Tii;it  oi  s  srore 
largely.  On  behalf  of  elect ric  driving  n  ^ood  deal  is  claiinetl 
i"  the  way  of  superiority  of  yarn  as  a  result  of  greater 
unit'ormity  of  speerl ,  but  much  of  this  superiority  appears 
to  be  based  upon  very  delicate  】neasurem("its  anrl  fluctua- 
tions within  narrow  limit s,  and  in  one  or  two  instances  where 
electric  driving  lias  been  adopted  we  are  informed  I  ] i at,  as 
compared  with  pure 川 erlmiii ('； il  driving  uinler  normal  condi- 
tions, it  is  difficult  to  find  an  economical  expression  I' or  tins 
superiority  when  the  yarn  is  sold  on  'Change.  Of  course, 
it  may  be  that  this  is  only  a  partial  opinio",  anrl  we  trust  iu 
the  written  discussion  further  light  will  be  thrown  upon  the 
point.  That  electric  driving  in  several  instances  of  power 
reorganisation  where  operations  are  coiiflucied  in  several 
buildings  has  been  ecouoniicHl  and  led  to  better  spiuning  lias 
been  demonstrated  an  J  is  easy  to  undersiand,  l)ut  lliese  cases 
are  abnormal,  aiul  it  is  unfair  to  take  such  improve 川 （"its 
as  a  standard  for  comparison  with  normal  conditions.  The 
fact  is  that  the  choice  of  a  power  plant,  whether  in  laying 
out  a  new  mill  or  reorganising  an  old  one,  depends  largely 
on  circumstances.  In  many  cases  tlie  conditions  are  so  coin- 
plex  that  none  but  a  well-trained  engineering  expert,  tree 
from  prejudices  and  with  no  axe  to  grind,  is  capable  of 
deciding  which  is  best,  and  the  four  papers  referred  to  con- 
firin  us  in  this  opinion.  They  certainly  do  not  show  that  the 
reciprocating  steam  engine  is  likely  to  be  displaced  in 
textile  industry  to  any  serious  extent,  and  though  its  merits 
are  not  so  loudly  proclaimed  as  those  of  the  rival  methods 
described,  manufacturers  will  do  well  not  to  disturb  existing 
an*angenients  or  depart  from  established  practice  wheu  new 
mills  or  alterations  are  under  consideration  without  taking 
advice  from  some  independent,  impartial  authority. 


MORISON'S  FEED-WATER  HEATER  AND  FILTER 

We  illustrate  herewith  a  design  of  apparatus  for  heating  and 
Filtering  boiler  feed  water,  the  invention  of  Mr.  D.  B.  M ori- 
son, Hartlepool  Engine  Works,  Hartlepool.  Referring  to 
the  illustrations,  the  water  filtering  compartment  forms  the 
central  compartment  B  of  a  muiiber  of  inter-comniuiiicating 
compartments  A，  B，  and  C  into  which  the  body  D  of  the 
apparatus  is  divided  by  vertical  partitions  E  and  F.  The 
filtering  coinpartnient  is  provided  with  two  removable  vessels 
G,  vertically  disposed  and  containing  filtering  material,  the 
top  and  bottom  of  each  vessel  being  perforated  tor  the  passage 
of  the  feed  water  through  the  filtering  material.  The  vow- 
partment  B  is  divided  horizontally  into  upper  and  lower  por- 
tions by  a  plate  H，  having  two  holes  therein  througli  whicli 
extend  the  filtering  vessels  G.  Witli  this  arrangement  it  will 
be  seen  that  when  it  is  desired  to  remove  one  of  the  filtering 
vessels  for  cleaning  or  refilling,  it  can  be  easily  lifted  out  of 
place  ami  be  replaced  by  another  vessel  containing  new  or 
cleansed  filtering  material,  or  if  a  spare  liltering  vessel  be  not 
available,  the  hole  in  the  plate  H  can  be  closed  by  a  cover 
plate  so  as  to  prevent  short-circuiting  of  the  water.  Each 
filtering  vessel  is  provided  with  means  to  admit  of  its  being 
readily  removed. 

Iu  some  cases  the  filtering  coinpartnient  may  be  sub- 
divided into  two  or  more  smaller  coiiipartinents,  each  contain- 
ing one  or  more  removable  filtering  vessels,  the  arrangement 
being  such  that  any  one  of  the  compartnieuts  cau  be  cut  out 
of  operation  and  the  filtering  vessel  or  vessels  withdrawn 
therefrom  as  required,  or  tlie  water  liltering  vessels  may  be 
arrangecl  in  series  and  it  may  be  at  different  levels.  Or  oue 
or  more  of  the  vessels  may  be  adapted  for  the  filtration  of 
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flows  before  entering  the  filtering  compartment,  and  which  is 
suitably  arranged  for  tlie  collection  of  float  oil.  The  water 
heating  compartment  is  provided  with  a  steam-heating 
nozzle.  A  is  the  compartment  into  which  the  feed  water  is 
delivered  through  an  inlet  J  and  over  a  weir  K  that  pro- 
motes the  collection  of  float  oil  in  the  compartment  A  the 
bottom  of  which  is  in  communication  through  an  opening  L 
and  a  vertical  passage  M  with  the  filtering  compartment  B  at 
a  part  thereof  above  the  filtering  vessels  G.  The  bottom  of 
the  filtering  compartment  B  is  in  communication  through 
upwardly  and  downwardly  extending  passages  N  and  P, 
formed  between  the  partition  F  and  additional  partitions 
0，  Q，  within  the  last  compartment  C  which  contains  a  steam 
nozzle  or  pipe  R  and  also  an  outlet  valve  T  controlled  by  a 
float  U.  The  steam  nozzle  or  pipe  R  is  provided  with  an 
upwardly  extending  inclined  plate  S  which  is  connected  at 
the  top  to  the  adjacsnt  side  wall  Q  so  as  to  form  therewith  a 
narrow  chamber,  the  upper  portion  of  the  plate  S  having  per- 
forations therein  through  which  the  current  of  water  set  up 
by  the  jets  of  steam  issuing  from  the  apertures  W  of  the 
nozzle  or  pipe  R  can  pass,  the  perforated  plate  acting  to  facili- 
tate effective  condensation  of  the  steam  and  to  reduce  surface 
agitation  of  the  water  in  the  compartment  C. 

The  water  outlet  from  the  filtering  compartment  B  is  so 
arranged,  as  by  making  the  partition  wall  O  of  suitable 
height,  as  to  maintain  a  bead  of  water  above  the  filtering 
vessels  G  whereby  a  large  surface  of  water  is  provided  for 
the  collection  of  float  oil  which  can  be  removed  from  the 
apparatus  as  and  when  required,  for  example  by  closing  the 
outlet  from  the  last  compartment  C  and  raising  the  level  of 
the  water  in  all  the  compartments  until  the  float  oil  can  be 
drawn  off  through  a  suitable  outlet.  The  communicating 
passage  P  through  which  the  water  flows  after  passing 
through  the  filters  G  is  provided  with  a  removable  sieve  or 
perforated  plate  X  so  as  to  prevent  any  loose  portion  of  the 
filtering  material,  or  other  solid  matter,  passing  to  the  feed 
】>iimps  through  the  compartment  C.  When  the  steam  avail- 
able for  heating  the  feed  water  contains  oil,  such  uncleansed 
steam  may  be  condensed  by  the  feed  water  prior  to  passing 
through  the  filtering  compartment,  and  the  water  may  be 
further  heated  by  pure  steam  after  passing  through  such 
compartment. 


Fig.  1.— Wkiss  Magnet  at  U.S.  Bureau  of  Standards. 

materials  have  a  small  reluctance  and  consequently  an  in- 
tense magnetic  flux  can  be  created  in  them.  The  reluctance 
is  inversely  proportional  to  the  permeability  of  the  mate- 
rial. The  permeability  of  air  and  most  other  substances  is 
one,  while  the  permeability  of  iron  sometimes  reaches  values 
of  many  thousands.  The  magnetic  flux,  which  is  obtained 
in  any  magnetic  circuit,  is  directly  proportional  to  the  mag- 
netomotive force  and  inversely  proportional  to  the  reluctance. 

From  tho  "  Electrical  Roview  and  Western  Electrician." 


very  impure  water,  in  which  case  one  or  more  of  the  vessels 
may,  for  exani})]e,  be  extended  above  the  normal  water  level 
and  contain  material  suitable  for  the  effective  filtration  of 
such  impure  water. 

The  filtering  compartment  B  is  in  communication  with  a 
compartment  in  which  the  feed  water  can  be  heated,  and 
also   with  another  compartment  through  which  the  water 


SOME  UNIQUE  ELECTROMAGNETS.* 

The  discovery  of  electromagnetism  by  Hans  C.  Oersted  in 
1820  must  be  ranked  among  the  discoveries  which  are  of  the 
greatest  importance  to  modern  industry.  Applications  of  the 
electromagnet  are  to  be  seen  everywhere  and  in  the  most 
varied  forms.  Almost  all  of  the  familiar  forms  of  electric 
apparatus  involve  the  use  of  an  electromagnet.  This  applies 
to  the  telegraph,  telephone,  dynamos,  motors,  transformers, 
electric  bells,  annunciators,  control  apparatus  of  almost  every 
form,  &c.  The  first  electromagnet  was  made  in  1825  by 
William  Sturgeon  in  England.  This  form  of  magnet  was 
further  developed  by  Joseph  Henry  in  the  United  States,  and 
he,  in  1831，  made  tvyo  magnets,  each  of  which  would  lift 
about  3，0001bs"  and  was  operated  by  a  small  battery.  He 
also  made  a  telegraph  which  could  be  operated  from  a  dis- 
tance, and  even  used  an  earth  return,  which  has  since  become 
so  common. 

Since  that  time  electromagnets  have  been  made  in  all 
forms  and  sizes,  and  only  a  few  of  the  more  unusual  forms 
can  be  mentioned  here.  The  magnet  giving  the  strongest 
field  which  had  been  made  up  to  that  time  was  constructed 
in  1894  by  H.  Du  Bois,  a  professor  in  the  University  at 
Berlin,  Germany.  This  magnet  was  constructed  in  the  shape 
of  a  ring,  around  which  the  windings  were  uniformly  dis- 
tributed. This  magnet  enabled  a  field  of  40,000  gausses  to 
be  obtained  in  the  air  gap,  which  was  cut  through  at  one 
portion  of  the  ring. 

The  magnetic  flux  which  can  be  obtained  with  any  magnet 
depends  upon  the  magnetomotive  force  and  upon  the  reluct- 
ance. The  magnetomotive  force  is  proportional  to  the 
ampere-turns  which  link  the  magnetic  circuit.  It  is  some- 
times expressed  directly  in  ampere-turns  and  sometimes  in 
gilberts,  the  gilbert  being  the  unit  in  the  C.  G.  S.  system. 
The  reluctance  of  a  magnetic  circuit  depends  upon  the  mate- 
rial of  which  it  is  composed.    Iron  and  other  ferro-magnetic 
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The  flux  is  measured  in  maxwells  in  the  C.  G.  S.  system,  one 
maxwell  beiug  the  same  as  what  is  sometimes  loosely  referred 
to  as  a  line  of  force.  The  density  of  the  magnetic  flux  is 
expressed  in  gausses,  one  gauss  representing  one  maxwell  per 
square  centimetre.  The  greatest  flux-density  which  has  been 
obtained  in  air  is  in  excess  of  40,000  gausses. 

Prof.  Du  Bois  later  made  a  commercial  form  of  electro- 
magnet for  intense  fields  in  the  shape  of  a  half  ring.  This 
consisted  of  a  base  plate  weighing  40  kgs.,  aud  two  arms  in  the 
shape  of  quarters  of  a  ring,  leaving  a  small  air  gap  between 
their  ends.    Each  of  these  arms  was  suiTounded  with  four  coils 


Fifi.  2  — Bbace  Magnet  at  Univebsitt  of  Nebraska. 

of  wire,  which,  with  the  core,  weighed  60  kgs.  There  was  alto- 
gether 2,500  turns  of  wire.  This  winding  would  carry  20 
amperes  and  with  all  the  turns  connected  in  series  required 
70  volts  for  its  operation.  With  pole  pieces  having  flat  cir- 
cular faces  with  a  radius  of  three  millimetres,  and  with  an 
air  gap  of  one  millimetre,  a  magnetic  field  could  be  secured 
in  the  air  gap  having  a  flux-density  of  about  40,000  gausses, 
the  same  as  with  the  ring  magnet.  The  self-inductance  of 
this  half-ring  magnet  was  180  henries.  This  magnet  was 
made  by  Hartmann  &  Braun，  Frankfort,  Germany,  and  a 
smaller  size  of  the  same  design  weighing  25  kgs.  is  also  avail- 
able. The  linear  dimensions  of  the  latter  are  about  one-half 
those  of  the  larger  magnet.  These  magnets  were  constructed 
in  1899,  and  up  to  that  time  were  the  most  powerful  electro- 
magnets on  the  market. 

By  increasing  the  magnetomotive  force  which  is  applied 
to  a  magnet  of  appropriate  shape,  it  might  seem  that  there 
would  be  no  limit  to  the  strength  of  the  magnetic  field  which 
could  be  produced.  Practical  difficulties,  however,  limit  this, 
as  the  heat  generated  in  the  magnetising  coils,  if  too  large  a 
current  be  used,  causes  difficulties.  In  order  to  overcome  this 
objection  a  magnet  was  designed  by  Pierre  Weiss,  professor 
in  the  Polytechnic  School  of  Zurich,  Switzerland.  In  this 
magnet  the  copper  coils  which  surround  the  core  are  im- 
mersed in  an  oil  bath  in  which  is  a  coil  of  pipe  carrying  a 
stream  of  cold  water,  so  that  the  heat  is  carried  off  as  fast 
as  it  is  generated  (see  Fig.  1). 

The  yoke  of  this  magnet  is  of  extra  soft  steel  bent  twice 
at  90°,  and  to  this  are  connected  two  cylindrical  cores  of  the 
same  material.  These  cores  are  15  centimetres  in  diameters 
and  52  centimetres  long.  The  yoke  is  12  by  21  centimetres, 
and,  consequently,  has  a  cross-section  of  252  square  centi- 
metres (4  sq.  in.).  The  cross-section  of  the  cylindrical  cores 
is  176  7  square  centimetres  (2*8  sq.  in.).  The  weight  of  these 
cores  is  70  kgs.    The  coils  are  fixed  in  position,  but  the  posi- 


tion of  the  cores  can  be  adjusted  by  means  of  a  screw  so  as  to 
fix  the  air  gap  at  any  desired  value.  Pole  pieces  13'5  centi- 
metres long  and  tapered  are  attached  to  the  cores.  Tlie 
copper  conductor  consists  of  strips  15  millimetres  wide  and 
one  millimetre  thick,  wound  in  a  spiral,  with  an  insulation 
between  turns  0'2  mm.  in  thickness.  Each  coil  contains  15 
spirals  3  5  mm.  apart,  and  each  spiral  contains  112  turns. 
The  total  number  of  turns  on  the  magnet  is,  therefore,  3,360. 
When  the  maximum  current,  60  amperes,  is  flowing,  this  gives 
201,600  ampere-turns.  The  resistance  of  the  winding  when 
cold  is  4'9  ohms,  and  this  is  not  increased  more  than  5  per 
cent,  by  heating.  About  300  volts  are  required  to  give  tlie 
maximum  excitation,  which,  consequently,  requires  about 
18  kws.  In  most  of  the  experiments  for  which  the  magnet  is 
used,  however,  25  amperes  is  sufficient,  the  consumption  then 
being  only  3  kws.  If  a  current  of  50  amperes  through  1  his 
coil  is  suddenly  broken,  an  arc  20  centimetres  long  is  pro- 
duced, owing  to  the  high  inductance  of  the  circuit.  As  there 
is,  of  course,  a  possibility  of  this  happening  at  any  time,  the 
oil  insulation  has  an  additional  advantage  in  preventing  the 
breakdown  of  the  winding  from  this  cause. 

The  total  weight  of  this  magnet  is  about  1,000  kgs.  It  is 
mounted  on  a  pivot,  so  that  it  may  be  oriented  in  any  posi- 
tion, the  motion  being  controlled  by  means  of  a  tangent 
screw.  With  53  amperes  flowing  in  the  magnetising  coils  and 
an  air  gap  of  195  mm.  (0'0768in.)  and  pole  pieces  of  the  best, 
extra  soft  steel,  a  flux-density  was  secured  in  the  air  gap  of 
46,250  gausses.  With  pole  pieces  of  Swedish  iron  the  flux- 
density  was  45,900.  By  reducing  the  air  gap  slightly,  a  flux- 
density  as  high  as  46,750  gausses  was  secured.  The  maximum 
intensity  of  magnetisation  in  the  iron  was  1,850  C.  G.  S.  units. 
This  magnet  was  constructed  at  the  Oerlikon  works.  A 
duplicate  of  the  original  magnet  was  made  for  the  Bureau  of 
Standards,  Washington,  D.C.    This  is  illustrated  in  Fig.  1. 

One  of  the  most  powerful  electromagnets  which  has  been 
constructed  in  this  country  is  that  designed  by  the  late  D.  B. 
Brace  and  constructed  for  use  in  the  Physical  Laboratory  at 
the  University  of  Nebraska,  where  Prof.  Brace  carried  on 
important  work  in  the  investigation  of  magneto-optical 
effects.  This  magnet  is  shown  in  Fig.  2.  The  magnetic  cir- 
cuit was  constructed  of  Norway  iron,  the  cores  being  8in. 
diam.  and  surrounded  with  six  magnetising  coils  of  No.  10 
copper  wire.  These  could  be  connected  in  any  desired  com- 
bination. The  weight  of  the  copper  in  these  coils  was  about 
6501bs.,  and  the  total  weight  of  the  magnet  about  4,0001bs. 
Its  height  was  about  4ft.  A  variety  of  pole  pieces  was 
available,  giving  areas  of  pole  face  up  to  96  sq.  in.  With 
pole  faces  measuring  2'5in.  square  and  an  air  gap  of  2*09in. 
(5*3  centimetres)  a  strength  of  magnetic  field  of  8,700  gausses 
was  obtained  by  using  100,000  ampere-turns.  With  conical 
pole  pieces  having  a  circular  pole  face  of  diameter  07in.  and 
an  air  gap  of  O  lin.  (2'5  mm.),  a  flux-density  in  the  air  of 
38,000  gausses  was  secured  by  using  66,000  ampere-turns. 


Fig.  3. 


This  current  was  kept  on  for  two  hours  without  undue  heat- 
ing. With  the  air  gap  increased  to  0'25in.  (6*5  mm.)  a  field 
of  30,000  gausses  could  be  maintained  indefinitely  with 
40,000  ampere-turns.  This  notable  magnet  is  still  in  use  in 
the  new  Brace  Laboratory  of  Physics  under  the  direction  of 
C.  A.  Skinner,  who  is  now  the  professor  of  physics. 

Some  of  the  most  notable  experiments  in  magnetism  which 
have  been  made  have  been  performed  by  B.  O.  Peirce,  pro- 
fessor of  natural  philosophy  in  Harvard  University.  One  of 
the  magnets  used  by  Prof.  Peirce  is  represented  in  Fig.  3. 
This  magnet  has  a  frame  of  cast  iron  with  a  rectangular  cross- 
section  20  by  40  centimetres  (8in.  by  16in.).  The  magnet 
cores  are  of  soft  steel  and  are  cylindrical  in  shape,  with  a 
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diameter  of  about  lOin.  They  fit  very  accurately  into  sockets 
in  t  lie  frame.  The  ])ole  pieces  shown  in  i'lie  figure  are  l'75in. 
t  hick.  The  excit  ini;  coils  contain  2,823  turns,  and  have  a 
resistance  of  about  12  4  ohms.  The  total  weight  is  3,3001bs. 
This  magnet  was  designed  by  A.  W.  K.  Billings  to  give  a 
nearly  uniform  field  of  about  18,000  gausses  throughout  the 
wliole  aii-  gap  between  the  pole  pieces. 

The  curve  V  W  in  Fig.  4  shows  the  total  flux  across  the 
air  gap  wlien  the  excitation  is  about  5,700  ampere-turns. 
Y  One  division  measured  horizon- 

tally in  this  figure  represents 
one  centimetre  and  one  (Uvi、 
sion  measured  vertically  repre- 
sents 1,000,000  maxwells.  The 
line  M  N  is  plotted  from  values 
wliich  are  proportional  to  Uie 
reciprocal  of  the  total  mag- 
netic flux,  and  this  is  seen  to 
give  a  line  which  is  nearly 
straight.  With  an  excitation 
of  28,500  ampere-turns,  tlie 
total  flux  for  different  air  gaps 
is  shown  by  the  curve  P  Q. 
The  line  of  reciprocal  value  in 
(liis  case  is  R  S,  which  also 
appears  to  be  a  straight  line. 
The  fact  tliat  the  lines  M  N 
aiul  R  S  are  straight  is  not  a 
general  condition  for  all  ina^- 
neis,  but  one  which  is  peculiar 
to  this  magnet  and  depends 
upon  the  arrangement  of  the 
exciting  coils  on  the  core.  The 
magnetic  flux,  which  is  con- 
sidered in  plotting  these 
curves,  includes  only  that 
wliich  is  between  the  pole 
faces  and  not  any  outside 
of  this  space.  This  magnet  is  supplied  with  two  conical  pole 
pieces  giving  a  flat  pole  face  witli  a  diameter  0'57in. 
(14'5  mm.).  With  an  air  gap  of  0'0545in.  (1"38  mm.),  the 
following  values  of  the  flux-density  in  the  air  gap  were 
obtained  : — - 


Fk;. 


Flux  Density  in  Gausses. 

Approximate  Numbev  of  Aim  per  e 
Turns. 

33,900 

22,600 

39,300 

56,500 

41,400 

76,200 

42,200 

98,800 

With  a  somewhat  narrower  gap  and  excitation  of  about 
127,000  ampere-turns,  the  measured  flux-density  in  the  air 
gap  was  43，  160  gausses.  The  shape  of  the  pole  pieces  here 
used  was  intended  to  give  a  uniform  field  and  not  maxinumi 
concentration.  A  more  intense  local  field  could  have  been 
produced  witli  pole  pieces  having  a  sharper  angle.  It  is  to 
be  noted  that  the  area  of  the  field  here  measured  was  more 
than  114  sq.  mm.  The  excellent  design  of  a  magnet  which 
will  give  such  an  intense  field  is  made  evident  by  the  follow- 
ing quotation  from  Du  Bois's  (<  Magnetic  Circuit  in  Theory 
and  Practice/'  where  it  is  stated  :  "  A  ring  electromagnet  of 
manageable  sizs,  with  truncated  conical  pole  pieces  of  120° 
aperture,  enables  us  to  have  fields  up  to,  say,  40,000  C.G.S. 
units  over  an  extent  of  some  square  millimeters.  To  exceed 
this  to  any  material  extent  could  at  present  be  only  accom- 
plislied  by  an  undue  expenditure  of  means  out  of  all  propo- 
sition with  the  end  in  view." 

Electromagnets  of  various  forms  have  been  used  for  some 
time  past,  in  order  to  remove  particles  of  iron  from  the  eye. 
Prof.  Haab,  of  Zurich,  Switzerland,  has  designed  a  new  type 
of  eye  magnet  which  is  intended  for  physicians'  use  and  has 
a  number  of  improvements  in  its  make-up,  so  that  it  is  likely 
to  be  of  better  service  in  these  very  delicate  operations  than 
the  ones  which  have  been  heretofore  used.  It  is  shown  in 
Fig.  5.  Dr.  Haab  finds  that  a  magnet  of  this  kind  needs  to 
have  tlie  greatest  possible  force  in  order  to  draw  deeply  em- 
l)efl(lwl  iron  particles  out  of  the  eye.      It  should  also  be 


mounied  conveniently  in  a  horizontal  position  and  have  a  foot 
switch  so  that  the  current  can  be  applied  while  the  operator 
is  using  his  hands  to  manipulate  the  eye.  Then  the  magnetic 
points  must  be  of  the  ri^lit  shape  to  suit  the  kind  of  operation 
whicli  is  carried  out,  and  interchangeable  pole  pieces  should 
be  provided.  Surgeons  have  sometimes  found  that  a  weak 
magnet  fails  just  at  the  critical  moment  of  the  operation,  and 
is  nob  strong  enough  to  draw  out  the  iron  particle,  so  that  for 
this  reason  the  present  magnet  is  of  a  very  powerful  design. 
It  is  mounted  on  an  iron  column,  with  a  shelf  for  placing  the 
patients'  arms  in  the  best  position.  The  magnet  is  designed 
so  that  the  pole  point  is  not  too  long  to  be  strong,  and  at  the 
same  time  nia^'iiev,  body  does  not  hide  the  field  of  sight,  from 
tlie  operator.  Three  fonns  of  pole  pieces  are  provided,  as 
shown  in  Fig.  6.  The  other  pole  of  tlie  magnet  is  bell-slia]KHl. 
This  apparatus  is  made  at  the  Oerlikon  Works.  This  magnet 
exerts  a  greater  force  than  any  other  which  has  been  desi^ii('(l 
for  this  purpose.  The  coils  of  this  magnet  can  be  wound  for 
voltages  from  60  to  300  volts,  and  the  maximum  power  con- 
sumed is  1  kw.    The  total  weight  of  the  apparatus  is  2861bs. 

One  of  the  most  important  applications  of  electromagnets 
in  industrial  work  is  for  lifting  large  masses  of  iron  and  steel . 
The  lifting  magnet  has  probably  had  a  greater  influence  in 
reducing  the  cost  of  handling  iron  and  steel  than  any  other 
apparatus,  except  the  travelling  crane,  with  which  it  is,  of 
course,  used.  The  lifting  magnet  is  used  for  handling  pig 
iron,  scrap,  castings,  billets,  rails,  and  plates  ；  for  handling 
skull-cracker  balls  and  for  loading  and  unloading  cars  and 
ore  vessels.  It  results  in  a  great  saving  of  time  and  labour, 
and  consequently  of  cost  in  doing  the  work.  The  installa- 
tion of  lifting  magnets  at  the  works  of  the  Carnegie  Steel 
Company  enabled  two  men  to  do  the  work  formerly  requiring 
25  labourers,  and  altogether  28  men  took  tlie  place  of  350 
labourers. 

Tn  unloading  a  steamship  at  Indiana  Harbour,  Ind., 
carrying  4，000,0001bs.  of  pig  iron,  unloading  was  accom- 
plished by  means  of  a  lifting  magnet  in  10  hours  and  30 
minutes.  Two  operators  did  this  work,  with  the  assistance  of 
two  labourers  for  part  of  the  time.    Under  the  old  methods 


Fig.  5.— Magnet  fob  Removing  ]*articles  prom  the  Eye. 

of  unloading,  two  days  and  two  nights  would  have  been 
required  for  this  work,  with  the  services  of  28  men. 

Lifting  magnets  are  usually  circular  in  shape,  one  pole 
being  formed  at  the  circumference  and  the  other  near  the 
centre.  The  coil  carrying  the  current  is  placed  between  the 
two.  Such  magnets  are  made  in  sizes  up  to  62in.  diam.  The 
weight  which  may  be  lifted  depends  upon  the  shape  and 
character  of  the  material.  One  thousand  pounds  is  an  ordi- 
nary lift  for  one  of  these  magnets,  but  under  favourable  con- 
ditions as  much  as  30  tons  can  be  lifted. 
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One  curious  use  wliich  has  been  made  of  these  lifting 
magnets  is  to  salvage  magnetic  material  immersed  in 
deep  water.  The  first  application  of  this  kind  was 
in  the  Mississippi  River  at,  New  Orleans,  where  a  barge 
loaded  with  1,500  tons  of  wire  nails,  hoops,  &c.，  sank  in  35ft. 
of  water.  These  nails  were  recovered.  The  construction  and 
insulation  of  the  magnets  used  is  such  that  they  are  water- 
proof and   can   be   used   for  such   work   without  injury. 


Fig.  6.  Forms  of  Pole  Pieces. 
Rectangular  plate  magnets  are  used  for  handling  hot  billets 
slightly  below  a  red  heat,  The  winding  of  the  magnets  is 
covered  with  asbestos  insulation  and  is  thus  fireproof.  Another 
unique  form  of  lifting  magnet  is  designed  for  handling  60ft. 
rails.  It  consists  of  two  magnets  mounted  at  the  end  of  a 
beam.  Nineteen  rails,  weighing  30，4001bs.，  were  lifted  at 
one  time,  and  more  than  this  number  have  been  included  in 
a  single  lift. 

THE  NEW  GRAVING  DOCK,  BELFAST* 

Mechanical  Plant  and  General  Appliances, 
by  w.  redfern  kelly. 
The  new  graving  dock  at  Belfast  is  one  of  the  finest  and 
best  equipped  dry  docks  in  the  world  at  the  present  moment  ； 
and  is  indeed  the  only  graving  dock  in  which  it  is  possible  to 
place  the  leviathan  steamer,  the  "  Olympic/7  the  world's 
largest  existing  specimen  of  naval  architecture.  It  is  not 
only  famous  for  its  huge  capacity,  but  for  its  general  equip- 
ment, which  is  of  the  most  modern  and  up-to-date  type.  The 
Belfast  Harbour  Commissioners  expended  upon  this  great 
dock  and  its  collateral  works,  a  sum  of  £350,000.  The  works 
were  commenced  early  in  the  year  1904，  and  the  time  required 
for  their  construction  was  about  seven  years.  Although  no 
formal  or  ceremonial  opening  of  the  new  dock  has  as  yet  taken 
place,  it  was  nevertheless  commissioned  for  practical  use  on 
April  1st,  1911，  when  the  S.S.  Olympic  77  was  admitted  for 
final  fitting  out  purposes,  a  few  weeks  immediately  prior  to 
her  departure  on  her  maiden  voyage. 

The  general  dimensions  of  the  dock,  Fig.  1，  are  as  follows : 
Length  of  dock,  on  floor,  from  the  inner  face  of  the  caisson  to 
the  toe  of  the  battered  wall  at  the  south  end  of  the  dock, 
850ft.  ；  or  if  the  caisson  be  placed  in  its  outer  berth,  about 
887ft.  Length,  over  all,  that  is,  from  the  coping  at  the 
south  end  of  the  dock  to  the  inner  face  of  the  caisson  when  in 
its  outer  position  above  the  apron,  at  the  entrance,  901ft. 
Breadth  of  dock,  from  toe  to  toe  of  the  battered  side  walls, 
below  the  altar  courses,  100ft.  ；  from  coping  to  coping, 
128ft.  ；  and  at  entrance,  96ft.  Depth  of  surface  of  floor  of 
dock,  at  its  centre,  below  harbour  datum  (which  latter  is  lft. 
9in.  below  average  low-water  line),  26ft.  6in.  Height  of 
coping,  above  harbour  datum,  16ft.  Depth  of  floor  surface 
(at  its  centre)  below  the  level  of  the  entrance  sill,  2ft.  Height 
of  keel  blocks  above  the  floor,  4ft.  6in.  ；  or  without  timber 
capping,  3ft.  6in. 

Depth  of  water  on  keel  blocks,  at  H.W.O.S.T.  32ft.  9in. 

Depth  of  water  on  dock  sill,  at  H.W.O.S.T         35ft.  3in. 

Width  of  caisson  chamber,  in  the  clear    23ft.  4^in. 

*  Abstract  of  paper  read  before  the  iDBtitation  of  Mechanical  Engineers, 
July,  1912, 


The  dock  floor  falls  12in.  on  either  side  of  the  centre  line, 
towards  the  open  drains  at  the  sides  of  the  dock,  no  longi- 
tudinal fall  being  given.  The  level  of  the  surface  of  the  inner 
and  outer  sills,  at  the  centre,  is  40ft.  6in.  below  coping  line, 
or  24ft.  6in.  below  harbour  datum.  The  level  of  the  surface 
of  the  concrete  apron,  northward  of  the  outer  sill,  is  43ft.  6in. 
below  the  coping  level  ；  or  27ft.  6in.  below  harbour  datum. 
The  level  of  the  upper  surface  of  the  brickwork  invert  of  the 
caisson  chamber,  and  the  caisson  track,  in  the  centre,  is  45ft. 
3in.  below  coping  level,  or  29ft.  3in.  below  harbour  datum. 

Pumping  Appliances.  ―  The  capacity  of  the  graving  dock, 
below  the  level  of  high  water  of  average  spring  tides,  without 
making  any  allowance  for  displacement  by  a  vessel  placed  in 
the  dock,  is  about  21  million  gallons  of  water  ；  and  the  duty 
imposed  upon  the  pumping  plant  is  that  of  discharging  this 
great  quantity  of  water,  within  a  period  of  not  more  than 
100  minutes  from  the  time  of  commencing  the  pumping  opera- 
tions. During  this  pumping  period  the  tide  outside  the  dock 
will  usually  fall  to  the  extent  of  about  2ft. 

The  plant  provided  for  the  performance  of  the  above  work 
(see  Fig.  2)  comprises  three  main  pumps  of  the  centrifugal 
type,  which  are  driven  by  three  cross  compound  vertical 
engines.  Each  pump  has  two  suction  pipes,  42in.  diam.,  and 
one  delivery  pipe,  which  tapers  from  54in.  to  60in.  diam. 
The  impeller,  or  pump  disc,  is  7ft.  6in.  diam.  The  extreme 
depth  of  the  pump  casing  is  12ft.  7|in.  ；  and  the  over-all 
width  of  the  pump  is  12ft.  lOin.  The  centre  of  the  impeller 
disc  is  18ft.  3^in.  ；  and  the  top  of  the  pump  casing  is  24ft.  ^in. 
respectively,  above  the  dock  floor,  close  to  the  inlet  to  the 
pump  well.  The  six  large  suction  pipes  are  carried  through 
the  engine-room  floor  into  the  main  sump  underneath,  their 
bell-mouthed  ends  reaching  a  level  of  about  6ft.  8^in.  below 
the  dock  floor,  close  to  the  inlet,  and  5ft.  3|in.  above  the  floor 
of  the  main  sump.  The  pipes  are  securely  cement-grouted 
against  the  foundation  brickwork  through  which  they  pass, 
and  have  thus  been  made  perfectly  water-tight.  The  pump 
bearings  are  of  white  metal,  one  on  either  side  of  the  disc, 
and  are  each  3ft.  in  length.  Each  pump  is  fitted  with  a 
steam  ejector,  in  order  that  the  air  can  be  exhausted  in  the 
pump  casings  and  suction  pipes,  when  restarting  the  pumps 
after  their  having  been  stopped,  and  when  the  water  has  been 
lowered  a  depth  of  about  4ft.  in  the  dock.  The  discharge 
from  the  ejectors  is  led  into  the  main  pump  discharge  culvert. 
Each  pump  is  also  provided  with  a  water  gauge,  to  indicate 
when  the  pump  casing  is  full.  To  each  of  the  main  pumps  a 
sluice  valve,  54in.  diam.,  worked  by  hydraulic  power,  is  fixed 
to  the  delivery  branch,  to  which  the  main  delivery  pipe  is 
bolted.  These  discharge  pipes,  three  in  number,  are  carried 
through  the  side  wall  of  the  engine  and  pump-room  into  the 
outlet  culvert,  through  which  the  delivery  is  led  to  the  tideway 
at  the  south  end  of  Clarence  Wharf.  At  the  outer  end  of  each 
delivery  pipe  a  properly-balanced  flap  valve,  of  elm  timber, 
known  as  a  "  foal's  foot "  valve,  is  fixed,  and  can  be 
approached  through  a  covered  man-hole,  just  above  the  valve, 
outside  the  engine-house.  For  the  purpose  of  dealing  with  any 
leakage,  or  drain  waters  from  the  dock  culverts,  which  the 
main  pumps  cannot  reach,  an  auxiliary  pump  has  been  pro- 
vided. This  pump  has  suction  and  discharge  pipes,  each  14in. 
diam.  The  diameter  of  the  impeller,  or  pump  disc,  is  48in. 
The  pump  is  driven  by  an  inverted  direct-acting  compound 
cylinder  engine. 

There  are,  in  all,  for  the  main  pumping  (see  Fig.  2)  three 
cross  compound  non-condensing  vertical  engines,  one  set  to 
each  main  pump,  coupled  direct.  The  cylinders  of  these 
engines  are  22in.  and  38in.  diam.  respectively,  with  a  stroke 
of  20in.  ；  they  are  capable  of  running  at  an  average  speed  of 
125  revs,  per  minute,  and  at  this  speed  the  engines  run  quietly, 
due  to  proper  steam  distribution  and  efficient  balancing. 
They  are  designed  to  suit  a  working  pressure  of  1601bs.  per 
square  inch  (100°  superheat)  ；  and  each  set  develops 
741.5  i.h.p.  at  121  revs,  per  minute.  They  are  steam-jacketed 
around  the  top,  bottom,  and  sides,  and  are  covered  with  an 
asbestos  non-conducting  composition,  and  cased  with  steel 
planished  sheets.  A  water  service  has  been  provided  for  all 
main  bearings.  The  steam  pipe  range  is  of  solid-drawn  steel 
tubes  throughout,  with  flanges  riveted  on,  a  large  steam 
separator  being  placed  at  the  bottom  of  the  vertical  pipe 
which  leads  from  the  boiler  to  the  engine-house.  Expansion 
in  the  pipe  range  has  been  so  well  provided  for  that  there  is 
no  difficulty  in  keeping  the  joints  ti^ht. 

The  leakage  pump  is  driven  by  a  small  direct-acting 
inverted   cylinder   cross   compound   non-condensing  engine 
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coupled  direct.  This  pump  runs  at  about  300  revs,  per 
minute,  and  is  intended  for  the  removal  of  such  leakage  water 
as  may  find  its  way  into  the  dock  after  the  main  pumps  have 
ceased  to  draw. 

Among  the  various  accessories  to  the  pumping  plant  may 
be  mentioned  ：  A  small  duplex  pump  (Odesse  type),  with 
pump  piston  2^in.  diam.,  and  4in.  stroke,  is  fitted  on  the 
engine-room  floor,  for  internal  drainage  purposes.  An  over- 
head travelling  crane,  worked  by  hand,  and  capable  of  lifting 
weights  up  to  7  tons,  has  been  provided,  and  travels  just, 
below  the  roof. 


Fig.  1.— Nkw  Giuvin (；  Dock,  】1i:i,fast. 


An  automatic  water  gauge,  with  vertical  index  board,  has 
been  erected  in  the  engine-room,  in  order  to  indicate  with 
facility  the  level  of  the  water  in  the  graving  dock  at  any 
moment.  It  is  constructed  on  a  scale  of  half  full  size.  The 
gauge  is  operated  by  a  float,  acting  within  a  metal  pipe,  the 
latter  being  led  to  the  bottom  of  the  sump  ；  and  the  float  is 
placed  in  communication  with  the  indicator  by  a  cord  of 
copper  wire,  led  over  reducing  pulleys,  and  to  which  a  pointer 
is  suspended.  The  arrangement  is  an  ingenious  and  con- 
venient one,  the  gauge  being  visible  from  all  essential  points 
in  the  engine  and  pump-room. 

The  following  are  some  of  the  leading  figures  for  the  pump- 
ing plarnt :  Diameter  of  cylinders,  lft.  lOin.  and  3ft.  2in. ； 
length  of  stroke,  lft.  8in.  ；  diameter  of  piston  rod,  4in. ； 
diameter  of  shaft  journals,  8Jin.  ；  length  of  connecting  rod, 
4ft.  2in.  ；  diameter  of  pump  impeller,  7ft.  Gin.  ；  diameter  of 
pump  shaft,  8^in.-8|in.  ；  capacity  of  feed  heater,  per  hour, 
4,6001bs.  ；  temperature  of  feed  in  degrees  Fah . ,  200°  ； 
evaporation  of  boilers,  per  hour,  64，0001bs. 

Hydraulic  Power-supply  Plant.  ―  -This  plant  comprises  two 
sets  of  pumping  engines  and  pumps,  and  a  hydraulic  accumu- 
lator, together  with  the  requisite  water  pressure  and  return 
piping,  and  is  utilised  for  the  work  of  opening  and  closing  the 
travelling  caisson  gate,  the  lifting  and  lowering  of  the  nine 
penstock  sluice  doors,  the  working  of  the  five  hydraulic 
capstans,  and  also  of  the  sluice  valves  in  the  engine-room,  or 
to  such  other  purposes  as  it  may  be  found  necessary,  or  desir- 
able, to  apply  the  available  water  power. 

The  pumping  engines  are  direct-acting,  with  two  inverted 
cylinders  arranged  over  the  crank  shaft,  and  each  set  of 
engines  operates  two  bucket  and  plunger  pumps,  directly  from 
the  piston  rod  crossheads.  Each  pair  of  engines  is  capable  of 
developing  not  less  than  166  actual  horse-power,  when  work- 
ing with  steam  at  1601bs.  pressure  per  square  inch,  and 
running  at  58  revs,  per  minute  ；  and  the  combined  capacity  of 
the  two  pairs  of  engines  and  two  sets  of  pumps  is  that  of 
supplying  not  less  than  630  galls,  of  water  per  minute,  at 
7501bs.  pressure  per  square  inch. 

The  cylinders  are  two  -in  number,  the  high-pressure 
cylinder  being  17in.  diam.，  and  the  low-pressure  cylinder  36in. 
diam .  ，  both  having  a  clear  piston  stroke  of  1 8in .  The 
cylinders  and  covers  are  steam-jacketed,  the  cylinder  bodies 
being  covered  with  asbestos  composition,  lagged  with  wood, 
and  cased  in  with  highly-planished  steel  sheets.  The  pistons 
are  of  the  Rowan  type. 

The  back  columns  are  of  cast  iron,  of  the  box  form,  and 
are  suitably  arranged  to  receive  the  guide  bars  and  pumps, 
accurately  machined  and  attached  to  the  cylinders  and  to  the 
bedplate  by  bolts  and  nuts.  The  front  columns,  four  in 
number,  form  the  receptacles  for  the  pumps.  The  bedplate, 
which  is  of  the  box  form,  is  of  cast  iron,  ribbed  and  bracketed 
throughout.  The  flywheel  is  of  cast  iron,  of  disc  form  ；  it  is 
7ft.  diam.,  and  is  12in.  in  breadth  on  the  face,  being  properly 
balanced  to  ensure  steady  running. 

The  hydraulic  pumps  are  four  in  number,  and  are  of  the 
bucket-plunger  type,  each  plunger  being  5|in.  diam.  ；  they 


have  a  separate  gland  packed  with  hydraulic  packing.  The 
bucket  is  7^in.  diam.  The  bucket  valves,  head  valves,  and 
foot  valves  are  of  the  multiple  type,  each  set  consisting  of  nine 
valves,  of  l^in.  diam.  These  valves  are  cut  from  the  solid, 
and  all  valves,  seats,  and  guards  are  cast  from  a  special 
mixture  of  hard  bronze.  The  stems  at  the  tops  of  the  valves 
are  prolonged,  and  work  in  guides  forming  part  of  the  guards, 
each  valve  being  provided  with  a  spiral  spring  made  from 
brass  of  high  tenacity.  The  glands  for  the  rams  are  of 
polished  steel,  each  being  secured  by  four  turned  steel  studs  of 
1  Jin.  diam.,  and  all  gland  nuts  are  provided  with  suitable 
locking  arrangements.  Each  inlet  to  any  of  the  suction  valves 
is  provided  with  a  stop  valve,  and  all  necessary  pipe  connec- 
tions between  the  pumps  and  accumulator  are  provided. 

The  hydraulic  accumulator  is  of  the  suspended  type.  The 
ram  is  18in.  diam.,  and  20ft.  stroke.  It  is  provided  with  a 
special  bayonet  arrangement  to  prevent  its  being  blown  out 
of  the  cylinders.  The  body  of  the  ram  is  2^in.  thick.  The 
top  end  of  the  ram  is  fitted  with  a  cast-steel  crosshead,  which 
is  arranged  to  receive  eight  steel  suspending  bolts,  for  attach- 
ment to  the  weight  casing.  The  cylinder  shell  is  3|in.  thick. 
The  weight  casing,  which  is  cylindrical,  is  10ft.  6in.  diam., 
and  18ft.  in  height.  It  is  weighted  with  a  mass  of  concrete, 
amounting  to  about  78  tons. 

Among  the  accessories  may  be  mentioned  a  cast-iron 
suction  tank,  10ft.  long,  6ft.  wide,  and  5ft.  6in.  deep,  which 
is  capable  of  holding  about  2,000  galls,  of  water.  All  parts 
which  are  subjected  to  accumulator  pressure  have  been  tested 
to  a  pressure  of  2，5001bs.  per  square  inch.  The  pressure  pipes 
have  diameters  ranging  between  6in.  and  3in.,  and  the  return 
piping  diameters  ranging  between  4in.  and  7in.  These  pipes 
are  of  cast  iron,  composed  of  a  special  mixture  for  hydraulic 
work.  The  pressure  pipes  are  fitted  with  momentum  valves, 
where  necessary. 

Boilers,  Feed  Heater,  and  Steam  Piping. ― The  steam  installa- 
tion comprises  four  Babcock  &  "Wilcox  water-tube  boilers  of 
the  marine  type,  each  having  a  heating  surface  of  3,590  sq.  ft. 
and  a  grate  area  of  105  sq.  ft.  Each  boiler  is  hand-fired  and 
is  composed  of  31  sections  of  tubes,  each  section  being  11  rows 
in  height,  the  tubes  being  3^in.  outside  diameter  by  10ft.  9in. 
long.  The  boilers  are  each  provided  with  a  Babcock  and 
Wilcox  integral  superheater  having  a  heating  surface  of 
550  sq.  ft.  and  being  capable  of  increasing  the  temperature  of 
the  steam  by  100°  Fah.  at  the  engines.  The  contractors  for 
the  pumping  plant  having  stipulated  that  the  boilers  should 
be  capable  of  evaporating  altogether  at  the  rate  of  64，0001bs. 
of  feed-water  per  hour,  it  was  arranged  that  each  boiler  should 
be  capable  of  evaporating  16,0001bs.  of  water  per  hour.  The 
boilers  and  superheaters  have  been  constructed  for  a  working 
pressure  of  1701bs.  per  square  inch. 

Two  duplex  direct-acting  steam  feed  pumps  (lOin.  by  6in. 
by  lOin.)  are  provided.  The  pumps  draw  from  the  water 
storage  tank,  and  discharge  into  the  feed-heater  and  thence 
onward  to  the  boilers.  The  feed-heater,  which  is  of  the  Royle 
vertical  cylindrical  type,  fitted  with  Row's  indented  tubes,  is 
capable  of  heating  the  feed-water  to  about  200°  Fah.  at  the 
boiler  pressure  of  1701bs.  per  square  inch  when  working  at  full 
power. 

The  steam  main  runs  at  the  back  of  the  boilers,  with  which 
they  are  connected  by  means  of  four  5in.  branch  pipes.  The 
piping  is  10in.，  7in.，  5in.，  and  2in.  diam.  respectively,  and  is 
composed  of  weldless  mild  steel.  The  scantlings  of  the  pipes 
and  flanges  are  as  follows  ： ― 


Bore  of  Pipe. 

Thickness 
of  Pipe. 

Thickness  of 
Flange  including 
Facing  Strip. 

Radius  of  Bends. 
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Inch. 

Inch. 
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10 

A 
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7 

1 

2  0 

5 

^6 
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Hydraulic  Capstans. 一 There  are  in  the  dock  equipments 
five  capstans  which  are  worked  by  hydraulic  power,  three  of 
them  being  of  30  tons  and  two  of  11  tons  capacity  each 
respectively,  the  water  power  by  which  they  are  actuated 
being  supplied  at  a  pressure  of  7501bs.  per  square  inch.  The 
delivery  or  pressure  pipes  vary  between  Gin.  and  3in.  diam. , 
and  the  return  pipes  to  the  accumulator-house  vary  between 
4in.  and  Tin.  diam.    The  three  largest  of  these  capstans  are 
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the  most  powerful  which  have  ever  yet  been  employed  as 
graving  dock  accessories  at  any  port  in  the  world,  the  next 
largest  size  in  use  in  dockyards  beiwg  those  adopted  by  the 
Admiralty,  which  are  only  of  16  tons  capacity  each. 

The  capstans  are  all  double-powered,  the  three  largest 
being  each  capable  of  giving  a  hauling  stress  of  30  tons  direct 
from  the  capstan  barrel  with  a  single  rope  at  a  speed  of  about 
30ft.  per  minute,  while  their  gearing  is  so  arranged  as  to  give 
a  lower  hauling  stress  of  1\  tons  at  a  speed  of  about  120ft.  per 
minute.  The  two  smaller-power  capstans  are  capable  of  exert- 
ing a  hauling  stress  of  11  tons  direct  from  the  capstan  barrel, 
at  a  speed  of  30ft.  per  iiiinute, 
and  a  speed  of  about  50  ft,  pe, 
minute  when  exerting  the 
lower  hauling  stress  of  7  tons. 
The  capstan  heads  are  fitted 
with  pawls  for  use  when  it 
shall  be  found  necessary  to 
operate  the  capstans  by  hand. 

Caisson  Gate. ― The  gate  at 
the  entrance  to  the  dock  is  of 
the  travelling  caisson  type, 
comprised  mainly  of  steel,  and 
haviug,  at  its  top,  au  auto- 
matic folding  bridge,  which, 
by  a  parallel-bar  arrangement, 
is  lowered  as  it  euters  the 
caisson  recess,  and  raised  when 
it  clears  the  recess.  When 
lowered  the  caisson  cau  be 
travelled  upon  rollers  into  a 
caisson  recess,  which  latter  is 
roofed  over,  and  is  formed  into 
a  roadway  for  vehicular  traffic. 
The  caisson  is  rectangular  in 
shape,  one  of  its  sides  being 
longer  than  the  other.  The 
shorter  side  is  intended  to 
bear  against  the  south 
grauite 】 ueet ing  f aces  o f  the 

inner  sill  of  the  entrance.  The  longer  side  is  intended  to  bear 
against  the  north  meeting  faces  of  the  latter  sill,  and  as  well 
against  the  granite  meeting  faces  of  *the  outer  sill  of  the 
entrance.  So  that  when  the  caisson  is  in  its  normal  or  inner 
track  the  length  of  the  dock  on  the  floor  is  850ft. ，  and  when  it 
is  placed  against  the  meeting  faces  of  the  outer  sill  the  length 
is  886ft.  Tin.  This  interchangeability  has  been  found  to  be 
of  the  utmost  value  in  the  docking  of  the  s.s.  "  Olympic  "  and 
' Titanic." 

The  caissort  is  in  length  on  one  side  103ft.  4in.，  and  on  the 
other  side  98ft.  4in.  It  is  in  clear  width  over  the  green  heart 
meeting  faces  18ft.  4in.,  and  in  height  from  the  bottom  of  the 
keelsons,  which  bear  upon  the  rollers,  to  the  roadway  surface 
of  the  folding  bridge  42ft.  4in"  which  latter  is  level  with  the 
coping  of  the  side  walls  of  the  clock  entrance.  The  caisson  is 
divided  into  two  compartments,  the  lower  of  the  two  being  an 
air  chamber,  and  the  upper  a  water-ballast  chamber  ；  the 
latter  is  provided  with  valves,  two  on  either  side  of  the  caisson, 
by  the  manipulation  of  which  the  jbidal  water  may  be  admitted 
or  excluded  as  may  be  desired  and  as  may  be  found  necessary. 
When  the  caisson  is  in  place,  in  order  to  counteract  its  ten- 
dency to  rise  as  the  tidal  rise  increases,  it  may  be  necessary  to 
open  the  valves  on  the  seaward  side,  so  tliat  the  tide  may  ebb 
and  flow  in  tlie  water-ballast  chamber,  or  to  close  those  valves 
to  retain  any  constant  desired  quantity  of  water  in  the  latter 
chamber  for  steadying  purposes.  A  water-tight  deck  divides 
the  above  two  compartments,  and  the  valves  referred  to  are 
placed  at  this  deck  level,  bends  being  led  from  them  on  both 
sides  of  the  caisson  below  the  level  of  tlie  dock  and  communi- 
cating with  the  tideway.  These  bends  are  fitted  with  proper 
rose  heads  in  order  to  prevent  floating  matter  from  being 
carried  into  the  chamber.  The  valves  are  controlled  from  a 
partial  deck  about  5ft.  below  the  upper  surface  of  the  roadway 
bridge  of  the  caisson.  In  order  to  gain  admission  to  the 
lower  or  air  chamber  of  the  caisson,  two  vertical  water-tight 
tubes  or  trunks,  30in.  cliam.,  are  provided.  At  the  bottom 
"f         air  chamber  are  stowod  Mio  port;i})l(>  hallast  blocks. 


consisting  of  concrete,  laid  in  situ  in  the  ordinary  way.  The 
total  weight  of  concrete  ballast  found  necessary  amounts  to 
986  tons,  of  which  the  weight  of  the  permanent  ballast  is 
288  tons,  and  that  of  the  portable  ballast  698  tons.  With 
this  quantity  of  ballast  the  caisson  will  float  when  the  water- 
ballast  chamber  is  empty,  the  draught  being  30ft.,  and  with  a 
depth  of  water  on  the  entrance  sill  of  35ft.  3in.  The  struc- 
tural weight  of  tlie  caisson  is  about  455  tons,  which,  together 
with  all  ballast,  amounts  to  a  total  weight  of  1,441  tons.  The 
caisson,  when  in  its  normal  track,  rests,  by  its  two  longi- 
tudinal steel  keelsons  of  8in.  by  4in.  section,  upon  52  cast-iron 


Below  this  portable  ballast  there  is  the  permanent  ballast-, 


Fig.  2.— Macuinehy  fok  Emptyinc;  the  Dock.    New  E\(;ink  Koom,  Hvuraulic  Plant  Room,  and  part  of 

Boiler  Houhk. 

rollers  placed  in  cast-iron  roller  boxes,  which  latter  are  built 
into  the  floor  of  the  caisson  track.  The  roller  spindles  are  of 
mild  steel  lined  with  guu-metal. 

When  the  lengthening  of  the  dry  dock  space,  beyond 
850ft.  on  its  floor,  becomes  necessary,  the  hauling  yoke  of  the 
caisson  is  temporarily  disconnected,  the  several  valves  of  the 
water  chamber  are  closed,  and  as  the  water  rises  and  the  dis- 
placement of  the  caisson  becomes  equal  to  its  floating  weight, 
tlie  vessel  will  float  and  can  be  removed,  as  a  ship  or  pontoon, 
to  the  outer  meeting  face  of  the  dock  entrance  above  the  apron. 
The  valves  are  then  opened  and  the  caisson  is  sunk  in  the 
outer  track. 

Four  adjusting  boxes,  with  screw  and  links  of  steel,  are 
fitted  to  the  ends  of  the  caisson,  two  at  either  end.  They  are 
worked  from  the  upper  stringer  by  means  of  a  key.  These 
are  for  bearing  the  caisson  up  against  the  granite  meeting 
faces.  The  two  endless  hauling  chains,  which  are  supported 
by  20  cast-iron  rollers  along  each  side  of  the  caisson  recess, 
are  1  Ain.  short  link.  The  driving  shafts  are  8jin.  and  8in. 
diam.  respectively,  each  having  a  boss  for  a  chain  pulley,  and 
cast-iron  couplings  are  turned  and  keyed  on  the  shafts,  and 
are  fitted  with  turned  bolts  and  nuts. 

Caisson  Hauling  Plant,  ―  The  hydraulic  plant  which  has 
been  provided  for  the  hauling  of  the  caisson  gate  either  into  or 
out  of  the  recess  in  the  process  of  opening  or  closing  the  dock, 
is  housed  in  au  underground  chamber  on  the  eastward  side  of 
the  dock  entrance.  It  is  capable  of  being  actuated  either  by 
hydraulic  power,  or,  in  case  of  emergency,  by  manual  power. 
The  machinery  is  coupled  up  to  a  driving  shaft  in  the  caisson 
recess,  which  shaft  is  provided  with  two  sprocket  wheels 
engaging  a  pair  of  endless  chains  that  are  attached  to  the 
hauliug  yoke  fitted  on  the  end  of  the  caisson  ；  the  chains  are 
supported  on  a  series  of  rollers  placed  along  both  sides  of  the 
caisson  recess  5ft.  and  6ft.  9iu.  respectively,  below  the  surface 
of  the  quay.  Wlien  this  machinery  is  being  worked  by 
hydraulic  ])ower  under  the  accumulator  pressure  before 
referred  to,  it  is  capable  of  exerting  a  hauling  force  of  24  tons 
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on  the  caisson  at  a  speed  of  14-^ft.  per  minute,  or  12  tons  at  a 
speed  of  29ft.  per  minute. 

The  hydraulic  engine  is  of  the  horizontal  type  mounted  on 
a  cast-iron  bedplate,  and  has  three  cylinders  fitted  with  rams, 
crossheads,  and  connecting  rods  acting  directly  on  the  crank 
shaft.  The  working  valves  are  of  the  slide  pattern,  actuated 
by  eccentrics  on  the  crank  shaft  and  fitted  with  reversing 
elides  which  actuate,  through  a  shaft  and  levers,  by  a 
hydraulic  cylinder.  The  spur  gear  is  provided  with  two  sets 
of  gearing  wheels  to  give  the  two  powers  above  referred  to,  a 
clutch  being  fitted  for  putting  either  set  of  gear  into  or  out 
of  gear  ；  the  clutch  is  actuated  by  a  portable  hand  lever  fi-om 
above  the  quay  level.  The  hand  gear  consists  of  a  head  with 
sockets  for  hand  spikes  and  bevel  gearing  driving  on  to  tlie 
intermediate  shaft.  The  motion  of  the  hydraulic  engine  is 
controlled  by  a  gun-metal  valve  operated  by  a  portable  liand 
lever  from  above  the  quay  level  ；  the  reversing  cylinder  being 
operated  by  means  of  the  same  valve  and  lever. 

Penstock  Doors  for  Culverts.  ― There  ；" e  nine  penstock 
sluice  doors  on  the  various  dock  culverts,  namely,  four  9ft.  by 
9ft. ，  one  7ft.  Gin.  by  6ft.,  and  four  7ft.  Gin.  by  5ft. ，  clear 
openings.  These  doors  are  operated  by  hydraulic  power  sup- 
plied at  a  pressure  of  7501bs.  per  square  inch,  and  are  a rran^ed 
that  in  case  of  a  failure  of  the  water  pressure  the  sluices  can  be 
opened  and  closed  by  hand  power.  Tlie  doors  are  double 
faced,  and  are  constructed  of  greenheart  beams.  For  tlie 
9ft.  by  9ft.  doors  there  are  10  beams,  each  10ft.  Sin.  long  by 
13in.  deep  and  18in.  wide.  Each  door  has  a  massive  cast-iron 
beam  at  the  top,  having  eyes  to  receive  the  pin  which  connects 
the  sluice  rods  to  the  door.  The  hydraulic  cylinder  for 
operating  the  door  is  of  cast  iron,  20 ^in.  inside  diameter  and 
3j|iii.  thick.  The  sluices  are  operated  by  a  lin.  double-ported 
slide  valve.  The  valves  are  operated  by  a  liand  】ever  made  so 
as  to  be  removable  and  working  t  hrough  a  slot  in  the  clianiber 
covers. 

The  door,  7ft.  6in.  by  6ft.  in  the  clear,  is  constructed  on 
the  same  lines  as  above  ；  the  greenheart  beams  being  eight  in 
number,  7ft.  long,  12^in.  deep,  by  14in.  wide.  The  cylinder 
for  operating  same  is  15^in.  diam.  and  2Mn.  metal. 

The  four  7ft.  6in.  by  5ft.  doors  are  also  constructed  as 
above,  the  greenheart  beams  being  eight  in  number,  6ft.  long, 
12|in.  deep,  and  13in.  wide. ,  The  cylinders  are  10in.,  1 1 .1  i 1 1 . , 
and  1 2^in -  diam.  respectively,  according  to  the  head  or  depth 
under  which  the  sluices  require  to  work,  the  thickness  of 
metal  being  l|in.,  l|in.,  and  2in.  The  operating  slide  valves 
are  |in.  diam. 

The  chamber  covers  for  all  the  sluices  are  of  cast  iron 
chequered  on  the  top,  and  placed  in  a  check  made  in  the 
granite  masonry.  Slots  and  eyes  are  founded  in  the  plates 
through  which  to  reach  the  working  valves,  so  that  the  sluices 
can  be  operated  without  removing  the  plates.  All  those  parts 
which  are  subjected  to  hydraulic  pressure  are  designed  for  a 
working  pressure  of  7501bs.  per  square  inch,  and  were  tested 
to  a  pressure  of  2,5001bs.  per  square  inch . 


POWER  RATING  OF  MOTOR-CARS. 

The  report  of  the  Committee  on  the  horse-power  rutin^  of 
motor-cars  was  issued  on  Monday  last  as  a  White  Paper. 
The  Committee  state  that  motor-cycles  have  not  been  defined 
in  an  Act  of  Parliament,  but  are  always  taken  to  be  niechaui- 
rally  propelled  carriages  having  not  more  than  three  wheels 
and  weighing  unladen  not  more  than  3  cwt.  Under  the 
Finance  Act  these  vehicles  are  all  taxed  at  a  unii'orn)  rate 
of  £1  irrespective  of  horse-power,  and  they  do  not  come  with- 
in tlie  provisional  regulations  with  which  the  Committee  have 
to  deal.  Some  motor-cycles,  however,  have  engines  whose 
power  under  any  system  of  rating  must  be  reckoned  equal  to 
that  of  the  smaller  classes  of  motor-cars.  On  the  other  hand, 
the  Committee  are  informed  that  a  class  of  very  light  vehicles 
is  coming  into  existence  which  are  designed  un  the  lines  of 
motor-cycles  and  have  small  engines,  but  have  four  wheels. 
These  "  cycle-cars  "  pay  a  two-guinea  tax  against  £1  paid  by 
a  motor-cycle  fitted  witli  an  engine  of  equal  or  greater  power, 
and  this  solely  because  they  have  four  wheels  instead  of  two 
or  three. 

Though  this  subject  is  perhaps  strictly  outside  their 
reference,  tlie  Committee  have  iliought  it  well  to  draw  atten- 
tion to  the  facts,  and  to  suggest  tliat  the  present  anomaly  in 


the  relative  amoiuit  o(  t lie  1  ax  paid  by  certain  motor-cycles 
and  by  cortain  motor-cars  ！ niglit  be  removed  by  an  alteration 
iii  1  lie  system  of  classi (icaiion  adopted  in  the  Finance  Act, 
1909-10.  In  tlie  opinion  of  the  Committee,  it  would  be  more 
rational  to  discontinue  tlie  separate  treatment  of  mot'or-cycles, 
to  classify  them  as  motor-cars,  and  to  rate  them  for  horse- 
power as  such.  They  suggest  tliat  if  this  be  done  the  schedule 
of  rates  o t' d  ut  ies  should  be  amended  by  the  addition  of  ；'  class 
of  cars  not  exceeding  5  h.p.,  and  paying  «£1，  so  that  it  would 
read  as  follows  ： ― 

Motor-cars  not  exceeding  5  h.p.,  £1  ；  exceeding  5  h.p.  but 
not  exceeding  6!2  h.]).,  £2.  2s.  ；  exceeding  6i  li.p.  but  not  ex- 
ceeding 】2  h.p"  £3.  3s. ?  (fee,  the  remainder  being  the  same. 
This  would  have  tlie  e fleet  of  l<ee])ing  the  tax  on  the  great 
majority  of  motor-cycles  and  of  motor-cars  at  the  present  level, 
but  would  put  on  a  fairer  basis  both  tlie  liigh-powered  motor- 
cycles and  tlie  light  low-powered  ('  cycle-cars." 

The  Cominittee  recommend  that  the  provisional  regula- 
tions now  in  l。r('e  be  replaced  by  the  following  amended 
regulations  ： ― 

(1)  For  t  lie  ])ur|K;ses  of  tliese  regulations  the  horse-power 
of  any  luotor-car  deriving  its  motive  power  wholly  from  an 
internal-combustion  engine  worked  by  a  cyliiuler  or  cylinders 
shall  be  taken  to  be:  (a)  In  the  case  of  a  single-cylinder 
cn^iuo  t lie  liorse-powei*  attributable  to  the  cylinder  of  tlie 
engine  ；  (b)  in  the  ('ase  of  an  engine  having  two  or  more 
cylinders  the  sum  of  the  horse-powers  attributable  to  the 
separate  cylinders. 

(2)  Tlie  horse-])ower  attributable  to  any  cylinder  of  an 
i ul pnial-tfoinbustioii  engine  shall  be  deemed  to  be  equal  to  the 
square  of  tlie  internal  diameter  of  such  cylinder  measured  in 
im'lips,  divided  l)y  a  numeral  :  (a)  In  the  case  of  a  single- 
act'iiig  cylinder  having  a  single  piston  the  numeral  used  as 
divisor  shall  be  2*5  ；  (b)  in  the  case  of  a  single-acting  cylinder 
having  two  pistons  the  numeral  used  as  divisor  shall  be  1*6. 

(3)  The  horse-power  of  any  motor-car  deriving  its  power 
wholly  from  a  steam  engine  shall  be  taken  to  be  proportional 
to  the  effective  lieating  surface  of  the  boiler  supplying  steam 
to  such  engine  at  the  rate  of  1  "h.p.  for  every  3  sq.  ft.  in  such 
effective  heating  surface,  and  the  effective  heating  surface  shall 
be  taken  to  be:  (a)  In  tlie  case  of  a  boiler  having  horizontal 
or  approximately  horraoutal  tubes,  the  whole  of  that  surface 
of  the  tubes  which  is  exposed  to  the  flame  or  hot  gases  ；  (b)  in 
the  case  of  a  boiler  having  vertical  or  approximately  vertical 
tubes,  lialf  of  that  surface  of  the  tubes  which  is  exposed  to 
the  flame  or  hot  gases. 

(4)  Any  motor-car  deriving  its  motive  power  from  ； in 
electric  motor  or  motors  shall  be  deemed  to  be  of  a  horse-power 
exceeding  6^  but  not  exceeding  12. 

(5)  In  measuring  cylinders  and  boilers  and  in  calculating 
liorse-power,  fractions  of  inches  and  feet  and  fractions  of  a 
unit  of  horse-power  are  to  be  taken  into  account. 

(6)  Where  it,  appears  that  in  consequence  of  the  excep- 
tional design  or  construction  of  tlie  engine  of  any  motor-car 
tlie  horse-power  as  calculated  under  the  preceding  rules  is 
substantially  less  than  the  average  j)ower  which  the  engine 
would  develop  in  continuous  use  on  the  road  if  there  were 
no  restrictions  on  speed  other  than  those  imposed  by  the  car 
itself,  then  such  average  power  shall  be  taken  as  the  power 
of  tlie  car. 


A  Fatal  Emery  Wheel  Burst. 一 A  serious  accident  occurred  on 
Monday  last  at,  Messrs.  J.  Butler  &  Co.'s  Stanniiigley  Iron- 
works, resulting  in  a  plater  being  instantly  killed.  The  plater 
was  grinding  a  11  drift  v  at  an  emery  wheel  when  the  latter 
burst,  a  large  portion  of  it-  striking  him  full  in  the  face  and 
smashing  his  skull. 

Explosion  of  Acetylene  Gas  Tanks -— According  to  the  "  Engi- 
neering News,"  an  explosion  of  three  gas  tanks  occurred  at  the 
])lant  of  the  A.  O.  Smith  Company,  at  Milwaukee,  Wis.,  on 
August  2Glli,  killing  one  employe  and  injuring  six  others. 
The  tanks  were  used  for  the  storage  of  acetylene  gas  for  weld- 
ing purposes,  and  one  explanation  offered  for  the  accident  is 
that  the  gas  was  ignited  by  back  firing  from  the  welding 
inacbine.  The  pressure  on  t'he  tanks  at  the  time  of  the 
explosion  was  401bs.  per  square  incli. 
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POWER  IN  TEXTILE  MILLS.* 

Some  time  ago,  at  the  suggestion  of  the  local  committee  of  t  he 
Institution  of  Electrical  Engineers,  a  joint  committee,  con- 
sisting of  members  of  that  body  and  of  the  Textile  Institute, 
was  formed  to  investigate  and  report  on  the  best  methods  of 
driving  textile  factories.  Shortly  after  its  formation  it  was 
for  many  reasons  considered  desirable  that  such  a  committee, 
which  had  to  report  on  what  might  be  termed  rival  systems, 
should  be  elected  independently  of  the  great  engineering  insti- 
tutions, and  a  decision  was  arrived  at  to  confine  the  member- 
ship of  the  committee  to  members  of  the  Textile  Institute 
itself.  The  work  of  this  new  committee  wheu  fully  formed 
will  be  to  report  periodically  to  the  Council  on  the  various 
methods  of  mill  driving  and  on  any  improvements  or  develop- 
ments that  may  be  introduced  either  in  this  country  or  else- 
where, and  it  will  be  on  this  account  a  permanent  committee 
of  the  Institute. 

The  authors,  when  they  consented  to  read  these  papers, 
did  so  on  the  understanding  that  they  were  to  form  merely  a 
general  introduction  to  the  exhaustive  and  detailed  treatment 
which  this  subject  is  subsequently  to  receive  at  the  hands  of 
this  special  committee.  It  is  obviously  not  possible  in  a  single 
paper  to  treat  in  detail  of  the  various  matters  connected  with 
the  drives  advocated,  though  these  are,  of  course,  of  distinct 
interest  to  the  textile  manufacturer,  nor  indeed  were  it  pos- 
sible would  it  be  desirous  to  do  so,  since  these  details  are 
afterwards  to  be  made  the  subject  of  systematic  investiga- 
tion. Prior  to  the  writing  of  the  papers  the  authors  held 
several  meetings,  chiefly  with  a  view  to  the  adoption  of  a 
standard  basis  of  estimating,  so  that  any  figures  given  in  one 
paper  might  be  readily  comparable  witli  corresponding  figures 
in  any  other.  They  believe  that  the  majority  would  prefer 
simple  practical  statements,  and  have  agreed,  so  far  as  is 
possible,  to  adhere  to  these. 

In  endeavouring  to  arrive  at  a  basis  for  expression  of 
results,  an  important  difficulty  is  at  once  obvious,  viz.,  the 
adoption  of  a  common  power  unit.  The  majority  of  manufac- 
turers, using  as  they  do  reciprocating  steam  engines,  think 
and  speak  in  indicated  horse-power.  The  indicator  is  applic- 
able to  the  gas  engine  and  the  oil  engine,  as  well  as  to  the 
steam  engine,  and  records  with  reasonable  accuracy  the  work 
done  on  the  piston.  Unfortunately  for  comparative  pur- 
poses, the  net  or  useful  power  commonly  called  brake  or 
shaft  horse-power  is  not  proportional  to  the  indicated  horse- 
power for  any  two  engines.  Again,  with  the  indicator  it  is 
not  practicable  to  ascertain  the  horse-power  of  a  steam  tur- 
bine. Still,  again,  electrical  power  plays  an  important  part  in 
factory  driving,  and  is  destined  to  play  a  much  larger  part 
iu  the  future.  While  electricity  is  purchased  by  the  Board  of 
Trade  unit  and  electrical  engineers  think  and  talk  in  kilo- 
watts, here,  however,  the  difficulty  is  not  so  great,  as  the 
kilowatt  and  the  brake  or  shaft  horse-power  bear  a  constant 
ratio  to  one  another,  viz.,  1,000  to  746,  and  so  are  readily 
convertible.  The  authors  have  decided  to  adopt  the  brake 
horse-power  as  their  standard.  In  good  steam-engine  prac- 
tice the  brake  horse-power  is  to  the  indicated  horse-power  as 
9  : 10，  in  good  gas-engine  practice  as  8'5  : 10，  and  in  Diesel 
oil-engine  practice  as  8  : 10.  These  ratios  are  arbitrarily 
ydo])ted  for  the  papers,  but  purchasers  of  prime  movers  or 
motors  of  any  type  can  always  obtain  guarantees  of  me(,liaiii- 
t*al  efficiency  fro 川  the  makers,  and,  should  these  not  corre- 
sponrl  with  the  ratios  given  above,  the  conversion  and  adjust- 
ment is  a  simple  one. 

The  following  basis  for  running  costs  and  charges  have 
likewise  been  adopted  for  each  paper : — 

Running  hours  per  annum  ：  For  the  spinning  mill  or 
weaving  shed,  2,750. 

Interest  and  depreciation  on  engines,  turbines,  and  elec- 
trical macliinery,  10  per  cent. 

Interest  and  depreciation  on  boilers,  gas  plant,  tank  work, 
and  the  like,  10  per  cent. 

Interest  and  depreciation  on  buildings  and  foundations, 
8  per  cent. 

*  Atmtract  of  rftPt'i'H  presented  at  Ihc  Hawick  meeting  of  the  Textile  Institute, 
Kcptciiiber,  1912. 


Labour  :  Skilled  engineers, 丄 per  aim  inn. 

Mechanical  and  electricians,  .£  1 00  per  ； uiimm. 
Labourers,  firemen,  &c.，  £G5  per  annum. 
Fuel :  Steam  or  bituminous  producer  coal,  1  Is.  per  ion. 
Anthracite,  32s.  per  ton. 
Coke,  13s.  per  ton. 
Diesel  oil,  50s.  per  ton. 
It  is  the  authors'  sincere  wish  that  the  papers  will  do 
sometliiiig  towards  assisting  textile  maiiufactu rers  in  decid- 
ing upon  the  most  suitable  procedure  in  eacli  instance  wIkmi 
new  works  are  to  be  built  or  old  ones  extended  or  altered. 

STEAM  POWER  IN  TEXTILE  MILLS. 
by  george  b.  stokie. 
Steam  Engines. 
Although  steam-power  installations  have  reached  a  high 
state  of  efficiency,  it  would  hardly  be  correct  to  say  that  the 
highest  point  of  perfection  had  been  arrived  at  in  the  utili- 
sation of  steam  in  the  production  of  motive  power.  Since 
the  resuscitation  of  the  drop  valve  and  its  application  to 
the  modern  reciprocating  engine  and  the  introduction  of  the 
steam  turbine,  steam  consumptions  have  been  materially  re- 
duced, and,  leaving  the  enhanced  price  of  coal  out  of  the 
question,  the  cost  of  steam  power  to-day  given  off  at  the  fly- 
wheel or  electric  generator  is  considerably  less  than  it  was 
20  years  ago,  and  everything  points  to  still  further  reduc- 
tion. 

There  is  little  resemblance  between  the  old  beam  engine 
of  50  years  ago  and  the  present  type  of  mill  engine.  Steam 
pressures  and  piston  speeds  have  increased  enormously,  ami 
where  at  one  time  working  steam  pressures  of  301bs.  and  pis- 
ton speeds  of  150ft.  per  minute  were  about  the  standard,  to- 
day pressures  up  to  2001bs.  are  common  with  piston  speeds  of 
800ft.  per  minute.  To  go  further,  and  compare  the  beam 
engine  crank  shaft  running  at  about  25  revs,  per  minute  with 
the  main  shaft  of  a  steam  turbine  making  10,000  revs,  in  the 
same  period  of  time  with  equal  safety,  the  progress  made  is 
still  more  remarkable,  and  points  to  the  great  achievements  of 
mechanical  engineering  during  the  last  half-century. 

No  country  in  the  world  produces  finer  engines  than  those 
found  in  the  textile  factories  of  Great  Britain.  They  are 
scientifically  designed,  the  minutest  details  have  attention, 
and  excellent  workmanship  and  materials  are  used  in  their 
construction,  with  the  result  that  the  machine  can  be  relied 
upon  to  perform  its  work  with  safety  for  a  long  period  of 
years. 

In  tlie  selection  of  a  prime  mover  for  driving  a  textile 
mill  the  chief  determining  factors  are  reliability,  uniformity 
of  speed,  and  economy.  It  will  therefore  be  the  endeavour  of 
the  author  to  show  that  by  utilising  the  heat  energy  in  steam 
generated  in  a  boiler,  and  converting  it  into  mechanical 
energy  by  means  of  a  reciprocating  engine  or  steam  turbine, 
or  by  a  combination  of  both,  these  three  important  require- 
ments can  be  obtained  irrespective  of  the  manner  in  whirli 
the  power  is  conveyed  to  the  machines  in  the  factory.  Relia- 
bility has  been  intentionally  mentioned  first,  because  without 
it  it  is  impossible  to  work  a  plant  with  economy,  and  its 
absence  always  more  or  less  seriously  interferes  with  produc- 
tion, both  in  the  spinning  mill  and  the  weaving  shed. 

The  single-cylinder  engine  is  seldom  used  except  for  very 
small  powers,  and  mill  engines  are  now  always  arranged  to 
work  either  on  the  triple-expansion  or  compound  systems.  A 
large  number  of  triple-expansion  engines  have  been  iustallerl 
in  textile  mills,  but  the  tendency  for  the  time  seems  to  be  to 
return  to  the  compound  type,  and  this  in  a  great  measure  is 
due  to  the  introduction  of  superheated  steam,  which  has 
enabled  the  compound  engine  to  compete  on  equal  terms  with 
the  triple  expansion. 

For  many  years  engines  fitted  with  Corliss  valves  have 
been  recognised  as  the  standard  type  for  mill  driving.  This 
class  of  valve,  however,  is  not  suitable  for  use  with  highlv 
superheated  steam,  as  when  exposed  to  high  temperatures  the 
valve  binds  in  its  chamber,  and  a  large  quantity  of  lubricant 
has  to  be  used  to  keep  the  valve  free.  Again,  to  overcome 
the  pressure  on  the  valves  of  large  Corliss  cylinders  powerful 
gear  is  required,  which,  together  with  the  valves,  is  respon- 
sible for  a  considerable  amount  of  friction.    There  is  also  the 


356 


THE   MECHANICAL   ENGINEER.  [September  20,  1912 


further  disadvantage  that  after  a  few  years'  service  the  work- 
ing surfaces  wear  sufficiently  to  allow  of  steam  leaking  past 
the  valve  into  the  cylinder.  A  steam  distribution  valve  was 
therefore  called  for  that  would  work  satisfactorily  when 
exposed  to  high  temperatures  and  remain  steam-tight  under 
all  working  conditions,  and  at  the  same  time  offer  less  resist- 
ance to  the  moving  parts. 

Continental  engine  builders,  appreciating  the  value  of 
superheated  steam  when  it  was  introduced,  at  once  set  about 
constructing  engines  suitable  for  working  with  steam  at  high 
temperatures,  employing  for  distributing  the  steam  the  drop 
valve,  which  had  been  extensively  used  on  the  Continent  for 
a  number  of  years  on  engines  working  with  saturated  steam. 
The  cylinders  of  these  engines  have  been  designed  to  with- 
stand very  high  temperatures,  and  fine  working  clearances  are 
used,  which  necessitates  very  careful  adjustment  of  the  parts. 
The  manufacture  of  some  of  those  engines  has  been  taken  up 
by  several  engineering  firms  in  this  country,  and  already  a 
considerable  number  have  been  installed  for  driving  mills. 

Some  remarkable  results  as  regards  steam  consumption 
have  been  obtained  from  drop-valve  engines,  but  so  far  there 
has  been  no  performance  approaching  that  of  the  engine 
belonging  to  the  Durham  Street  Weaving  Company,  Belfast, 
which  was  shown  by  a  carefully-conducted  test  to  be  using 
only  871bs.  of  steam  per  indicated  horse-power  per  hour. 
The  temperature  of  the  steam  at  the  engine  stop  valve  was 
700°  Fah.,  and  to  obtain  this  an  independently  fired  super- 
heater was  used.  This  engine  has  been  at  work  for  nine 
years,  and  the  author  understands  that,  with  the  exception 
of  minor  repairs  to  the  valves,  nothing  has  been  done  to  the 
engine  since  it  was  set  to  work. 

A  side-by-side  drop-valve  engine  by  Douglas  &  Grant, 
working  at  York  Road  Mills,  Belfast,  was  tested  about  a  year 
ago,  when  the  engine  was  working  with  saturated  steam,  and 
from  the  following  particulars  it  will  be  seen  that  the  result 
of  the  test  was  extremely  satisfactory. 

High-pressure  cylinder,  front ~ 159  i.h.p. 

High-pressure  cylinder,  back ― 180  i.h.p. 

Low-pressure  cylinder,  front —― 123  i.h.p. 

Low-pressure  cylinder,  back ― 132  i.h.p. 

Total  indicated  horse-power  per  hour ― 595. 

Gross  steam  consumption  per  indicated  horse-power  hour, 

making  no  allowailce  for  water  drained  from  separator 

or  jacket ~ 11  91bs. 
Water  collected  from  high-pressure  jackets — 14 4 lbs. 
Water  collected  from  low-pressure  jackets ― 721bs. 
Net  steam  consumption  per  indicated  horse-power  hour  if 

separator  and  jacket  water  deducted— 1  l  Slbs. 

What  the  life  of  those  engines  working  with  highly 
superheated  steam  will  be,  time  alone  can  tell,  but  if  they  are 
to  run  with  the  highest  degree  of  working  safety,  nothing  but 
the  finest  workmanship  and  material  will  serve. 

Steam  Turbines. 

The  steam  turbine  is  likely  to  play  a  great  part  in  the 
driving  of  textile  mills  in  the  future.  It  has  already  made 
rapid  progress,  and  a  large  number  of  turbines  have  been 
installed  for  textile  mill  driving  on  the  Continent.  It  is, 
Iiowever,  only  within  the  last  few  years  that  its  merits  have 
been  recognised  in  this  country,  but  the  number  installed  con- 
tinues to  increase,  and  it  is  interesting  to  note  that  the  three 
largest  textile  concerns  in  Britain  have  now  adopted  turbines 
for  driving  their  mills. 

The  turbine  has  been  sufficiently  long  in  service  to  allow 
of  a  judgment  being  formed  as  to  its  capabilities,  and  as 
regards  reliability,  about  which  there  was  some  doubt  when 
the  earlier  machines  were  installed,  there  is  now  no  question, 
and  the  turbine  ranks  in  service  with  the  reciprocating  engine. 
Evidence  as  to  the  confidence  placed  in  its  behaviour  can  be 
obtained  at  almost  any  large  power  station  in  this  country, 
where  comparatively  few  turbines  can  be  seen  doing  the  work 
once  performed  by  a  large  number  of  reciprocating  engines 
now  standing-  idle. 

In  the  early  days,  like  most  other  new  machines,  the 
turbine  had  to  encounter  difficulties,  and  breakdowns,  due 
almost  entirely  to  defective  blading,  were  frequent.  These 
defects,  however,  have  disappeared,  and  the  systems  of  blad- 


ing now  used  by  the  leading  turbine  builders  are  such  that 
stripping  of  blades  has  almost  become  a  thing  ot  Hie  past. 
The  turbine  is  a  perfectly  sin) pie  machine  ；  there  are  no 
rubbing  surfaces  inside  the  cylinder,  nor  are  there  any  com- 
plicated valve  gears.  The  only  bearings  are  those  which  sup- 
port the  rotor  and  its  shaft,  and  as  they  are  continuously 
lubricated  with  oil  under  pressure  there  is  practically  no 
wear. 

If  the  best  results  are  to  be  obtained,  Imt'li  as  regards  pro- 
duction and  quality  of  material,  tlie  prime  mover  from  which 
the  power  is  obtained  for  driving  the  machines  in  ； i  textile 
mill  or  weaving  factory  must  run  at  a  uniform  speed.  In  this 
respect  the  turbine  offers  very  great  advantages,  as,  owing  to 
its  absolutely  uniform  turning  movement,  combined  with 
great  storage  of  kinetic  energy  in  the  revolving  parts,  the 
speed  regulation  can  be  accomplished  in  a 】nore  efficient  man- 
ner than  is  possible  with  reciprocating  engines.  As  an  illus- 
tration of  the  steady  running  of  the  turbine,  it'  is  only  neces- 
sary to  see  the  power  station,  where  turbo-alternators  run 
perfectly  in  parallel  with  alternators  driven  by  reciprocating 
engines,  giving  a 〗noi*e  constant  voltage  tlian  can  he  ol>tained 
when  the  reciprocating  engines  are  working  alone. 

To  secure  economical  working  it  is  of  the  utmost  import- 
ance that  the  turbine  should  be  worked  with  a  good  vacuum, 
as  the  expansion  of  the  steam  in  the  turbine  can  be  carried 
right  down  to  the  pressure  in  the  condenser,  a  function  which 
is  practically  impossible  in  the  case  of  a  reciprocating  engine 
on  account  of  the  excessive  size  of  the  low-j)ressure  cylinder, 
and  also  of  the  ports,  passages,  and  valves  wliicli  would  be 
required.  The  benefit  derived  therefore  from  a  vacuum 
is  much  more  in  a  turbine  than  in  a  reciprocating  engine. 

The  effect  of  difference  of  boiler  pressure  is  relatively 
smaller  in  turbines  tlian  in  reciprocating  engines,  and  it  is 
doubtful  if  the  gain  in  economy  due  to  working  with  pressures 
higher  than  from  16()ll")s.  to  20011)s.  is  sufficient  to  justify  the 
increase.  Superheating  has  a  marked  influence  on  the  steam 
consumption,  and  nearly  all  turbines  are  constructed  to  allow 
of  working  satisfactorily  with  steam  at  temperatures  up  t'o 
600°  Fall. 

No  oil  of  any  kind  is  used  in  the  interior  of  ilie  turbine, 
nor  in  the  glands  through  which  its  shaft  passes,  thus  eliminai- 
ing  a  heavy  expense.  In  many  cases,  however,  the  absence  of 
oil  in  the  exhaust  steam  results  in  a  much  greater  saving  than 
the  cost  of  the  oil  itself.  For  instance,  it  is  well  known  that 
grease  is  a  bad  conductor  of  heat  and  that  its  presence  in 
boilers  affects  their  efficiency  and  durability.  The  absence 
therefore  of  oil  in  the  condensed  steam  when  used  for  boiler 
feed  would  result  in  better  efficiency,  and  the  life  of  the  boiler 
would  be  increased  as  well. 

In  some  branches  of  the  textile  inchisiry  iJic  naiure  of  the 
work  is  such  that  the  smallest  quantity  of  oil  in  the  sten in 
would  render  it  unfit  for  use,  and  live  steajn  is  taken  direct 
from  the  boilers.  Wit-li  clean  exhaust  steam  from  a  back- 
pressure turbine  this  expense  could  be  avoided  and  consider- 
able economy  effected.  As  the  bearings  and  governor  are  the 
only  parts  that  are  lubricated,  the  cost  for  oil  is  extremely  low, 
and  may  be  taken  at  about  1  per  cent,  of  the  cost  of  the  fuel 
used,  whereas  for  a  reciprocating  engine  it  would  be  in  the 
region  of  8  per  cent. 

Owing  to  improvements  in  design  the  sleain  consuinpt  ion 
of  the  turbine  has  been  materially  reduced  during  tlie  last  five 
or  six  years,  and  with  powers  of  from  200  kw.  to  1 ,500  kw.  the 
performance  of  the  turbine  is  equal  to  that  of  the  best  type  of 
reciprocating  engine.  With  larger  units  the  turbine  gives 
the  more  favourable  results. 

The  advantages  of  a  steam  turbine  are  now  fully  recog- 
nised ；  some  have  already  been  referred  to  in  detail,  but 
briefly  they  may  be  stated  as  follows :  small  number  of 
moving  parts,  few  repairs,  no  internal  lubrication,  uniform 
speed,  small  space  required,  and  low  first  cost.  These  are 
important  factors,  as  the  working  safety  of  a  niachine  is,  hs  a. 
rule,  greater  the  less  its  running  depends  upon  the  man  in 
charge,  and  it  also  can  be  superintended  more  effectively  the 
fewer  parts  it  possesses,  the  simpler  these  parts  are  in  their 
construction,  and  the  smaller  the  space  tliey  occupy.  When 
therefore  we  consider  the  ease  with  wliicli  a  turbine  can  l>e 
started  and  the  small  af1"ml;UH'e  required  during  its  working, 
it  must  be  recognised  as  the  simplest  heat  power  engine  of  ( lie 
present  time. 
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In  October  of  last  year  exhaustive  tests  of  a  1,000  kw. 
turbo-generator  were  carried  out  by  a  number  of  continental 
engineers,  and  remarkable  results  were  obtained.  When 
developing  972  k、v.，  with  stsam  at  a  pressure  of  1621bs.,  super- 
heated to  a  temperature  of  667°  Fall.,  and  with  an  absolute 
pressure  of  l'431bs.  in  the  exhaust  pipe,  ll'551bs.  of  steam  was 
consumed  by  the  turbine  per  kilowatt  hour,  and  81bs.  of  steam 
per  brake  horse-power  hour.  This  is  probably  the  lowest 
steam  consumption  that  has  been  obtained  with  a  steam 
generator. 

Since  the  turbine  is  capable  of  utilising  the  highest  vacuum 
obtainable,  and  so  using  the  large  number  of  thermal  units 
available  from  the  expansion  of  steam  to  a  very  low  pressure, 
there  is  a  wide  field  open  to  the  low-pressure  turbine,  and  its 
advent  provides  means  for  recovering  quantities  of  energy  that 
are  blown  to  atmosphere  and  discharged  into  drains  in  the 
form  of  heat. 

The  fact  therefore  that  it  is  possible  to  further  carry  on 
the  expansion  of  steam  after  it  has  been  used  in  the  cylinder  of 
an  engine  by  employing  an  exhaust  turbine  makes  it  possible 
to  increase  the  output  and  economy  of  existing  engines  when 
additional  power  is  required,  and  in  the  majority  of  cases  this 
can  be  accomplished  at  considerably  less  cost  than  if  a  com- 
plete new  reciprocating  engine  had  tovbe  installed. 

When  an  exhaust  turbo-generator  is  used  in  series  with  an 
engine  driving  a  mill  mechanically  it  is  necessary  to  provide  a 
balancing  generator,  whicli  is  driven  from  the  engine,  so  that 
the  load  can  be  divided  between  the  reciprocator  and  turbine, 
under  anv  conditions  of  working.  Otherwise  exhaust  steam 
would  be  discharged  to  the  atmosphere  when  the  load  on  the 
turbine  was  not  sufficient  to  utilise  the  whole  of  the  steam  from 
the  engine. 

In  works  where  the  dyeing  and  finishing  of  textile 
materials  is  carried  on  and  where  comparatively  large  quan- 
tities of  low-pressure  steam  are  required  for  boiling  and  drying, 
turbine  driving  offers  special  advantages.  In  generating 
steam  in  dyeworks,  a  common  practice  is  to  instal  batteries  of 
high  and  low-pressure  boilers,  the  former  supplying  steam  for 
power  and  the  latter  for  manufacturing  purposes.  In  some 
works  high-pressure  boilers  only  have  been  installed,  and  the 
steam  reduced  to  the  necessary  low  pressure  by  means  of  reduc- 
ing valves.  If  in  this  arrangement  the  reducing  valve  is 
replaced  by  a  back-pressure  turbine  in  which  the  steam 
required  for  boiling  and  drying  is  allowed  to  expand  to  the 
desired  low  pressure,  great  economy  can  be  effected,  and,  in 
addition  to  the  plant  being  highly  efficient,  power  for  driving 
the  works  is  available  at  a  cost  considerably  less  than  it  could 
be  obtained  from  any  other  source. 

Excepting  paper  works  and  sugar  refineries,  there  is  pro- 
bably no  factory  where  steam  is  used  that  offers  greater 
opportunities  to  the  engineer  of  effecting  economy  than  a 
dyeing  establishment. 

It  is  necessary  to  include  in  the  cost  of  working  a  power 
installation  the  whole  of  the  expenditure  (direct  and  indirect) 
which  is  incurred  in  the  production  of  the  actual  work  done  by 
the  engine,  and  in  Tables  II.,  IV.,  and  VI.  this  sum  is  repre- 
sented in  relation  to  the  working  year  and  to  the  unit  of  work 
done  per  horse-power  and  per  kilowatt  hour. 

In  referring  to  Tab】es  I.，  III.,  and  V.,  the  marked  diffe- 
rence in  price  between  the  reciprocating  engine  and  the  tur- 
bine will  be  noticeable,  especially  in  the  case  of  the  electric 
drive.  Again,  on  the  question  of  buildings,  owing  to  the  small 
size  of  the  turbine  the  room  required  to  house  it  is  considerably 
less  than  that  required  for  the  reciprocating  engine,  and  this, 
with  the  small  foundation  called  for  by  the  turbine,  again 
shows  a  considerable  reduction  in  first  cost  in  its  favour. 

As  regards  running  costs,  the  fuel  consumption  is  the  same 
for  both  machines,  but  owing  to  the  few  working  parts  and 
the  small  attention  required  by  the  turbine,  the  costs  for 
labour,  repairs,  oil,  and  stores  are  exceedingly  low,  and  it  is 
doubtful  if  any  of  the  other  prime  movers  can  surpass  the 
turbine,  at  anyrate  so  far  as  these  costs  are  concerned. 

It  is  not  uncommon  practice  to  judge  the  economy  of  an 
installation  by  the  fuel  or  steam  consumption.  This,  however, 
is  not  alone  sufficient  to  allow  of  a  true  estimate  being  formed 
of  its  overall  economy,  as  many  instances  could  be  given  where 
the  running  costs  of  prime  movers,  working  with  low  fuel 
consumptions,  are  exceptionally  high,  so  high,  in  fact,  that 
any  gain  due  to  tlie  reduced  fuel  consumption  is  more  than 
counterbajanced  by  extra  expenditure  in  repairs,  attendance, 


and  stores.  It  is  therefore  imperative  when  a  new  plant  is  in 
contemplation  that  the  steam  user  should  take  means  of  ascer- 
taining how  many  other  items  have  to  be  added  to  the  cost 
of  the  fuel,  in  order  to  know  how  much  the  production  o\'  liis 
power  will  cost,  before  he  decides  upon  the  prime  mover  that 
is  to  drive  his  mill,  as  only  after  all  the  expenses  are  taken  into 
account  will  it  be  found  what  share  the  cost  of  the  fuel  lias 
in  the  total  result. 

Table  L— AV"'//'/;v〃  Drive  (a). 

Turbo-alternator,  750  kw.,  500  volts,  3-phase,  50  periods,  3,000 
revs.  Boiler  pressure  KiOlbs.  Steam  superheated  to  .550°  F;i!i. 
Temperature  of  cooling  water  80。  Fah. 

Turbo-alternator   £2,450 

Surface  condensing  plant,  feed  pump,  and  pipes,  &c   850 

Three  Lancashire  boilers,  30ft.  long  by  8ft.  Gin.  diam   1,350 

Economisers    2o0 

Three  superheaters    25o 

Mechanical  stokers    420 

Steam  and  feed  pipes    430 

Travelling  crane    90 

Water  cooler    380 

Boiler-house  and  boiler  and  economise!'  foundations    1  X) 

Enpjine-liouse  and  engine  foundations    GOO 

Capital  outlay   £8/>81 

Table  II. 一 Electrical  Drive  (a). 

Turbo-alternator  750  kw.  (1,080  i.h. p.)  at  2'31bs.  coal  per  kilowatt- 
hour,  including  banking  of  fires. 


Coal,  2,1175  tons,  at  lis  

Power  for  condenser  and  cooler   

Engine-house  labour   

Boiler-house  labour   

Boiler  cleaning,  Scq  

Boiler  repairs   

Oil  and  stores   

Turbine  upkeep  and  repairs   

Interest  and  depreciation  on  £8,584,  at 
10  per  cent  


Cost 

pei 

Cost  in  nence 

annum. 

per  I.H. P. 

per  hour. 

£ 

8. 

d. 

,175 

5 

0 

...  0-0941 

45 

0 

0 

...  0-003G 

120 

0 

0 

...  0-0090 

65 

0 

0 

...  00052 

12 

0 

0 

...  00009 

20 

0 

0 

...    0  0017 

50 

0 

0 

...  n-0040 

50 

0 

0 

...  00040 

858 

8 

0 

...  0-0687 

,395  13 

0 

...  0-1918 

At  1,080  i.h. p.  cost  per  i.h. p.  per  annum.  ..£2.  4s. 

At  750  kw.  cost  per  kw.  year   £3.  8s. 

"         cost  per  kw.  hour   0.3(1. 


4d. 


Table  III. 一 Electrical  Drive  (b). 

Horizontal  cross-compound  condensing;  engine  arranged  for  driving 
alternator,  750  kw.,  500  volts,  3-phase,  50  periods,  86  revs. 
Boiler  pressure  160'lhs.    Steam  superheated  to  550°  Fah. 

Engine  and  alternator   £4,900 

Three  Lancashire  boilers,  30ft.  long  by  8ft.  Gin.  diam   1,350 

Economisers    259 

Three  superheaters    2.55 

Mechanical  stokers    420 

Steam  and  feed  pipes    o00 

Travelling  crane    loO 

Boiler-house  and  boiler  and  economise!*  foundations    1,'— '00 

Engine-house  and  engine  foundations    1,350 


.£10,684 


Capital  outlay   

Table  IV. ― Electrical  Drive  (b). 

Horizontal  cross-compound  condensing  engine,  750  kw.,  at  2'31bs. 
coal  per  kw.-hour,  including  hanking  of  fir?s. 


Cost  per 
annnm. 

£  s.  d 

Coal,  2,117|  tons,  at  lis   1,175  5  0 

Engine-house  labour    185  0  0 

Boiler-house  labour    65  0  0 

Boiler  cleaning,  &c  -   12  0  (T 

Boiler  repairs    20  0  0 

Oil  and  stores    100  0  0 

Engine  upkeep  and  repairs    110  0  0 

Interest  and  depreciation  on  £10，684  at 

10  per  cent   1,068    8  0 


Cost  in  pence 
per  I.H. P. 
per  hour. 


£2,735  13  0 


At  1,080  i.h. p.  cost  per  i.h. p.  per  ammm..£2.  10s. 

At  750  kw.  cost  per  kw.  year   £3.  12s. 

"         cost  per  k、v.  hour    0"34d 


...  00941 

...  00148 

...  0  0052 

...  0-0009 

...  00017 

...  00080 

...  0  0088 

...  0  0855 

...  02190 

8d. 
Hid. 


358 


THE   MECHANICAL   ENGINEER.  [September  20,  1912 


Table  V, ― Mechanical  Drive  (c). 

Horizontal  oi'oss-con»i)oun(l  condoiisin^  ongino,  :"  r:"ige(l  for  ropo 
di  ivo.  1,080  i.h.]).  HoiUM-  preissm'o  l(j(HI>s.  St(':mi  suptM  - 
lieated  to  550°  Fah. 

Kn^ine  with  condensing  plant   £3,700 

Three  Lancashire  hoilers,  30ft.  long  liy  8i't.  (Jin.  diani   1  ,:i."»n 

Eoonomisers    259 

Three  superheaters    2o5 

Meohanioal  stokers    420 

Steam  and  feed  pipes    500 

Travelling  crane    150 

Boiler-house  and  l")iler  ;i nd  ('。oiu>mis('r  iouiuLitions    1 ,500 

h'n^ino-liouse  and  engi"(、  FouiHlatioiis    1,300 

(—tal  outlay   £9,434 

•  Table  VI. —— J/ evluf nival  Drive  (c). 

Hor  i^oiiLal  cross  ('ompomul   condonsiiio;  ono;iii(\       1,080  i.h. p.,  at 


'fili.s. 


|>tM' 


I"' 


lioiw,  iii(  !，i(ling  hnnkin^;  oi"  liivs. 


Coal,  2,1172  tons,  nt  lis  

Kn^iiie-houso  laboii !"  

Boiler- house  labour   

Boiler  cloaning,  &c  

Boiler  repairs   

Oil  a  nd  stores   

Kn<i;ii»e  upkeep  aiul  repairs   

1  n  to  rest  and  dcprociation  on    CI),  i.'U 
10  per  cent  


； it 


Cost 

iici 

C(ist  in  ponce 

annum. 

I. H.I*. 

]>ei-  hour. 

£ 

s. 

(1. 

1,175 

5 

() 

...  ()0!)41 

185 

0 

0 

...  0O148 

(i5 

0 

0 

. . . (>•( 廳 

12 

0 

0 

...  OO009 

20 

0 

0 

...  0O017 

95 

0 

0 

...  ()()()7() 

90 

0 

0 

. . . 0O070 

943 

8 

0 

...  00755 

£2,585  13 

0 

...  0-20(»8 

At  1,080  i.h. p.  cost  ]>or  i.li.p.  per  aiuiinn..£2.  7s. 
GAS  POWER. 


10^1. 


BY  T,  ROLAND  WOLLASTON. 


So  far  as  the  subject  of  mill  driving  is  concerned,  I  prefer 
to  regard  a  "  Textile  Institute  "  audience  as  composed  of 
practical  men,  desiring  practical  results  rather  than  notes  on 
record  breaking,  and  I  deprecate  the  use  of  "  testplate  figures  '， 
on  such  an  occasion .  My  duty  is  to  point  out  its  advantages 
as  I  know  them,  and  to  endeavour  to  clear  away  prejudices 
which  certainly  exist  in  some  quarters,  but  I  am  as  sure  as 
anyone  here  that  the  steam  engine,  steam  turbine,  and  Diesel 
engine  must  in  many  cases  show  advantages.  We  must  all 
recognise  tliat  the  fuel  bill  is  far  from  being  the  only  or  even 
tlie  most  important  item  in  mill  driving  economy. 

The  criticisms  generally  advanced  to  oppose  the  installation 
of  gas  engines  in  textile  mills  are  set  forth  below.  To  each 
one  is  appended  a  short  reply  ： ― 

(1)  "  They  are  sometimes  stated  to  be  uncertain  in  start- 
ing." ....  .  .  . 

This  criticism  unquestionably  arises  out  of  early  experience 
with  engines  fitted  with  so-called  self-starters,  and  generally 
when  used  in  conjunction  with  suction  gas  plants.  The  self- 
starter  has  given  way  in  plants  of  any  size  and  class  to  the 
independent  compressed  air  starting  plant,  which  renders  the 
gas  engine  as  easy  or  easier  to  start  than  any  steam  engine. 
Reference  will  be  made  to  suction  gas  plants  and  their  bearing 
upon  this  point  hereafter.  Ignition  troubles,  perhaps 
formerly  the  most  serious,  are  now  almost  universally  and 
satisfactorily  overcome  by  duplicating  the  ignition  gear. 

(2)  "  There  is  said  to  be  difficulty  in  maintaining  a  steady 
quality  of  gas  both  as  regards  composition  and  cleanliness." 

This  criticism,  again,  is  largely  founded  upon  experience 
with  suction  plants.  Good  plants  of  the  positive  type  (the 
word  positive  is  used  to  differentiate  them  from  those  depend- 
ing wholly  upon  engine  suction)  present  no  difficulties,  if 
worked  with  reasonable  intelligence,  in  maintaining  the  com- 
position of  the  gas  constant.  Clean  gas  is  admittedly  essential. 
It  is  quite  easy  to  obtain  if  the  plant  be  properly  designed  and 
controlled,  and  engines  turning  500  h.p.  to  3,000  h.p.  are 
running  to-day  witliout  having  had  cylinder  or  valve  cover 
removed  for  cleaning  for  six  months.  I  venture  to  refer  you 
to  the  paper  read  before  the  Manchester  Association  of 
Engineers  by  my  able  colleague,  Mr.  Weil,  on  this  point. x' 

(3)  "  Gas  power  plants  are  said  to  be  more  costly  in  the 
first  instance  than  steam  power  plants." 

Comparing  the  bare  cost  of  gas  engines  and  gas  plants 

' l^oceedings  Mauchcstor  AsROciation  of  Knfiineevs,  1911-12,  page  489. 


with  the  cost  of  steam  engines  and  steam  boilers,  this  may  be 
correct.  There  are,  however,  so  many  adjuncts  to  the  steam 
set  ；  for  example,  the  chimney  or  forced  draught  plant,  some- 
times the  automatic  stoker,  the  boiler  setting,  special  pipes 
and  fittings  for  high  pressure  and  high  superheat,  feed  pumps, 
lagging,  and  so  on,  which  almost  invariably  bring  the  】）rice 
\i|>  to,  or  near,  that  of  the  gas  set.  Mr.  A.  E.  L.  Chorlton,  for 
his  paper 十 recently  read  before  the  Manchester  Association  of 
Engineers,  went  to  great  pains  to  obtain  check  estimates,  and 
his  conclusions,  substantially  confirmed  by  my  own  experience, 
were  to  the  effect  that  for  plant  as  required  for  a  modern 
textile  mill  there  is  little  difference  in  first  cost  between  gas 
and  steam  when  all  apparatus  is  taken  into  account.  It  must 
be  remembered  that  we  are  considering  high-class  steam  plant, 
involving  high-pressure  steam,  superheat,  and  condensing. 
Recent  improvements,  moreover,  in  gas  engine  and  plant 
design  combined  with  ever-increasing  output  of  the  leading 
makers  are  tending  to  lower  prices. 

(4)  "There  is  said  to  be  liability  of  breakdown  due  to 
high  internal  temperatures  and  cylinder  cracks." 

That  there  have  been  several  such  failures  is  admitted. 
That  the  number  of  these  is  a  steadily  decreasing  quantity 
must  be  also  admitted.  The  problem  of  designing  cast-iron 
cylinders  to  stand  these  temperature  conditions  has  been 
among  the  most  difficult  which  makers  of  large  gas  engines 
have  had  to  face,  and  has  called  forth  much  ingenuity.  The 
problem  appears  still  more  difficult  of  solution  in  Diesel  engine 
design,  while  it  is  by  no  means  unknown  in  superheat  steam 
engine  and  turbine  work.  Modern  designs  and  care  in  the 
foundry  render  the  percentage  of  such  accidents  lower  year  by 
year. 

(5)  "  Regularity  of  turning  with  gas  engines  is  sometimes 
said  to  be  insufficiently  good  for  spinning  mills." 

This  is  another  statement  based  wholly  upon  what  may 
now  be  regarded  as  the  ancient  history  of  single  and  double- 
cylinder  single-acting  4-cycle  horizontal  engines.  During  30 
years'  experience  with  cotton  mill  engines,  the  best  turning  I 
have  ever  seen  was  by  a  gas  engine. 

(6)  "  Gas  power  plants  are  said  to  require  more  room." 
For  small  powers  this  is  not  true.    Of  course,  more  space 

is  required  than  for  Diesel  or  other  oil  engines,  but  less  than 
for  steam  engines  with  their  boilers  and  adjuncts.  For  large 
powers  with  pressure  bituminous  gas  plant,  a  somewhat  larger 
area  may  be  sometimes  required.  The  gas  plant,  however,  is 
composed  of  parts  which  may  be  coupled  together  in  so  many 
ways  that  it  is  frequently  possible  to  arrange  it  on  space 
impossible  of  utilisation  for  boilers  of  any  kind,  and  it  requires 
practically  no  housing  and  the  simplest  and  cheapest  of 
foundations.  An  important  point  is  that  distance  apart  of 
gas  plant  and  engine  is  of  no  consequence.  There  is  no  con- 
densation loss  to  consider,  and  gas  mains  are  cheap.  With  so 
many  reliable  designs  now  available  the  engine-house  dimen- 
sions need  not  exceed  those  required  for  steam  or  Diesel 
engines. 

(7)  General  Reliability.  ―  One  can  do  no  better  than  quote 
the  published  report  of  the  performance  of  the  Westinghouse 
engine  and  Mond  gas  plant  at  Hollins  Mill,  Marple,  which  is， 
I  believe,  word  for  word  as  supplied  by  Mr.  Hodgkinson,  the 
chairman,  to  whom,  incidentally,  all  manufacturers  of  gas 
power  plant  and  all  textile  economists  are  indebted  for  pioneer 
work  in  this  important  subject.  His  plant  is  upwards  of  six 
years  old,  and  much  important  work  has  since  been  done  in 
the  direction  of  improving  and  cheapening  gas  plant  and 
engines.  I  could  quote  plenty  of  examples  as  good  or  better, 
but  choose  this  one,  as  the  figures  have  been  recently  published 
and  are  common  property,  and  I  respectfully  submit  that  what 
has  been  done  in  this  case  can  now  be  excelled  in  any  spinning 
mill  or  weaving  shed  of  like  size.  Mr.  Hodgkinson  was  not 
encouraged  by  his  advisers  to  adopt  by-product  recovery  on  his 
comparatively  low  load  and  load  factor,  but,  persisting,  he  has 
clearly  demonstrated  that  it  pays,  and  pays  handsomely. 

There  are  given  in  Appendix  No.  1  the  actual  figures  of 
running  cost  for  the  year  1911，  as  supplied  by  Mr.  Hodgkinson, 
and  in  Appendix  No.  2  figures  adjusting  these  in  accordance 
with  the  coal  cost  agreed  upon  in  our  introduction,  together 
with  what  may  be  considered  a  safer  basis  for  sale  of 
ammonium  sulphate,  and  taking  into  account  of  capital 
charges. 

Reference  has  been  made  above  to  gas  plants  known  as  the 
t  Proceedings  Manchester  Association  of  Engineers,  1910-11,  page  1. 
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" suction  "  tvpe.  We  have  to  recognise  that  the  suction  gas 
plant  has  been  largely  instrumental  in  bringing  gas  power  to 
its  present  position  of  popularity,  due  to  its  cheapness,  com- 
pactness, and  simplicity-  With  eyes  fully  open  to  the 
criticism  likely  to  fall  upon  me,  let  me  confess  t hat  I  do  not 
like  tlieni,  and  I  believe  them  to  be  responsible  for  at  least 
one-half  of  the  gas  power  installations  pronoxiiH-ed  unsatis- 
factory in  textile  mills. 

I  do  not  criticise  the  suction  principle  per  sr,  but  I 
would  prefer  to  supplement  the  engine  suction  by  fan  suction 
in  the  first  place,  thus  keeping  the  rate  of  blast  through  the 
fuel  bed  steady,  if  not  constant.  Such  procedure  has  two 
further  recommendations  :  the  fan  assists  in  cleaning  the  gas, 
and  the  added  "  pressure  '，  permits  the  interposition  of  more 
adequate  gas  cleaning  and  d tying  plant,.  Then  I  would 
generate  the  steam  in  a  closed  vessel  or  coil,  which  might  still 
operate  through  the  agency  of  the  hot  gas  issuing  from  the 
producer,  but  which  would  discharge  under  slight  pressure  to 
the  blast  inlet,  and  under  valve  control,  autotiuitic  or  other- 
wise. 

Let  us  now  turn  to  the  features  in  which  gas  power  appears 
to  excel  every  other  power  in  regard  to  textile  mill  driving. 

(1)  The  fuel  cost  per  brake  horse-power  for  the  gas  engine  as 
compared  with  that  for  a  high-class  steam  engine  is  about  in 
the  ratio  5:9. 

Comparing  the  gas  engine  fuel  cost  with  that  of  the  Diesel 
engine,  rating  the  former  at  l]-lbs.  of  coal  and  the  latter  at  .Ub. 
of  oil  per  brake  horse-power,  prices  respectively  lis.  and  f)0s. 
]>er  ton,  we  get : — 

Gas  Engine.  Diesel  Engine. 

1-25x11  :  x  '5  x  50 

Say    14  :  25 

Steam  is  always  required  for  one  purpose  or  another  in 
textile  mills,  however  driven.  There  may  be  obtained  at  least 
21bs.  of  steam  per  horse-power  driven  from  boilers  coupled  to 
the  exhaust  pipe  of  the  gas  engines  and  receiving  their  heat 
from  the  waste  products  of  combustion.  That  is  to  say,  if  in 
the  steam-driven  mill  20  per  cent,  of  steam  is  required  for  heat- 
ing, additional  to  tlie  power  steam,  in  the  gas-driven  mill 
about  1 1  per  cent,  of  this  or  more  than  half  would  be  provided 
without  extra  coal  and  substantially  without  attention. 

Much  of  the  balance  of  the  heating  steam  can  be  raised  by 
burning  the  tar  produced  under  the  boiler.  Twenty-five  tons 
of  coal  produce  one  ton  of  tar  as  an  average,  and  a  ton  of  tar 
will  raise  about  the  same  amount  of  steam  as  a  ton  of  coal. 
T  am  not  aware  of  the  exhaust  from  Diesel  engines  having 
been  used  to  raise  steam,  though  this  may  be  practicable. 

(2)  The  stand-by  losses  in  banking  up  over  week-ends  and 
at  nights  are  in  the  gas  plant  about  one-quarter  those  of  the 
average  boiler-house.  Tlie  Diesel  engine,  of  course,  excels 
here. 

(3)  Incompetency  or  carelessness  on  the  part  of  the  boiler- 
house  staff,  even  when  boilers  are  fitted  with  mechanical 
stokers,  frequently  lead  to  considerable  loss  in  steam  plant. 
Very  few  steam  plants  work  normally  within  10  per  cent,  of 
their  supposed  standard  of  economy.  Like  carelessness  cannot 
well  affect  the  gas  plant  in  the  same  way.  Tlie  stoking 
is  a  purely  mechanical  operation,  performed  as  well  by  a  novice 
as  by  an  experienced  man.  The' engineer  in  charge  need  only 
give  very  occasional  supervision. 

(4)  The  rate  of  gas  production  is  in  well-designed  producer 
plants  regulated  automatically,  and  the  efficiency  falls  away 
very  little  on  low  loads.  When  working  under  loads  varying 
from  15  per  cent,  to  100  per  cent,  practically  no  extra  care  is 
required. 

(5)  The  efficiency  of  the  gas  engine  on  low  loads  is  consider- 
ably liigher  than  that  of  the  steam  engine,  and  mucli  higher 
t.lian  that  of  the  steam  turbine. 

(6)  There  are  with  the  gas  plant,  no  liigli  pressures,  no 
losses  equivalent  to  pipe  coticlensation ,  and  no  non-coiKluct.ing 
coverings  to  provide  and  maintain. 

(7)  Quality  of  water  supply  is  of  no  importance  (except,  as 
regards  the  small  amount  for  steam  raising).  If  a  water 
cooling  tower  he  adopted  the  total  amount  of  make-up  water 
required  is  almost  negligible,  and  no  foul  or  greasy  effluent 
need  be  turned  away  to  pollute  streams  or  drains. 

(8)  The  maintenance  cliargevS  upon  a  well-managed  gas 
plant  are  considerably  lower  than  upon  the  equivalent  steam 
plant.    Maintenance .  cliarges  upon  gas  engines  seem  to  l>e 


very  variable  from  records  available,  but  tliey  average  little,  if 
any,  more  than  those  of  the  steam  engines. 

(9)  I  now  arrive  at  n  poini,  whicli  seems  to  me  of  the  utmost 
importance  in  considering  gas  power  for  textile  mills  oilier 
t han  spinning  and  weaving,  for  example,  bleaching,  dyeing, 
and  print  works.  Taking  an  infonnal  census  among  friends 
engaged  in  these  trades,  I  gather  tliat  of  the  total  steam  raised 
as  a  rule  only  about  one-third  goes  to  drive  engines,  tlie  balance 
being  used  for  healing  and  boiling.  There  is  surely  no  occa- 
sion to  point  out  tlie  enormous  losses  thus  entailed  in  condensa- 
tion during  work  and  after  stoppage.  We  may  take  gas 
practically  any  distance  to  its  work  without  measurable  loss  ； 
we  can  apply  it  to  dry,  lieat,  or  boil  with  far  greater  ease  and 
facility  for  control  than  is  possible  with  steam.  We  can  main- 
tain liquors  at  the  boil  (>r  at  any  other  temperature  required 
without  dilution  due  ")  condensation,  and  the  apparatus  neces- 
sary for  all  these  processes  is  generally  of  a  simpler  and  cheaper 
nature  than  for  steam  heating.  Steam  losses  due  to  pipe  and 
pan  condensation  are  everywhere  recognised,  but  their  correct 
estimation  in,  for  example,  a  large  bleach  works  is  a  most 
difficult  matter,  and  so  far  as  I  am  aware  no  reliable  data 
upon  the  subject  has  been  published.  Whatever  it  may  be, 
and  probably  most  liere  have  views  upon  the  subject,  I  sul)niit 
it  can  be  eliminated  by  substituting  gas  heating.  That  is  to 
say,  assuming  that  at  the  gas  plant  scrubber  we  get  75  per 
cent,  of  the  fuel  heat  units  as  cool  clean  gas,  and  that  at  tlie 
boiler  junction  valve  we  get  70  per  cent,  of  the  fuel  heat,  units 
in  the  form  of  steam ,  at  the  destination,  be  it  a  keir,  calender, 
or  drying  machine,  whatever  distance  away  it  may  be,  we 
get  substantially  the  same  value  in  gas  ；  we  get  10，  15，  or  20 
per  cent,  less  value  in  steam  dependent  upon  the  pipe  line  and 
quality  and  condition  of  its  covering. 

(10)  Finally,  the  advantage  which  is  peculiar  to  gas  power 
alone,  namely,  by-product  recovery.  I  will  not  do  more  than 
refer  you  again  to  the  Hollins  Mill  figures  given  in  Appendix 
I.  to  advocate  ammonia  recovery  plants  for  small  private 
installations.  The  short  working  day  of  cotton  mills  is  not- 
favourable  to  attainment  of  the  best  results,  and  there  is  some- 
thing in  the  argument  that  spinners  and  weavers  do  not  wish 
to  start  as  chemical  manufacturers.  Certainly  on  powers 
lower  than  700  li.p.  and  the  10-hour  working  day  the  addition 
of  ammonia  recovery  plant  can  hardly  be  at  present  recom- 
mended. 

Appendix  1. 

E.rfn/rf  fro n;  "  C.v  atuf  OH  Puwcv,"  Jit n e  &fh、  1912. 

Hollins  Mill,  Marple. 
Tlie  cost  sheet  for  1911  comes  out  as  follows  : — 

£   s.  el. 

Coal :  1,100  tons  at  10s.  3d.  per  ton    .563  15  0 

Oil  for  gas  engine    110    2  10 

Oil  for  gas  plant  auxiliaries    2  15  2 

Scrubber  materials    10  0 

Packing  for  stenm  on^inos    0  19  f> 

Acid  for  recovery  plant    55    0  0 

Kopiiirs,  ronowjils,  A'c,  to  ongino  and  plant  ...  5  4" 
Wages    300   0  0 

£1,038  17  0 

Of  these  items,  the  repair  bill  is  extraordinarily  favourable. 
The  credit  side  is  as  follows  : — 

£    s.  d. 

Tar  l.unied  :  75  tons  at  12s.  3d.  per  ton    4o  18  9 

Sulplinto  rooovorcd :  32^  tons,  £13.  10s.  pei* 

ton    438  15  0 

Oil  r(Hov(M(Hl  l»v  lilt rntion    17    4  7 


£501  18  4 

Appendix  2. 

Adjustment  of  figures  given  in  Appendix  1  to  bring  same 
i  line  with  our  introduction,  and  taking  the  selling  price  of 
ilpliate  of  ammonia  as  £12.  10s.  per  ton  instead  of  £13.  10s. 
Kiimung    cost,   as    sliow  n    l>y    Hollins    Mill     £    s.  d. 

figures   :  1,038  17  0 

Add  for  ihl.  oxtia  on  1,100  tons  of  coal    41    o  0 

10  piM-  rent.  inttM'ost  and  depieciation  on  pre- 
sent fost  of  ("igim、，  auxiliaries,  g:、s  plant, 

； (>\haust  hoilor,  say,  £7,2/50    72")    0  0 

H  por  cent .  on  lniil(lii)<j;s  atul  fouiulations,  sav. 

eijion   二  128  o  o 
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£    s.  d.    £    s.  tl. 
Brought  forward   1,033    2  0 

Credit ― As  shown  l>v  Hollins  M  ill 

figures    501  18  4 

Tjors  £1   per    ton    for  sulpliato, 
showing  selling  j)rir(、  ns  £12. 

10s.  per  ton    32    r>  0 

 469  13  4 


Tnko        p.  as  070 
H.h.p.  hhu rs  =  r,5 x ,「)0 x 070  =  1 ,842,500 
('ost  por  h.li .p.  hour  =  '19(1. 
At  90  per  rout,  generator  oflif  i*Micv  this  】">、、  （"■  (、'（ii;ils  ；  /'2'u  I 
kw.-houis.      Taking  cost  of  g(M"、r;»tm'  as  C720,  10  pf'r   cotit.  mi 
same  incroas(is  not  running  cost,  to  l:l,'Vr).  8s.  Sd. 

.•.  ( 'ost  ])or  unit       t("mii"ils:  2!)8tl. 

Appendix  3. 

Annual  power  estimate  for  a  gas  power  set,  suitable  for 
an  average  weaving  shed,  comprising  250  normal  brake  horse- 
power gas  engine,  capable  of  taking  at  least  10  per  cent,  over- 
load, coke  suction-pressure  gas  plant,  with  all  usual  and  tieces 
sary  auxiliaries  and  connections,  foundations,  and  l)iiiMiii<;s. 

( 'ft  ji'ttffl  ( 

Gas  plant   %  £450 

Engines  and  auxiliaries   1 ,700 

Exhaust  hoilor    200 


£2,350 

Buildings  and  foundations   £70U 

Dr.  liiniu'intj  ('t/st  A  ccmnif . 

To  385  tons  of  coke  at  13s   £2.r)0 

" Oil  and  stores    :ll 

" Mechanic*  (part  timo)    75 

，， Labourer    65 

" 10  pel"  cent,  intcrost  and  dopi-ociation  on  t2,lV)0  23o 

，， 8  per  cent.          ，，                   ，，          ，，     £700  50 

,， Maintenance  and  repairs    25 

£741 

Cr. 

By  000,0001bs.  of  stea ni  raised  i'or  mill  hpatiiig  hy 

exhaust  boiler -say,  "()  tons  of  coal  at  lis   33 

Net  running  cost   £708 

G87,500  b.h.p.  hours  for  £708  =  *248d.  per  b.li.p.  hour. 

Appendix  4. 

Annual  power  estimate  for  a  gas  power  set  suitable  for 
an  average  spinning  mill,  comprising  600  normal  brake  horse- 
power gas  engine,  capable  of  taking  at  least  10  per  cent, 
overload,  Mond  water-cooled  gas  plant,  with  all  usual  and 
necessary  auxiliaries,  foundations,  and  buildings. 

Capital  Costs. 

Gas  plant   '•  £1,200 

Engine  and  auxiliaries   3,700 

Exhaust  boiler    310 


£5,210 

Engine-house  and  foundations   £1,100 

Dr.  Running  Costs, 

To  920  tons  of  coal  at  lis  £506 

，， Oil  and  stores    80 

" One  mechanic    100 

" Two  labourers    130 

" 10  per  cent,  interest  and  depreciation  on  £5,210  521 

,， 8         "              ，，                   ，，          ，，  £1,100  88 

，， Maintenance  and  repairs      52 


£1,477 

Cr. 

By  2，000，0001bs.  of  stoani  - 300,00011js.  of  coal,  raised 
hy  exhaust  gases,  available   for    mill  heating, 

&c,  say   75 


Net  running  cost   £1,402 

1,650,000 ib.h.p.  hours  for  £1,402  = -2d.  per  b.h.p.  hour. 
Appendix  5. 

Cost  scheme  for  large  textile  works,  doing  spinning,  weav- 
ing, dyeing,  and  bleaching. 

Elect  vie  Tr/nimi,lf!sj  07} . 
Day  load  averages  3,.r>()0  h.li.p.  \  Toi;iI  niinual  b.h.p. 
Night  load  averages  AOO  b.h.p.  /  hours,  s:'.v，  12， 000,000. 


( Ui p/ta  'l  Ovthtj/. 
Ono  Mond  l-ooovoiv  t^as  ]>1jtnt  and  auxiliarios  for 

4,000  b.h.p.     :  ,  £13,000 

Tliree  gas  generators  of  1,200 l).h. p.  each    25,000 

One  gas  generator  of  GOO  h.h.p   4,000 

Vowv  oxliausi,  Itoilcrs,  li btin^s,  ； incl  com ncftions   

Auxiliaries,  starting   plant,  pumps,  ongine-Jiotiso 

crane,  s、vit('hboar(l，  pipes,  Ac   2,000 


£45,300 

Enp;ino  lionso,  founflationft,  and  building   £3,700 

//////  niiKj  Costs. 

7,500  tons  of  roa】  at  lis  £4,125 

Oil  and  stores    400 

aOO  tons  of  iicid  nt  35s   525 

I5;i^;s  i'or  ;inr]  sulphate    ； 100 

Ono  cliief  on^iiHHM'    150 

Tli roe  drivor-iiHH'li allies    300 

S(»von  labou  rers    455 

I\l:， iiit("i:m(<、  ； Did  repairs  ol'  ； uul  plant    500 

10  j>tir  ctMiL.  interest  mikI  d(i)n、('i;i  1  ion  on   C lo,3()0, 

machinery   4，/530 

8  per  font,  intoi'est    ；) nd    (l('|>tv('i;",io'i    on  C3,700, 

buildings,  A-c  ••   296 

Gross  nimiing  costs   £11,381 

Credit ― 

]?y   300  tons   oi'  sulpli;i"、   oi    aimnoiiia  at 

£12.  10s  £3,750 

By  300  tons  of  tar  at  12s.  fid   187 

 3,937 

Net  running  cost   £7,444 

.  (fofif  per  unit  j)Ower. 

12,000,000  h.li.p.   lionrs  lor  £7,184  = '1  MM.,  or    8,050,800  k\v. 
for  C7,18i  = -222(1.  ]»or  kw.-honr. 

OIL  ENGINES. 


•  ,  £3,565  0  0 
( 'a/tifal  ( 'hrtrf/f  >i  irill  he  as  under — 

£  s.  d. 

Tiitorosb  jukI  doprociation  on  on^inOj  &c.}  at  10 

]>or  oent                                                           287  0  0 

Ditto,  on  b()il(、r,  tank,  iVc,  at  10  per  oont                   19  10  0 

Dii  t  o,  on  lnnl(lii)}j;s  ； iu<1  Ion ndn t-ions  ;vt  8  pov  cont,      40  0  0 

Total  per  aiinuni   £346  10  0 


BY  FRANK  CARTER. 

Tn  dealing  with  the  application  of  the  Diesel  engine  to 
textile  mill  driving  it  is  obviously  impossible  to  do  more 
within  the  time  at  the  author's  disposal  than  indicate  the 
general  lines  on  which  the  engine  could  be  utilised.  Condi- 
tions vary,  and  each  case,  to  be  strictly  accurate,  would 
require  to  be  dealt  with  on  its  merits. 

The  figures  given  in  the  following  tables  have  been  care- 
fully compiled  from  data  available  from  installations  in  daily 
service.  Allowance  has  been  made  in  the  tables  for  the  provi- 
sion of  steam  for  heating  and  manufacturing  processes,  the 
figures  covering  tliis  having  been  obtained  from  actual  costs, 
both  as  regards  capital  and  fuel.  The  author  is  of  opinion 
that  considerable  economy  in  the  fuel  cost  for  the  provision 
of  the  steam  could  be  effected  by  the  use  of  the  exhaust 
gases  from  the  engine  for  feed-water  heating,  and  the  use  of 
oil  fuel  in  place  of  coal  or  coke  for  firing  the  boiler. 

It  is  proposed  to  take  as  examples  a  weaving  shed  of 
average  size,  requiring  an  engine  of  320  b.h.p.,  and  a  spinning 
mill  requiring  an  engine  1,000  b.h.p.  The  cost  of  fuel  oil  is 
taken  at  50s.  per  ton,  and  this  figure  would  cover  cost  of 
delivery  into  user's  tank.  One  engineer  would  be  required  in 
the  case  of  the  smaller  engine,  and  £100  per  annum  would 
cover  this  ；  while  in  the  r:a.se  of  the  larger  engine  an  assistant 
might  be  considered  necessary,  and  an  additional  £65  per 
annum  is  included  for  this  assistant. 

The  following  tables  give  the  costs  for  both  sizes  of 
engine  : — 

320  b.li.p.  Diesel  Engine. 
Capital  Cost  for  If  ope  Transmission ~ - 

£ 

( 'ost  of  engine,  friction  dutch,  and  rope  pulloy  ...  2,870 

Oil  storage  tank,  、vith  pump  and  piping   '   60 

Low-pressure  steam  boiler,  with  1,400ft.  of  2in. 

steam  piping,  chimney,  and  fixing  complete …  135 
Buildings  ； nul  Fomulations    500 


:o  o  o  o 

do  o  o 
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Running  costs,  allowing  2,750  working  hours  per  annum, 
and  taking  the  average  load  as  240  b.h.p.,  which  allows  Usr  a. 
portion  of  machines  standing  idle  while  adjustments  or 
changes  are  being  made  : — 


Vne\  oil,  142  tons  at  oOs   :H  0  U 

Liul,ri(':iting  oil,  w aste,  wator,  and  stores    3"  0  (、 

K^pairs  and  in;iint*M»aii(v    10  0  t) 

Coke  i'or  hoatiiio;  (1  ton  j)or  wooU)  at  13s   :i2  1(»  0 

Wages    100  0  0 

Total  per  aumim    £o(>(>  10  0 

Add  capital  chargos    34(i  10  0 


Total  cost  per  annum   0  0 

Or  a  total  cost  inolnsivt*  of  capital  fharjios  ol+  li.h.p. 


per  hour. 

1,000  b.h.p.  Diesel  Engine. 


Capital  Cost  for  li<t pe  Transt/nssitfit —— 

£  s  d. 

Cost  of  engine,  friction  olutoh,  and  rope  ])nlloy  ...  8,7'—">  0  0 

Oil  storage  tank,  pump,  and  piping                             90  0  0 

Boiler,  piping,  and  food  pump  for  lieatinp;                 250  0  0 

Buildings  and  foundations   1 ,200  0  () 


Total   £10,290    0  0 

^apifdl  ('harqes  will  he —— 

"                                                                £    s.  d. 
Interest  and  depreciation  on  online,  &f\,  at  10 

per  cent                                                            875    0  0 

Ditto,  on  l)oi!ei\  tank,  &c\,  at  10  por  cent                   34    0  0 


Ditto,  on  buildings  and  foundations  at  8  per  cent.  0  0 


Total  cost  poi-  ainmm   £2y(m  10  0 

Or  a  total  cost  inclusive  of  cn])ital  Hi;u'g(、s  of  0'2f;(l.  per 
por  hour. 

In  calculating  fuel  costs  the  guaranteed  fuel  consumption 
for  the  sizes  of  engines  specified  has  been  taken  as  the  basis, 
while  in  the  items  for  lubricating  oil,  waste  water,  stores, 
repairs,  and  maintenance,  actual  figures  from  plants  in  daily 
service  have  been  taken. 

The  above  figures  relate  to  the  driving  of  textile  factories 
by  means  of  ropes  in  the  usual  way,  but,  in  view  of  the 
interest  taken  in  electrical  driving,  and  as  the  Diesel  engine 
is  extensively  used  for  generating  electricity,  figures  showing 
the  cost  of  generating  by  means  of  this  engine  will  no  doubt 
be  of  interest.  In  dealing  with  such  costs,  the  author  pro- 
poses to  take  exactly  the  same  conditions,  so  that  the  figures 
will  be  readily  comparable,  but' does  not  propose  to  take  into 
account  the  provision  of  steam  for  heating  and  manufacturing 
processes,  as  the  cost  of  this  would  be  the  same  whether  the 
power  were  purchased  from  a  public  supply  or  generated  on 
the  premises.  Also  it  is  intended  to  deal  with  the  generating 
plant  only,  leaving  the  distribution  of  electric  power  to  the 
author  of  the  paper  on  electrical  driving.  In  the  case  of  the 
spinning  mill  it  is  proposed  to  divide  the  power  into  two  units 
of  500  b.h.p.  each  instead  of  one  unit  of  1,000  b.h.p.  This 
will  increase  the  capital  cost  somewhat,  but  the  compensating 
advantages  would  counterbalance  this,  while  the  ruimiug  costs 
would  be  the  same 

320  b.h.p.  Diesel  Engine  with  Alternator. 

('ajHtol  Costs 一 

„    .                                                                 £  s.  d. 

hiigii"'  and  alternator  rompleto   3,2" () () 

Oil  storage  tank,  with  pnmj)  and  piping    0() () () 

Buildings  arul  foundations                                        500  0  0 

Total   £3,804    0  () 


£  s.  (1. 

I  nttMcst  and  (l(i|)r<'ci;ition  on  on^ino  and  alternator 

at  10  per  ('("it                                                  324  8  0 

Ditto,  on  tank,  A'c.，  ;it  10  jkm-  vowt                               0  0  0 

l)h,to,  on  1 川 il(liiigs  and  loiiml:iti<"is  ； it  H  jxm"  cent.      -10  0  0 

Totiil  cnpiial  cost  j>or  aiinum  t'Mii  H  U 
Add  rmming  costs    as    holoio,  (w、|'t    (■(>!">  for 

hoatiiio                                                              534  0  0 


Total  cost  poi-  ； uiinun   £904    8  0 

Taking  the  generator  efTiciency  as  92  per  cent,  at  full  load, 
and  90  per  cent,  at  three-quarter  load,  the  cost  per  unit  witli 
an  average  load  of  t lireo-(|uarters  of  full  load  would  he  0  49(1. 

Two  500  b.li.p.  Dieskl  Encines,  w ith  A ltkhnatotis. 

( ,ff  pifffl  ( 'osts —— 

£    s.  (1. 

Two  o00  I).h.]).  on^iiios  ;i ihI  iiltoi-nators  ('ompl('t(、  10,280    0  0 

Oil  storage  tan!<,  w  ith  pu nip  :i ixl  piping                        90    ()  0 

lilies  and  loundiitioiis                                        1 , 2( M )    0  0 


Total   £11,570  0  () 

(1a pilal  Chorf/es —— 

Interest  and  doprooiation  on  on^inos  and  altoi-na- 

tors  at  10  ])er  cent   1,028  0  0 

Ditto,  on  tank,  &c*.，  at  10  per  c*(Mit   9  0  0 

Dftto,  on  l>uil 山 ngs  and  foundations  at  8  ]>or  cent.      9G  0  0 

Total  por  annum   £1,133    0  0 

Add   lunninp;  costs  as  l)oforo,    oxoopt   coal  for 

heating   1,612    0  0 

Total  cost  pei"  annum   £2?74o    0  0 

Taking  the  efficiency  of  generator  as  92  per  cent,  at  full 
load,  and  allowing  an  average  load  of  900  b.h.p.,  the  total  cost 
per  unit  would  be  0'39d. 

It  should  be  noted  that  the  Diesel  engine  is  a  self  con- 
tained power  plant,  and  no  auxiliaries  requiring  attention  by 
stokers  or  other  labour  are  required  to  enable  the  engine  to 
drive  the  productive  machinery,  consequently  the  number  of 
men  engaged  in  the  ruiming  of  the  plant  can  be  reduced  to 
a  minimum.  Another  matter  which  appears  to  the  author  to 
be  worthy  of  consideration  is  the  amount  of  space  required 
for  storage  of  the  different  kinds  of  fuel.  For  instance,  a 
30ft.  by  8ft.  6in.  boiler  shell  would  hold  about  30  tons  of  oil, 
sufficient  fuel  to  run  the  larger  plant  referred  to  above  at  full 
load  for  about  three  weeks. 

The  main  advantages  of  the  Diesel  engine  may  be  sum- 
marised as  follows : —— 

1.  Its  economy  in  fuel  consumption  and  entire  absence  of 
stand-by  losses. 

2.  The  fuel  used  is  safe,  cheap,  and  the  storage  of  same 
occupies  little  space,  enabling  users  in  case  of  necessity  to 
meet  such  an  event  as,  say,  a  transport  strike,  without  incon- 
venience and  without  the  risk  of  the  fuel  deteriorating  in 
heat  value  due  to  exposure.  The  flash  point  of  the  oil  is 
about  200°  Fall.,  consequently  there  is  no  risk  from  fire  or 
spontaneous  combustion. 

3.  The  freedom  of  the  engine  from  pre-ignition  or,  as  it 
is  commonly  expressed ,  back-firing,  the  reason  for  such  free- 
dom being  that  air  only  is  compressed,  and  not  a  mixture  of 
air  and  oil  or  air  and  gas.  This  fact  eliminates  one  of  the 
most  frequent  causes  of  breakdown  in  other  internal-combus- 
tion engines. 

4.  The  absence  of  vaporisers,  carburetters,  and  ignition 
devices.  These  in  other  forms  of  internal-combustion  engines 
are  frequently  a  source  of  trouble. 

5.  The  engine  can  easily  be  started  up,  li  to  2  minutes 
being  sufficient  to  get  the  engine  on  full  load.  There  is  no 
warning  up  or  other  preparation,  the  engine  being  started  on 
compressed  air. 

6.  Being  self-contained,  it  is  compact,  and  the  absence 
of  noise,  vibration,  smell,  smoke,  or  fire  risks  makes  the  engine 
eminently  suitable  for  use  iii  congested  areas  and  business 
preiiiises. 


Total  per  annum   £1,005  0  (1 

Running  costs,  allowing  an  average  load  of  90  per  cent,  of 
full  load,  viz.,  900  b.h.p. 

£  s  '1 

Fuel  oil,  495  tons  at  50s   1,237  1 

Liihrioatiii^  oil,  waste,  wator,  und  stores    10*)  1 

Coal  for  hoatin^  purposes,  150  tons  at  lis   82  1 

Hepaiis  aiul  niiiintenance    1(K) 

Wages    ；   165 


Total  per  aiinum   £1,094 

Add  capital  fluir^es    1,()0;j 
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ELECTRICAL  POWER. 

BY  J.  F.  CROAVLEY,  B.A.,  M.SC. 

Electricity  to  the  textile  manufacturer  means  one  of  two 
tilings.    It  is  ： ~ - 

(1)  A  means  of  transmitting  and  distributing  the  power 
generated  at  the  shaft  of  a  prime  mover  in  his  own  generating 
st  ation,  or 

(2)  A  source  of  power  in  itself  when  he  buys  it  at  so 
much  a  unit  from  an  outside  supply  company,  and  measures 
it  as  it  enters  the  factory. 

In  the  second  case  only  does  it  pretend  to  anytliing  like 
competition  with  tlie  subject  matter  of  the  previous  papers, 
and  this  in  itself  perhaps  formed  the  principal  source  of  diffi- 
culty in  deciding  how  to  treat  it. 

The  method  of  treatment  finally  adopted  has  been  to  con- 
sider first  tlie  general  case  for  electrical  driving  as  opposed  to 
the  other  】netlio(ls  of  transmission  and  distribution  adopted 
for  textile  work,  follow  this  up  with  a  consideration  of  the 
plant  required,  whether  private  generation  or  public  .supply 
be  decided  on,  and  conclude  witli  the  case  for  the  public  sup- 
ply company  as  usually  put  forward. 

Advantages. ― The  case  for  electrical  driving  rests  broadly 
on — 

(^)  Steadiness  of  drive,  resulting  in  higher  maintained 
speeds,  increased  production,  and  improved  quality  of  mate- 
rial. 

(b)  Specific  advantages  on  the  adoption  of  individual 
drive  resulting  in  still  greater  production  and  improvement  in 
quality. 

While  tlie  question  of  speed  variation  will  be  treated 
mainly  from  the  point  of  view  of  certain  machines,  the  driv- 
ing of  which  has  received  special  attention  from  electrical 
engineers  during  the  past  few  years,  it  will,  of  course,  be 
understood  that  this  question  is  of  equal  importance  in  the 
case  of  other  machines  installed  in  a  textile  factory,  and  that 
the  main  arguments  put  forward  hold  here  also. 

Now,  it  is  very  difficult  to  convince  the  average  manufac- 
turer that  with  the  ordinary  mechanical  transmission, 
whether  rope,  geari  ag,  line  shaft,  or  belting,  or  a  combination 
of  these,  serious  fluctuations  in  speed  occur,  and  that  when 
they  occur  they  affect  production  and  quality  to  any  marked 
extent.  The  first  is  due  possibly  to  the  fact  that  rapid  fluc- 
tuations of  the  amplitude  usually  met  with  cannot  be  per- 
ceived without  the  use  of  special  instruments,  and  the  second 
to  failure  to  see  that  yarn  forms  a  sensitive  detector  of  these 
fluctuations,  which  for  a  given  amplitude  are  the  more 
destructive  the  shorter  the  time  in  which  they  take  place,  and 
the  closer  therefore  they  approach  to  "  hammer  action."  It 
is  interesting  to  note  that  the  more  nearly  is  the  latter  condi- 
tion fulfilled  the  more  difficult  is  it  to  detect  the  fluctuations 
with  unaided  human  faculties. 

Mule  Spinning. 一 The  mule  is  the  worst  offender  in  the  tex- 
tile mill  so  far  as  speed  fluctuations  are  concerned,  as  the 
following  tachograph  readings  taken  by  Mr.  Woodhouse  will 
show : — 

Mule  Countershaft ―  ^lax.  speed  range. 

Mechanical  drive    2")  per  cent,  of  mean  speed. 

Individual  electrical  motor  drive, 

direct  current    17       ，，        ，，  " 

Tndividiial  electrical  motor  drive, 

alternating  current    6       ，，        "  " 

The  power  curve  of  a  mule  is  a  peculiar  one,  the  load 
showing  peaks  which  may  be  many  times  the  average  falling 
away  during  a  portion  of  the  cycle  to  a  value  much  below 
the  average.  From  one  of  these  power  curves  the  result  on 
mechanical  drive  could  be  imagined  were  it  not  clear  from 
the  tachograph  readings  given  above.  Ordinarily  the  mule 
load  in  a  mechanically-operated  mill  affects  the  running  of 
every  machine  in  any  way  connected  with  the  shafting  from 
which  the  mules  are  operated,  and  this  is  actually  a  prin- 
ciple in  the  laying  out  of  Spinning  mills.  The  momentum 
of  the  engine  and  of  all  shafting,  &c.，  connecting  the  mules  to 
the  engine  is  depended  upon  to  steady  the  drive  of  the  mules 
themselves,  and  since,  of  course,  no  energy  can  be  given  to 
or  taken  from  a  revolving  mass  without  altering  its  speed, 
we  have  here  a  fruitful  source  of  trouble.  On  electrical 
0 rive  mules  may  either  be  group  or  individually  driven.  Im- 


portant principles  to  be  borne  in  mind  are  that,  as  far  as  pos- 
sible, constant  speed  should  be  maintained  during  the 
"draw"  or  the  actual  spinning  portion  of  the  mule  cycle, 
and  that  a  given  variation  in  speed  where  mules  are  grouped 
for  mechanical  drive  or  electrical  drive  is  liable  to  be  far 
more  serious  than  a  variation  of  similar  range  with  indi- 
vidually driven  mules.  With  individual  drive  the  speed 
fluctuations  would  naturally  result  from  the  variation  in  load 
of  the  mule  itself,  and  would  therefore  follow  the  cycle  of 
operations  of  the  mule. 

In  general  it  may  be  said  that  group  electrical  driving  is 
better  than  mechanical  driving,  particularly  from  a  point  of 
view  of  tlie  mill  as  a  whole,  and  that,  individually-driven  nniles 
give  an  increased  production  of  about  5  per  cent,  over  group  oi- 
ineclianically-driven  machines,  even  when  the  very  simple 
expedient  of  merely  belting  an  ordinary  3-pliase  motor  of 
suitable  size  and  of  good  regulation  direct  to  the  mule  counter- 
shaft  is  adopted.  A  considerable  saving  in  power  is  one  of  tlie 
special  features  of  the  individual  drive. 

Ring  Spinning  and  Doubling, ― For  tlie  driving  of  i-ing 
spinning  frames  electricity  has  peculiar  advantages,  and 
motors  of  the  single-phase  commutator  and  the  3-phase  com- 
mutator type  have  been  developed  for  this  purpose.  Owing 
to  well-known  peculiarities,  with  a  ring  frame  driven  at  con- 
stant speed  the  yarn  is  subjected  to  varying  tension,  and  as  the 
speed  at  which  the  frame  can  be  run  is  determined  by  the 
maximum  tension  the  yarn  will  stand,  tlie  speed  must  be  sucli 
as  to  prevent  this  tension  being  exceeded  at  any  moment,  and 
consequently  with  a  constant  speed  drive  considerable  loss  in 
production  occurs.  This  trouble  is  well  recognised,  and 
numerous  attempts  have  been  made  to  meet  it  by  mechanical 
means.  The  majority  of  these  consist  in  tlie  employment  of 
2-speed  devices  enabling  a  low  speed  to  be  provided  for  the 
forming  of  the  base  of  a  cop  when  that  formation  is  used,  and 
a  higher  speed  wlien  the  base  is  formed.  This  does  not,  how- 
ever, by  any  means  meet  the  case,  and  the  only  satisfactory 
solution,  so  far,  lias  been  the  electrical  one,  which  gives  not 
only  a  low  speed  during  the  forming  of  the  base,  but  also  an 
automatic  variation  of  the  speed  during  the  cyclic  movement 
of  the  ring  rail. 

The  following  tests  were  carried  out  on  a  ring  doubling 
frame  now  on  the  mains  of  tlie  Lancashire  Electric  Power 
Company,  before  and  after  conversion  to  individual  driving  ： ― 
】liug  Doubling  Frame ~  Max.  speed  range. 

Mechanical  drive    6  per  cent,  of  mean  speed. 

Individual  electrical  motor  drive    5       ，，        "  ，， 

This  shows  clearly  the  advantages  of  the  individual  drive, 
and  it  may  be  said  generally  that  constant-speed  motors  are 
usually  employed  for  the  electrical  driving  of  these  machines. 

Weaving.  一  To  consider  now  the  case  of  looms.  A  weaving 
shed  may  have  a  load  factor  of  from,  say,  30  per  cent,  in  the 
case  of  some  looms  to  as  high  as  95  per  cent,  in  the  case  of 
automatic  looms,  and  the  shed  "  efficiency,"  as  understood  in 
the  trade,  is  merely  this  load  factor,  and  is  not  necessarily  a 
criterion  of  the  absolute  production  of  the  looms  themselves. 
The  efficiency  of  a  loom  as  the  term  is  understood  in  engineer- 
ing circles,  is  a  direct  function  of  the  loom  speed  and  of  the 
load  factor.  The  speeds  at  which  mechanically-driven  looms 
can  be  run  can  be  increased  by  group  electrical  driving,  and  to 
a  still  greater  extent  by  individual  electrical  driving,  and  the 
load  factor  can  be  improved  to  a  certain  extent  by  group 
driving,  owing  to  the  steadier  speeds  causing  fewer  breakages, 
and  to  a  remarkable  extent  by  individual  driving,  owing  to  the 
prompter  starts  obtainable. 

The  following  test  results,  which  are  self-explanatory,  are 
instructive,  and  illustrate  the  first  part  of  the  case  for  electri- 
cal driving,  so  far  as  weaving  sheds  are  concerned  ： ― 

Mas.  speed  range. 


I. 

一 Engine   

5-5 

per  cent,  of  mean  speed 

Loom  line  shaft  (near  belt 

drive)  

9 

Ditto  (middle)  

12 

1"' 

II. 

一 Loom    line    shaft  (gro'ip 

6 

ITT. 

― Loom  (individnal  oloctrical 

drive)  

2 

Trsls  I.  and  II.— IVIr.  W. 

li. 

Woodhouse. 

Test  III. ― Takon  for  this  paper. 
Perliaps  the  principal  lesson  to  be  gathered  from  these 
figures  is  t-be  steady  manner  in  which  the  speed  fluctuations 
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grow  worse  as  the  distance  from  the  engine  increases,  and  this 
is  confirmed  by  other  tests.  In  a  Yorkshire  mill  it  was  shown 
that  for  a  3  per  cent,  variation  in  engine  speed  20  per  cent, 
variation  occurred  on  the  line  shafting.  In  a  high-class  Lan- 
cashire mill  for  a  variation  in  speed  of  5  per  cent,  ou  the 
engine  shaft  the  line  shaft  speed  varied  16  per  cent. 

The  question  of  load  factor,  or  loom  "  efficiency  "  as  ordi- 
narily understood,  is  also  of  great  importance,  and  is,  as 
already  pointed  out,  distinctly  improved  by  the  adoption  of 
individual  driving.  The  best-  proof  of  this  is,  of  course,  an 
actual  test  under  working  r'oiiditious  in  one's  owu  factory,  but 
the  following  results  miglit  be  given  of  a  test  carried  out  in  a 
spinning  mill*  on  jute  looms  to  convince  the  manufacturer  of 
the  results  it  was  possible  to  obtain  before  individual  driving 
had  attained  the  position  it  holds  to-day.  The  reed  space  of 
the  looms  varied  from  36in.  to  72in.  and  the  corresponding 
speeds  from  130  to  112  picks  per  minute.  The  looms  were 
changed  from  the  ordinary  mechanical  drive  to  individual 
motor  gear  drive,  and  it  was  found  that  the  average  speeds 
could  be  raised  9  per  cent,  without  any  increase  in  breakages, 
the  material  being  improved  in  quality,  and  the  production 
increased  by  from  15  to  20  per  cent.  The  excess  of  the 
increase  in  production  over  the  increase  in  speed  was  due  to 
the  improved  load  factor.  The  test  was  carried  out  by  an 
independent  authority  on  behalf  of  the  manufacturer. 

To  obtain  the  increased  production  claimed  for  individual 
electrical  driving  the  power  taken  by  the  loom  has  naturally 
to  be  increased,  and  this  increase  usually  takes  place  as  the 
square  of  the  speed.  The  proportion  the  power  costs  in  anv 
t^xtile  factory  bear  to  the  total  running  costs  is,  however,  very 
small,  being  stated  in  the  case  of  woollen  mills  to  be  from  2  to 
5  per  ceut.  of  the  total  costs,  and  consequently  the  power 
increase  referred  to  will  have  little  effect  on  the  actual  cost  of 
the  product.  For  Lancashire  mills  I  was  able  to  sh"w 卞， 
assuming  figures  based  on  the  Board  of  Trade  returns  to  hold 
true  for  an  individual  case,  that  a  10  per  cent,  increase  in 
production  actually  resulted  in  a  30  per  cent,  increase  in 
profits  after  full  allowance  had  been  made  for  the  increase  iu 
power  costs  referred  to. 

Generators. ―  From  the  consideration  given  to  the  special 
advantages  to  be  obtained  from  the  individual  driving  of 
certain  electrical  mac-bines  it  will  naturally  be  concluded  that 
in  the  use  of  individual  motors  lies  a  good  deal  of  the  case 
for  electriral  driving,  and  consequently  the  textile  】naimfac- 
turer  contemplating  an  electrical  installation  will  naturally 
select  a  type  of  current  that  will  be  suitable  for  the  special 
individual  motors  described.  Motors  for  the  individual  driv- 
ing of  】miles  are  almost  invariably  3-phase,  the  unsuitability 
of  the  direct -current  motor  being  well  shown  by  the  speed 
fluctuation  of  a  mule  driven  by  such  a  motor.  Motors  for 
driving  ring  spinning  and  doubling  inarhines  may  be  either 
3-phase,  single-phase,  or  direct-furrent,  but  the  two  former 
are  the  more  suitable  :  of  the  variable-speed  type  for  ring 
spinning,  and  the  constant-speed  type  for  ring  doubling. 
For  looms,  3-phase  or  occasionally  2-phase  motors  are  used. 
The  manufacturer  then  will  install  3-phase  generators  of 
standard  voltage  and  standard  frequency.  Direct  current 
has,  it  should,  however,  be  liientioned,  a  field  for  the  driving 
of  printing  uiachinery  for  which  fjirect-current  motors,  owing 
to  their  adaptability  to  large  variations  in  speed,  are  specially 
suitable.  Three-phase  and  single-phase  commutator  motors 
and  motors  of  the  pole-changing  type  are  also  used  for  this 
purpose.  As  to  the  speed  of  generator,  this  will,  of  course, 
depend  on  the  choice  of  prime  mover,  and  an  illustration  is 
shown  on  a  generator  suitable  for  turbine  drive,  two  for  slow- 
speed  engine  drive,  and  one  for  rope  driving  from  a  main 
shaft  for  a  mill  extension.  A  voltage  of  500  volts  and  a 
frequency  of  50  periods  are  now  common  in  the  textile  dis- 
tricts, but  it  should  be  pointed  out  that  several  large  power 
supply  companies  standardise  on  400  volts,  as  this  leaves 
single-phase  current  at  230  volts  available  for  lighting.  For 
a  weaving  shed  it  may  be  added  that  a  voltage  of  200  is  suit- 
able, since  the  building  of  small  motors  for  a  higher  voltage 
means  a  somewhat  lowered  efficiency  and  increased  manufac- 
turing.cost.    As  requirements  vary  considerably  according  to 

•  Messrs.  JUiitch(;n  and  Sons,  Vctschau. 
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special  conditions  and  market  prices  fluctuate,  it  is  impos- 
sible to  give  costs  that  would  he  of  prartiral  use  except  as  a 
rough  guide  to  capital  expenditure,  and  it  is  in  ibis  sense 
only  that  the  following  figures  are  given. 


Table  l. ― Turbo- Alternators. 


K、v. 

Volts. 

丄'， 

Alternator 
Kfii('i('i"'.、'. 

Prices. 

Altornator  [  Turbiiu; 
u ithout      and  bed- 
bcarings.    plate,  &c. 

r.]).m. 

I  »er  cent. 

1； 

£ 

250 

3,000 

220/3000 

50 

85 

700 

904 

500 

440/0()()U 

90 

850 

1,：322 

1,000 

92-5 

】細 

2,200 

1.500 

93 

\,:m 

2,800 

2,000 

93-5 

1.050 

3,200 

Table  II. ― Bcciprocatiiuj  Sets. 


Prices. 

Alternator 

Kw. 

S|)eed. 

Efficiency. 

Alternator 

Condensing 

and 

Plant  and 

Exciter. 

Engine. 

r.p.m. 

per  cent. 

£ 

£ 

100 

500 

90 

320 

580 

250 

375 

92 

440 

820 

500 

300 

92 

800 

2,200 

750 

250 

93 

1,000 

4,000 

1,000 

220 

93 

1. 環 

5,000 

1,500 

230 

94 

1，  (； 50 

7,850 

Turbo-alternators  are  finding  increasing  favour  for  textile 
driving,  and  their  use  is  every  day  extending.  Owing  to  the 
exacting  nature  of  mill  work  it  is  always  desirable  to  have  a 
stand-by  or  a  spare  rotor  provided. 

Outside  Supply. ― In  deciding  whether  to  take  power  from 
an  outside  supply  company  a  number  of  factors  have  to  be 
taken  into  consideration,  and  it  is  always  desirable  when  in 
the  area  of  such  a  company  to  obtain  electrical  rates  from 
i  hem  for  comparison  with  the  estimated  cost  of  private  gene- 
ration before  deciding  on  the  course  to  adopt.  In  a  work 
first  published  iu  1899，  Prof.  Perry  makes  the  following 
statement :  "A  not  unusual  charge  of  au  electrical  supply 
company  is  5d.  per  Board  of  Trade  unit."  Now,  having 
gone  to  some  trouble  to  ascertain  the  rates  prevailing  iu 
textile  areas,  I  think  the  following  remarks  fairly  represent 
the  case  ：  In  the  most  competitive  areas  where  the  demand 
is  high  and  better  opportunities  exist  for  the  power  company, 
5d.  per  unit  or  one-tenth  of  the  figure  given  by  Prof.  Perry 
is  regarded  to-day  as  a  good  competitive  figure  for  a  fair 
load  on  the  usual  cotton  mill  load  factcr  of  25  per  cent,  to 
29  per  cent.  For  particularly  good  loads  from  the  station 
engineer's  standpoint  figures  of  "45d.  and  '4d.  per  unit  are 
quoted,  and  in  one  area  some  manufacturers  actually  obtain 
current  at  3d.  per  unit.  But  it  is  only  fair  to  state  that, 
in  the  author's  opinion,  this  figure  must  be  regarded  as 
rather  special,  and  the  remarks  made  about  *5d.  per  unit 
taken  exactly  as  given.  The  price  at  which  it  pays  to  take 
current  from  outside  depends  altogether  on  the  individual 
case,  and  current  at  *6d.  and  "75d.  and  even  higher  may  very 
well  pay  the  manufacturer  in  particular  cases. 

The  system  of  supply  on  restricted  demand  is  in  force 
with  some  supply  companies,  and  manufacturers  with  existing 
plant  may  find  it  an  advantage  to  drive,  say,  preparing  rooms 
with  current  at  a  low  rate  on  this  basis,  the  understanding 
being  that  the  supply  is  cut  off  at  a  definite  hour  during  a 
certain  period  of  the  year. 

The  conditions  that  affect  cost  of  power  and  would  cause 
a  variation  in  the  figures  quoted  are  frequently  uot  under- 
stood by  the  manufacturer,  wlio  does  not  always  perhaps 
appreciate  the  important  influence  of  the  nature  of  the  load 
and  of  the  load  factor  on  geuerating  costs. 
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The  following  claims  are  usually  made  by  public  stipply 
com  panies : — 

(1)  Economy  in  working  due  to 
(a)  Larger  units  ； 

(/>)  Units  run  more  nearly  on  full  load  and  therefore 
at  a  higher  efficiency  ； 

(c)  Greater  ease  with  which  modern  labour-saving  de- 

vices are  installed  ； 

(d)  Saving  in  general  attendance  costs  ； 

(tj)  Lower  percentage  caj)ital  cost's  since  position  of 
plant  is  not  determined  by  position  of  load  hut  l>v 
cheapness  of  land,  &c. 

(/)  Stand-by  plant  carried  at  a  lower  percentage  capital 
cost. 

(2)  That  in  the  case  of  a  new  mill  more  capital  can  be 
spent-  on  rennnierative  machinery. 

國 Elimination  from  customer's  consideration  of  all  】nat- 
ters  not  directly  concerned  with  his  Imsiness,  such  as  engi- 
neering details,  fuel  costs,  &c. 

(4)  Facility  with  which  any  portion  of  a  mill  can  be  run 
without  running  】nain  generating  plant. 

(5)  The  important  consideration  tliai  the  ]>(>\ver  eoinpany's 
engineers  are  always  at  their  customers'  disposal  when  engi- 
neering problems  arise. 


FUEL-INJECTING  APPARATUS  FOR  INTERNAL-COMBUSTION 

ENGINES. 

For  the  reliable  working  of  a  fuel  injecting  device  controlling 
the  supply  of  a  fuel  which  is  difficult  of  ignition,  such  as 
tar  oil,  for  example,  it  is  necessary,  even  when  the  engine 
is  running  on  a  light  load  and  under  which  circumstances 
the  fuel  pump  supplies  a  small  quantity  of  fuel  to  the  nozzle, 
that  there  shall  always  be  some  fuel  in  the  annular  space 
above  the  seat  for  the  needle  of  the  fuel  valve  when  the 
needle  is  opened,  as  otherwise  the  opening  of  the  needle  prior 
to  the  entrance  of  the  freshly  supplied  fuel  will  admit  cold 
cotttpressed  air  into  the  cylinder  which  will  prevent  ignition 
from  taking  place.    The  fuel  injecting  apparatus  illustrated 


Fukl  Injecting  Apparatus  vou  Inteknal-(  ombustion  Engines. 

herewith,  the  invention  of  Messrs.  Krupp,  of  Kiel-Gaarden, 
Genuaiiy,  has  been  designed  with  a  view  to  ensure  certain 
ignition  even  when  the  engine  is  running  on  a  light  load. 

The  fuel  injecting  valve  proper  is  of  the  usual  well-known 
construction,  and  consists  essentially  of  the  valve  cage  A, 
the  fuel  needle  B,  the  atomising  plates  C，  and  the  atoniising 
cone  D.  The  fuel  is  supplied  through  a  passage  E  and  the 
compressed  air  through  a  passage  F.  The  annular  space  G 
lyin^  immediately  above  the  seat  of  the  needle  is  connected 
wit  li  a  space  which  is  under  a  lower  pressure,  such,  for 
cxainple,  as  the  outer  air,  by  a  passage  11,  in  which  there  is 
arranged  a  cut-off  valve  J.  This  valve  J  is  so  operated  from 
a  shaft  K，  the  cam  shaft,  for  example,  by  means  of  a  cam 
disc  L  and  a  cam  L,,  that  after  the  supply  of  fuel  by  the 
fuel  purnp  is  completed  and  before  the  fuel  needle  B  is 
o])ened,  it  is  opened  for  a  short  time,  and  then  immediately 
clcsod  again.      This  pericdical  opening  of  the  passage  II 


allows  a  movement  of  the  contents  of  the  nozzle  starting 
from  the  point  of  the  injection  of  the  compressed  air  and 
directed  towards  the  annular  space  G.  If,  therefore,  the 
whole  of  the  fuel  be  blown  out  of  the  annular  space  G  when 
the  engine  is  running  under  a  light  load,  the  compressed  air 
contained  in  this  space  can  escape  through  H  and  its  place 
will  be  taken,  provided  the  time  during  which  the  passage  II 
remains  open  and  the  dimensions  of  its  opening  be  properly 
arranged,  by  fresh  fuel  delivered  through  the  atomising 
plates  C  and  the  cone  D，  and  which  fuel,  after  the  passage  H 
has  been  shut  off,  will  then  be  the  first  to  enter  the  cylinder 
when  the  fuel  needle  is  opened,  and  will  effect  ignition  with 
certainty.  As  such  ventilation  of  the  annular  space  Q  is  not 
necessary  when  the  engine  is  running  under  a  heavy  load, 
because  the  whole  of  the  fuel  is  not  entirely  blown  out  of 
the  nozzle,  the  operating  mechanism  of  the  cut-off  valve  J 
is  so  constructed  that  the  passage  H  is  only  opened  when  the 
engine  is  under  a  load  which  falls  below  a  definite  amount, 
which  latter  is  determined  by  experiments. 

For  the  purpose  of  economising  compressed  air,  the 
operating  mechanism  is  so  arranged  that  when  the  engine 
is  running  under  a  heavy  load  the  passage  II  is  at  first  opened 
only  a  very  small  amount,  and  this  amount  of  opening  or 
time  of  opening  of  the  passage  H  is  increased  gradually  up 
to  a  maximum,  when  the  engine  is  running  on  no  load  at  all. 
This  is  effected  by  constructing  the  cam  Lx  in  the  form  of  a 
cam  of  variable  lift  and  moving  the  cam  disc  L  upon  the 
shaft  K  by  the  governor,  in  such  a  way  that  when  the  engine 
is  running  under  a  heavy  load  the  passage  H  is  at  first  opened 
cvlindrical  part  of  the  cam  disc  and  gradually  runs  up  the 
obliquely  ascending  cam  as  the  load  decreases.  As  it  is  not 
always  possible  to  prevent  some  fuel  being  carried  along 
when  the  passage  II  is  opened,  care  must  be  taken  that  such 
fuel  can  be  separated  again.  For  this  purpose  the  free  end 
of  the  passage  H  is  directed  against  an  inclined  baffle  surface, 
down  which  the  fuel  carried  along  runs,  so  that  it  can  be 
returned  to  the  fuel  tank  again. 


Trials  of  a  Clyde-built  Destroyer. ―  H.M.S.  "  Lurcher,"  one  of 
the  special  destroyers  of  the  "  Firedrake  "  type  ordered  from 
Messrs.  Yarrow  &  Co.，  Scotstoun,  had  a  most  successful  official 
full-speed  trial  on  the  13th  inst.  on  the  Skelmorlie  deep  water 
measured  mile.  During  a  continuous  run  of  eight  hours  she 
attained  a  mean  speed  of  35  34  knots,  thus  exceeding  the  con- 
tract speed  of  32  knots  by  3.34  knots.  The  vessel  is  255ft.  long 
and  25ft.  7in.  beam.  She  is  propelled  by  Parsons  turbines 
driving  two  shafts,  steam  being  supplied  by  three  Yarrow 
water-tube  boilers  fitted  with  the  firm's  latest  feed-heating 
device.  The  high  speed  attained  by  the  "Lurcher"  shows 
that  that  vessel  is  one  of  the  fastest  destroyers  yet  built. 

Oil  Fuel  for  Steam  Raising. ― In  the  course  of  a  lecture  on 

this  subject,  delivered  at  the  Oil  Engineering  Exhibition, 
Olympia,  Mr.  J.  J.  Kermode  said  that  the  recent  coal  strike 
liad  done  more  to  emphasize  the  value  of  liquid  fuel  than 
years  of  patient  advocacy  and  toil.  Many  factories  had  to 
resort  to  oil  fuel  to  keep  going,  and  in  every  case  the  boilers 
were  expeditiously  fitted  for  the  use  of  liquid  fuel  without 
altering  the  furnaces  as  arranged  for  coal.  The  lesson  of  the 
coal  strike  would  not  be  readily  forgotten,  and  the  heads  of 
many  municipal  power  stations  had  under  consideration  the 
advisability  of  being  able  to  use  liquid  fuel  should  the  neces- 
sity arise  in  the  near  future.  The  British  Government,  Mr. 
Kerniorle  pointed  out,  had  recently  appointed  a  Royal  Com- 
mission to  go  into  the  question  of  the  use  of  oil  fuel  for  the 
Navy,  and  this  had  caused  a  wider  interest  to  be  taken  in 
oil  fuel  than  heretofore.  Incidentally,  he  mentioned  that  the 
(i  Titanic  '，  enquiry  had  resulted  in  certain  recommendations 
in  ship  design  which  were  bound  to  have  an  influence  on  the 
use  of  oil  for  the  propulsion  of  our  greatest  liners.  As  a 
result  of  tlie  lamentable  happening  to  the  "  Titanic,"  the 
newest  White  Star  liner  would  be  built  with  a  cellular  double 
bottom,  and  as  this  would  absorb  such  an  enormous  cubic 
space  which  would  not  be  available  for  cargo,  the  obvious 
inl'creuce  was  thai  the  space  could  be  utilised  for  oil  fuel. 
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A  NEW  PHOTO-MECHANICAL  ENGRAVING  PROCESS 
WITH  STARTLING  POSSIBILITIES. 

Diking  recent  years  great  improvements  have  been  made  in 
many  of  the  photo-mechanical  engraving  processes  employed 
in  the  production  of  line  and  half-tone  illustrations  with  which 
readers  of  technical  journals  are  familiar.  The  accuracy  with 
which  these  can  be  reproduced  and  modified  in  size  from 
originals  would  apparently  leave  little  room  for  further  in- 
vention or  improvement.  One  of  the  exhibits  at  the  exhibi- 
tiou  of  the  Royal  Photographic  Society,  which  closed  on  the 
21st  inst.,  however,  displayed  a  rather  startling  development  in 
one  direction  which,  owing  to  the  facilities  it  appears  to  afford 
for  fraudulent  use  in  the  reproduction  of  printed  banknotes 
and  bonds  printed  from  intaglio  engraved  plates —— as  many 
foreign  bonds  and  notes  are — deserves  the  serious  attention 
of  bankers  and  Government  authorities.  The  process  is  the 
invention  of  Mr.  A.  E.  Bawtree,  of  Manor  Park  Road, 
Sutton,  Surrey.  Although  we  are  not  in  a  position  to  describe 
the  exact  modus  operandi,  a  description  of  the  exhibits  shown 
and  such  particulars  as  Mr.  Bawtree  has  furnished  us  are 
sufficient  to  show  the  importance  of  the  invention,  since  it 
permits  of  the  reproduction  of  steel  and  copper  plate  engrav- 
ings with  the  utmost  ease  and  cheapness. 

The  process  consists  of  two  entirely  novel  operations. 
Instead  of  taking  a  negative  of  the  original  by  means  of  a 
leus,  and  from  that  printing  the  necessary  positive,  the  whole 
of  the  actual  ink  of  the  original  is  transferred  bodily  from  its 
paper  support  on  to  a  glass  plate,  without  the  addition  or  loss 
of  a  particle  of  pigment,  and  thus  gives  a  printing  trans- 
parency incomparably  superior  to  the  most  perfect  one  obtain- 
able by  the  purely  photographic  operations.  From  this  per- 
fect transparency  a  copper  plate  is  printed  (or  a  steel  plate, 
where  such  may  be  preferred)  by  a  method  which  excels  any- 
thing else,  in  that  it  yields  printing  lines  of  full  strength  of 
the  most  delicate  hair  lines  in  the  original,  while  it  does  not 
add  anything  to  the  vigour  of  the  stronger  portions  of  the 
work,  and  in  this  way  preserves  absolutely  mechanically  the 
exact  tone  values  of  the  original. 

In  the  transparency  section  of  the  exhibition  were  shown 
one  of  these  engravings,  on  its  glass  support,  wliich  afforded 
an  excellent  idea  of  the  perfection  of  the  transfer.  The  trans- 
parency was  eminently  adapted  for  use  in  the  photogravure 
process,  while  the  original,  after  serving  its  purpose,  could  be 
put  back  again  on  to  paper. 

The  inventor  points  out  that  it  would  obviously  be  inex- 
pedient to  publish  at  once  the  details  of  this  process,  as  there 
are  still  in  circulation  a  large  number  of  plate-printed  bank- 
notes and  bonds,  and,  owing  to  its  extreme  simplicity,  and  the 
inexpeiiriiveness  of  the  appliances  required,  such  publication 
would  lead  to  wholesale  forgeries.  But  the  process  has  im- 
portant commercial  applications,  for  the  employment  of  which 
arrangements  are  in  progress.  As  the  details  will  inevitably 
become  known  sooner  or  later,  bankers,  financiers,  and  others 
will  be  well  advised  not  only  to  avoid  steel  and  copper-plate 
printing  in  future  issues  of  monetary  documents,  but,  with- 
out undue  delay,  to  replace  such  as  they  have  at  present  in 
circulation  by  a  more  secure  class  of  work.  This  warning  is 
])articularly  necessary  in  the  United  States,  where  the  New 
York  Stock  Exchange  regulation,  requiring  all  bonds  to  be 
plate  printed,  is  still  in  force. 

It  is  immaterial  what  colour  the  original  engraving  is 
printed  in,  or  what  the  chemical  rom position  of  the  inks 
employed,  as  the  image,  when  once  on  the  glass,  becomes  for 
all  practical  purposes  a  photographic  one.  In  this  form  ii 
can  be  stripped,  reversed,  or  intensified  as  required,  and  no 
protective  colour  grounds,  whether  printed  direct  from  plates 
or  by  means  ot  blocks,  stone,  off -set,  or  any  other  medium, 
render  steel  or  copper-plate  printed  matter  secure  against 
forgery. 

Plate-pruited  matter  has  hitherto  been  regarded  as 
possessing  security  for  several  reasons  ； -" 


(1)  If  the  forger  attempts  to  re-engrave  the  work  lie  must 
obtain  costly  and  elaborate  macliiiiery. 

(2)  If  lie  tries  to  photograph  the  work,  ho  has  to  e<jwi]) 
Jinnselt'  with  a  good  process  camera,  lighting  arrangements, 
； other  parapliernalia  of  the  process  photographer. 

(3)  In  either  of  these  cases  lie  must  deal  with  one  ol'  a 
very  few  firms  who  specialise  in  such  matters,  who  will  keep 
a  record  of  his  purchases,  and  who  can  therefore  readily  put 
detectives  on  his  track. 

(4)  The  plant,  in  whichever  way  the  forger  sets  to  work, 
would  incriminate  him  if  found  in  liis  possession,  yet,  being 
costly  and  difficult  to  obtain,  he  cannot  afford  to  destroy  it  as 
soou  as  he  lias  made  a  set  of  plates,  in  case  he  wants  it  again. 

(5)  The  market  for  such  goods  offered  second-hand  is 
limited,  and  attempts  to  sell  would  call  as  much  attention  to 
himself  as  the  original  efforts  to  buy. 

(6)  Both  methods  of  reproduction  are  very  imperfect,  so 
that  the  forger  must  ha^ve  the  assistance  of  a  skilled  engraver 
and  banknote  artist,  in  order  to  bring  his  work  up  to  a 
negotiable  standard  of  excellence.  All  such  men  have  neces- 
sarily served  an  apprenticeship  and  are  well  known  to  their 
fellows.  This  very  much  limits  the  range  of  the  search  wlien 
the  authorities  are  upon  the  track  of  a  forger. 

It  is  evident  from  Mr.  Bawtree's  discovery  that  none  of 
the  above  six  protective  points  will  henceforth  be  effective, 
since  ： ― 

(1  and  2)  No  expensive  or  elaborate  machinery  or  equip- 
ment is  required  ；  even  though  the  process  is  strictly  photo- 
graphic, no  camera  at  all  is  used. 

(3)  All  materials  and  apparatus  are  of  the  very  simplest . 
The  total  number  of  chemicals  required  in  order  to  carry  out 
the  operations  from  the  first  treatment  of  the  original  engrav- 
ing to  the  completed  steel  or  copper  plate  is  only  12，  as  small 
an  outfit  as  would  be  found  in  the  hands  of  the  majority  of 
ordinary  photographic  beginners.  Everything  is  readily 
obtainable  from  dealers  in  materials  for  the  use  of  the  amateur 
photographer,  and  would  attract  no  suspicion  to  the  owner 
either  in  purchasing  or  possession. 

(4)  The  whole  plant  is  extremely  cheap  and  compart. 
Everything  necessary  for  producing  a  set  of  banknote  plates, 
or  the  plates  for  the  talons  and  coupons  of  a  set  of  bonds, 
together  with  a  full  stock  of  all  requisite  materials,  costs 
about  £2.  10s.  The  whole  can  be  packed  in  one  ordinary 
Tate  sugar  box.  The  forger  need  therefore  experience  no 
difficulty  in  concealing  the  fact  of  its  possession,  while  lie  can 
easily  afford  to  scrap  "the  whole,  if  necessary,  as  tlie  issue  of  h 
single  forged  £5  note  would  more  than  repay  him. 

(5)  There  is  a  ready  sale  for  second-hand  photographic 
appliances  of  ordinary  type,  so  that  the  forger  can  dispose  of 
the  plant  at  no  great  loss  in  order  to  avoid  suspicion,  should 
he  fear  such  from  its  possession. 

(6)  The  method  of  reproduction  is  so  perfect  that  the  work 
of  the  engraver  and  artist  is  dispensed  with.  A  straight  pull 
from  the  purely  mechanically  produced  plate  gives  a  quite 
negotiable  forgery.  Even  the  printing  appliances  would  call 
forth  no  suspicion  on  their  possessor.  The  inks  are  readily 
ground  in  the  small  quantities  required  on  a  piece  of  glass 
with  a  palette  knife,  while  an  ordinary  domestic  wringing 
machine  answers  well  as  a  plate  printing  press  for  small  plates. 

As  some  alarm  may  possibly  be  excited  by  this  description 
respecting  the  security  of  Bank  of  England  notes,  it  may  be 
added  that  the  process  applies  entirely  to  the  reproduction  of 
steel  and  copper-plate  printing,  and  as  banknotes  are  surface 
printed,  they  are  safe  from  reproduction  bv  Mr.  Bawtree's 
method. 


Personal.—  It  is  officially  stated  that  Mr.  G.  J.  Carter,  one 
of  the  local  directors  of  Messrs.  Sir  W.  G.  Armstrong,  Whit- 
worth,  &  Co.,  has  resigned  his  position  at  Elswick  in  order  to 
accept  a  seat  on  the  Board  of  Messrs.  Caiinnell,  Laird,  &  Co.， 
Ltd.,  of  Sheffield  and  Birkenhead.  He  will  succeed  to  the 
position  of  managing  director  of  the  shipbuilding  and  engi- 
neering works  at  Birkenhead  recently  resigned  by  Mr.  R.  E. 
Bevis.  It  is  also  announced  that  Mr.  James  H.  Boolds,  ship- 
building director  at  Messrs.  Viokers,  Barrow  Works,  is  retir- 
ing, but  his  services  will  be  retained  for  duties  connected  with 
the  establishments  in  which  the  comj^auy  is  interested  at 
home  aud  abroad. 
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DEVELOPMENT  IN  THE  USE  OF  GAS  FOR  HEATING  AND 
POWER  PURPOSES.* 

BY  EDWARD  B.  UOSA,  PH. J). 

The  use  of  gas  for  heat  and  power  has  rapidly  increased  in 
recent  years.  This  is  partly  due  to  a  reduction  in  the  price 
of  gas  and  to  improvement  in  the  service  rendered  by  gas 
companies,  and  partly  to  the  improvement  of  gas  appliances 
in  the  direction  of  greater  convenience  and  efficiency  and  to 
the  invention  of  new  appliances  for  the  accomplishment  of 
many  results  in  new  ways. 

Coal  Gas.—  The  first  recorded  suggestion  of  the  use  of  gas 
for  fuel  was  in  the  patent  taken  out  in  England  in  1805  by 
F.  A.  Winsor  for  a  process  of  "  extracting  inflammable  air  " 
from  coal.  The  product  was  to  be  applied  to  heating  as  well 
as  to  lighting  ；  but  in  spite  of  his  great  enthusiasm,  Winsor 
was  not  successful  in  bringing  about  the  utilisation  of  gas 
for  fuel,  and  little  was  done  along  this  line  until  about  1825, 
when  the  first  gas  cooker  was  invented.  From  that  time 
until  about  1880  development  was  very  slow.  One  important 
invention,  however,  was  that  of  Delbruck,  who  placed  one 
tube  inside  another,  using  one  for  the  gas  and  the  other  for 
the  passage  of  the  air,  mixing  the  two  at  the  point  of 
ignition. 

What  are  usually  called  bunsen  burners  in  connection 
with  gas  stoves  are  a  modification  of  buusen  burners,  invented 
by  'Thomas  Fletcher,  of  England.  The  true  bunsen  con- 
sists simply  of  the  familiar  open  tube  of  the  laboratory  with 
the  gas  nozzle  and  air  ports  at  the  base.  Fletcher  was  the 
first  to  use  a  cap  to  diffuse  the  flame  and  reduce  its  liability 
to  flash  back. 

The  last  30  years  have  witnessed  a  wonderful  development 
of  every  kind  of  heating  appliance,  and  the  most  modern 
gas-lighting*  units  make  use  of  the  gas  for  heating  solid  mate- 
rials to  incandescence  instead  of  deriving  the  light  from  the 
luminosity  of  the  flame  itself. 

Acetylene  Gas. ― Although  acetylene  gas  was  discovered  in 
1836,  it  was  not  until  1892  that  its  commercial  development 
was  made  possible  by  Willson,  who  discovered  a  method  of 
producing  calcium  carbide  iu  large  quantities.  The  applica- 
tion of  acetylene  to  heating  and  power  has  been  very  recent 
indeed,  and  the  use  of  acetylene  and  oxygen  in  the  blow- 
pipe has  produced  almost  the  highest  temperature  known  to 
chemistry 一 a  temperature  approximating  that  of  the  electric 
arc,  probably  above  6,000°  Fall.  Through  this  means  welding 
has  been  successfully  accomplished  and  several  other  impor- 
tant industrial  applications  have  been  found.  Large  steel 
bridge  girders  can  thus  be  cut  apart  with  ease.  There  seems 
to  be  a  great  field  open  for  the  oxy-acetylene  flame. 

Natural  Gas. ― The  first  use  of  natural  gas  in  the  United 
States  was  probably  in  Fredonia,  New  York,  in  1821,  and 
before  long  it  was  being  used  in  rare  instances  for  heating 
purposes.  In  1859  Drake  drilled  the  first  oil  well,  and,  as 
natural  gas  was  found  in  abundance,  'its  use  was  greatly 
increased.  .  At  first  it  was  only  used  near  the  wells,  but  from 
time  to  time  some  enterprising  individuals  would  run  pipes 
from  near-by  wells  to  their  homes  and  villages.  At  first  it 
was  used  in  the  coal  or  wood  stoves  for  cooking  and  heating, 
and  at  the  wells  for  power  by  piping  it  directly  to  the 
cylinders  of  steam  engines  and  using  its  expansive  force  as  a 
substitute  for  steam.  The  waste  of  gas  for  many  years  was 
very  great,  no  interest  being  taken  in  making  economical 
appliances,  or  even  in  turning  the  gas  off  when  not  wanted. 

The  first  company  formed  exclusively  for  the  distribution 
of  natural  gas  was  in  1872  in  Titusville,  Pennsylvania,  sines 
which  time  its  use  has  become  quite  extended.  As  a  fuel, 
natural  gas  is  burned  in  almost  exactly  the  same  way  and 
with  almost  the  same  appliances  as  manufactured  gas.  It 
may  be  used  iu  the  ordinary  gas  range,  hot  plate,  water 
heater,  or  other  gas-burning  appliances,  the  only  change 
necessary  being  that  because  of  the  higher  pressure  the  gas 
orifices  should  be  smaller,  and  because  of  the  higher  heating 
value  less  gas  is  necessary  to  produce  the  same  results. 
Furthermore,  the  application  of  natural  gas  to  coal-burning 
installations  of  all  kinds  is  very  simple  and,  as  a  rule,  very 
o/Iicient. 

*  From  an  address  dolivcr (！ fl  at  tlio  celebration  of  tlio  contcnnr>  of  Mu-  intro- 
(liictiion  of  mis  us  iin  illuinitmni,  niiflc  r  Mu-  (Uispices  of  ilio  Ainoric;m  I'liil'is' 屮 
Society,  tin:  Kninklin  IiiHliLntc,  Mu*  Aim'i'"'"ii  (Miciiiical  Socioliy,  and  tlif  Amcritrnii 
Gay  Institute,  in  tlic  hall  of  the  l-'rauklin  lusUtutc,  J>hiladcl])hia,  April  19th,  J 912. 


Producer  Gas. 一 Producer  gas,  the  gas  made  from  cheap 
fuels,  using  oxygen  from  tlie  air  to  produce  carbon  monoxide, 
lias  come  into  prominence  within  the  last  12  years.  Although 
only  a  few  scattered  installations  are  reported  as  having 
been  made  in  the  United  States  prior  to  1900，  there  are 
now  probably  200  or  more  plants  together  having  an  output 
of  over  50,000  h. p. 

The  two  principal  types  of  gas  producers  are  the  suction 
plant,  used  for  small  units  below  300  h.p.  capacity,  and  the 
pressure  plant  used  for  larger  outputs.  The  suction  plant 
receives  its  name  from  the  fact  that  the  engine  develops  its 
charge  of  gas  in  the  producer  by  means  of  its  own  suction 
stroke.  The  pressure  plant  develops  its  gas  under  a  slight 
pressure  due  to  the  introduction  of  an  air  and  steam  blast, 
and  the  gas  is  stored  in  a  holder  until  it  is  required  by  the 
engine. 

In  Europe  producer  gas  lias  been  applied  much  more 
generally  than  in  this  country,  but  it  is  fast  working  its  way 
into  the  industries  here,  such  as  glass  furnaces,  brick,  pottery 
and  terra-cotta  kilns,  lime  and  cement  kilns,  sugar-house 
char-kilns,  silver  clilorination  and  ore-roasting  furnaces,  &c. 
Although  its  use  is  accompanied  by  some  dangers  and  dis- 
advantages, the  facts  that  it  is  the  cheapest  gas  made  per 
unit  of  heat  and  contains  more  of  the  energy  originally  in 
the  coal  than  any  other,  and  that  it  is  possible  to  use  very 
poor  fuel  in  its  production,  make  it  a  very  economical  gas 
when  properly  applied. 

Conditions  for  Good  Combustion. ― One  of  the  principal  points 
to  consider  in  the  construction  of  heating  appliances  is  tlie 
combustion  of  the  gas.  Efficiency,  maintenance,  and  many 
other  important  items  are  largely  dependent  on  this  feature. 
Some  of  the  conditions  for  good  combustion  are: ― 

(a)  Complete  and  equal  combustion  of  the  gas  must  be 
had  over  every  part  of  tlie  burner  and  from  every  opening  in 
the  burner. 

(b)  Good  mixing  of  air  and  gas,  and  equal  proportion  of 
primary  air  in  all  parts  of  the  burner,  are  essential. 

(c)  There  must  be  plenty  of  secondary  air  in  the  proximity 
of  the  burners,  so  that  the  flames  will  not  be  smothered,  and 
good  draught  through  the  appliance  to  carry  away  the  pro- 
ducts of  combustion. 

(d)  Flames  should  not  impinge  on  cold  surfaces  in  such  a 
way  as  to  cause  incomplete  combustion  and  so  waste  the  heat 
r.:id  perhaps  produce  carbon  monoxide. 

(c)  In  those  appliances  where  an  adjustable  air  shutter  is 
used,  this  shutter  should  be  easily  adjustable  and  yet  should 
remain  as  adjusted.  In  those  appliances  that  have  a  fixed 
air  supply,  the  spuds  should  be  readily  accessible. 

Each  different  form  of  appliance  offers  problems  of  its 
own,  but  the  observance  of  these  general  conditions  is 
important. 

Development  of  Gas  Cooking. —- In  the  patent  taken  out  by 
Mr.  Winsor  in  1805  for  the  manufacture  of  coal  gaSj  we  find 
the  first  recorded  suggestion  of  the  use  of  gas  for  cooking. 
But  the  actual  utilisation  of  gas  for  cooking  was  much  later. 
Our  earliest  knowledge  of  a  gas  stove  is  to  be  obtained  from 
a  magazina  of  the  year  1825  which  described  it  as  a  piece 
of  "  gas  apparatus  for  cooking  by  enclosing  the  circle  of  gas 
flames  with  its  reflecting  cone  in  a  cylinder  of  tin,  from  the 
top  of  which  a  pipe  takes  off  the  burnt  air."  A  drawing  of 
the  burner  was  also  given,  and  the  writer  adds :  "A  liot- 
plate  has  been  heated  by  the  gas,  and  it  has  also  been 
employed  to  heat  an  oven.  ...  It  cannot  be  expected  to 
succeed,  however,  except  in  the  hands  of  persons  whose 
scientific  knowledge  enables  them  to  employ  it  with  safety." 

For  a  number  of  years  there  seems  to  have  -  been  little 
done  in  t!i&  way  of  actual  trial,  although  the  geniuses  of  Uie 
time  were  thinking  about  it  and  taking  out  patents.  It  is 
unlikely  that  we  shall  ever  know  who  was  the  first  user  of 
gas  for  cooking,  all  we  know  definitely  about  the  subject 
being  that  James  Sharp,  of  Northampton,  England,  demon- 
strated tlie  availability  of  gas  cooking  in  his  own  house 
about  1830  or  1832，  and  a  year  or  two  later  John  Barlow,  of 
Islington,  London,  had  an  apparatus  for  roasting,  boiling, 
and  steaming  in  the  kitchen  of  his  house.  This  consisted  of 
a  tin  oven,  around  the  four  sides  of  which,  inside  near  the 
bottom,  ran  a  gas  pipe,  fitted  with  small  burners  about  lin. 
apart  ；  on  a  stand  alongside  the  oven  were  two  or  three 
rings  of  piping  with  burners,  and  over  these  wer^  placed  the 
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boilers  and  saucepans.  After  this,  inventions  for  cooking  by 
gas  became  more  numerous,  although  the  gas  range  at  first 
gained  very  slowly  in  popularity. 

In  1850  James  Sharp,  then  of  Southampton,  delivered  a 
lecture  entitled  "  Gastronomy,"  in  the  course  of  which  he 
roasted  before  the  audience  341bs.  of  beef,  151bs.  of  mutton, 
and  121bs.  of  pork,  and  boiled  and  steamed  241bs.  of  mutton 
and  codfish,  four  fowls,  eight  plum-puddings,  vegetables,  &c.， 
and  baked  pies  and  tarts,  the  whole  being  done  with  the 
expenditure  of  156ft.  of  gas. 

In  the  following  year  (1851)  Alexander  Graham,  a  well- 
known  hotel  proprietor  of  Glasgow,  exhibited  in  the  great 
Exposition  in  London  a  gas  cooking  oven,  which  was  fitted 
with  luminous  jets  inside.  Mr.  Graham  made  and  sold  a 
limited  number  of  cookers  for  hotels  and  restaurants,  but  so 
far  the  use  of  gas  ovens  for  domestic  purposes  was  practically 
unknown. 

A  stove  used  in  Philadelphia  prior  to  1860  is  still  in 
existence,  and  forms  part  of  the  exhibition  upstairs  in  con- 
nection with  this  Centenary.  It  has  a  peculiar  boiling 
burner  which  consists  of  a  piece  of  ^in.  pipe  bent  upwards 
into  a  sheet-iron  truncated  cone,  containing  a  perforated 
baffle-plate  of  the  same  material.  The  upper  end  of  the  cone 
contained  a  fine  wire  screen  covered  with  about  ^in.  of  fine 
gravel .  . 

From  this  time  on  until  about  1880，  the  history  of  the  use 
of  gas  for  cooking  was  an  exceedingly  slow  development. 
In  i860  the  "  Cincinnati  Gazette  "  said  :  "  At  present  about 
100  families  are  cooking  with  different  kinds  of  gas  stoves." 
The  development  has  taken  a  faster  pace  in  recent  years 
and  thus  has  brought  us  to  the  present  state  of  efficiency  and 
convenience.  The  gas  cooking  range  of  to-day  is  distin- 
guished by  the  following  features :  The  flow  of  the  hot  pro- 
ducts of  combustion  from  the  oven  burners  is  so  directed  that 
the  food  is  evenly  cooked  top  and  bottom  in  any  part  of  the 
oven  ；  air  space  insulation  of  the  oven  walls  prevents  the 
loss  by  radiation  of  an  undue  quantity  of  heat  ；  adjustable 
air  mixers  on  all  burners  permit  of  the  complete  elimination 
of  soot  ；  the  boiling  burners  are  so  set  that  the  placing  of 
vessels  over  them  does  not  smother  the  flames,  or  cause  incom- 
plete combustion  ；  the  boiling  burners  and  their  fixtures  are 
easily  removed  by  the  cook  for  purposes  of  cleaning  and  are 
put  in  place  again  with  equal  ease,  and  all  details  are  aimed 
to  combine  efficiency  and  convenience. 

Tests  of  the  relative  heat  efficiency  of  gas  ranges  have  been 
made,  but  such  tests  have  not  been  sufficiently  standardised 
so  that  numerical  statements  can  easily  be  made.  Further 
tests  are  desirable,  and  if  greater  attention  is  given  to  the 
question  of  efficiency  and  economy,  it  is  probable  that  con- 
siderable further  improvement  will  be  made  by  manu- 
facturers. 

Gas  Water  Heating. ―  About  1825  Robert  Hicks  took  out  a 
patent  in  England  for  "  Heating  water  in  baths  by  means  of 
burning  spirits  of  turpentine,  or  carbonetted  hydrogen  gas 
in  chambers,  in  the  bath,  or  in  tubes  passing  through  or 
under  them."  Up  to  about  1890  there  were  really  no  con- 
venient and  economical  water  heaters.  Since  then  the  instan- 
taneous hot-water  heater  has  been  developed  and  this  has 
greatly  augmented  the  use  of  gas  ranges,  the  one  being  a 
very  important  adjunct  to  the  pther.  Gas  water  heating  is 
one  of  the  most  important  of  the  domestic  uses  of  gas,  and  it 
is  very  desirable  that  water  heaters  be  tested  systematically 
and  the  results  of  tests  made  public  for  the  information  of 
users. 

Gas  Room  Heating. ― About  the  year  1833  a  patent  was 
granted  to  one  Richard  Barnes  for  heating  buildings  by  the 
combustion  of  gas  or  oil,  applying  the  flame  either  externally 
to  tubes  or  chambers  through  which  currents  of  air  were 
passing,  or  else  placing  the  flame  inside  the  tubes  or  chambers. 

Peckston,  in  his  ('  Practical  Treatise  on  the  Manufacture 
of  Gas,"  published  in  】841，  says :  "  Coal  gas  has  of  late  years 
been  applied  to  the  heating  of  churches,  chapels,  shops, 
counting-houses,  &c.  .  .  •  and  has  been  found  to  answer 
tlie  purpose  intended."  The  stove  described  closely  resembled 
the  cooking  stove  of  1825,  except  that  it  was  provided  at  the 
top  with  a  register  instead  of  the  flue. 

A  form  of  stove  now  very  popular  in  England  under  the 
name  of  the  "  Gas-fire,"  and  consisting  of  lumps  of  incom- 
bustible material  heated  to  a  greater  or  less  degree  of  incan- 
descence by  gas  burners  so  as  to  resemble  a  coal  fire,  was 
patented  by  Edwards  in  1849.  Seven  years  later,  Nathan 
Defries  was  granted  a   patent   for   a   similar   device,  the 


11  argillaceous  material  ，，  specified  having  fastened  upon  it 
fibres  of  asbestos,  which,  upon  lighting  the  gas,  became 
incandescent.  This  was  followed  three  years  later  by  a  patent 
granted  to  Reece  for  a  stove  in  which  the  asbestos  back  was 
the  main  feature. 

In  spite  of  the  limited  use  of  gas  for  fuel,  a  company 
called  "  The  Gas  Fire  Company  "  was  incorporated  in 
England  in  1852.  This  seems  to  be  the  forerunner  of  tlie 
many  ill-fated  attempts  to  do  a  purely  fuel  business  by  arti- 
ficial gas.  Room  heating  is  now  on©  of  the  common  uses  of 
illuminating  gas. 

The  Use  of  Gas  for  Industrial  Purposes. ―  In  1806  Mr.  Josiali 
Pemberton  exhibited  various  forms  of  gas  lights  in  front  of 
his  factory  at  Birmingham.  He  was  the  first  to  construct  a 
gas  stove,  using  it  for  the  soldering  required  in  his  button 
factory.  About  1840  a  Scotch  manufacturer  by  the  name  of 
Macintosh  made  several  tons  of  "  cemented  ，，  steel  by  sub- 
mitting iron  at  a  dull  red  heat  to  the  action  of  lighting  gas. 
The  carbon  for  the  steel  was  derived  from  the  gas.  In  1857 
a  patent  was  granted  for  the  heating  of  irons  for  laundry 
work  by  means  of  gas,  and  in  1859  a  soldering  apparatus 
for  continuous  soldering  by  means  of  gas  was  described  in  the 
" Technical  Press."  This  included  the  use  of  a  blast  worked 
by  a  foot  bellows. 

In  an  advertisement  of  Eisner,  of  Berlin,  in  July,  1859，  it, 
was  pointed  out  that  there  was  scarcely  a  brand  of  domestic 
work,  of  industry,  or  of  business  for  which  a  gas  cooking  or 
heating  apparatus  could  not  be  recommended.  Thus  it  is 
evident  that  the  use  of  gas  for  industrial  purposes  is  not  of 
recent  origin,  and  that  it  has  not  been  brought  about  through 
a  falling  off  in  the  use  of  gas  for  lighting,  due  to  the  increased 
use  of  electricity. 

At  the  Paris  Exposition  of  1867  there  was  exhibited 
singeing  apparatus  for  use  in  wool  works,  dye  works,  and 
bleaching  works.  Jewellers  were  also  using  gas.  Plants  for 
chemical  and  metallurgical  purposes  and  laboratory  ovens 
were  also  shown. 

About  30  years  ago  what  seems  to  us  a  curious  method  of 
using  gas  -  was  considerably  in  favour.  This  was  its  use 
under  boilers  for  generation  of  steam  for  engines  up  to  about 
2  h.p.  At  the  Royal  Agricultural  Societies  Exhibition,  held 
in  1879，  several  forms  of  such  boilers  were  exhibited. 

In  1879  the  South  Shields  Gas  Company,  an  English 
concern,  gave  an  exhibition  of  over  300  appliances  in  which 
gas  was  to  be  used  for  other  purposes  than  lighting.  To-day 
there  are  about  1,000  practical  applications  of  gas  in  f'l'e 
industries,  and  a  conservative  estimate  places  the  proportion 
of  gas  sold  for  fuel  at  one -half  the  total  sales. 

Air  under  Pressure  v.  Gas  under  Pressure  in  Industrial  Appliances. 
― The  subject  of  air  and  gas  under  pressure  is  one  that  is 
receiving  considerable  attention  at  the  present  time,  although 
the  field  has  not  been  as  extensively  explored  as  the  others 
that  have  been  described.  In  England  and  on  the  Continent 
there  are  a  number  of  companies  now  operating  to  furnish 
gas  at  high  pressure  for  private  establishments  as  well  as 
for  the  public  street  lamps.  The  result  is  that  in  Europe 
there  has  been  more  done  with  the  gas  under  pressure  than 
in  America,  while,  on  the  other  hand,  America  has  probably 
made  more  use  of  the  air  blast  with  low-pressure  gas.  "  The 
disadvantage  of  the  latter  for  furnace  heating  is  that  the 
efficiency  depends  upon  the  two  pressures  remaining  constant. 
Experience  shows  that  under  working  conditions  it  is  too 
much  to  expect  that  these  will  remain  constant,  but  the 
main  defect  in  air-blast  burners  up  to  quite  recently  lias  been 
that  they  were  badly  designed ― their  mixing  arrangements 
being  inadequate.  Such  gas  burners  as  those  recently 
designed  which  do  away  with  secondary  air  and  improve  the 
mixing  of  the  air  and  gas  are  a  great  advance  on  previous 
designs." 

" High-pressure  gas  should  have  a  great  field  before  it  in 
the  industrial  world.  It  can  be  applied  to  all  heating  pro- 
cesses with  efficiencies  reaching  in  some  cases  at  least  90  per 
cent.  Its  chief  charm  is  its  cleanliness  and  its  simplicity  ； 
and  in  by  far  the  majority  of  cases  it  compares  welL  in  cost 
with  solid  fuel." 

Processes  in  which  Industrial  Appliances  arc  Used. ― Some  of 
the  processes  in  which  gas  has  been  used  in  the  industries  are 
as  follows  ：  (1)  Hardening,  tempering,  and  annealing  of  steel, 
and  the  heating  of  automatic  heating  machines  ；  (2)  melting 
of  base  and  precious  metals  ；  (3)  forging  and  drop  forging  ； 
(4)  welding,  brazing,  soldering,  and  rivet  heating  ；  (5) 
developing  power  and  generating  steam  ；  (6)  boiling  liquids 


368 


THE   MECHANICAL   ENGINEER.  [September  20,  1912 


and  melting  of  solids  ；  (7)  tire  heating,  and  tlie  heating  of 
mangles  and  steel  rolls  ；  (8)  heating  japanning  and  em- 
broidery ovens  ；  (9)  air  tempering  ；  (10)  singeing  of  cloth; 
(II)  heating  branding  irons  ；  (12)  firing  china  ；  (13)  melting 
barium  chloride  and  cyanide  of  potassium  for  hardening 
steels  ；  (14)  embossing  and  stamping  presses  ；  (15)  heal  iti^r 
muffle-furnaces,  and  assay  work,  and  reducing  sweeps  ；  (16) 
heating  oil  tempering  furnaces  ；  (17)  pressing  irons,  stoves, 
and  machines  ；  (18)  heating  searing  iron  ；  (19)  matrix  drying 
in  printing  ；  (20)  roasting  coffee  and  nuts,  and  popping  corn  ； 
(21)  sterilising  and  pasteurising. 

These  are  a  few  of  the  many  processes  that  might  be  men- 
tioned, but  they  are  typical  as  showing  the  wide  variety  of 
applications  of  illuminating  gas. 

Development  of  the  Gas  Engine. ― The  gas  engine  really  dates 
from  tlie  year  1791，  when  Jolm  Barber  patented  an  engine 
driven  by  gas  obtained  by  heating  wood,  coal,  oil,  or  other 
substance  in  a  retort.  After  tlie  gases  liad  been  cooled  they 
passed  through  a  pump,  in  which  they  were  mixed  with  air, 
to  an  "  exploder."  At  tlie  orifice  of  this  exploder  the  gas 
was  lighted,  and  issued,  in  a  continuous  stream  of  flame, 
against  the  vanes  of  a  paddle  wheel.  This  was  not  only  the 
first  gas  engine,  but  the  first  gas  turbine,  a  form  of  machine 
not  in  existence  to-day. 

In  1794  Robert  Street  designed  a  pump  driven  by  the 
explosion  of  turpentine  vapour  below  the  motor  piston.  In 
1801  Philippe  Lebon  took  out  a  patent  for  an  engine  to  give 
alternate  explosions  on  each  side  of  the  piston.  Samuel 
Brown,  in  1823,  designed  a  motor  to  operate  by  atmospheric 
pressure  in  wliich  he  used  an  explosive  gas  flame  to  expel  the 
air  from  the  chamber. 

In  1823  L.  W.  Wright  patented  his  double-acting  vertical 
engine  combined  with  a  governor  to  regulate  the  speed.  ]n 
1838  William  Barnet  suggested  the  compression  system  of 
gas  motor.  This  experimental  period  of  gas  engine  research 
may  be  said  to  have  lasted  for  70  years ― 1791-1860.  In  tlie 
latter  year  Lenoir,  of  Paris,  produced  the  first  practical  gas 
engine  to  work  rapidly  and  silently,  with  electric  ignition 
by  jump-spark. 

In  the  years  that  have  followed  improvement  after 
improvement  has  been  made'  until  the  amount  of  coal  gas 
necessary  to  develop  ignition  horse-power  has  been  reduced 
from  100  cub.  ft.  to  14  cub.  ft.  and  even  12  cub.  ft.  per  hour. 
Only  the  principal  steps  in  the  development  can  be  mentioned. 

In  1861  Million  proposed  compression  and  the  use  of  a 
compression  or  combustion  chamber.  In  1862  Beau  de 
Rochas  took  out  a  descriptive  patent  of  the  compression 
4-stroke  cycle  now  known  as  the  Otto. 

Otto  and  Langen  exhibited  their  free-piston  atmospheric 
engine  at  Paris  in  1867，  and  in  1876  Dr.  Otto  brought  out 
】iis  famous  engine  with  the  Beau  de  Rochas  cycle. 

In  1878  and  1879  Mr.  James  Robson,  and  in  1882  Mr. 
Dugald  Clerk,  patented  2-cycle  engines,  and  in  1884  Atkinson 
brought  out  a  "  differential  ，，  typo  with  the  strokes  of  the 
cycle  of  different  lengths. 

In  1890，  when  the  Otto  patent  expired,  many  firms  who 
had  been  making  gas  engines  upon  other  lines  brought  out 
new  designs,  all  working  on  the  Beau  de  Roclias  cycle.  This 
gave  a  great  impetus  to  the  sale  of  gas  engines.  With  the 
close  of  the  century  came  the  utilisation  of  producer  gas 
for  power  purposes  ；  the  manufacture  of  large-sized  units  over 
600  h.p.  by  John  Cockerill  Company  in  Belgium  and  by 
Crossley  and  the  Premier  engine  in  England  ；  the  design  of 
tlie  Westinghouse  throttling  governor  ；  and  the  Sarg&ant 
engine  with  cut-off  governing  ；  the  rise  of  the  natural  gas 
engine  in  large  units  ；  and  the  double-acting  gas  engine  with 
compression  in  America. 

The  two  great  classes  of  gas  engines  to-day  are  (1)  the 
4-cycle  or  "  Otto  "  type  and  (2)  the  2-cycle  or  "  Brayton  •' 
type.  The  former,  called  also  the  internal-combustion  type, 
with  heating  at  constant  volume,  has  only  one  working  stroke 
in  four,  the  four  strokes  being  :  Charging,  compressing,  firing, 
exhausting. 

The  2-cycle  type,  with  heating  at  constant  pressure, 
usually  has  two  cylinders,  one  a  compressing  pump  and  the 
other  the  working  cylinder. 

A  third  type  of  engine  which  should  be  mentioned  is  the 
cycle  with  heating  at  constant  temperature,  or  Carnot  cycle . 
Tlie  nearest  actual  approach  to  this  cycle  using  gas  is  the 
Diesel  engine, 


GEAR  DATA  FOR  MOTOR  APPLICATIONS. 

Fn  1  lie  selection  or  speciftcaiioti  of  pinions  for  motors  in 
geared  applications,  three  (Urnensions  must,  says  Mr.  C.  W. 
Drake  in  iC  The  Electric  Journal,"  be  determined,  viz.,  the 
face,  diameter,  and  pitcli.  These  dimensions  vary  symmetri- 
cally according  to  the  strength  required,  or,  in  other  words, 
according  to  the  torque  exerted  in  transmitting  power.  As  the 
liorse-power  and  speed  of  the  motor  in  any  case  determine  the 
torque,  it  is  evident  these  are  the  factors  (letermiiiing  the 
proper  dimensions  of  a  pinion  for  the  motor.  A  line  of 
pinions  with  dimensions  increasing  symmetrically  witli  the 
ionpie  will  therefore  answer  tJie  purpose  for  ； ill  combinu- 
tions  of  horse-power  and  speed.  Kvei'y  geared  appli(  ;d  ioii 
requires  special  consideration,  since  the  nature  of  the  ser- 
vice, the  shaft  diameter,  &(' -，  may  affect  the  dimensions  of 
the  pinion. 

The  dimensions  for  pinion  for  average  conditions  of  ser- 
vice are  given  in  Fig.  1.  This  cliart  is  useful  in  making  pre- 
liminary estimates  or  selections  of  pinions  for  geared  motors. 
The  chart  applies  without  correction,  to  steel  pinions  onlv 
The  diameters  are  considered  about  standard  for  the  various 
ratings,  although  both  smaller  and  larger  pinions  can 
generally  be  used,  the  limiting  size  for  small  pinions  being 
the  strength  ami  uuinber  of  t eetli,  and  for  large  pinions  tlie 
pitch-line  speed. 

For  example,  to  deiorinine  the  steel  pinion  for  a  5 】i.p. 
motor  at  1,200  revs,  per  minute,  find  the  inter-section  of  1  lie 
oblique  line  marked  5  H  y>  witli  the  horizontal  line  througli 
1 ,200  revs,  per  minute.  On  the  vertical  line  througli  this 
intersection  may  l)e  found  21  '911xs.  torque,  2'3in.  pinion  face, 
3'2in.  pitch  diameter,  and  a  diametral  pitch  of  4  85.  A 
2*25in.  pinion  face  is  good  practice  here,  since  pinion-face 
dimensions  with  fractions  smaller  than  0'25in.  are  not  com- 
】nonly  used.  The  diametral  pitch  is  also  usually  a  whole 
number,  except  for  very  large  pinions,  where  half-pitches  are 
sometimes  used,  so  that  a  pitch  of  5  would  probably  be  used 
in  the  above  case.  Since  the  number  of  teeth  is  the  product 
of  the  pitch  diameter  and  the  diametral  pitch,  the  assumed 
pitch  diameter,  3*2in.,  is  satisfactory  with  the  5  pitch,  because 
it  gives  a  whole  number  of  teeth,  that  is，  16. 

In  gear  drives  the  pinion  is  subject  to  most  rapid  wear 
owing  to  its  smaller  diameter.  It  is  as  important  to  have  a 
pinion  of  good  wearing  qualities  as  it  is  to  have  one  of  suffi- 
cient strength,  and  for  a  pinion  of  a  given  material  the 
ability  to  withstand  wear  depends  mainly,  if  not  wholly,  on 
the  width  of  the  face.  With  a  steel  pinion  and  a  cast-iron 
gear  the  former  is  usually  the  limiting  factor  of  life  and  the 
latter  the  limiting  factor  of  strength. 

Cast-steel  gears  are  about  twice  as  strong  as  cast  iron,  and 
should  be  used  when  the  face  of  a  corresponding  cast-iron 
gear  would  be  4'5in.  or  more,  although  the  cost  is  approxi- 
mately double  that  of  cast  iron.  With  continuous  contact 
all  along  the  length  of  the  teeth,  the  strength  of  the  gear  is 
approximately  proportional  to  the  face  and  the  square  of  the 
circular  pitch,  but  gear  teeth  seldom  make  such  contact  until 
worn  down  in  service.  With  new  gears  the  whole  pressure 
is  brought  to  bear  on  the  high  spots,  and  stripping  may 
occur  before  they  are  worn  down  ；  hence  the  necessity  of 
using  the  stronger  material. 

Noise  and  Pitch  line  Speed  Limits.  — Spur  gears  ordinarily 
begin  to  make  a  noticeable  noise  at  pitch-line  speeds  of  about 
600ft.  per  minute,  but  under  average  conditions  may  not 
become  disagreeably  noisy  with  pitch-line  speeds  under 
1,200ft.  per  minute.  The  amount  of  noise  allowable  depends 
on  the  noise  made  by  surrounding  machinery,  on  the  charac- 
ter of  the  workmen,  and  on  the  nature  of  the  work  in  the 
vicinity.  A  noise  that  would  be  unnoticeable  in  a  boiler 
shop  might  be  exceedingly  disagreeable  in  a  shop  that  was 
otherwise  comparatively  quiet.  Where  noise  is  not  a  limit- 
ing feature  there  is  no  limit  to  allowable  pitch-line  speeds, 
except  the  increased  wear  and  depreciation  of  the  motor, 
gears,  and  driven  machine  ；  but  depreciation  may  become  a 
very  important  factor  with  high  pitch-line  speeds,  say, 
2,500ft.  per  minute,  or  sometimes  even  less.  Tests  recently 
made  to  determine  a  design  for  gears  that  will  give  the  least 
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noise  and  yet  have  sufficient  strength  and  wearing  qualities 
indicate  the  following  facts,  other  coiiditions  being  the 
same  ：  ~ - 

1.  Gears  having  large  teeth  give  forth  a  relatively  greater 
volume  of  noise  at  a  low  pitch  that  does  not  carry  far,  while 
gears  having  smaller  teeth  give  forth  a  smaller  volume  of 
noise  at  a  higher  pitch  that  carries  farther. 

2.  Most  of  the  noise  comes  from  the  gear,  and  not  from 
the  pinion  or  the  motor. 

3.  A  gear  designed  so  that  it  will  give  a  dead  sound  when 
struck  a  blow  with  a  hammer  will  be  the  least  noisy  in  opera- 
tion. 

Bronze  and  Rawhide  Pinions. —— For  equal  strength  the  work- 
ing face  of  rawhide  pinions  must  be  about  25  per  cent,  wider 
than  corresponding  steel  pinions.  For  quiet  operation,  only 
the  rawhide  should  be  in  contact  with  the  gear,  although  for 
high  torque  motors  and  for  other  severe  service  the  gears  may 
be  widened  to  cover  the  entire  pinion,  thus  making  use  of  the 
metal  flanges.  Where  steel  pinions  would  make  objectionable 
noise,  rawhide  pinions  should  be  used  if  the  stresses  permit, 
since  the  pitch-line  speed  with  a  rawhide  pinion  is  limited 
more  by  the  rapid  wear  of 

the  pinion  than  by  noise.  A  5 
pitchline  speed  of  2,000ft. 
per  minute  is  considered  a 
fair  average  limit  for  raw- 
hide, but  2,500ft.  to  3,000ft. 
per  minute  may  be  used 
under  especially  favourable 
conditions  regarding  attend- 
ance, lubrication,  absence  of 
moisture,  or  high  tempera- 
ture, for  intermittent  service, 
or  where  the  life  of  the 
pinion  is  not  important. 

The  wear  and  noise  of 
bronze  pinions  are  inter- 
mediate between  those  of 
rawhide  and  steel.  Bronze 
pinions  are  particularly 
adapted  to  conditions  where 
beat  and  moisture  prohibit 
the  use  of  rawhide.  Their 
cost  is  about  the  same  as 
rawhide. 

Conditions  for  Noiseless 
Operation. ― Iligid  and  mas- 
sive supports  and  close- 
fitting  bearings  for  both 
the  motor  and  the  driven 

machine  are  conducive  to  a  noiseless  gear  drive,  and 
the  pinion  should  always  be  placed  close  to  the  motor  bearing. 
A  gear  application  with  motor  mounted  upon  the  ceiling 
might  be  twice  as  noisy  as  the  same  application  with  motor 
mounted  on  a  concrete  foundation. 

Pinions  for  High  Torque  Motors. —- For  series  motors  and 
those  heavily  compounded,  as  bending-roll  motors,  or  for 
motors  subject  to  very  severe  service  of  any  kind,  select  a 
pinion  suitable  for  a  constant-speed  motor  of  the  same  rated 
revolutions  per  minute,  but  of  about  50  per  cent,  higher 
horse-power. 

Selection  of  Ratio  for  Back-Beared  Motors.  ~ A  ratio  of  about 
6  to  1  is  usually  standard  for  back-geared  motors,  and  should 
be  selected  wherever  possible,  but  smaller  ratios  down  to  3  to 
1  or  maximum  ratios  up  to  7  to  1  may  be  obtained  in  certain 
capacities  of  motors  for  service  where  the  conditions  of  the 
application  warrant  the  use  of  such  ratios. 

Outboard  Bearings.  ―  Outboard  bearings  should  be  used  for 
geared  motors  of  about  40  h.p.  and  above  in  heavy-geared 
service  requiring  continuous  operation  with  frequent  revers- 
ing and  overloads  ；  also  for  all  motors  of  about  100  h.p.  and 
above  in  any  geared  service.  The  proper  use  of  outboard 
hearings  cannot  be  emphasized  too  strongly,  since  on  account 
of  increased  expense  there  is  a  tendency  to  omit  them  even 
where  good  engineering  demands  their  use.  It  should  1>p 
remembered  that  the  best  service  is  invariably  the  cheapest 
in  the  end. 


Definitions  and  Formulas. ―  A  circle  wlmw1  rir<  iim"'rf'ii'  < 
passes  through  the  point  of  contact  on  each  tooth  of  a  gear 
(ir  pinion  wheii  1 1iis  point,  is  011  1  ho  line  connecting  the 
<  entres  of  the  two  wheels  is  called  tlie  pitch  rirrlf"  Tl"' 
diameter  of  this  circle  is  the  jtitrh  did ni('tcr}  aiul  il s  c\ reuiM- 
ference  is  the  pitrh  lit"'. 

Diameter,  when  applied  to  gears,  is  always  understood  1o 
mean  the  pitch  diameter. 

Diametral  Pitch  is  the  number  of  teeth  to  each  inch  of 
the  pitch  diameter.  To  illustrate  :  If  a  pinion  has  18  teet  li 
and  the  pitch  diameter  is  3 in.,  there  are  6  teeth  to  eacli  inch 
of  the  pitch  diameter,  and  the  diametral  pitch  is  6. 

Circular  Pifc//  is  the  distance  from  the  centre  of  one  tootli 
to  the  centre  of  the  next,  measured  along  tlie  pitch  line. 

In  the  following  formulae,  for  use  in  gear  problems,  <V 
pitch  diameter  of  pinion  ；  d  =  outside  diameter  of  pinion  : 
p  =  circular  pitch  ；  p1  ―  diametral  pitch  :  S  =distanco  het\s  ^fw 
centres  =  i  (!>'  +(/')  ；  D1  =  pitcli  diameter  of  gear  :  I>  =outsido 
diameter  of  gear  :  n  =  number  of  teeth  on  pinion  ；  N  ―  numl>er 

01  teeth  on  gear  ；  r  =  gear  ratio  = ―  =  —―   ^  . 


Gear  Data  for  Motor  AprurATioxs. 

7r  ird 

f=^-=n+^   (2) 

p  a 

n  =  dl  pl  ~        =  dpA  ―  2  (3) 

"、；  (4) 

s  =N4'"  (5) 

f:^T     .    •  (6) 

-^r  (?) 

(8) 

X      "々•  (9) 

r  +  1  、 ' 

,  S  :  (/"I)  (10) 

New  Director  of  Naval  Equipment. ― Rear-Admiral  Arthur 
W.  Way moutli  has  been  appointed  to  the  new  office  of 
Director  of  Naval  Equipment  at  the  Admiralty 
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NOTE   ON   THE   GAS  TURBINE.* 

KY  DUGALD  CLERK,  D.8C,  F.R.S. 

Engineers  engaged  in  the  development  of  the  internal- 
combustion  engine  have  long  recognised  that  great  advantages 
would  flow  from  the  substitution  of  rotary  for  reciprocating 
movement,  and  accordingly  many  attempts  have  been  made  to 
produce  a  commercial  gas  turbine.  So  far,  no  attempt  lias 
succeeded  ；  the  practical  difficulties  have  proved  to  be  too 
serious.  Much  useful  knowledge,  however,  has  been  obtained 
by  able  and  adventurous  experimenters,  and  we  are  now  in  a 
position  to  consider  tiie  difficulties  afresh,  witli  some  experi- 
mental data  at  our  disposal. 

Most  of  the  early  experimental  work  upon  any  great  and 
difficult  problem  must  necessarily  be  of  the  forlorn-hope  type, 
so  far  as  concerns  the  attaimnent  of  commercial  success.  This 
is  shown  by  the  history  of  all  great  inventions.  Pioneers  in 
work  of  this  kind  should  be  highly  honoured  by  engineers,  aiul 
one  of  the  names  entitled  to  an  honourable  position  is  tliat  of 
the  late  M.  Rene  Armengaud,  who,  together  with  M.  Lemale, 
built  in  1906  two  experimental  gas  turbines  of  the  constant- 
pressure  type,  one  of  which  developed  30  b.li.p.  and  the  other 
300  b.h.p.  A  gas  turbine  of  the  explosion  type,  without  com- 
pression, was  built  by  M.  Karovodine,  in  1907.  It  gave  . 
] '6  b.h.p.  at  10,000  revs,  per  minute. 

Recently  the  explosion  type  lias  been  studied  by  Mr.  】T;ms 
ITolzwartli,  who  has  built  a  gas  turbine  of  a  rated  ]>ower  of 
1,000  h.p.,  the  wheel  of  which  rotates  at  3,000  revs,  per 
minute.  Mr.  Holzwarth  has  written  an  interesting  book  up(m 
his  work,  in  which  he  discusses  the  numerous  scientific  and 
practical  points  of  the  explosion  type  gas  turbine  in  a  very  able 
and  complete  way. 

In  a  paper  written  by  M.  Rene  Armengaud,  and  published 
in  "  Cassier's  Magazine,"  in  January,  1907，  the  inventor  gives 
an   interesting   account  of  his   experimental  work   on  the 
constant-pressure  turbine.    A  small  experimental  machine,  it 
appears,  was  made  by  altering  a  De  Laval  steam  turbine  of 
25  h.p.  ，  so  as  to  operate  it  with  compressed  air  instead  of 
steam.    The  air  was  supplied  at  the  desired  pressure  from  a 
high-speed  compressor,  whose  efficiency  had  been  carefully 
determined.    The  compressed  air  was  passed  into  a  combustion 
chamber  with  measured  quantities  of  gasolene  vapour,  and  the 
mixture  was  ignited  as  it  entered  the  chamber  by  an  incandes- 
cent platinum  wire.      The  combustion  was  then  maintained 
continuously  at  a  constant  pressure.    The  combustion  chamber 
was  lined  with  refractory  material,  ultimately  carborundum, 
and  a  temperature  of  about  1,800°  C.  was  maintained  at  the 
flame,  but  the  mean  temperature  of  the  discharging  gaseous 
contents  of  the  chamber  was  reduced  to  400°  C.   by  the 
admixture  of  steam  under  pressure.    This  steam  was  gene- 
rated in  a  coil  embedded  in  a  portion  of  the  combustion 
chamber.      The  working  fluid  thus  consisted  of  a  mixture  of 
products  of  combustion  and  steam  at  the  low  temperature  of 
400°  C.    The  constant  pressure  maintained  in  the  combustion 
chamber  was  about  10  atmospheres,  and  the  hot  gases  were 
allowed  to  expand  through  a  conical  Laval  jet  in  which  the 
expansion  produced  a  high  velocity,  and  reduced  the  tempe- 
rature of  the  fluid.    At  this  reduced  temperature  and  high 
velocity  the  gases  impinged  upon  the  Laval  wheel,  and  rotated 
the  wheel  in  the  same  way  as  steam  would  have  done.  The 
experiments  showed  that  under   these  conditions  the  total 
power  obtained  from  the  turbine  separate  from  the  compressor 
was  double  that  necessary  to  drive  the  compressor.      In  the 
large  300  h.p.  turbine  the  first  part  of  the  combustion  chamber 
was  lined  with  carborundum,  backed  by  sand,  but  the  second 
part  was  surrounded  by  a  coil  through  which  water  was  cir- 
culated.   The  water  kept  the  temperature  of  the  combustion 
chamber  within  safe  limits,  and  after  absorbing  heat,  it  passed 
also  around  the  jet  nozzle,  and  was  discharged  into  the  passage 
leading  to  the  jet?  and  there  converted  into  steam  by  the  hot 
gases.    A  mixture  of  products  of  combustion  and  steam  thus 
impinged  upon  the  turbine  wheel.      The  expanding  jet  was 
arranged  to  convert-  the  whole  of  the  energy  into  motion  before 
Hie  fluid  struck  the  wheel  ；  the  temperature  was  thus  reduced 
to  a  minimum  before  the  gases  touched  the  blades.  Notwith- 
standing tliis,  the  wheel  itself  had  passages  through  which 

*  Paper  road  before  section  G  of  the  British  Association  at*  Dundee,  Sej^ombei* 
9tli,  1912. 


cooling  water  flowed,  and  each  blade  was  supplied  with  a 
hollow  into  whicli  water  found  its  way.  In  the  large  turbine 
the  compressor  was  mounted  on  the  turbine  spindle  ；  it  was 
of  the  Rateau  type,  and  consisted  of  an  inverted  turbine  of 
four  stages,  which  delivered  the  compressed  air  finally  to  the 
combustion  chamber  at  a  pressure  of  1121bs.  per  square  inch 
：山 solute.  The  efficiency  of  this  turbine  compressor  was  found 
to  be  about  65  per  cent.  The  total  efficiency  of  the  combined 
turbine  and  cornpressoi-  was  low,  as  the  fuel  consumption 
amounted  to  nearly  3*91bs.  of  petrol  per  brake-liorse-power 
liour.  This  coiisuiiiption  was,  of  course,  much  too  high  to 
permit  of  the  turbine  having  any  chance  as  a  commercial 
engine.  An  ordinary  petrol  engine  with  a  moderate  compres- 
sion can  readily  give  its  power  at  the  rate  of  0'51b.  of  petrol  per 
Krake-horse-power  hour,  and  even  assuming  all  practical  diffi- 
culties overcome,  so  far  as  running  was  concerned,  a  consump- 
tion of  six  times  that  of  tlie  ordinary  petrol  engine  for  equal 
power  was  not  sufficiently  good  for  practice.  The  combined 
t  urhine  and  compressor  was  stated  to  have  run  at  4,000  revs, 
pei-  minute,  and  to  have  developed  300  h.p.  over  and  above  the 
negative  work  absorbed  by  the  compressor.  Notwithstanding 
the  liigh  fuel  consumption,  it  was  a  notable  achievement  to 
obtain  300  h.p.  from  an  internal- combustion  turbine  under 
any  circumstances,  and  had  it  not  been  for  the  untimely  deat  h 
of  M.  Armengaud  this  turbine  might  have  been  greatly 
advanced.  So  far  as  I  know,  however,  the  experiments  upon 
the  constant -pressure  turl)ine  have  not  been  continued. 

The  explosion  gas  turbine  invented  by  M.  Karovodine  was 
exceedingly  ingenious.  It  contained  four  explosion  chambers 
having  four  jets  actuating  a  single  turbine  wheel,  wliicli  wheel 
was  of  the  Laval  type,  about  Gin.  diam.，  having  a  speed  of 
】0，000  revs,  per  minute. 

The  explosion  chambers  were  vertical,  and  had  a  water 
jacket  surrounding  the  lower  end.  The  upper  portion  con- 
tained the  igniting  plug  on  one  side,  and  the  discharge  pipe 
connecting  with  the  expanding  jet  on  the  other.  In  t lie 
lower  water-jacketed  part  there  was  provided  a  circular  cover, 
held  in  place  by  a  screwed  cap.  This  circular  plate  was  per- 
forated with  many  lioles,  and  it  carried  a  light  steel  plate 
valve  of  the  flap  or  hinging  type.  This  valve  was  pulled  down 
by  a  spring  contained  within  the  admission  passage.  This 
spring  could  be  adjusted,  and  the  lift  of  the  valve  was  regu- 
lated by  means  of  a  set  screw  passing  diagonally  through  the 
water  jacket.  Air  was  admitted  at  one  side  by  one  pipe  lead- 
ing into  the  valve  inlet  chamber,  and  a  corresponding  passage 
or  pipe  admitted  petrol  and  air  or  gas  to  mix  with  the  air 
before  reaching  the  thin  plate  valve.  Adjusting  contrivances 
were  supplied  in  both  air  and  fuel  ducts.  To  start  the 
apparatus,  an  air  blast  was  forced  through  the  valve,  carrying 
with  it  sufficient  petrol  vapour  to  make  the  mixture  explosive. 
The  electrical  igniter  was  started,  and  the  spark  kept  passing 
continuously.  Whenever  the  inflammable  mixture  reached 
the  upper  part  of  the  combustion  chamber  ignition  took  place, 
and  the  pressure  rose  in  the  ordinary  way,  due  to  gaseous 
explosion.  The  gases  were  then  discharged"  through  the  pipe 
and  nozzle  on  to  the  Laval  wheel.  The  cooling  of  the  flame 
after  explosion  and  the  momentum  of  the  moving  gas  column 
reduced  the  pressure  within  the  explosion  chamber  to  about 
21bs.  per  square  inch  below  atmosphere.  Air  and  petrol 
vapour  then  flowed  in  to  fill  up  the  chamber,  and  as  soon  as 
the  mixture  reached  the  igniter,  explosion  again  occurred.  In 
this  way  a  series  of  explosions  were  automatically  obtained, 
and  a  series  of  gaseous  discharges  were  made  upon  the  turbine 
wheel.  Diagrams  taken  from  the  explosion  chamber  showed 
a  fall  in  pressure  during  suction  of  21bs.  per  square  inch  ； 
ignition  occurred  while  the  pressure  was  low,  and  the  pressure 
rapidly  rose  to  about  1^  atmospheres  absolute.  The  pressure 
propelling  the  gas  column  and  jet  was  thus  only  51bs.  per 
square  inch  above  atmosphere.  The  pressure  rapidly  fell, 
and  the  whole  process  was  repeated  again.  According  to  the 
diagrams  taken,  a  complete  oscillation  required  about  0  026 
second,  so  that  about  40  explosions  per  second  were  obtained. 

Mr.  Suplee,  in  his  interesting  work  upon  the  gas  turbine, 
describes  experiments  made  by  M.  Baudezat  on  a  turbine  of 
this  type.  The  volume  of  one  chamber  was  230  cubic  cm. 
Each  nozzle  was  3  metres  long  and  16  mm.  diam.  The  wheel 
itself  was  150  mm.  diam"  or  5'9in.  It  made  10,000  revs,  per 
minute,  corresponding  to  a  perimeter  velocity  of  78;  metres, 
or  258ft.  per  second.  At  the  time  the  diagrams  were  taken, 
the  air  drawn  into  the  chamber  was  measured  by  a  meter,  and 
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the  petrol  consumed  was  also  measured.  The  brake  power  was 
determined  by  a  Prouy  brake.  The  data  and  results  obtained 
were  as  follows  :  ~ 

Air  consumed  per  hour  . . .  62  5  cubic  metres  =  80  kg. 

Petrol    6*5  lits  =  4'7  kg. 

Length  of  brake  arm   46*4  cm. 

Weight  on  brake   248  grammes. 

Speed   103000  revs,  per  minute. 

This  experiment  gave  16  b.h.p.,  and  Mr.  Suplee  takes  the 
wheel  and  journal  friction  as  0*5  h.p.3  so  that  the  equivalent 
power  was  21  i.h.p.  The  fuel  consumption  was  nearly  6*51bs. 
per  brake-horse-power  hour.  The  little  explosion  turbine 
thus  consumed  more  thau  double  the  petrol  required  per  horse- 
power as  compared  with  the  large  constant-pressure  turbine. 

The  large  Holzwarth  gas  turbine  also  operates  on  the 
explosion  principle,  but  the  construction  and  action  is  very 
different  from  that  of  M.  Karovodine.  The  turbine  in  general 
arrangement  outwardly  resembles  the  Curtis  steam  turbine,  in 
that  the  turbine  wheel  rotates  in  a  horizontal  plane,  the 
spiudle  or  shaft  is  vertical  and  a  dynamo  is  mounted  on  this 
spindle  above  the  turbine.  In  the  Holzwarth  turbine  10  com- 
bustion chambers  are  provided,  each  of  a  pear  or  bag  shape. 
They  are  arranged  in  a  circle  arouud  the  wheel,  and  are  cast 
so  as  to  form  the  base  of  the  machine.  The  wheel  is  of  the 
Curtis  type,  with  two  rows  of  moving  and  one  row  of  stationary 
blades.  Mr.  Holzwarth  does  not  give  the  dimensions  of  his 
turbine  wheel,  but  from  the  drawings  aud  some  of  the 
velocities  given  by  him  it  appears  to  be  about  1  metre  in 
external  diameter.  The  lower  part  of  each  combustion 
chamber  carries  gas  aud  air  iulet  valves,  and  the  upper  part 
carries  a  nozzle  arranged  to  cause  the  gases  to  impinge  upon 
the  first  row  of  moving  blades.  This  nozzle  is  connected  to 
and  disconnected  from  the  combustion  chamber  by  means  of 
an  ingeniously  operated  valve.  The  explosion  chambers  are 
charged  with  a  mixture  of  gas  and  air,  which  appear  to  attain 
a  pressure  of  about  2  atmospheres  within  the  chamber  before 
explosion.  The  air  and  gas  are  supplied  under  sufficient 
pressure  from  turbine  compressors  actuated  by  steam  raised 
from  the  waste  heat  of  the  explosion  and  the  gases  of  com- 
bustion, so  that  whatever  work  is  done  in  compression  is 
obtained  by  this  regenerative  action,  and  does  not  put  any 
negative  work  upon  the  turbine  itself.  The  combustion 
chambers  are  fired  in  series,  by  means  of  high-tension  jump 
spark  ignition.  The  action  is  as  follows  :  Air  is  caused  to  flow 
through  the  combustion  chamber  to  sweep  out  the  products  of 
the  previous  explosion,  and  also  to  assist  in  cooling  the  wheel 
by  impinging  upon  it.  The  nozzle  valve  is  closed,  then  gas  is 
forced  in  to  produce  the  explosive  mixture.  Gas  and  air 
valves  are  both  closed,  and  the  electric  spark  is  passed.  The 
pressure  of  the  explosion  opens  the  nozzle  valve,  and  the  gases 
acquire  velocity  within  the  nozzle,  the  temperature  falls,  and 
the  liigli  velocity  lower  temperature  gases  impinge  upon  the 
wheel.  As  the  pressure  falls,  the  nozzle  valve  gradually 
closes,  but  remains  open  until  scavenging  and  cooling  current 
has  been  passed  through.  When  closed,  the  charging  proceeds 
and  explosions  occur,  as  already  described. 

Many  practical  difficulties  were  found,  but  ultimately  the 
turbine  was  operated  by  producer  gas  made  from  coke.  It 
was  found  that  when  all  10  chambers  were  in  operation  the 
maximum  pressure  on  explosion  which  could  be  obtained  with 
the  best  mixture  was  only  about  451bs.  above  atmosphere. 
Using  five  combustion  chambers,  the  best  explosion  pressure 
varied  between  80Ibs.  and  901bs.  per  square  inch  above  atmos- 
phere ； while  with  four  chambers,  the  highest  result  obtained 
was  lOolbs.  per  square  inch.  So  far  as  I  understand  Mr. 
Holzwarth's  experiments,  the  highest  power  actually  obtained 
was  about  160  b.h.p.  In  this  experiment  10  chambers  were 
used,  giving  16  h.p.  each.  "With  five  chambers,  a  total  of 
145  h.p.  was  obtained,  at  29  h.p.  per  chamber  ；  and  with  four 
chambers,  the  total  was  121*6  b.h.p.  at  34  h.p.  per  chamber. 
Wit  li 】0  chambers  in  operation  tlie  power  fell  to  about  one- 
half  per  chamber,  as  compared  with  four  chambers.  From 
these  experiments  Mr.  Holzwarth  came  to  the  conclusion  that 
the  successive  explosions  interfered  with  each  other,  and  pre- 
vented proper  charging  and  action.  Obviously  with  the 
arrangements  used  in  the  experiments,  10  chambers  were 
inadmissible. 

According  to  an  interesting  curve  found  at  page  149  of  Mr. 
Holzwarth's  book,  an  explosion  pressure  of  1051bs.  per  square 


inch  above  atmosphere  should  have  given  in  the  turbine  about 
95  b.h.p.  per  chamber.  With  the  10  chambers  in  operation, 
this  would  justify  the  rated  power  of  1,000  h.p.,  but  tlie  actual 
power  obtained  per  chamber  even  with  only  four  chambers  in 
operation  was  only  about  one-third  of  this.  The  weight  of  the 
turbine  without  the  dynamo  was  25  ^  tons,  which,  at  the 
1,000  h.p.  rating,  amounted  to  about  571bs.  per  horse-power. 
The  weight  of  the  whole  machine,  with  dynamo  and  econo- 
iniser,  with  its  steam-driven  blowers,  was  53J  tons,  or  1201bs. 
per  brake-liorse-power  total .  These  weights,  after  allowing 
for  the  necessary  gas  producers,  do  not  improve  upon  ordinary 
reciprocating  steam-engine  weights,  including  boilers,  even  on 
the  higher  rating,  but  with  the  lower  power  actually  found 
the  experiment,  the  weight  per  horse-power  becomes  impracti- 
cably large. 

Mr.  Holzwarth  appears  to  claim  a  possible  conversion  of 
30  per  cent,  of  the  heat  supplied  to  the  turbine  into  mechanical 
energy  at  the  turbine  shaft,  and  I  understand  that  he  has 
made  this  claim  for  the  present  turbine  in  its  imperfect  state. 
There  is  some  mistake  about  this,  because  even  on  the  air 
standard  cycle,  taking  the  approximate  compressions  used, 
and  assuming  expansion  to  atmosphere,  the  efficiency  is  too 
low  to  permit  iu  practice  in  a  reciprocating  engine  with  its 
smaller  heat  losses  more  than  about  15  per  cent.  With  the 
larger  turbine  losses  the  theory  of  the  Holzwarth  machine  does 
not  appear  to*  me  to  permit  more  than  a  10  per  cent,  heat 
conversion,  and  so  far  as  I  understand  Mr.  Holzwarth's  results, 
his  actual  conversion  is  much  less  than  this. 

Notwithstanding  the  unsatisfactory  results  of  those  experi- 
ments, Mr.  Holzwarth  is  to  be  congratulated  upon  his  courage 
and  perseverance  in  attempting  to  solve  a  very  difficult  pro- 
blem on  so  large  a  scale  ；  aud  his  work  is  not  lost,  because  it 
supplies  much-needed  data  which  will  euable  either  himself  or 
other  engineers  to  attack  the  problem  afresh  with  better 
chances  of  success. 

Undoubtedly  the  modern  development  of  the  steam  tur- 
bine, displacing  as  it  does  so  successfully  all  the-  larger  recipro- 
cating power  units,  and  the  difficulties  of  the  large  cyliuder  gas 
engine,  apply  an  ever-increasing  pressure  to  engineers  desiring 
to  use  internal  combustion  for  very  large  power  units.  The 
existing  internal-combustion  engines  are  quite  satisfactory  for 
small  and  moderate  power  units  ；  but  the  weight  increases  so 
rapidly  with  increase  of  cylinder  diameter  that  large  units 
such  as  20，000  h.p.  per  shaft,  easily  attained  by  the  turbine, 
have  proved  quite  impossible  for  the  reciprocating  gas  engine. 
In  order  to  apply  internal-combustion  for  the  purpose  of  such 
large  units,  it  appears  to  me  to  be  necessary  to  dispense  with 
the  cylinder  piston  and  crank.  I  fear  that  this  cannot  be  doue 
on  the  lines  of  either  constant  -pressure  or  explosion  turbines 
here  shortly  discussed.  Difficulties  which  I  pointed  out  to  the 
Junior  Institution  of  Engineers  in  1905  still  remain  ；  aud  not- 
withstanding the  great  ability  from  both  the  scientific  and 
practical  points  of  view  of  the  inventors  who  have  experi- 
mented with  the  subject,  the  results  obtained  only  appear  to 
show  that  progress  can  hardly  be  expected  on  the  lines  of  flame 
inijiinging  on  turbine  blades,  either  in  impulse  or  reaction 
turbines.  Several  engineers  have  suggested  the  use  of  explo- 
sion to  give  water  velocity,  which  velocity  actuates  a  water  tur- 
bine of  some  form .  Mr.  Humphrey,  in  his  paper  to  the  In- 
stitution of  Mechanical  Engineers,  figures  such  a  combined  gas 
and  water  turbine  ；  and  although  in  the  form  suggested  by 
him  the  conditions  required  too  cumbrous  a  machine,  yet  it 
does  seem  to  me  that  the  more  hopeful  line  is  to  use  explosion 
and  expansion  to  give  water  velocity,  and  so  avoid  all  heat 
difficulties  in  the  turbine  part  of  the  apparatus.  It  is  true 
that  such  an  arrangement  still  necessitates  a  reciprocating 
mass  of  water,  but  it  will  probably  be  found  that  great  gain  in 
weight  can  be  obtained  by  the  suppression  of  the  piston,  con- 
necting rod ,  engine  frame,  and  crank .  This  line  seems  to  inc 
to  be  a  much  more  hopeful  one  than  any  scheme  involving  the 
direct  contact  of  flame  with  turbine  blades. 


The  Lock-out  of  Glasgow  Tube  Workers. ― A  commuuication 
was  received  at  Glasgow  on  Tuesday  last  from  the  Board  of 
Trade  slating  that  that  department  would  inniiediatelv 
enquire  into  the  circumstances  attending  tlie  lock -out  of  2,000 
tube  workers  at  Messrs.  Stewart  &  Lloyds'  Phoenix  Works. 
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THE  WORK  OF  THE  TESTING  ENGINEER.* 

BY  HENRY  M.  HOWE. 

Our  purpose  is  to  serve  humanity  by  enabling  it  to  distinguish 
tlie  fit  from  the  unfit  among  the  materials  with  which  the 
world's  work  is  done ― the  materials  for  its  buildings,  its 
bridges,  its  ships,  its  railroads,  its  machinery,  and  its  con- 
structions in  general.  This  is  the  function  of  the  testing 
engineer.  He  stands  between  the  public  and  the  manu- 
facturer who  would  supply  that  public  to  test  the  fitness  of 
those  supplies,  to  measure  accurately  their  degree  of  fitness, 
and  to  reject  unsparingly  the  unfit.  He  is  a  guardian  of  the 
lives  of  those  who  travel  by  land  or  sea,  and  of  those  who  live 
or  work  in  buildings  of  important  size.  He  is  a  protector  of 
the  material  interests  of  the  public,  because  in  the  last  analysis 
all  structures  and  all  materials  of  which  they  are  made  are  for 
the  use  and  benefit  of  the  public  individually  or  collectively, 
and  are  paid  for  directly  or  indirectly  by  that  public  ；  and  it 
is  to  the  interest  of  that  public  that  the  fitness  of  those 
materials  for  their  various  purposes  shall  be  known  quantita- 
tively to  those  who  select  tliem. 

It  is  to  make  this  work  of  the  testing  engineer  more  effec- 
tive, to  guard  the  lives  and  the  interests  of  the  public  the 
better,  that  this  association  exists.  It  is  an  open  court  in 
which  the  public  sits  in  judgment  on  the  various  methods  of 
testing.  Of  that  public  certain  parts  are  here  represented 
directly  by  their  own  engineers.  This  is  true  of  the  great  rail- 
roads, the  great  shipbuilders  and  bridge  builders,  and  the 
great  engineering  houses.  Other  parts  of  the  public  are  repre- 
sented indirectly  by  the  middlemen  or  by  the  public  engineers 
of  tests. 

The  results  of  experience  in  all  lands,  in  all  climates,  and 
under  all  conditions,  and  the  points  of  view  of  all  races,  are 
here  focussed  in  the  most  searching  criticism  of  the  various 
methods  of  testing,  to  the  end  that  the  buyer  may  gauge  their 
fitness  with  full  knowledge,  and  thus  may  select  intelligently 
those  which  give  the  fullest  protection  first  to  himself  and 
ultimately  to  the  public.  If  one  method  is  unduly  favourable 
to  one  manufacturer  or  to  the  manufacturers  of  one  region  or 
of  one  country  by  tending  to  gloss  over  the  shortcomings  of 
their  product  and  to  give  undue  prominence  to  its  special 
merits,  the  public  is  here  warned  of  the  deceptiveness  of  that- 
test  by  the  evidence  offered  by  the  competing  manufacturers. 

However  far  distant  may  be  the  political  "  Parliament  of 
Mau，"  which  is  "  coming  yet  for  a，  that/1  the  industrial  par- 
liament of  man  is  already  here.  The  buyer  in  each  country  may- 
well  say,  "  My  country  is  the  world,  my  countrymen  are  all 
mankind,"  for  wherever  his  abode  he  selects  the  fittest  goods, 
quality  and  cost  considered,  without  regard  to  their  origin  - 
While  he  is  selecting  his  purchases,  friendship,  patriotism, 
national  boundaries,  empires,  and  continents  cease  to  exist. 
To-day's  market  place  is  the  world,  and  our  society  is  an 
essential  part  of  that  peutecostal  market  place,  in  which  we 
enable  all  races  to  speak  the  common  language  of  the  methods 
of  testing,  that  is,  of  appraising  the  market  place's  competing 
goods. 

An  important  phase  of  our  work  is  the  unification  of  the 
methods  of  testing  throughout  the  world,  to  the  end  that  the 
buyer  may  the  more  readily  and  the  more  justly  weigh  the 
relative  merits  of  all  competing  materials  of  a  given  kind, 
from  whatever  country  they  may  come.  The  day  has  passed 
when  the  buyer's  ignorance,  his  inability  to  ascertain  for  him- 
self the  fitness  of  what  is  offered  liim,  forced  him  to  rely  on  the 
reputation  and  on  the  assurances  of  the  manufacturer  or 
exporter.  To-day  he  relies  not  on  the  untested  assertions  of 
tlie  seller,  however  credible,  but  on  his  own  tests,  or  on  tests 
made  by  his  own  agents.    Purchase  is  no  longer  a  matter  of 

ii  l)ut  one  of  knowledge.  It  is  our  mission  and  privilege  to 
carry  this  substitution  of  knowledge  for  faith  ever  farther 
and  farther. 

Turning  our  attention  now  in  a  different  direction  and 
asking  what  our  attitude  ought  to  be  toward  attempts  to 
replace  or  su]>]>lenieiit  our  present  methods  of  testing  with 
new  methods,  we  find  that,  though  we  have  good  reason  to  be 
dissatisfied  witli  our  present  methods,  yet  we  should  be 
cxtreiJiely  cautious  in  tlie  industrial  adoption  of  new  ones. 
Let  us  consider  these  two  aspects  briefly. 

*  Abblruct  of  prosiclcntiul  iidilress  delivered  Ijoforu  iha  New  York  Congress  of 
the  Inlernational  Association  for  Tubtin^  MutcriulM. 


For  every  structure  there  are  certain  conditions  which  are 
more  trying  to  it  than  all  other  conditions,  certain  conditions 
which  it  fulfils  with  the  greatest  difficulty.  Its  ability  to 
meet  these  most  trying  conditions  is  the  measure  of  its 
industrial  and  commercial  fitness,  usefulness,  and  hence  value. 
The  fact  that  I  cannot  lay  my  hand  with  certainty  on  these 
conditions  does  not  affect  tlie  truth  of  this  proposition.  We 
may  not  know  these  conditions  to-day,  but  they  are  intrinsi- 
cally discoverable.  The  supreme  danger  to  the  chimney  may 
be  the  gale.  The  supreme  clanger  to  the  rail  may  be  the 
unduly  ra])id  impact  of  an  ill-balanced  driving  wheel  when 
the  ground  is  frozen  hard,  and  after  the  head  of  the  rail  itself 
has  been  brought  from  H,s  initial  ductility  to  the  vitreous  state 
by  tlie  peening  of  the  wheels.  The  supreme  danger  to  the 
hull  plate  may  be  the  dynamic  stress  along  the  rivet  holes  in  a 
collision.  That  which  at  last  breaks  down  the  well-aligned 
factory  shaft  may  be  the  inevitable  slight  variations  of  stress. 
In  each  case  there  are  probably  two  or  more  supremely  trying 
sets  of  conditions  ；  but  be  tliey  few  or  be  they  many,  be  they 
recognised  or  be  they  still  undiscovered,  there  must  in  tlie 
nature  of  the  case  be  such  most  trying  conditions,  the  ability 
to  endure  which  necessarily  carries  along  with  it  the  ability  to 
endure  all  of  the  other  conditions  of  use.  It  is  to  these  most 
trying  conditions  that  our  tests  should  address  themselves. 

We  assume  reasonably  that  the  ability  to  meet  these  "lost 
trying  conditions  will  be  measured  most  trustworthily  by  that 
test  which  reproduces  these  same  conditions  the  most  closely. 
For  instance  in  the  many  cases  in  which  the  most  trying 
stresses  are  dynamic,  it  is  reasonable  to  believe  tliat  a  dynamic 
test  is  fitter  than  a  static  one.  Of  course  we  should  not  leap  to 
the  conclusion  that  any  and  every  dynamic  test  is  here  fitter 
than  any  and  every  static  test. 

Here,  then,  is  one  direction  in  which  most  of  our  tests  are 
very  faulty.  Their  conditions  are  radically  unlike  the  most 
trying  ones  of  service.  The  light  which  they  throw  on  the 
fitness  of  the  object  for  its  proposed  service  is  most  indirect. 
In  tli at  respect  they  are  unfit  tests. 

An  objection  from  a  wholly  different  direction  lies  against 
most  of  our  tests  :  the  objection  that,  because  they  are  tests  to 
destruction,  they  cannot  in  their  nature  be  applied  directly  to 
the  object  whose  fitness  they  would  gauge,  but  instead  they 
must  be  applied  vicariously  to  small  pieces  assumed  to  repre- 
sent those  objects.  We  do  not  test  the  individual  rails, 
boiler  plates,  shafts,  bridge  posts,  or  concrete  columns  on 
whose  fitness  the  lives  of  our  fellows  hang,  but  small  pieces  cut 
from  them,  or  for  some  other  reason  assumed  to  represent 
them.  In  certain  rare  cases  we  do  indeed  test,  not  such  a 
small  fragment,  but  a  similar  whole  structure,  a  like  beam  or 
shaft  or  post.  This  is  not  as  bad  as  measuring  the.  endurance 
of  your  recruits  by  finding  what  forced  march  suffices  to  kill 
their  brothers,  but  it  is  open  to  the  same  kind  of  objection,  the 
objection  that  because  it  is  destructive  it  must  needs  be 
vicarious. 

But  a  great  range  and  variety  of  indestructive  tests  suggest 
themselves,  tests  which  leave  no  more  effect  on  the  piece  tested 
tlian  seeing,  tasting,  or  smelling  it  would.  The  presence  of 
cavities  may  be  detected  through  the  density,  and  that  of 
plastic  deformation  through  the  potential.  Microscopic 
examination  is  already  well  advanced.  Magnetic  testing  has 
received  much  attention  ；  and  electrical  disintegration  is  im、v 
pointed  out  as  a  means  of  test.  The  number  of  physical  pro- 
perties which  offer  themselves  as  possible  means  of  testing  is 
very  great. 

Here  we  note  that  Miers  and  Isaac  determine  the  super- 
solubility  curve  of  solutions  by  measuring  their  index  of  refrac- 
tion of  light,  and  that  Ilonigsberg  and  Coker  study  the  lines  of 
stress  by  the  behaviour  of  polarised  light  passed  through  trans- 
parent specimens.  What  do  these  things  mean?  They  itiean 
that  light,  a  manifestation  of  energy,  in  crossing  these  bodies 
undergoes  a  change  ；  and  tlie  nature  of  that  change  teaches  us 
concerning  properties  in  those  crossed  bodies  little  related  to 
light;  oi'，  in  short,  the  action  of  the  body  tested  upon  a  form 
of  energy  passed  through  it  or  reflected  from  it  may,  be  made 
to  disclose  and  to  gauge  properties  of  that  body '  but  little 
related  to  that  form  of  energy  and  with  no  residual  effect  on 
the  body  itself. 

But  light  is  only  one  of  a  considerahle  nuinbei*  of  forms  of 
energy  wliicli  seem  open  to  such  use.  Sound,  electricity,  tlie 
•livers  kinds  of  radiai-ions  which  only  lately  disclose  theniselves 
to  our  amazenienf^  ami  the  many  yet  undreamed  ones  awaiting 
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discovery;  these  are  forms  of  energy  some  of  which  may  be 
harnessable  to  a  like  use. 

Let  us  remeuiber  that  later  our  analysis  of  these  subtler 
manifestatious  of  euergy  will  be  even  fuller  than  our  present 
analysis  of  the  coarse  radiations  of  sound .  As  to-day  we  know 
not  only  the  pitch  aud  volume,  but  the  timbre,  overtones  and 
harmonics  of  sound,  so  later  shall  we  know  corresponding  char- 
acteristics and  plienonieua  of  these  other  kinds  of  radiation,  so 
that  we  seem  embarrassed  by  the  riches  of  the  variety  of 
agencies  from  which  the  testing  engineer  of  an  age  less  crude 
than  ours  may  choose. 

Here  lies  the  suggestion  that  we  may  learn  the  properties 
of  the  very  rails  and  girders  which  we  are  to  use,  and  later  the 
properties  of  assembled  structures  themselves,  such  as  boilers 
and  bridge  posts,  and  conceivably  in  the  far,  far  future  the 
assembled  hull,  by  their  action  and  reaction  with  some  form  of 
energy.  Who  shall  say  that  the  pitch  or  volume  or  timbre  of 
sound  emitted  by  a  rail  as  the  result  of  a  given  excitement  may 
not  be  made  to  disclose  pitilessly  its  hidden  defects  aud  to 
measure  tlie  fitness,  not  alone  of  the  material  of  whicli  it  is 
composed,  but  of  the  rail  as  a  whole  structure  ？  Or,  giving 
rein  to  our  fancy,  we  hear  the  inspector  report,  "  This  one- 
hundred-storey  building  indeed  responds  to  G  sharp,  but  its 
timbre  lias  this  abnormality  and  these  harmonics  are  exag- 
gerated." 

These  indestructive  methods  indeed  have  the  defect  of 
being  indirect  in  one  respect,  to  weigh  against  their  advantage 
of  being  direct  iu  another  ；  they  are  indirect  in  that  they 
gauge  the  properties  actually  needed  in  service  by  means  of 
other  properties  ；  they  are  direct  in  that  they  may  be  applied 
to  the  very  objects  to  be  used,  instead  of  vicariously  to  coupons 
or  like  objects  to  be  destroyed  in  the  test  itself. 

Their  natural  service  seems  to  supplement  the  vicarious 
destructive  tests.  Thus  the  tester  of  the  future  may  prove  his 
material  by  the  vicarious  destructive  tests  of  coupons,  and 
prove  his  structures  themselves  by  these  indestructive  tests. 

It  is  not  to  imply  that  sucli  means  are  of  our  decade  or  even 
of  our  century  that  I  have  hinted  at  them,  but  rather  that  we 
may  put  ourselves  iu  the  riglit  attitude  towards  our  art.  It  is 
well  to  climb  at  intervals  from  our  details  to  the  top  of  some 
lofty  pyramid,  and,  looking  afar,  see  how  the  brightness  of  the 
future  contrasts  with  the  darkness  of  our  present  unfathom- 
able ignorance. 

That  our  present  state  seems  to  us  modern  is  nothing  ； 
every  period  in  the  last  15  centuries  has  seemed  modern  to 
itself.  If,  remembering  the  wonderful  progress,  scientific, 
industrial,  and  social,  in  our  time  we  admit  that  progress  is 
accelerating  ；  if  from  Fielding's  photograph  of  life  we  infer 
that  the  progress  in  the  160  odd  years  since  it  was  written  has 
been  as  great  as  in  the  1,600  odd  years  which  preceded  it,  and 
lience  that  tlie  acceleration  itself  is  rapid  ；  if  we  then  admit 
both  that  the  acceleration  will  continue,  and  that  man  will 
continue  to  dominate  the  earth  not  for  centuries  but  for 
millions  of  years ；  that  the  middle  ages  are  not  behind  but  far 
before  us  and  we  ourselves  at  tlie  dawn  of  history  ；  if  we  do 
tliis,  we  may  gain  some  idea  of  the  futility  of  imagining  that 
we  in  this  stream  of  progress  ought  to  lie  at  anchor :  and  we 
may  recognise  that  the  methods  which  our  present  ignorance 
and  crudeness  liave  evolved  are  mere  temporary  makeshifts. 

Let  us  remember  that  till  very  lately  our  most  competent 
authorities  have  been  unable  to  answer  the  elementary  and 
readily  answerable  question,  "  Does  a  soft  or  a  liard  rail  better 
resist  abrasion  V，  The  facts  that  such  relatively  modern 
marvels  as  the  reciprocating  engine  and  the  Bessemer  process 
seem  already  threatened  and  that  the  electric  telegraph  has 
already  yielded  much  of  its  importance  to  the  telephone  and  to 
radio-telegraphy,  may  help  us  to  a  right  attitude,  in  which  we 
concede  tliat  as  to-day's  makeshift  testing  methods  are  sure  to 
be  disj>lace(l  some  day  by  some  new  ones,  the  new  ones  offered 
to-day  may  be  tho«e  wliich  are  to  displace  them. 

On  the  otlier  hand,  the  frictional  resistance  to  tlie  intro- 
tluction  of  any  new  method  of  testing  is  so  great,  and  the  kind 
of  mental  and  moral  energy  needed  for  overcoming  this 
resistance  is  so  limited  in  quantity  and  so  precious  to  mankind, 
that  we  reasonably  require  the  advocates  of  new  methods  to 
elaborate  them,  to  put  tliem  into  serviceable  condition,  and  to 
provide  convincing  proof  hotli  that  they  are  competent  and 
1  IihI  ilie  I'orrn  in  wliich  they  are  offered  is  reasonable  and  fit. 
Till  then  we  can  hardly  he  expected  to  urge  their  industrial 
adoption  even  as  supplementary  tests  ；    and  of  course  we 


cannot  consider  substituting  them  for  existing  tests  till  their 
competence  and  their  advantages  liave  been  overwhelmingly 
demonstrated,  so  momentous  are  the  interests  at  stake. 
Though  we  recognise  the  need  of  progress,  we  recognise  also 
the  need  of  scrutinising  most  searchingly  every  contemplated 
step  of  that  progress. 

The  immediate  purpose  before  the  founders  of  our  soci<*t  y 
was  to  perfect  and  unify  the  metliods  of  testing  ；  the  ultimat c 
purpose  was  to  enable  the  public  to  get  fit  goods.  Hut  if  I  am 
to  learn  whether  my  purchase  is  fit  by  testing  it,  I  must  know 
not  only  how  to  test  it,  how  to  measure  its  properties,  but 
also  how  much  of  each  property  it  ought  to  liave.  Of  wliai- 
use  is  a  process  for  testing  axles  by  impact  or  tension  unless  I 
know  quantitatively  what  tensile  properties  they  ought  to 
have  and  what  impact  they  ought  to  endure  ？  Of  what  use 
are  methods  of  testing  without  reception  specifications  ？  One 
is  the  necessary  complement  of  the  other. 

It  so  happens  that,  in  building  a  society  fitted  for  t  he 
immediate  end  of  improving  methods  of  testing,  we  have  simul- 
taneously fitted  it  for  the  indispensable  supplement,  specifica- 
tion making.  In  bringing  together  those  competent  to 
improve  methods  of  test  we  have  also  brought  together  those 
most  competent  to  draw  specifications.  We  have  "  builcled 
better  than  we  knew."  We  have  unconsciously  made  an 
organisation  fitted  for  filling  both  needs  of  the  public,  for  tell- 
ing it  both  what  properties,  quantitatively,  it's  purchases  need 
and  also  how  to  measure  those  properties. 

I  am  not  unmindful  of  the  obstacles  and  pitfalls  in  the 
way  of  specification  making.  I  understand  the  gravity  of  tlie 
commercial  questions  involved.  I  see  that  commercial  inte- 
rests may  readily  be  antagonised  into  the  position  of  resenting 
supposed  interference.  But  let  us  look  at  obstacles  as  things 
primarily  to  be  overcome  and  pitfalls  as  things  primarily  to  be 
bridged,  remembering  that  where  there  is  a  will  there  is  a 
way  ；  that  the  human  beings  with  commercial  interests  on 
otlier  continents  do  not  differ  in  their  innermost  nature  from 
the  corresponding  human  beings  on  this  continent  ；  and  that 
if  it  has  proved  possible  to  bring  maker  and  user  into 
harmonious  and  indeed  enthusiastic  co-operation  here  it  ought 
to  be  possible  there. 

The  natural  development  of  the  American  Society  for 
Testing  Materials  has  happened  to  be  in  the  direction  of 
specification  making.  In  our  opinion,  based  on  our  now  very 
considerable  experience,  this  work  has  proved  far  more  valu- 
able, and  of  far  greater  profit  to  the  public,  than  our  simul- 
taneous work  of  perfecting  methods  of  measurement. 

I  have  sought  to  impress  on  you  that  we  are  among  the 
guardians  of  mankind  ；  that  our  services  to  humanity  are  of 
so  high  a  nature  as  to  stimulate  us  to  seek  earnestly  how  we 
may  make  them  more  effective  and  wider  ；  that  one  means  is 
to  supplement  and  in  time  replace  our  present  methods,  wliich 
rightly  viewed  are  but  temporary  expedients,  with  better  ones  ； 
but  that  this  replacement,  much  as  it  is  needed ,  should  be 
made  with  extreme  caution.  Classing  the  methods  of  testing 
into  the  vicarious  tests  to  destruction  on  one  hand  and  on  the 
otlier  hand  the  indestructive  tests  applied  directly  to  the 
objects  which  are  to  enter  into  service,  I  have  pointed  out  that 
in  the  future  these  two  classes  of  tests  may  well  be  used  to  sup- 
plement each  other  :  that  the  vicarious  tests  should  be  made  to 
reproduce  as  closely  as  possible  the  most  trying  conditions  of 
service,  and  that  the  indestructive  tests,  with  whicli  we  have 
liarclly  made  even  a  beginning,  hold  out  very  wide  possibilities 
of  usefulness.  I  have  urged  on  you  our  competence  and  our 
consequent  duty  to  add  specification-making  to  our  original 
】）laii，  and  thereby  to  increase  very  greatly  our  services  to  our 
brothers,  and  through  our  brothers  to  our  Father.  Here  are 
tasks  whicli  may  well  fire  our  imagination  and  stimulate  us  to 
hii  ardent  consecration  of  our  energies  to  the  work  of  the 
Int-ernational  Association  for  Testing  Materials. 

The  Municipal  Tramways  Association. —— The  lltli  annual  con- 
ference of  the  Municipal  Tramways  Association  will  be  held 
at  West  Ham  from  September  25th  to  27th.  The  presiden- 
tial address  will  be  delivered  by  Mr.  H.  E.  Blain,  of  West 
Hani.  Papers  will  be  delivered  by  Mr.  S.  C.  T.  Neumann  on 
" Tramways  Administration  by  Municipalities  :  A  Retrospect 
and  a  Forecast,"  and  by  Mr.  *\V.  J.  McCombe  on  "  Tramway 
Fares  and  Their  Basis."    A  discussion  on  tlie  interini  report 

the  Corrugation  Committee  will  be  opened  by  Mr.  C.  A. 
King. 
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INDUSTRIAL  AND  TRADE  NOTES. 

Indian  Railways. ― The  report  on  the  railways  in  India  i'ur  thu 
year  1911,  just  issued,  states  that  during  the  year  there  were 
755  miles  of  line  opened  to  traffic,  bringing  the  total  mileage  open 
up  to  32,839. 

Oil  Tank  Steamers.— Tho  -boom  in  the  oil  trade  has  resulted  in 
an  unprecedented  demand  for  tank  steamers,  of  which  another 
was  launched  on  the  13th  iust.  from  the  yard  of  Messrs.  Swan, 
Hunter,  &  Wigham  Richardson,  Ltd.,  Wallsend. 

Engineers'  Wages  Advanced.  ―  The  Executive  Council  of  the 
Amalgamated  Society  of  Engineers  announce  a  wages  advance  of 
Is.  and  2i  per  cent,  on  piece  rates  at  Leeds,  Ashton,  Hyde,  and 
1) uk infield,  and  a  general  advance  of  2s.  at  Doncaster  and  Chester- 
field. 

A  Large  Turning  Lathe. ― The  firm  of  Thomas  Shanks  &  Co. 
Union  Ironworks,  Johnstone,  have  just  completed  a  large  turning 
lathe,  weighing  270  tons,  for  the  firm  of  John  Brown  &  Sons， 
Sheffield.  It  is  specially  designed  to  deal  with  large  ingots  which 
will  be  used  for  the  motors  of  the  turbines  of  battle-ships,  and  is 
being  sent  from  Johnstone  in  parts.  The  lathe  is  the  biggest  and 
heaviest  of  its  type. 

German  Pig-iron  Production.  ―  The  production  of  pig  iroi  in 
Germany  during  August  reached  the  record  figure  of  1,487,447 
metric  tons,  compared  with  1,285,942  metric  tons  for  the  corre- 
sponding  month  of  1911.  The  total  production  of  pig  iron  in 
Germany  for  the  eight  months  ending  August  31st  amounted  to 
11,380,091  metric  tons  against  10,258,687  metric  tons  for  the  cor- 
responding period  of  1911. 

Shipbuilding  Orders.  一  The  P.  and  O.  Company  have  pha-cd 
orders  for  four  new  steamers ― two  with  Messrs.  Cammell,  Laird, 
and  Co.,  and  two  with  Messrs.  Caird  &  Co.,  each  of  9,000  tons 
register.  These  ships  are  designed  chiefly  for  the  Indian  trade, 
and  while  they  will  possess  a  large  amount  of  cargo  space,  they 
will  have  accommodation  for  about  150  passengers  in  the  first 
and  second  saloons.  、 

Clyde  Oil  Engine  Factory. —— Lord  Pii-rie,  in  conjunulion  、、 ith  the 
Danish  shipbuilding  firm  of  Burmeister  <fe  Wain,  is)  we  under- 
stand, forming  a  company  to  manufacture  Diesel  marine  oil 
engines  on  the  Clyde.  Lord  Pirrie  has  been  closely  watching 
developments  in  this  matter,  and  recently  visited  Copenhagen 
with  a  Queen's  Island  expert.  During  the  trials  of  the  "Zelan- 
dia"  it  became  known  that  Messrs.  Workman  &  Clark,  of  Belfast, 
as  well  as  Harland  <fe  Wolff,  have  been  experimenting  for  some 
time  as  to  the  utility  of  oil  engines  in  large  liners. 

Proposed  Eight-hours  Day  in  the  Iron  and  Steel  Trades.— At  the  con- 
loroiice  of  the  International  Association  for  Labour*  Legislation, 
uh ich  has  just  concluded  its  sittings  at  Zurich,  the  possibility  of 
introducing  the  eight-hour  shift  in  continuous  industries  was  dis- 
cussed, and  it  was  decided  that  this  question  was  ripe  for  action 
as  far  as  the  iron  and  steel  trade  is  concerned.  As  a  result  the 
association  will  now  proceed  to  approach  the  Governments  of  the 
various  countries  concerned  with  a  view  to  getting  the  tliree- 
shift  system  introduced  in  iron  and  steel  works  by  means  of  an 
international  agreement. 

Pit  Sinking  Record. 一 A  pit  sinking  record  has  been  established 
in  connection  with  the  Doncaster  coalfield.  On  Saturday  morn- 
ing last  the  sinkers  employed  at  the  new  colliery  l)eing  sunk  at 
Askeni  Spa,  near  Doncaster,  by  the  Askern  S}>a  Coal 
and  Iron  Company,  reached  the  coal  seam  at  a  deptli 
of  565  yards.  In  No.  1  shaft  the  seam  is  9ft.  thick  and 
of  excellent  quality.  Sinking  was  only  commenced  in  the  Decem- 
ber of  1911，  so  that  the  progress  made  lias  been  remarkably  rapid, 
the  average  having  been  14  yards  per  week.  Seventy- six  yards 
of  tubbing  had  to  be  placed  in  each  shaft  to  dam  out  4,000  gallons 
of  water  per  minute. 

The  Trade  of  Norway. ― According  to  a  British  Consular  report, 
tli<、  yea r  191 1  was  particularly  favourable  to  the  trade  and  indus- 
try of  Norway.  Of  the  total  amount  of  coal,  about  2, 187,000 
tons,  imported  into  Norway  in  1911，  about  1,969,857  tons  came 
i rom  tlie  United  Kingdom.  Apart  from  labour  conflicts  in  the 
tollulose  and  other  trades,  unemployment  was  less  in  1911  than  in 
1910,  and  was  unusually  small.  The  attention  of  British  firms 
is  especially  invited  to  the  industrial  developments  which  appear 
likrly  iu  Norway  in  the  no  a  r  future,  especially  in  connection 
w  ith  the  mining,  electric,  smelting  and  dependent  industries,  and 
in  the  general  development  of  water  power  for  industrial  pur- 
poses. 

Railway  and  Tramway  Returns. ― Snmc  intcicfsting  figures  rchit iml: 
to  r;iil\va>s  and  trniiiwii  vs  ； u(，  contained  in  a  Govenuiioit 
rotuni  issued  on  IMonday  last.  I1  he  figuivs  disclose  that  ihi%  paid - 
ii, »  capital  ol'  railways  was  in  1011  ：  Kngl:m(l  and  、V;il(、s， 
£1 18,54^,000;  Scotlaiul,*  .1:19,318,000;  Irchuul,  £210,000;  a  total 


for  the  United  Kingdom  of  £198,083,000.  The  mileage  of  the 
railways  of  the  United  Kingdom  in  1911  was  23,417.  The  net 
receipts  last  year  were  £48,581,746，  and  the  proportion  of  work- 
ing expenses  to  gross  receipts  was  62  per  cent.  In  1911  there 
were  25,997  miles  of  tramways  and  light  railways  in  the  United 
Kingdom,  with  a  capital  of  £72,725,440.  The  pass^n^ers  carrit'd 
numbered  2,907,177,120,  and  the  net  receipts  were  £5,276,060. 

Shipyard  Agreement.  ―  A  t  onfrivin-c  of  ('uiisi 山' ral'l"  import  ； i  ncr 
to  boilermakers  throughout  the  North  of  England  and  the  Clyd (！ 
was  held  in  Newcastle  on  the  question  of  the  National  shipyard 
agreement,  so  far  as  it  affects  the  Boilermakers'  Society.  This 
society,  along  with  other  signatories  to  the  agreement,  recently 
gave  notice  for  it  to  terminate.  At  the  conclusion  of  the  con- 
ference Mr.  John  Hill,  general  secretary,  stated  that  there  was 
nothing  to  communicate.  There  was  a  feeling  among  some  of 
the  delegates,  it  was  afterwards  learned,  that  it  would  be  advi- 
sable to  take  another  ballot  of  members  oji  the  question  of  the 
desirability  or  otherwise  of  an  amended  agreement.  The  last 
ballot  was  not  a  strong  one,  fewer  than  5,000  members  having 
voted  on  any  of  the  four  given  questions,  whereas  the  total  mem- 
bership of  the  union  at  the  time  was  over  50,000. 

Trade  Openings  on  Completion  of  Panama  Canal. ― The  Board  of 
Trade  has  received  information  to  the  effect  that  certain  foreign 
inanufacturers  are  carrying  out  an  organised  campaign  in  South 
America,  especially  in  those  countries  which  will  be  brought  into 
closer  contact  with  the  principal  manufacturing  countries  by  the 
opening  of  the  Panama  Canal,  viz.,  Bolivia,  Peru,  Ecuador,  and 
Colombia,  with  a  view  to  capturing  the  local  markets  at  tlie 
earl iey t  possible  opportunity.  As  an  instance,  it  is  said  that  one 
important  firm  of  continental  manufacturers  have  dispatched  a 
commissioner  on  their  own  account  to  investigate  and  report  to 
them  in  detail  on  the  prospects  and  development  of  the  countries 
named,  and  the  probulilo  rcMjuireinents  of  settlers  and  natives,  so 
that  they  may  be  able  to  make  arrangement«  for  securing  tho 
market  for  their  goods.  l^oreign  companies,  interested  in  tho 
metallurgical  possibilities  of  the  countries  referred  to,  ai'o  also 
said  to  have  a  number  of  men  already  on  the  spot  with  tho 
object  of  securing  the  most  promising  mining  claims  in  antici- 
pation of  the  time  when  the  shipment  of  ores  may  become  com- 
mercially practicable. 

Revival  of  Trade  Activity  in  Spain.  ―  The  Anu'iican  Co n.su I- 
General  at  Barcelona,  in  a  report  to  "Washingon,  states  that  whilo 
Spain's  actual  commercial  progress  from  year  to  year  has  not  Ijocji 
great,  trade  activity  is  now  evident,  and  a  general  revival  is 
noticeable.  The  establishuieut  of  land  banks  in  important  agri- 
cultural centres,  and  tlie  industrial  legislation  which  is  being  put 
forward,  are  important  factors.  Great  Britain  ;tnd  France  lead 
in  the  competition  for  this  trade,  followed  by  Germany  and  tlie 
United  States  with  much  smaller  totals.  The  large  purchases  of 
machinery  indicate  the  industrial  oxp;uision  which  is  now  going 
on.  Agriculture  is  the  principal  industry  of  vSpain.  The  primi- 
tive tools  formerly  in  use  are  being  replaced  by  modern  appli 
ances,  and  the  area  of  land  under  irrigation  is  increasing.  Tho 
Consul  states  that  statistics  show  Spain's  coalfields  to  exteiul  o\  er 
an  area  of  4,117  square  miles,  more  than  half  of  this  area  being 
ia  the  northern  part  of  the  country.  There  are  601  productive 
mines,  with  a  surface  area  of  60,337  acres,  and  3,529  unproductive 
mines  with  an  area  of  424,553  acres.  Notwithstanding  this  gr(':it 
coal  w  ealth  the  annual  production  does  not  exceed  4,000,000  tons. 
The  lack  of  transportation  facilities  is  the  principal  factor  whicli 
impedes  the  development  of  Spain's  coal  industry. 

Employment  in  August. ― The  Labour  Department  of  the  Board 
of  Trade  report  that  employment  during  August  continued  good , 
and  was  an  improvement  on  the  previous  month.  It  was  con- 
siderably better  than  a  year  ago.  The  percentage  of  trade  union 
members  unemployed,  so  far  as  reported  in  the  Department,  was 
the  lowest  recorded  since  July,  1900.  Compared  with  a  niontli 
ago,  there  was  an  improvement  in  the  coal  mining,  iron  and 
steel,  engineering,  and  shipbuilding  trades.  Nearly  all  indus- 
tries showed  a  marked  improvement.  Employment  in  the  mouth 
was,  however,  adversely  affected  by  the  disputes  in  the  railway 
and  other  transport  trades.  In  the  383  trade  unions,  with  a 】iet 
membersliip  of  872,817,  making  returns,  19/556  (or  2  2  per  cent.) 
were  returned  as  uneuiployed  at  the  end  of  August,  coniparcd 
with  2'G  per  cent,  at  the  end  of  July  and  3*3  per  cent,  at  tlie 
end  of  August  last  year.  The  changes  iu  ratos  of  wn^es  taking 
effect  in  August  were  all  increases,  and  amounted  to  £673(KJ  !k、i' 
week  on  tli(、  w  a^os  ol'  150,000  workpeople.  The  number  of  dis- 
putes heginning  in  August  was  48,  and  the  total  number  of  work- 
people involved  in  all  disputes  in  progress  during  the  mouth  was 
54，""1，  as  compared  with  117,333  in  July  and  373,615  in  August, 
1911. 

Proposed  Bridge  to  Span  the  Mersey.  A  rt  vival  ut'  the  id(';i  of 
Iniikling  a  britlgo  over  the  Mersey  at  Liverpool  is  arousing  cun- 
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pi 山 lie  interest.  At  tho  prostMit  tiiiif,  a  pa  rt  from  the 
tunnel  railway,  tho  traffic,  both  passenger  and  goods,  is  carried 
l»y  ferries,  and  it  is  hold  that  in  contrast  witli  tho  engineering 
enterprises  ca rriod  out  elsewhere,  these  are  out  of  date,  as  well 
as  in;ultH|\uite.  In  an  article  in  the  "Liverpool  Kxpross  "  par 
titulars  aro  *i;i\on  ot  a  scheme  designed  l>y  proniiiKMit  experts, 
includiii'r  Mr.  John  A.  Brodit%  the  present  city  eiigiiwr,  which 
tound  nnich  favour  witli  the  local  public  men  at  the  time  it  \\  as 
put  forward.  The  bridge  tlien  proposed  was  a  suspension,  wliich 
was  l»e!ioved  to  he  the  most  economical,  Avoiild  obstruct  the  riv("' 
traffic  less,  and  be  much  more  graceful  in  appea ranee  tlian  any 
other  tvpe.  It  was  proposed  to  cross  the  river  in  tli  roe 
span^,  a  central  one  of  2/MX)ft.,  and  two  side  spans  of 
l.LM NJt't.  *k;u*h.  The  hridge  would  be  nearly  two  miles  long,  and 
b\*  gradient  reac-li  a  height  in  the  centre  of  the  river  of  loOt't. 
There  was  also  to  l>e  approaches  ior  heavy  traffic*,  Avhile  auxiliary 
hydraulic  litts  would  l>e  provided  near  the  dock  on  either  side  of 
the  river.  The  total  neeessai  v  capital  for  the  completion  of  the 
scheme  was  estimated  at  £2,714,7-50,  and  the  bridge  Avas  to  take 
five  yea rs  to  huild. 

Trade  of  British  South  Africa. —— A  White1  Paper  just  issued  con 
tains  tlio  i'(、port  on  the  trade  of  British  South  Africa  during  tlio 
yt»ar  1911 ,  l»v  Sir  K.  Sotliern  Holland,  fOI.  Trade  Commissioner. 
According  to  this  the  total  exports  of  South  African  produto 
amounted  in  to  £47,o9-l,(j(>~).    Last  year  the  exports  i'e;i('h(、（l 

a  total  of  £57,734,875,  an  increase  for  the  quinquennial  period 
ot  1*10.13!),'21<),  or  21*3  per  cent.  The  total  imports  of  general 
nKMchniulise  amounted  in  1007  to  £*2o,897,l()l,  in  191 1  to 
i'3i).423, ">3i),  or  an  increase  within  five  years  of  10. J  miliion 
pouiuls,  or  40  Go  per  cent.  Out  of  the  total  import  trade  for  tlie 
year  191 1  of  £3(U()0  ，'觸 ， the  United  Kingdom  snppliod 
i-'il/ioil.lKK),  or  .")8-3o  per  cent.,  while  the  trade  of  the  British 
Knipire  as  a  、vli()le  ;nno\inted  to  £24,9(H))()(M),  or  (>8'4  per  cent. 
Against  this  tlio  trade  of  foreign  countries  takt、n  to^cthci' 
amouiitefl  to  £1 1  .-V Ht,l)(K),  or  31*6  per  cent.  Sir  R.  Sothern 
Holland  has  arrived  in  this  country,  ；) iul  int(Mids  visiting  the 
prinoipal  industrial  centres  of  the  United  Kingdom,  and  giving 
t.)  British  manufacturers  and  merchants  an  opportunity  of  con- 
fsultin^  liim  with  regard  to  trade  conditions  and  openings  in 
Smith  Atrica.  Before  proceedino;  to  visit  the  Chambers  of  Com- 
"r"(*p  he  may  !>e  seen  l)y  appointment  daily  at  the  Commercial 
I  ntelli*i(Mic(»  Hranch  of  the  Bo;ud  of  Ti:k1(、  73，  Hasiii^hall  St  root, 
LoikIoii,  E.G.,  from  September  23rd  to  October  4tli,  and  British 
manufacturers  and  mei'('li;mts  who  may  d(、sir(»  an  interview  with 
liiin  :m'  rc(| nested  to  apply  to  the  Director  of  the  Branclij  as 
soon  as  possible,  for  an  a ppointnient. 

Australian  Trade. — A  report  on  the  trade  of  the  C'omnKniwcalth 
ot  Australia  during  the  year  1911  I)y  Mr.  C.  Hamilton  AVickes, 
H.M.  Tr:"l*'  Comniissioner,  just  issued,  states  that  the  year  11)11 
、、； i、  ； i  i>ros]x'rous  one  tor  the  Coniniouw  e;ilth  of  Australia.  M  aini- 
t'jH-turcrs  were  fully  occupied,  although  there  was  some  restless- 
ness ；，" imiy  employes,  culminating  in  strikes  in  certain  districts. 
The  imports  and  exports  sliow  u  considers l)le  increase  over  tho 
previous  yrar,  an<l  the  gross  totals  for  a  record .  During  the 
past  year,  the  report  states,  foreign  firms,  particularly  American, 
liave  Ikm'H  paying  increased  attention  to  Australia,  by  sending 
o\  cr  specia  ！  roj)rcseiitatives  to  organise  their  agency  a rran^o- 
inents  in  tlie  va rious  States,  and  by  improving  their  selling 
oi^;uiis;iti<)n  in  other  ways.  Tho  report  contiiuifs  :  u  The  uiisatis- 
iactory  position  of  the  British  manufacturer  as  i\  supplier  of 
ii^ricultiirnl  iniplcnients  and  machinery  is  pat<Mit.  The  opinion 
^cihtmIIv  expressed  in  Australin  regard in^  tlie  coinparativol.v 
sn.a  11  ti  ;ulo  done  I'v  tin*  【：iiitt>(l  Kingdom  is  that  t\w  Britisli  nuuui- 
incturcr  does  not  supply  jucordiii^  to  tlio  re(|uirenients  of  tho 
nui rkct.  \Vli;itov(>i'  trutli  there  may  in  tliis  criticism,  it  is 
(•('i't;iinl>  true  that  sucli  British  manufactiirors  as  are  rep  resented 
in  Australia,  either  by  tl"、ir  ow  n  office  or  other 、、- ise，  in  this  class 
ot  ^(xkU  ； ip|""ir  in  soiling  to  follow  tlu»  lint*  of  l(、;ist  rosistanct*, 
iiiid  to  iH'ulect  the  puslii iiy  ot  tlu'i i-  ； igricultii r:i I  iinpl(Mii(、i，ts. 
Piirtif*nl;iily  is  this  the  case  as  regards  good's  in  g(、m'i'al  use,  in 
\\  li irli  tlxTc  is  iiec('ss;u  il,v  considcraljle  couipctitioii  from  the  local 
mid  North  American  niaiiufacturors.M 

Shipyards  and  the  Factory  and  Workshop  Act,  1901 . ― TIk'  follow  ing 
Older  ot  U">  S(HT*>tary  of  State,  dated  August  23rd,  1912,  l"'s 
Ihmmi  issiM-d  :  Section  1 1 G  sliall  l)c  iiiodifi(»(l  so  as  to  read  as  fol- 
low s :  (1)  Tl"'  ocr  itpicr  or  contractor  sliall,  for  tlio  purpose  of 
c'ii;il>linu  ouch  worker  who  is  paid  I'v  tho.  piece  to  oompiitc  the 
tota I  ； i mount  of  wa^cs  p;i.v; 山 1(，  to  lih"  in  respect  oi  liis  w"rk， 
c;i use  to  l>(i  |)ul)lishc(l  particulars  of  tlio  w ork  and  rate  of  wa^cs 
a])plic;i  l>lc  thereto,  as  follows :  (a)  He  sh;ill  funiisli  ('v(、ry  、vork(、r 
witli  writton  pa rtir-ulars  of  tho  rate  of  w  a^es  applicable  to  tho 
work  (lon<»  l>y  him  at  nj-  Ix'loro  th (！  tim"  of  liis  first  (^niployinciit 
on  tlie  work  and  011  every  si 山 s(>qi">iit  occasion  wlicn  tho  rates 
n  if  or  alt(M<»cl  ；  oi-  ho  shall  (、、lii"it  such  i>iirticula  rs  011  :i 

pl;if;ir'l  in  tho  fiH'tf)iv  or  u orksliop.  Provided  tliat  if  tlio  rates 
arc  not  a-sccrtainaljle  Ijefurc  the  work  i.s  giveu  out,  the  particulars 


shall  he  limiislied  to  tlie  worker  in  writing  wlicn  ilu>  work  is 
('()nil>lt>t(、（l.  (b)  Such  pju'ticulnrs  of  the  work  dono  as  ； 1  fleet  the 
amount  of  "'； ig('s  payal)lt、  to  r.xch  worker  shall  Ix*  turn ished  to 
him  in  writing  when  tho  work  is  (ompletwl.  (2)  WIkmh;  th*»  work 
is  done  in  conmioii  by  a  of  workers  it  shall  ho  sufficiiMit  if 

tli(、  particulars  ol  t\w  work  flonc  hy  the  ^an^  and  of  th(»  rate  o\ 
、、； ws  applicable  tl"、i'(>t()  i\ re  furnishod  to  the  memhor  of  tlie  gang 
to  whom  the  wages  of  tho  g;uig  paid  l,v  tho  cuiploycr.  (3) 
The  particulars,  eitluT  as  to  rate  of  wages  or  as  to  work,  shall 
not  l»e  oxprosscnl  hy  means  of  synihols.  (4)  Any  placard  cxlii- 
Ijitcrl  in  pursuance  of  the  i'oregoing  provisions  shall  <*ontain  no 
otluM*  matter  than  particulars  of  rates  of  wages,  and  shall  Ix! 
affixed  in  sucli  a  position  as  to  be  easily  r(>ad  I >y  nil  persons  t" 
Avliose  work  tl"，  particulars  re  I  a  to.  (o)  It  tho  ocoupior  or  con 
tractor  fails  to  comply  with  tlu»  requirements  of  this  wtion,  he 
sliall  be  liable  for  each  offence  to  a  fino  of  not  more  than  £10, 
and,  in  the  case  of  a  socond  or  suljsequont  oom  iotion  w  itliin 
two  years  from  the  last  conviction  for  that  offonce,  not  less  tha，i 
£1.  (6)  If  anyone  engaged  as  a  worker  in  the  aforosaid  class  ot 
work,  having  received  such  particulars,  whether  they  are  fur- 
nished directly  to  him  or  to  a  follow-workman,  discloses  the  p:ir 
ticulars  for  tlie  purpose  of  divulging  a  trade  secret,  ho  shall  1"' 
liable  to  a  fine  not  exceeding  £10.  (7)  If  a nyone  for  tho  pui  posc 
of  obtaining  knowledge  oi'  or  (livulging  a  trade  secret,  solicits  or 
procures  a  person  so  engaged  to  disclose  such  particulars,  or  witli 
that  object  pays  or  rewards  any  such  person,  or  causes  an v  pt'rscii 
ti  1)0  paid  or  rtMvardt'd  for  so  disclosing  such  pa rticulnrs,  lie  shall 
In1  lial>]e  to  a  tine  not  exceed in^  €10.  (8)  The  Order  of  DocoihImt 
30tli,  1"U",  relating  to  sliipl)uil(lin<i;  yards,  so  far  as  concerns  tli(， 
work  of  platers,  ri voters,  and  caulkers,  is  herel)y  repealed.  Tliis 
Order  shall  come  into  force  011  October  1st,  1912. 

The  Manchester  Rails  Contract. . ― An  iiitt"' (？ sting  coinimmicatioii 
V  M  r.  'J.  H.  Longford,  formerly  H.M.  Consul  at  Nn^asaki,  u  i  1 1 1 
reference  to  this  contract,  appeared  in  a  recent  issue  of  tlie 
''Moi'aiiig  Post."  He  states :  "  There  is  a  great  deal  more 
involved  in  tlie  preference  given  to  an  American  firm  l»y  tho 
Manchester  City  Council  in  the  contract  for  steel  rails  than  the 
immodiato  loss  of  over  £10,000  to  British  industry.  The  inci- 
dent will  he  i'roely  and  vory  propei'l'v  used  as  an  achortiseiiictit 
ii(»t  only  )>y  the  indi\fidual  firm  directly  interested  in  it,  Imt  I  to- 
others engaged  in  similar  industries,  certainly  in  China  ； i ihI 
,J:ip;m，  and  no  (loi【l)t  also  throu^liout  t\w  Latin  States  of  Soutli 
America,  it  may  be  even  in  our  own  Australian  and  Cap(、  Colo- 
nies. Pamphlets  will  l>o  drawn  up  in  the  Chinese  and  Japanese 
vtM'n:!('ul;u'  l;"igii;ws  and  troely  circulated  liy  active  agents  on 
the  spot  anions  ； ill  huyors,  in  which  the  transaction  、、- ill  he  fully 
doscrihod  and  emphasis  In  id  on  the  statements  in  tlie  dehato 
iti  the  Council  that  the  American  product  is  fully  equal  in 
quality  to  that  of  the  ，）('st  Slioliiold  firms,  and  is  ； it  tlio  same 
time  both  substa ntially  cheaper  and  more  (|iiicklv  d('livt、iv(l. 
Si^hhIv  delivery  is  of  the  essence  of  all  contracts  for  public 
works,  and  if  an  American  firm  in  Pennsylvania  can  deliver 
goods  in  Manchester  more  speedily  than  an  En^lislt  firm  in  Shci- 
ficld,  liow  much  greater  will  be  the  advantage  of  dealing  、、- itli 
the  former  w lie  11  the  delivery  has  to  1">  made  cither  in  the  Far 
East  or  in  South  America  ！  These  points  will  I)o  m'ged  hy 
agents  who  are,  as  a  rule,  not  at  all  scrupulous  in  using  unfair 
； irmiiiUMits,  and  will  make  the  most  of  those  Avliicli  are  perfect  I > 
honourable  and  a  re  provided  l>y  ourselves.  The  ultimate  result.s 
may  be  not  a  loss  of  €10, (KM),  hut  of  many  tens,  even  hundrods, 
of  thousiuuls  of  pounds  and  a  i)ormanent  iiijui'v  to  British 
industry."  As  an  iii'st;ui('t、  of  the  uso  of  this  method  of  adver- 
tisenuMit,  ho  refers  to  tli(、  contract  for  tlie  Atbara  )n-i(lo;e  i  11 
Egypt,  "  Inch  \\  ms  ^ivt^n  hy  the  I  ndia  Office  to  an  American 
firm  in  the  l;，ti>  nineties  of  the  last  century.  "This  contract," 
I"'  coiitiuues,  "  was  tlu»n  (l(4Vu(h、（l  in  tho  Hou.se  of  C'oininons  in 
similar  tt、i'nis  to  tho.so  that  liavo  just  U、(、n  used  in  tlio  Maiu-he.stcr 
City  C'ouncil.  I^vcry  word  of  tho  dclViicc  was  fully  translated 
into  Japanese  and  C'liiiH'so  and  w  idclv  ci rculatt'd,  Imtli  in  pain 
plilcts  and  in  ； ulvertisoint'iits  and  articles  in  the  native  Press, 
and  no  exptMiso  was  spared  l»y  American  agents  in  swm'ing  tho 
widost  pu))Ii(*ity  to  tho  fact  that  tlio  superior  officitMicy  of 
Aniei  ican  to  Hritisli  steel  toundrics  \\  as  admittod  in  tlie  most 
convincing  w  ;iy  in  Fjii^laiul.  I  pointed  this  out,  as  fully  iiiul 
as  strongly  as  w  as  compatihlo  with  official  limits,  iti  111  v  annual 
trade  report  for  tho  vcar,  l>ut  tl"、  report  w  as  edited  in  tho 
K("'(、ig，i  Office,  and  all  1  ^  rote  on  this  point  w  as  struck  out  be  1 010 
pul>lication.M 


Proposed  New  Railway  in  the  Lothians.— The  North  British 
Railway  Company  is  to  approach  Parliament  for  powers  to 
construct  a  new  railway  in  the  Lothians  to  provide  for  tlio 
development,  of  the  coal  traffic .  The  principal  line  will  run 
from  Leith  Docks  to  Monktoiihall. 
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NEW  PATENTS. 

Specifications  oj  the  following  are  now  published,  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  lOd.  Aihlrcss 
u  Mechanical  Engineer^'  53,  New  Bailey  Street,  Manchester. 

MECHANICAL,  1911. 

Sparking  regulator  for  internal-comljustioii  engines,  llnicliiiison. 
820G. 

Evaporation,  distillatioiij  and  .similar  operations.    Sodorla nd  ； i ml 
Testrup.  124(52. 

Supplying   of  water   to   tho    Aiiporisors    ol'    intern;)  1  roll 山 ustioii 

engines.    Neu  maim.  12467. 
Air  ships.    Dodmon.  127:";. 

Locomotive  boiler  furnaces.    Gregory,  Crc^ory,  and  Direct  (*as 

Fuel,  Ltd.  12900. 
Valves.    Barlow  &  Lord.  1(5013. 

Valve  gear  for  internal comhustiou  motors.    Dupuis.  l(iU53. 
W;itcM' purification  plants.    York.  17215. 
Steam-generator  gauge.    Fletcher  &  Green.    1 73J  7. 
Separation  of  ores.     Murex  Magnetic  Company, 】几(1.，  &  Lock- 
wood.  18189. 

Apparatus  for  burning  liquid  fuel.    Korinodo.  19058. 
Reparation  of  】nctals  i'roin  /.inc  bearing  ores  or  compounds.  Asli- 
croft.  19257. 

detainers   for   hall    bearings.      A kticholam^i   Sv(、nsk;i    K  ulla^tT 

FabriktMi.  19324. 
I'owor  hammers  or  forgiiifj;  apparatus  lor  use  in  chain  making. 

Lelong.  1932G. 
Locomotive  engines.    Garratt.  19338. 
AVronches.    Willis.  19014. 

8  to  a  m  regenerative  aceuniulators  and  water  heaters.-    Mori  yon. 
JDoGl. 

I'lutches.    Daimler  Motorm  (u\s.     1  D'jS-V 


19722, 


Inlying  niaoliines  and  a ir  ships.    Stodda rt.    U)""  1 . 

Carburetters  for  iiiteriial-combTistion  engines.  Ware. 

Steam  generators.    Willis.  19915. 

Steam  generators.    Solomiac  &  Olier.  2U035. 

Couplings  tor  haulage  wagons.    Atkins  tV  Adams,    2i  >2S I  - 

Tool  for  assisting  in  the  removal  of  the  valves  of  internal  (  miiluis- 
tioii  engines.    Terry.  20337. 

Oil  sprayers  for  internal-combustion  engines.  Crosyle^,  Webb, 
and  Barley.  20758. 

Intoriial  combustion  engines.  Wolsclcy  Tool  and  Motor  car  Com- 
pany and  Remington.  20959. 

Wrench.    Wright.  21384. 

Governing  】nechanism  for  elastic  Huid  turbines.  Warw  ick  Machi- 
nery Company  (1908).  21918. 

J^opulsion  of  vessels.    Yarrow.  2U)77. 

Condensers  foi*  steam  engines.    Eastwood.  22U()o. 

Device  for  indicating  an  abrupt  change  of  teiupeiatui'u.  Burn. 
22084. 

Construction  and  propolling  of  canal  bouts.    Harding.    221 3D. 
Variable-speed   gearing.      Saver  Clutch  Ccmipaiiy,  Drake,  and 

Hewitt.  22(350. 
Nut  locks.    Smith.  22823. 
Clutches.    Miles.  22825. 

Lubricating  the  axles  of  colliery  tubs.    Medd.  23434. 
Positive  safety  device  for  lift  and  hoist  openings.  JVlixluay. 
23449. 

Appliances  for  miners'  lamps.    Mercer.  2-5371. 
Conihustion  chani bers  of  internal-combustion  engines.  W'oller. 
2(5270. 

Heat  excliunge  devices.  Lomschakow.  26340. 
Clum^e  speed  ^car  and  motor  conti'ol  in  motor 

and  Perrett.  27293. 
Jlatchet  dri\  eii  p ump  for  pt^trol  engines.    Soutlia id. 
l^acliators  for  heating  buildings.    Alldays  <fc  Oniony 

Ki，gim、t'ring  Company  and  Stott.  2910(3. 
Worm  gearing.    David  Brown  &  Sons  (Hudderslicld),  Ltd.,  and 

Moore.  21)247. 

1912. 

Screw  operated  hydraulic  power  appliant-t  s.  Ailanis  &  Windsor. 
13-10. 

Ston in  casinos  of  the  rotary  type.    Girod.    23 H). 

Sp(»od  indicating  ； ippa ratus.    Vidal.  2364. 

C'oiHlonsers  foi-  zinc  vapours.    Qucnoau.  2009. 

J^iilwiiys  with  ;i  single  guiding  rail.    Enoc-k.  2807. 

Convoying  heating  gas  to  coke  ovens.    Colli".  2M(w. 

I':l<  v;itc(l  and  suspcjision  railways.    Acloli'  Jileichort  &  ('().  1180. 

Apparatus  for  ； umeaiiiig  motallic  articles.     K rcidlor.  4188. 

( Vnti'ii'ugal  air  or  gas  pumps.    J\1  jissip.  I30o. 

Sriv"  nuts.     Pius  ； iikI  I'VilH'rnl' (小 1.  1711. 

Coiislructioji  of  railw ay  iuid  tramway  tracks.    Jlainy.  5083. 


, rli iclcs.  Stratton 


27301. 
rneunmtic 


])iri<iihlo  air  ships.     I)c  Ij;m.     -*)SI U. 

Liquid  transmission  of  po、vt'i'  apparatus.    Zainboii.  G787, 
(Jrindiiio;  or  reducing  apparatus.    Bartliolmcss.  7270. 

sptHxl  friction  ^oarinjj;-     Foi't'st.  75()9. 
Flying  machines.    Eggert.  7886. 
Uotni  .v  air  and  ^ns  compressors.    Milno.  8658. 
Methods  of  grin(iiiig  balls,    (h'c'ct"1.    8ii(i2  8< >(>；]. 

( - rcMso  injectors  or  lubricators.    JMorris.  1)001). 
Contril'u^al  ejector  pumps.    W'atsoJi  tfe  JJillciop.    IXJo  L 
Arrojj];i  nes.    JiaiKToit.  U-147. 

(iriiicling  maohinos.    Churchill  Macliino  Tool  Company,  March, 

and  Asbridgo.  11124. 
J  nstrunient.s  for  centring  purposes.     Kisi"M'.  11267. 
Aiit。mati。  loading  apparatus  for  use  on  aerial  railways.  Diunoni. 

11548. 
Sliips.    Clift.  11858. 

Conihined  reciprocating  engines  ami  turbine  plants.  Schmidt. 
12698. 

J'ropollers  for  aorophnics.    lteuter.  13008. 
Aorini  propellor.s.    JNlcos.  13883. 

Ball  grinding  machines.  Deutsche  Wafl'on  uud  Munitions 
iabriken.  15G87. 

ELECTRICAL  1911. 

Trolloys  or  collectors  for  electricity.    Tetlow.  1DQ40. 
Klt'rtric  Iti'akiiig  niccliani.sni.    Briiil.  19097. 

Magneto  elt'ctric  ii"(  liiiit's.  Simnis,  and  Sinims  Magneto  Com- 
pany. 11)122. 

Apparatus  for  elcHrtrically  operating  and  controlling  planing 
inaclii lies.  jja ncnslii i e  Dyiia ino  and  Motor  Company,  and 
Wood.  and  19G10. 

Mji^iu'tic  separation  of  ores.    Dal^lcish.  1*J()78. 

Mctliod  oi  and  means  for  voltage  rogulatiuii  in  stage  traiisl'oniierb. 
lUchter.  20302. 

Tolcphono  installations.    Lake.  20620. 

Electric  couplings.    Micliler.  24532. 

Circuit  ((unKH-tion  for  private  toit'phono  insiatlations  coiuieLit'd 
to  telephone  exchanges.    Siemens  Bros.  &  Co.  24807. 

1912. 

Method  oi  co)mections  for  eliminating  the  iiiHuoiice  of  the  teni 
poraturc  on  the  curront  strength  oi:  a  resistaaco  the  magni- 
tude of  which  iiu-roases  with  the  tciiii>oraturc.  Fried.  Krupp 
Akt.  Gos.  3107. 

Electric  storage  battery  plates.    Ricks.  4843. 

Automatic  and  semi-automatic  telephone  exclian^c  systems. 
McBerty.  8573. 

Automatic  brakes  for  electric  tramcars.    Di  Castelletto.  D4GG. 

Elcctrically-heate<l  ovens.     \  oritySj  Ltd.,  and  Pipkin.  10009. 

Automatic  telepiione  systems.    Siemens  Bros.  <t  Co.  10539. 

Apparatus  for  producing  electric  oscillations  adapted  for  wire- 
less communication.    Dubiiier.  11091. 

Telephones.    Graham.  13768. 

Making  of  connections  to  commutator  segments  of  tlynanios. 
Siemens  Schuckertwerke  Ges.  15GG2. 


METAL  QUOTATIONS, 

TUESDAY,  SEPTEMBER  17th. 

Aluminium  ingot   80/-  per  cwt. 

"        wire,  according  to  sizes,  &c  from  J 02/-  ，， 

，，        sheets        ，，  ，，   ，  120/-  ，， 

Antimony   £28/10/-  to  £29/-/-  per  ton. 

Brass,  rolled   0|d.  per  lb. 

，， tubes  (brazed)    1  l|d. ，， 

，，       ，，     (solid  drawn)   lOd.  ，， 

，，       ，，     wire   9Jd.  ，, 

Copper,  Standard   £78/10/-  per  ton. 

Iron,  Cleveland   08/1  i  ,, 

，， Scotch   74/1 J  ，， 

Lead,  English    £23/5/-  ，， 

，， Foreign  (soft)    £23/-/-  ，， 

Mica  (in  original  cases),  small   6d.  to  -3/-  per  lb. 

,,  ，，  ,，       medium   3/6  to  6/-  ,, 

，，  ，，  ，，       large   7/6  to  11/- ，， 

Quicksilver   £8/5/-  per  bottle 

Silver   29^d.  per  oz. 

Spelter    £27/2/(i  per  ton. 

Tin,  block   £226/10/- ,, 

Tin  plates   15/3  ，， 

Zinc  sheets  (Silcsian)   £30/5/-  9P 

,，  (Stettin  ；  Vieille  Montague)   £30/12/0  ,, 


Electricity  at  Barrow.  一  The  Barrow  electricity  works  arc 
to  Ik'  extended  in  respect  of  both  buildings  and  plant.  The 
Fur n ess  Railway  Company  have  arranged  with  the  Corpora- 
tion io  lako  a  10  years'  supply  of  electricity  from  the  public 
mains  for  the  whole  of  their  locomotive  works. 


September  27,  1912]  THE   MECHANICAL  ENGINEER. 


377 


FLEXIBLE 


METALLIC  TUBING 

UNRIVALLED  FOR  ALL  PURPOSES. 


Steam,  Highest  Pressures,  Oil  Pumping, 
Air,  Gas,  &c. 


THE 

UNITED  FLEXIBLE  METALLIC  TUBING  CO.,  Ltd. 
Works  :  PONDERS  END,  MIDDLESEX. 
Head  Office : 

112,  QUEEN  VICTORIA  STREET,  LONDON,  E.C. 


The  man  itood  on  the  boiler  top,  whence  all  but  he  had  flown, 
For  one  and  then  another  of  the  blessed  joints  had  blown  ； 
'Twat  there  we  found  him  swearing,  when  we  took  tiim  underhand. 
Now  a  smile  he's  always  wearing,  he's  found  ••  NONLEAK  "  will  etand. 

WHY  NOT  WEAR  A  SMILEP 


NONLEAK 頻^ S, 


TBSS  FROM  LEAD  I 

IMPROVBB  WITH  AGBl 


BBITI8H  KAXXl 

IMPROVBB  WITH  AOB  I 
TXBTINa  lAUPIiXS.  WILL  NHVEB  BLOW  OUT,  BOAIiB.  OB  BOI. 

J.  E.  TURNER  &  CO.,  Ltd.,  Sof  Maker,,  BR^^RDrYork.. 


Second  and  Greatly  Enlarged  Edition. 

The  Testing  of  Engines, 
Boilers,  &  Auxiliary  Machinery. 

A  Treatise  on  the  Construction  and  Use  of  the  Instruments 
and  Methods  Employed  in  the  Testing  of  Prime  Movers  in 
the  Laboratory  and  Workshop         ::       ::       ::  :: 

By  W.  W.  F.  PULLEN, 

^'hitworth  Scholar  ••  Member  of  the  Institution  of  Mechanical  Enginefrs  ； 
Associate  Member  of  the  Institution  of  Civil  Engineers. 

Price  13/-  post  free. 

CONTENTS.— Tables  and  other  Data.  Mechanical  Aids  to  Calculation.  Measure- 
ment of  Pressure.  Measurement  of  Temperature.  Measorement  of  Speed. 
Measurement  ot  Power  Output.  Measurement  of  Power  Input  with  Dynamometer. 
Measurement  of  Power  Input  with  Indicator.  Indicator  Rigs  and  Accessories. 
Hints  on  the  Management  of  Indicators.  Analysis  of  the  Steam  Engine  Indicator 
Diagram.  Other  Features  of  Steam  Engine  Diagrams.  The  Adjustment  of  the 
Blide  Valve.  Intern al-combnstion  Engine  Diagrams.  Testing  Indicator  Springs. 
Measurement  of  the  Quality  of  Steam.  Measorement  of  Quantity  of  Steam  and 
Water.  The  Testing  of  Steam  Enginee.  Fuel  Testing.  The  Analysis  of  Flue 
Gasefl.  Boiler  Testing.  The  Testing  of  Auxiliary  Macliinery.  The  Testing  of 
Internal-combustion  Engines. 

The  Scientific  Publishing  Co.,  53,  New  Bailey  Street,  Manchester. 


Yoi.  30，  No.  766 


Edited  by 
WILLIAM    H,  FOWLER, 
Wh.  Sc.,  M.Inst.C.E. 

Telegrams :    ' '  Scientific,  ， ，  Manchester. 
Telephone  No.  8628  Central. 

SUBSCRIPTION  RATES. 


United  Kingdom :  12/6  per  annum,  post  free. 
Anywhere  Abroad  ： ― 

17/6*  per  annum,  post  free.    Thin  paper  edition. 
21/-*         ,,  ,，  Thick  ,, 

'Foreign  Remittances  by  International  Money  Order  only. 
Note. ― Direct  annual  subscriptions  include  a  Free  Copy  of 
Fowler's  "Mechanical  Engineers'  Pocket  Book." 

Cheques  and  Postal  Orders  should  be  made  payable  to  the 
Scientific  Publishing  Company,  and  forwarded  to  our  Manchester 
Office,  53,  New  Bailey  Street. 

Advertisements,  displayed,  for  insertion  in  current  issue  should 
reach  our  Manchester  office  not  later  than  first  post  Tuesday 
morning,  and  small  prepaid  advertisements  not  later  than  hi  ot 
post  Wednesday  morning. 


American  Motor-cars. 

Periodically  American  engineers  invade  this  country  with 
one  or  other  of  their  specialities.  Not  so  long  ago  it  was  light 
machine  tools,  principally  lathes  and  milling  machines  ；  at 
another  it  was  the  tramway  motor  ；  and  at  one  time  there 
threatened  an  invasion  of  big  steam  engines,  a  threat  which 
materialised  to  the  extent  of  one  or  two  rather  fine  examples 
of  American  electric-generating  engines.  Engineering  is  not 
the  only  field  in  which  these  invasions  have  taken  place, 
although  it  is  in  machinery  or  the  products  of  machinery  that 
the  Americans  excel,  and  seem  most  fertile  in  devising  new 
or  improved  productions.  In  most  cases  the  invasions  have 
been  temporary  in  character.  Small  tools  of  the  instrument 
class,  such  as  calipers  and  rules,  seem  to  have  established 
themselves  in  the  English  market,  and  small  machine  tools 
of  American  manufacture  were  popular  here  for  some  years, 
but  are  now  seldom  in  request.  Railway  locomotives  enjoyed 
a  very  short-lived  popularity,  the  big  steam  engine  barely 
arrived,  tramway  material  has  practically  ceased  to  come  to 
us  from  America,  and  even  boots  aud  shoes  and  the  machi- 
nery of  their  manufacture  seem  to  have  given  up  the  struggle 
to  capture  the  British  market.  The  latest  arrival  is  the 
American  motor-car.  Already  they  are  here  in  their  thou- 
sands, and  so  far  as  one  can  judge  the  incoming  tide  shows 
no  sign  of  slackening.  The  question  naturally  arises :  Is  the 
invasion  permanent  or  temporary  ？  and  then  follows  the 
further  question,  How  comes  it  that  American  cars  can  be 
sold  in  this  country  at  a  profit  and  in  such  numbers  ？  These 
two  questions  are  more  than  interesting  ；  they  are  important. 
The  answer  to  the  second  question  largely  answers  the  first 
also,  for  the  permanency  or  otherwise  of  the  present  invasion 
will  depend  mainly  upon  the  ability  of  the  American  firms  to 
continue  to  do  what  they  are  now  doing,  that  is,  sell  an  attrac- 
tive car  at  a  lower  figure  thau  competing  British-made  cars. 
And,  conversely,  if  British  firms  iu  their  owu  interest  are  to 
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see  to  it  that  the  invasion  is  only  temporary  they  must  meet 
the  American  by  offering  as  attractive  a  car  at  as  low  a  price, 
or  a  definitely  better  car  within  measurable  distance  of  the 
American  price.  It  is,  indeed,  largely  a  matter  of  price,  but 
to  say  this  does  not  really  throw  much  light  on  the  situation, 
and  may,  indeed,  tend  to  obscure  the  real  lessons  of  the 
invasion.  The  price  is  merely  the  index  of  certain  conditions, 
and  it  is  these  conditions  which  are  of  real  importance  to  the 
British  manufacturer.  The  low  price  of  the  American  car 
may  indicate  natural  advantages,  superior  manufacturing 
organisation,  or  some  peculiarity  of  design.  It  is  difficult, 
without  comparing  the  prices  of  materials  in  detail,  to  say 
if  the  American  manufacturer  possesses  any  natural  advan- 
tages.  In  general,  materials  are  as  costly  there  as  here,  but 
we  have  reason  to  believe  that  in  the  case  of  some  of  the 
partly-finished  parts  the  American  can  buy  cheaper  than  we 
in  this  country.  This  is  true  of  the  pressed  steel  frame, 
which,  we  believe,  is  purchased  at  a  very  low  figure  indeed. 
The  remedy  for  this  lies  more  with  the  steelworks  than  the 
car  builder,  although  it  is  partly  a  matter  of  uniformity  in 
design  and  quantities  in  manufacture,  both  of  which  factors 
it  is  the  car-builder's  business  to  mould  so  far  as  possible. 
Natural  advantages  or  disadvantages  include  rates  of  wages 
and  fixed  charges,  and  in  neither  of  these  matters  can  we  be 
said  to  be  handicapped,  so  that  on  the  whole  the  American 
manufacturer  does  not  seem  to  possess  any  marked  natural 
advantages  over  the  British.  Turning  to  manufacturing 
organisation,  a  close  comparison  is  impossible,  but  the  most 
cursory  consideration  of  the  light  American  motor-cars  now 
being  sold  in  this  country  is  sufficient  to  convince  one  that 
the  manufacturing  organisation  which  produced  them  at  the 
prices  ruling  is  of  a  very  high  order  of  efficiency.  Only  a 
detailed  study  of  the  car  could  disclose  much  useful  informa- 
tion on  this  subject,  and  this  study  should,  if  possible,  be 
strengthened  by  inspection  of  the  works  and  a  review  of  the 
selling  organisation,  for,  from  a  competitive  point  of  view, 
the  selling  organisation  is  a  part  of  the  manufacturing  organi- 
sation . This  is  particularly  true  of  motor-cars，  owing  to  the 
large  percentage  of  the  price  which  usually  goes  in  commis- 
sions, agency  expenses,  and  advertising. 

It  is,  however,  in  design  that  the  American  motor-cars  in 
this  country  contain  the  most  important  lesson  for  British 
firms.  The  distinguishing  feature  of  the  American  car  is 
lightness.  This  is  achieved  by  economising  material  at  every 
turn.  It  may  or  may  not  be  true  that  this  paring  process  has 
been  carried  too  far.  There  is  evidence  in  support  of  the 
contention  that  it  has.  American  cars  are  said  to  be  found 
stopped  on  the  road  more  frequently  than  English  and  Con- 
tinental makes.  Such  stoppages  are  often  due  to  defective 
driving,  but  the  relative  number  of  stoppages  is  a  fair  index 
of  the  relative  reliability  under  working  conditions.  We  are 
not,  however,  concerned  to  demonstrate  that  the  American 
car  is  not  too  light  in  its  scantlings,  but  only  to  show  that  it 
illustrates  in  a  striking  manner  the  advantages  of  lightness. 
In  the  first  place  the  low  price  of  the  car  is  partly  due  to  its 
lightness.  In  the  second,  the  power  required  to  drive  the 
car  is  reduced,  and  its  hill-climbing  capacity  increased.  The 
explanation  of  the  superior  climbing  capacity  of  a  light  car  is 
interesting.  Car  resistance  is  partly  due  to  bearing,  tyre,  and 
mechanism  friction,  and  is  more  or  less  proportional  to  the 
weight.  The  second  factor,  and  probably  the  more  important 
at  fairly  fast  speeds,  is  the  wind  resistance.  This  is  a  matter 
of  the  size  and  form  of  the  car,  and  is  only  dependent  on  the 
weight  in  so  far  as  it  affects  the  form  and  size.  When  climb- 
ing a  hill  there  is  added  the  resistance  of  gravity,  which  is 


obviously  directly  proportional  to  the  weight  of  the  car.  The 
relative  importance  of  these  factors  when  running  on  the  level 
and  when  climbing  may  be  best  illustrated  by  a  hypothetical 
example,  in  which  the  light  car  has  only  half  the  weight  of 
the  heavy  one,  and  rather  more  than  half  as  much  tyre,  bear- 
ing, and  mechanism  resistance.  Dividing  the  power  P  into 
that  spent  in  overcoming  this  internal  friction  F，  gravity 
(hill  climbing)  G,  and  air  resistance  A，  we  have,  when  run- 
ning on  the  level  ： ― 

Heavy  car  P  =  F  +  G  +  A 

=  50  +  0  +  50  -100 
Light  car   P  二  F+G  +  A 

= 30  +  0  +  50  -  80 
When  hill  climbing,  the  gears  are  so  changed 
that  the  engine  speed  and  power  P  remain  prac- 
tically unaltered.  This  also  causes  the  internal  friction  F  to 
remain  practically  unchanged.  Hence  the  sum  of  the  powers 
expended  in  lifting  the  car  uphill  against  gravity  G,  and 
in  overcoming  wind  resistance  A,  must  also  remain  unaltered , 
since  they,  together  with  the  power  spent  in  overcoming 
internal  friction  F，  constitute  the  total  engine  power  P.  The 
air  friction,  as  we  have  seen,  depends  only  on  the  form  and 
speed  of  the  car,  but  the  hill-climbing  resistance  is  propor- 
tional solely  to  the  weight  of  the  car,  and  the  power  spent  in 
overcoming  this  resistance  is  proportional  to  the  product  of 
the  weight  and  speed  of  the  car.  The  division  of  the  power 
between  hill-climbing  and  air  resistance  obviously  depends 
on  the  gradient,  but  a  typical  case  is  represented,  as  follows. 


Heavy  car  ... 

... P  = 

= F 

G 

+ 

A 

= 50 

+ 

40 

+ 

10  ： 

= 100 

Light  car  ... 

... P  = 

= F 

+ 

G 

+ 

A 

= 30 

+ 

30 

+ 

20  = 

= 80 

The  fact  that  the  hill-climbing  power  for  the  light  car  is  】uore 
than  half  that  of  the  heavy  car  is  due  to  its  greater  speed. 
The  same  cause  also  increases  its  air-resistance  power.  Put 
in  another  way,  it  could  climb  at  the  same  speed  as  the  heavy 
car  on  60  h.p.  instead  of  its  normal  80.  The  margin  enables 
it  to  attain  a  greater  speed  on  the  hill.    Thus  ： ― 

P  =  F+G  +  A  =  30  +  20  +  10  =  60  at  same  speed  as  heavy  car. 

This  example  is  merely  illustrative,  but  it  demonstrates  the 
essential  facts.  In  addition  to  the  advantages  of  first  cost 
and  better  hill-climbing  qualities,  the  reduced  power  of  the 
light  car  reduces  the  petrol  bill.  More  important  than  these 
is  the  saving  in  the  cost  of  tyre  renewals.  These  go  up  rapidly 
with  the  weight  of  the  car.  The  advantages  sketched  above 
are  sq  great  that  every  effort  should  be  made  to  keep  down 
car  weight  consistent  with  reliability.  Reliability  must  not 
be  confused  with  long  life,  although  the  two  are  not  entirely 
independent.  The  life  of  a  motor-car  is  in  auy  case  short, 
and  the  depreciation  correspondingly  heavy 3  so  that  a  cheap 
car  can  afford  to  be  content  with  a  shorter  life.  The  lightness 
of  the  American  motor-car  is  in  keeping  with  their  other  road 
vehicles.  There  are  heavy  American  cars  of  all  kinds,  but 
the  typical  American  horse  conveyance  for  private  use  is  a 
buggy,  which  apparently  does  not  weigh  much  more  than  a 
substantial  English  wheelbarrow.  To  English  eyes  it  seems 
frail  in  the  last  degree,  but  actually,  its  lightness  and  i  lie 
freedom  with  which  the  body  is  slung  from  the  tliiu-t yred 
wheels  alone  enable  it  to  negotiate  the  trails  and  apologies 
- for  roads  which  are  the  rule  over  most  of  the  North  American 
Continent  outside  the  large  towns.  The  same  conditions  have 
necessitated  leaving  the  space  under  the  car  below  the  axles 
free  from  protruding  parts,  a  feature  coiinnon  to  all  "colonial- 
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type"  cars.  It  is  a  good  thing  occasionally  to  have  our  fixed 
ideas  challenged  in  vigorous  fashion,  just  as  the  American 
motor-car  is  doing  now.  If  we  study  the  attack  carefully  it 
may  do  us  a  world  of  good,  and  more  than  compensate  for 
the  trouble  and  worry  which  an  invasion  necessarily  involves. 


EFFICIENCY  OF  WORM  GEARING  FOR  AUTOMOBILE 
TRANSMISSION.* 


BY  H.  KEXERSOX. 


This  investigation  was  made  at  the  plant  of  the  Brown  atid 
Sharpe  Manufacturing  Company  for  the  purpose  of  determin- 
ing the  efficiency  of  three  types  of  worm  gearing  for  use  in  an 
automobile  transmission  system  and  the  heating  effect  due  to 


Fig.  1.— Apparatus  for  Testing  Worax  Gears. 

continuous  running.  The  power  for  these  tests  was  obtained 
from  a  50  h.p.  induction  motor,  running  approximately  870 
revs,  per  minute  at  full  load. 

Between  the  motor  and  the  worm  gear  case  was  placed  au 
automobile  transmission  gear 
case  to  enable  tests  to  be  made 
at  two  lower  speeds.  Between 
this  and  the  worm  gear  case 
was  placed  a  transmission 
dynamometer  designed  by  the 
author.  An  Alden  brake  was 
used  to  absorb  and  measure 
the  power  transmitted  by  the 
gears  under  test.  Fig.  1  shows 
the  whole  apparatus  mounted 
ready  for  testing  the  worm 
gear  efficiency.  A  is  the  motor, 
B  the  automobile  transmission 
gear  case,  C  the  transmission 
dynamometer,  D  the  case  con- 
taining the  worm  gear  under 
test,  E  the  Alden  brake,  and  F 
the  platform  scale  which 
measured  the  load  on  the 
Alden  brake. 

The  apparatus  was  so  ar- 
ranged that  as  the  load  was 
imposed  the  weight  on  the  plat- 
form scale  was  removed  and  all 

vib「ation  of  the  scale  beam  was  eliminated  by  interposing 
springs  S  between  the  blocks  FF，  which  sustained  the  weight 
on  the  scale,  and  also  by  suspending  by  a  wire  from  the 
weight  at  the  end  of  the  scale  beam  a  plate  which  dipped  into 

*  Abstract  of  paper  presented  before  the  American  Society 


a  pail  of  oil,  thus  acting  as  an  efficient  dash  pot.  It  was  found 
possible  by  careful  manipulation  to  maintain  a  steady  and 
easily  read  load  on  both  the  transmission  and  absorption 
instruments. 

The  transmission  dynamometer  and  brake  were  first  com- 
pared by  running  them  at  various  loads,  and  the  torques  corre- 
sponding to  horse-power  per  100  revs,  per  minute  marked  on 
the  dial  of  the  transmission  instrument  corresponding  to 
similar  loads  as  indicated  on  the  brake.  It  is  evident  that  by 
this  method  of  comparison  the  two  instruments  must  check 
each  other  exactly.  A  thermometer  placed  in  the  oil  well  at 
the  back  of  the  worm  gear  case  D  indicated  the  temperature 
of  the  oil,  and  another  thermometer  placed  on  the  wall  near 
the  apparatus  indicated  the  room  temperaturs.  The  oil 
employed  to  lubricate  the  gears  was  one  intended  for  use  with 

superheated  steam,  having  a  speci- 
fic gravity  of  26  Bau nu',  flash  pcin' 
625°  Fall.,  and  visresity  at  212°, 
260°  to  265°.  Th-  cas3  ccntain^d 
about  5  quarts  of  the  cil. 

In  all  the  trials  the  worm  was 
located  underneath  the  gear.  Fig. 
2  shows  sections  through  the  g^ar 
case.  As  indicated,  both  shafts  ar3 
mounted  on  ball  bearings  and  encl- 
tbrust  ball  bearings  take  care  cf 
the  thrust  on  the  worm  and  wcr  r  - 
wheel.  All  the  worxr.s  were  na a d  ? 
cf  machinery  steel,  case-hardened, 
and  the  worm  wheels  of  phespher 
bronza.  The  first  worm  and  who?] 
tested  is  shown  in  Fig.  3.  This  pair 
of  gears  is  an  unusual  case  cf  th  - 
worm  and  wormwheel.  The  s^railov 
gear  is  bobbed  with  a  hob  cf  t】） ' 
size  of  the  larger  gear,  thus  making 
possible  adjustment  cf  tha  lar" ' 
gear,  which  would  net  otherwise 
the  case.  While  in  appearance  this 
gear  resembles  a  Hindley  wcrn,  i" 
is  not  such  in  reality.  Although 
not  strictly  in  accordance  witli 
usage,  the  smaller  gear  will 
called  the  worm  and  the  larger  tli? 
wormwheel  in  the  following  description.  The  wormwheel  was 
cut  with  the  cutter  shown  in  Fig.  3，  and  the  shape  of  the 
teeth  on  a  section  through  the  worm  and  wormwheel,  parallel 
to  the  axis  of  the  worm,  is  also  shown. 


Mechanical 


Fig.  2.— Sections  through  Gear  Case. 

All  necessary  information  pertaining  to  pairs  No.  2  and  3 
is  given  in  Fig/4.  The  difference  between  gears  2  and  3  is 
principally  one  of  shape  of  the  worm  threads.  This  difference 
is  clearly  brought  out  in  the  sections  of  the  worm  and  wheel 
shown  in  Figs.  5  and  6,  The  shape  of  the  teeth  on  the  worm 
in  Fig.  5  was  produced  witli  a  cutter,  the  included  angle  of 
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which  was  29°,  and  the  depth  of  tooth  0'570in.  This  depth 
was  based  on  the  axial  pitch,  when  the  usual  method  on 
multiple  worms  is  to  base  the  depth  on  the  normal  pitch.  The 
object  in  using  this  cutter  was  to  obtain  as  many  teeth  as 


independent  observers.  The  speed  of  the  motor  was  observed 
in  each  case  and  from  this,  knowing  the  gear  ratio,  all  the 
other  speeds  were  easily  computed.  Temperatures  were  taken 
immediately  following  each  series  of  observations. 


Table  I. — Efficiency  Test  of  No.  2  Worm  Gears  when  on  Direct  Speed. 


R.P.M. 
Motor. 

R.P.M. 
Worm. 

R.P.M. 
Worm  Gear. 

Speed  of  Worm 
in.  Ft.  per  Min. 

Initial  Load. 

Reading  on 
Scale. 

Load  on  Brake 
315  Ft.  Radius. 

H.P.  per  100 
R.P.M.  Brake. 

I  Total 
Brake  H.P. 

Total  Trans. 
Dyn.  H.P. 

Efficiency  of 
Worm  Gears. 

Transmission  Dyn.  K.t'adiiig. 

Temp,  al,  Kii'l 
of  Test 

Til",'. 

1  )ii!a- 
( inn. 

1 

2 

3 

Av. 

Oil 

Room 

Start 

Kin. 

875 

875 

196-9 

690-7 

104 

55 

49 

24-5 

48-24 

49-26 

97.9 

5.6 

5.65 

5.65 

5.63 

268 

65 

10:14 

10:20 

6 

873 

873 

196.4 

689.1 

104 

60 

44 

22.0 

43-22 

44-35 

97-5 

5.1 

5.05 

5.1 

5-08 

273 

65 

10:20 

10:25 

5 

880 

880 

198-0 

694-6 

104 

65 

39 

19.5 

38-61 

40-92 

94-4 

4-7 

4.65 

4-6 

4.65 

276 

66 

10:25 

10:30 

5 

880 

880 

198-0 

694.6 

104 

70 

34 

17-0 

33-66 

36-26 

92-8 

4-15 

4-1 

4.1 

4-12 

275 

66 

10:30 

10:33 

3 

883 

883 

198-7 

"97. (> 

]04 

75 

29 

14-5 

28-81 

31.17 

92-4 

3-55 

3.55 

3-5 

3.53 

273 

66 

10:33 

1<1：：(7 

4 

possible  in  contact  at  one  time,  and  also  a  shape  that  could  be 
ground  with  a  straight-sided  emery  wheel.  The  teeth  of  the 
worm  in  Fig.  6  were  cut  with  a  cutter  shaped  as  shown,  which 


For  purposes  of  comparison  a  series  of  trials  was  run  on  a 
pair  of  bevel  gears,  tlie  principal  dimensions  of  which  are 
shown  in  Fig.  7.    Table  I.  is  a  record  of  one  set  of  observa- 


h.p.m. 


Gear  No.  1 
I  H.P. 


Gf.ar  No.  2 


Temp.  Eff. 


R.P.M. 


H.P. 


I  Temp.  Eff. 


Gear  No.  3 


R.P.M. 


H.P, 


Temp.  Eff. 


Bevel  Gears 


R.P.M. 


H.P.        Temp.  Eff. 


Fig.  3.— No.  1  Wohm  and  Wobmwheel. 
Woi' in  wheel,  phosphor  bronze.    No.  of  teeth,  43  L.H.;   Pitch  diameter.  10  95 : 
Outside  diameter,  3128；  Circular  pitch,  0  800  ；  Angle  of  teeth  with  axis,  45°  ；  Normal 
circular  pitch,  0  5657;  Pitch  of  cutter,  5 '553  ；  Addendum,  0'1628  (not  standard) ； 
Thickness  of  tooth,  0*282  ；  whole  depth,  0  3882  ；  Included  angle  of  cutter,  45°. 

is  an  arbitrary  shape  made  to  produce  ,at  one  instant  the 
greatest  effective  breadth  possible,  as  shown  in  the  figure. 

Iu  conducting  the  trials  the  load  was  maintained  at  the 
desired  point  by  one  observer  who  adjusted  the  brake.  Read- 
ings were  then  taken  on  the  transmission  instrument  by  two 


Fig.  4.— Nos.  2  and  3  Worm  and  Woumwheel. 
Woruiwheel,  phosphor  bronze  ；  Number  of  teeth,  40；  Pitch  diameter,  10*5704  ； 
Throat  diameter.  10,9964;  Circular  pitch.  0'6302  ；  Angle  of  teeth  with  axis,  3S°  16' 
5";  Normal  circular  pitch  U'6518  ；  Pitch  of  cutter,  4*8196  ；  Addendum,  0'213  ；  Thick- 
ness of  tooth,  0  3568  ；  Whole  depth,  0*4586  ；  Worm  :  Aurora  Street,  case-hardened  ； 
Number  t)f  teeth,  9  ；  Pitch  diameter.  3'015;  Outside  diameter,  3  441  ；  Circular  pitch, 
10524;  Angle  of  teeth  with  axis,  51°  43' 55"；  Thickness  of  tooth,  0  295；  Head,  7.4719: 
Ratio  of  wheel  to  worm,  40  to  9. 

tions  typical  of  the  series.  Table  II.  is  a  summary  of  the 
results  of  all  the  trials,  and  the  curves  of  Fig.  8  show  in 


Table  2. 一 Worms  and  Wheels  and  Bevel  Gears t  average  Efficiencies  taken. 
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9 
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92 
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90 
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no 

70 

90 

1 
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70 

90 

8 
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71 

90 

5 
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254  3 
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551  0 
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graphic  form  the  average  efficiency  of  the  different  gears  at 
the  various  loads  and  speeds. 

Number  of  Groups  of  Readings  taken  in  Table  II. 


Gear  No.  1 

Gear  No.  2 

Gear  No.  3 

Bevel  Gear. 

4 

5 

5 

3 

4 

5 

5 

6 

3 

5 

5 

5 

the  gears  would  normally  be  put.  The  fact  that  these  trials 
continued  for  from  60  to  80  minutes  without  failure  indicates 
that  the  structure  is  both  strong  and  enduring  and  that  should 
such  temperatures  be  reached  for  any  accidental  reason  the 
gears  would  not  be  destroyed.  The  result  of  the  trials  was  of 
particular  interest  because  of  the  very  high  efficiency  and 
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Fig.  9.— Heat  Cubves. 


Figs.  5  and  6.—  Section  of  Nos.  2  and  3  Worm  and  Wormwheel. 


Fig.  7.— Driving  Gear  and  Pinion. 
Driving  Pinion,  5  per  cent.  Nickel  Steel,  case-hardened  ；  Pitch,  5;  Number  of 
teeth,  14;  Angle  of  edge,  15°  4' :  Angle  of  face,  71。  5'；  Outside  diameter,  3 '3359  ； 
Driving  gear,  5  per  cent.  Nickel  Steel,  case-hardened  :  Pitch,  5  ；  Number  of  teeth, 
52;  Angle  of  edge,  74°  £6'  ；  Angle  of  edge.  13°  47'  ；  Outside  diameter,  10*4627. 


carrying  capacity  of  the  gears  tested.  Every  possible  pre- 
caution was  taken  to  secure  accuracy  in  the  results,  and  the 
high  degree  of  accuracy  obtained  is  due  largely  to  the  skill  and 
care  of  Mr.  B.  F.  Waterman,  of  the  Brown  &  Sharpe  Manu- 
facturing Company,  under  whose  personal  supervision  the 
apparatus  was  erected  and  all  the  trials  were  conducted . 


A  British  34 'knot  Cruiser. ― All  speed  records  for  large  ships 
have  been  lowered  by  the  new  British  battle -cruiser  Prin- 
cess Royal,"  which  on  Saturday  last  returned  to  Devonport 
on  the  completion  of  her  experimental  trials.  She  obtained 
a  speed  of  34  knots,  or  39  miles  an  hour,  which  constitutes  a 
world's  record.  Since  undergoing  her  official  full-power 
trials,  in  which  she  obtained  a  speed  of  32*7  knots,  she  has 
been  docked  and  fitted  with  a  new  type  of  three-bladed  pro- 
peller. To  test  these  propellers  she  made  six  runs  at  three- 
quarter  power  and  six  at  full  power  on  the  measured  mile  off 
Polperro,  on  the  Cornish  coast.  The  second  ship  in  point  of 
speed  is  the  "  Princess  Royal's  "  sister,  the  "  Lion，"  which  has 
done  31  knots.  The  "  Princess  Royal's"  contract  speed  was 
only  28  knots.  Her  contract  horse-power  was  70,000,  ob- 
tained with  turbine  engines  driving  four  propellers,  but  it  is 
stated  that  this  was  exceeded  during  the  trials. 


In  conjunction  with  the  efficiency  trials  a 
series  of  runs  was  made  to  determine  the  " 
heating  effect  due  to  continuous  running.  In  = 
these  trials,  which  were  in  effect  endurance  95 
tests,  a  constant  load  was  transmitted 
through  the  gearing  and  the  temperature  of 
the  oil  in  the  gear  case  and  the  temperature 
of  the  room  noted  at  frequent  intervals. 
From  these  observations  it  was  found  that  at 
the  beginning  of  the  run  the  oil  temperature 
rose  rapidly  and  somewhat  irregularly.  As 
the  run  continued,  however,  the  rise  became 
much  more  gradual  and  regular.  In  the 
runs  where  the  smaller  amounts  of  power 
were  transmitted  a  point  was  reached  where 
the  temperature  remained  constant.  This 
indicated  that  radiation  was  sufficient  to 
carry  away  the  heat  due  to  power  lost 
through  friction  in  the  gearing,  or  in  other 
words  that  the  gears  would  run  indefinitely  90 
at  the  load.  The  heat  curves  of  the  No.  1  : 
worm  and  gear  are  shown  in  Fig.  9.  «: 

The  higher  loads  indicated  were  abnor-       •  ^ 
mal  for  the  gears  under  consideration  and 
would   not   occur   in   any   use   to  which 
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ARRANGEMENT  AND  DISPOSITION  OF  PARTS  OF  INTERNAL- 
COMBUSTION  ENGINES. 

A  method  of  constructing  horizontal  internal-combustion 
engine  frames  so  that  the  engine  can  be  multiplied  if  desired 
and  also  to  allow  of  certain  units  being  run  if  others  fail  has 
recently  been  patented  by  Mr.  W.  J.  Gold,  Mr.  F.  W. 
Beeching,  and  Messrs.  Kynoch,  Ltd.,  Witt  on,  Birmingham. 
The  method  of  constructing  the  frame  of  the  engine  for 
a  single-cylinder  unit  consists  in  providing  a  U  girder  down 
each  side  extending  L  shape  in  plan  to  the  centre  line  of  the 
engine  in  front,  the  cylinder  being  bolted  down  to  each  of  the 
U  girders  at  the  back  and  bolts  passed  through  the  two  halves 
at  the  front  to  hold  them  rigidly  together.  A  bolt  is  also 
passed  through  the  bedplate  under  the  cylinder.  The  cylin- 
ders are  secured  in  their  correct  position  by  round  keys,  the 
holes  for  which  are  drilled  half  into  bedplates  and  half  into 
the  cylinder.  Similarly  the  main  bearings  are  kept  in  accu- 
rate alignment  by  two  round  keys,  one  being  fitted  vertically 
and  one  horizontally  at  the  front  joint. 

If  it  is  desired  to  extend  this  engine,  one  side  of  the  frame 
is  removed  and  a  wider  U  girder  substituted,  sufficient  to  bolt 
two  cylinders  on  to  and  T  shaped  in  front  extending  to  the 


Fig.  1. 

centre  lines  of  the  two  cylinders,  the  side  which  was  removed 
being  placed  on  the  outside  as  before  and  bolts  passed  through 
the  whole,  both  in  front  and  under  the  cylinders  to  secure  the 
parts  together.  By  continuing  this  method  any  number  of 
cylinders  may  be  used.  The  cam  shafts  are  arranged  all  in 
one  line  and  coupled  together  by  concentric  couplings  of  the 
Oldham  or  similar  type,  so  that  in  the  event  of  breakdown  of 
the  gear  for  any  cylinder  a  piece  of  cam  shaft  may  be  taken  out 
and  replaced  by  a  plain  piece  of  shaft  with  couplings,  the  con- 
necting rod  of  that  unit  being  uncoupled  and  the  other  units 
continuing  to  run,  thus  disposing  of  the  necessity  of  having  a 
standby  set  .  Having  couplings  of  this  type  makes  the  portion 
of  shaft  between  any  two  bearings  complete  in  itself,  thus 
obviating  the  necessity  of  having  a  long  cam  shaft  accurately 
in  alignment.  The  admission  valve  gear  is  controlled  by  a 
governor  common  to  any  number  of  units.  In  this  construc- 
tion any  cylinder  is  complete  in  itself  with  its  gas  and  air  con- 
nections, so  that  any  part  of  one  unit  may  be  used  for  a  similar 
place  in  any  other  unit  . 

Fig.  1  shows  the  method  of  constructing  the  frame  for  a 
single  cylinder  unit,  in  wliich  A  A  are  the  U  girders  one  down 
each  side  extending  L  shape  to  the  centre  line  in  front  at  B, 
the  cylinder  C  being  bolted  down  to  each  of  the  U  girders  at 


Fig.  'I 


Fig.  3. 


the  back  and  bolts  D  passed  througli  the  two  halves  at  the 
front  to  hold  them  rigidly  together.  A  bolt  E  is  also  passed 
through  the  bedplate  under  the  cylinder.  The  cylinders 
are  secured  in  their  correct  position  by  round  keys 
F，  shown  in  detail  in  Fig.  2,  and  also  indicated 
by  F，  Fig.   1  ；    the  holes  for  these  are  drilled  half  into 


bedplate  and  half  into  cylinder.  Similarly  the  main 
bearings  are  kept  in  accurate  alignment  by  two  round  keys  H 
and  J，  Fig.  3，  shown  also  in  Fig.  1  at  H  and  J,  one  being  fitted 
vertically  and  one  horizontally  at  the  front  joint.  If  it  is 
desired  to  extend  this  engine,  one  side  of  the  frame  A，  Fig.  1， 
is  removed  and  a  wider  U  girder  substituted  as  at  L,  Fig.  4， 
sufficient  to  bolt  two  cylinders  on  to  and  T  shaped  in  front 
extending  to  the  centre  lines  of  the  two  cylinders,  the  side 


Fig.  4. 

which  was  removed  being  placed  on  the  outside  as  before  and 
bolts  M，  Nj  O  passed  through  the  whole,  both  in  front  and 
under  the  cylinders  to  secure  the  parts  together.  By  con- 
tinuing this  method  any  number  of  cylinders  may  b©  used. 
Coupled  cam  shafts  P  are  employed  common  to  any  number  of 
cylinders.  Fig.  4,  each  set  of  cams  being  separated  by  concen- 
tric couplings  of  the  Oldham  type  as  shown  at  Q,  Fig.  4，  so 
that  in  the  event  of  breakdown  of  the  gear  for  any  cylinder,  a 
piece  of  cam  shaft  may  be  taken  out  and  replaced  by  a  plain 
piece  of  shaft  with  couplings. 


LORD  &  BARLOW  S  STEAM  TRAP, 

The  accompanying  illustrations  show  a  design  of  steam  trap 
of  the  class  in  which  the  steam  valve  is  automatically  regulated 
by  a  tube  expanding  or  contracting  according  to  the  heat  of 
the  steam  or  water  passing  into  and  through  the  tube.  This 
arrangement,  the  joint  invention  of  Mr.  G.  S.  Lord,  Clarendon 
Works,  Moss  Lane,  Whitefield,  and  Mr.  P.  Barlow,  comprises 
a  frame  B  in  which  is  fitted  a  tube  A  flexibly  connected  at  one 
end  to  the  frame  at  C  in  such  a  manner  that  the  tube  is 
securely  connected  to  the  frame,  but  is  not  rigid  and  allows 
the   opposite   end   of  the   tube  to   have   a   small  amount 


r;':, ' 


LOBD       15AKLOW  S  STKAai  TRAP. 


of  free  movement  vertically.  The  opposite  end  of  the  tube  A 
is  flexibly  connected  to  a  valve  casing  D  in  which  is  the  seating 
and  valve  ；  the  spindle  E  of  the  valve  is  of  such  a  length  that 
it  engages  a  stud  G  fixed  in  the  frame  and  closes  the  valve, 
when  by  the  expansion  of  the  tube  A  the  valve  casing  is  caused 
to  rise  by  the  length  of  the  tube  being  restrained  by  the  end  of 
an  adjustable  itiextensible  rod  J  fixed  to  the  frame,  the  oppo- 
site forked  end  being  connected  either  to  the  opposite  end  of 
the  tube  as  shown  or  to  the  valve  casing  D  ；  the  weight  of  the 
frame  is  counterbalanced  by  the  spring  on  the  stud  G. 


September  27,  1912]  THE   MECHANICAL  ENGINEER 


383 


MARINE  PROPULSION  BY  ELECTRIC  TRANSMISSION.* 

BY  HENRY  A.  MAVOR. 

At  the  Portsmouth  meeting  of  the  British  Association  in 
September,  1911，  the  present  writer  submitted  a  communica- 
tion on  "  Electric  Drives  for  Screw  Propellers."  Since  that 
date  some  further  developments  have  occurred.  The  first  of 
the  three  propositions  of  which  details  were  given  has  been 
superseded  by  an  ordinary  reciprocating  engine  equipment. 
The  United  States  law  requires  that  the  machinery  for  ships 
which  are  to  sail  under  the  American  flag  must  be  built  in 
the  country,  and  it  was  found  that  the  comparison  of  cost 
was  unfavourable  under  this  condition.  The  second  proposi- 
tion, an  oil  electric  tank  barge  for  Canadian  service,  is  now 
under  construction  ；  the  details  of  the  machinery  equipment 
form  part  of  this  communication.  The  third  proposition  is 
still  on  paper  only,  but  the  United  States  Government  has 
ordered  an  equipment  closely  resembling  that  described.  This 
equipment  has  been  constructed  by  the  General  Electric  Com- 
pany of  America.  Descriptions  of  this  plant  have  already 
been  published  by  Mr.  W.  L.  R. 
Emmet,  the  designer,  in  papers  contri- 
buted to  the  Society  of  Naval  Archi- 
tects and  Marine  Engineers  in  America 
and  to  the  American  Institute  of  Elec- 
trical Engineers.  The  following  is  a 
summary  of  these  papers  ： ― 

The  "  Jupiter  "  is  one  of  three  col- 
liers being  built  for  the  United  States 
Government.  They  are  to  be  called 
" Cyclops/'  "  Neptune/'  and  "  Jupi- 
ter." The  "  Cyclops  ，，  is  equipped  with 
reciprocating  engines,  the  "  Neptune  " 
with  a  steam  turbine  connected  to  the 
propellers  by  gearing,  and  the  1 1  Jupi- 
ter " with  a  steam  turbine  connected 
to  the  propellers  by  electric  transmis- 
sion. These  ships  have  a  displacement 
of  about  20,000  tons,  and  carry  some- 
thing like  12,000  tons  cargo.  The  speed 
is  14  knots.  The  "  Cyclops  ，，  has 
already  been  tried  on  a  48-hour  trial 
at  an  average  speed  of  14*6  knots,  with 
a  coal  consumption,  for  the  main 
engines  only,  of  l'4851bs.  per  indi- 
cated horse- power  hour,  total  average 

indicated  horse-power  of  both  engines  for  the  run  being 
6,705.  The  average  rate  of  propeller  revolution  was  92  per 
minute.  The  results  of  the  trials  of  the  "  Neptune  ，，  are  not 
yet  complete.  It  is  reported  that  the  gearing  works  in  an 
entirely  satisfactory  manner,  but  that  the  efficiency  of  the 
turbine  and  propellers  has  not  yet  proved  so  good  as  ex- 
pected. The  following  table  shows  comparisons  of  the  known 
data  concerning  the  equipments  of  these  three  vessels  ： ― 


2,000  revs,  per  minute,  and  the  voltage  about  2,200.  This 
generating  unit  delivers  electricity  to  two  motors,  one  coupled 
directly  to  each  propeller  shaft.  These  motors  have  36  poles, 
therefore  the  ratio  of  synchronous  speed  reduction  is  18  3  to 
1，  the  propeller  at  14  knots  being  designed  to  operate  at 
丄 10  revs,  per  minute,  f 

The  writer  saw  this  plant  officially  tested  at  Schenectady 
in  the  summer  of  this  year.  For  the  purpose  of  the  test  the 
apparatus  was  erected  in  the  General  Electric  Company's 
power  station  at  Schenectady.  The  turbine  was  connected  to 
a  condenser  and  one  motor  installed  in  the  position  relative 
to  the  switchboard  and  controlling  mechanism  which  it  will 
occupy  on  board  the  ship.  The  other  motor  was  arranged  as 
a  generator,  and  directly  coupled  to  the  first  motor  so  as  to 
afford  a  load  for  it.  With  this  generating  motor  as  load  the 
conditions  of  service  can  be  approximated,  although  they  are 
more  difficult  than  the  driving  of  a  propeller,  because  the 
load  falls  off  only  slightly  with  diminutions  of  speed  and  con- 
stant exciting  current.  With  the  apparatus  so  installed  the 
processes  of  starting,  stopping,  speed  variation  and  reversal 
can  be  accomplished  very  much  as  they  would  be  on  board 


" Cyclops, 

" Jupiter." 

" Neptune." 

Displacement  tons 

20,000 

20,000 

20,000 

I.H.P.  at  14  knots 

5,600 

Engine  or  turbine  speed 

at  14  knots   

88  r.p.m. 

2,000  r.p.m. 

1,250  r.p.m. 

Propeller  revolutions  per 

minute  at  14  knots  ... 

88 

110 

135 

Weight  of  driving  ma- 

chinery in  tons  

280 

156 

Not  known 

Character    of  driving 

' Two  triple- 

One  turbo- 
generator 
and  two 

Two  turbines 

machinery  

expansion 

each  with 

engines. 

motors. 

gearing. 

Steam  consumption  in 

14 

12 

I  Unknown. 

lb.  per  shaft  h.p.  hour 

estimated 

tested. 

The  collier  "Jupiter"  is  being  built  at  the  Mare  Island 
Navy  Yard.  The  electric  propelling  machinery  is  now  com- 
plete, and  has  been  tested  in  the  shops.  The  generating  unit 
consists  of  a  6-stage  Curtis  turbine  connected  to  a  bipolar 
alternator.    The  speed  of  the  generator  at  14  knots  is  about 

*  Abstract  of  paper  read  before  section  G  of  the  British  Association. 


Fig.  1.— Electrically -driven  Fire  Float  "Graeme  Stewart." 

ship,  and  the  time  and  difficulty  involved  can  be  correctly 
judged.  The  motor  can  be  operated  at  its  full  load  or  any 
desired  proportion  of  its  load  and  at  any  desired  speed. 
Variation  is  accomplished  by  a  mechanical  action  of  the  govern- 
ing mechanism  of  the  turbine  equivalent  to  that  which  would 
be  used  on  board  ship.  These  arrangements  afford  means  of 
experimenting  with  the  operating  conditions  up  to  about 
half  load,  the  work  being  applied  to  one  motor  only,  the 
second  machine  being  used  as  a  generator,  the  current  from 
which  is  carried  to  an  artificial  resistance  for  absorbing  the 
energy.  This  device  is  necessary  because  the  absorption  of 
7,000  h.p.  on  the  propeller  shaft  is  beyond  the  resources  of 
existing  mechanical  power-wasting  devices.  On  the  other 
hand,  it  is  easy  to  provide  means  of  ascertaining  the  working 
conditions  as  applied  to  the  generating  unit,  because  it  is  easy 
to  absorb  the  power  of  the  electric  generating  unit  in  arti- 
ficial water  resistances.  The  water  rates  of  the  generating 
unit  have  thus  been  tested  in  all  loads  and  conditions,  and 
the  record  of  these  tests  is  shown  by  the  accompanying 
curves.  J  In  these  tests  the  effects  of  speed,  voltage,  vacuum, 
and  superheat  are  all  thoroughly  investigated  in  a  series  of 
tests  run  under  the  conditions  of  load  characteristic  of  the 
ship's  operation.  Experience  gained  on  these  tests  lias  sug- 
gested modifications  by  which  it  is  anticipated  that  the  rate 
can  be  reduced  from  121bs.  to  11  Jibs,  per  shaft  horse-power 
hour. 

The  following  operations  were  carried  out  in  the  shop 
trials:  (1)  Start  turbine  by  opening  throttle,  the  speed  being 


t  An  illustrated  descri])tion  of  this  vessel  appeared  in  our  issue  of  August  30th. 
See  p.  -251  ante. 

%  These  curves  were  iff  produced  in  our  issue  of  August  30th.   See  p.  251  ante. 
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shown  by  an  indicator  on  the  switchboard  ；  (2)  bring  turbine 
to  moderate  speed  by  movement  of  dial  controller,  adjust  the 
motor  resistance,  and  start  the  motor  by  closing  "  ahead  " 
switch  ；  (3)  reverse  the  motor  repeatedly  by  simply  throwing 
over  the  switches  with  the  speed  and  load  corresponding  to 
about  8  knots  ；  (4)  increase  the  speed  and  adjust  the  load  to 
correspond  to  the  maximum,  which  can,  with  the  normal 
speed  and  voltage  of  the  generator,  be  run  with  resistance  in, 
this  being  the  maximum  speed  which  would  ordinarily  be 
used  in  "  backing  and  filling  "  ；  (5)  cut  resistance  out  of  cir- 
cuit by  slowing  down  the  generator,  opening  the  field,  throw- 
ing a  resistance  lever,  and  again  closing  the  field  switch  ；  (6) 
increase  the  speed  to  14  knots  and  adjust  the  load  to  corre- 
spond ； (7)  reduce  the  load  to  about  half,  which  corresponds 
to  the  maximum  load  on  the  ship  after  reversal,  then  reverse 
the  motor  by  interrupting  the  field,  throwing  the  resistance 
lever,  change  from  "ahead"  to  "reverse"  position  of  the 
switch,  and  again  close  the  field  ；  (8)  stop  the  motor  and  start 
with  resistance  ；  (9)  reverse  with  resistance. 

These  operations  cover  all  the  conditions  likely  to  be  met 
with  in  service,  and  all  of  them  were  repeated  and  varied, 
showing  complete  facility  of  handling  the  equipment.  The 
reversal  particularly  was  easily  and  smoothly  accomplished. 
The  writer  took  no  specific  records  of  the  time  required  to 
produce  the  reversal.  This  would  require  special  apparatus, 
because  it  was  so  short  that  it  could  not  be  conveniently 
observed  by  means  of  a  stop  watch  and  visual  observation. 

In  the  writer's  preliminary  studies  on  this  question  lie 
considered  it  necessary  to  deal  with  the  question  specially 
from  the  point  of  view  of  propeller  efficiency.  Further 
experience  has  shown  that  in  most  of  the  cases  with  which  he 
has  been  called  upon  to  deal,  the  propeller  conditions  are 
determined  by  the  conditions  under  which  the  ship  has  to 
work  in  respect  of  draught,  &c.，  so  that  there  are  not  many 
cases  where  the  saving  in  propeller  efficiency  is  a  fundamental 
determining  factor  in  the  choice  of  electric  equipment.  The 
question  of  propeller  efficiency,  however,  is  still  so  closely 
associated  with  the  proposals  for  ship  propulsion,  that  the 
writer  suggested  to  Mr.  Emmet  the  examination  of  the  pro- 
peller conditions  on  a  small  electric  vessel  constructed  by  the 
General  Electric  Company  as  a  fire-boat  for  the  city  of 
Chicago.  This  vessel,  the  "  Graeme  Stewart,"  is  one  of  two 
boats  owned  by  the  city  of  Chicago.  They  are  equipped  with 
General  Electric  turbines,  which  drive  centrifugal  fire  pumps. 
These  steam  turbines  are  also  connected  to  direct-current 
generators,  and  each  of  the  twin  screw  propellers  is  driven 
by  an  electric  motor.  The  boat  is  120ft.  long,  28ft.  beam, 
10ft.  draught,  and  the  general  arrangement  of  the  equip- 
ment is  shown  in  Fig.  1.  It  is  interesting  as  another  example 
of  electric  propulsion,  although  in  this  case  the  methods  are 
different  from  those  here  discussed.  Mr.  Emmet  has  pub- 
lished the  results  of  these  experiments  in  a  paper  to  the 
Society  of  Naval  Architects  and  Marine  Engineers,  held  in 
New  York  in  November  of  last  year.  These  results  are  of 
more  than  academic  interest,  for  they  show  clearly,  in  a  way 
not  hitherto  possible,  the  relation  between  the  power  applied 
and  the  work  done  under  the  varying  conditions  produced  by 
the  manoeuvring  of  a  boat  of  considerable  size.  Similar  expe- 
riments were  carried  out  on  a  smaller  scale  in  connection  with 
the  design  of  the  propellers  for  the  "  Mauretania "  and 
" Lusitania，，，  and  there  is  evidence  that  electric  transmission 
will  provide  means  for  a  fuller  understanding  of  propeller 
action  than  can  be  obtained  from  small-scale  experiments  in 
a  tank.  Mr.  Emmet's  paper  is  accompanied  by  a  very  full 
set  of  curves,  to  which  those  interested  are  referred.  To 
complete  the  understanding  of  the  curves  in  Mr.  Emmet's 
paper  it  may  be  stated  that  the  torque  given  is  the  torque 
on  each  shaft,  and  the  power  is  the  sum  of  the  power  of  both 
propellers.  The  weight  of  the  rotor  of  each  motor  is  4，1501bs. 
The  radius  of  the  motor  armature  is  15 fin.  The  torque  as 
given  on  the  curves  is  reduced  to  lft.  radius,  and  is  the  total 
torque  developed  by  the  motor  inclusive  of  the  torque  for 
accelerating  the  armature,  the  shaft,  and  the  propellers. 

Returning  to  the  Canadian  vessel,  the  arrangements  shown 
in  the  drawings  accompanying  the  writer's  paper  to  the 
association  at  Portsmouth  last  year  have  been  somewhat 
modified  in  carrying  them  into  actual  form.    It  has  been 


found  more  convenient  to  arrange  the  generating  plant  in 
two  units,  as  shown  in  the  accompanying  drawings  (Fig.  2). 
The  general  principle  of  the  apparatus  is  as  described  in  last 
year's  paper.  This  is  one  of  the  cases  where  the  limitations 
imposed  by  the  conditions  of  service  are  such  that  the  best 
results  are  obtained  by  adopting  the  propeller  size  and  rate 
of  revolution  which  have  been  determined  by  experience  in 
working  with  steam.  The  locks  on  the  canals  on  the  Great 
Lakes  route  from  the  St.  Lawrence  impose  limitations  on  the 
length,  breadth,  and  draught  of  the  ship,  which  determine 
its  size  and  the  size  of  the  propeller.  The  manoeuvring  of  the 
ship  by  the  steam  arrangements  is  satisfactory,  and  therefore 
the  field  for  improvement  is  limited  to  the  increase  of  carry 
ing  capacity.  The  present  arrangement  results  in  an  increase 
of  about  250  tons  in  the  carrying  capacity  as  compared  with 
the  steam  equipment :  (1)  Due  to  the  absence  of  the  boilers 
and  consequent  reduction  in  space  and  weight  of  machinery  ； 
(2)  due  to  the  important  difference  in  the  heat  value  of  the 
fuel  and  the  efficiency  with  which  it  is  used,  so  that  the 
bunker  capacity  can  be  materially  reduced. 

The  vessel  as  now  designed  has  dimensions  ： ― 


Length  overall    256ft. 

Length  between  perpendiculars    250ft. 

Extreme  breadth    42ft.  6in 

Depth  moulded    19ft. 

Forecastle    38ft. 

Poop   42ft. 

Speed    9  knots. 


The  vessel  is  designed  for  and  is  estimated  to  carry  about 
2,400  tons  deadweight  of  cargo,  fuel,  fresh  water,  and  stores 
on  14ft.  mean  draught  in  fresh  water.  She  is  classified  for 
service  on  the  Canadian  canals,  Great  Lakes,  St.  Lawrence 
River  and  Gulf,  with  occasional  trips  to  Sydney,  Cape  Breton, 
Two  steam  boilers  are  provided  for  the  working  of  the  deck 
equipment,  steering  gear,  and  electric  light,  and  for  the 
supply  of  heat  for  the  living  quarters.  It  may  at  first  sight 
seem  out  of  place  to  return  to  steam  equipment  for  these 
services,  but  the  conditions  of  the  service  in  question  are  such 
as  to  call  for  an  auxiliary  equipment  at  small  capital  cost. 
The  season  is  short  and  the  amount  of  work  called  for  from 
the  auxiliary  equipment  is  small,  and  therefore,  although  an 
electrical  equipment  would  be  much  more  economical  in  work- 
ing, there  is  not  time  or  opportunity  for  the  more  economical 
plant  to  justify  the  increased  capital  expenditure,  which  is 
very  considerable. 

The  necessity  for  providing  steam  for  heat  has  also  a 
strong  bearing  upon  the  question  at  issue.  If  the  steam 
boiler  has  to  be  used  it  involves  but  little  additional  expense 
to  provide  steam  for  the  steering  gear,  electric  light,  and 
whistle.  The  boilers  are  oil-fired,  and  the  fuel  and  working 
pressure  are  in  perfect  control.  The  same  fuel  is  used  in  the 
boilers  as  in  the  internal-combustion  engines.  The  main 
machinery  equipment  is,  as  has  been  stated,  in  two  units, 
each  consisting  of  an  engine,  dynamo,  and  a  winding  on  the 
propeller  motor.  The  engine  is  of  the  high-speed  type,  which 
has  been  developed  by  Messrs.  Mirrilees,  Bickerton,  &  Day. 
Large  numbers  of  these  engines  have  been  made  and  their 
capabilities  thoroughly  demonstrated,  so  that  there  is  little 
that  is  experimental  in  the  use  of  this  plant  for  the  purpose 
intended. 

The  engine  works  on  the  Diesel  4-cycle  principle,  and  has 
the  following  main  dimensions :  Cylinders,  12in.  diam. ； 
stroke,  13^in.  ；  revolutions  per  minute,  400.  There  are  six 
cylinders,  and  the  cranks  are  so  arranged  that  the  firing 
takes  place  at  equal  intervals.  The  engine  consists  princi- 
pally of  a  bed-plate,  on  which  are  mounted  the  columns 
carrying  the  cylinders  with  their  heads  and  valves.  The 
cylinder  head  contains  the  valves  which  are  operated  by 
levers  and  cams.  A  special  feature  of  the  levers  for  the  air, 
exhaust,  and  fuel  cams  is  that  they  are  split  in  such  a  manner 
that  the  part  above  the  valves  can  be  swung  Back,  so  that  the 
valves  can  easily  be  removed  without  disturbing  any  other 
gear.  The  working  parts  of  the  engine  are  entirely  enclosed, 
and  a  system  of  forced  lubrication  is  used,  supplied  by  a 
valveless  pump  driven  by  an  eccentric  on  the  crank  shaft 
placed  at  the  compressor  end.    The  second  motion  shaft  is 
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driven  by  means  of  a  worm  wheel  】nm"ited  on  the  crank 
sliat't  directly  midway  between  the  centre  cylinders,  through 
a  vertical  shaft  which  also  carries  the  governor  at  its  upper 
cud.  On  the  second  motion  shaft,  which  is  placed  at  the 
t'nmt  of  the  engine  and  carries  the  cams  for  operating  the 
valves,  are  mounted  the  eccentrics  which  drive  the  two  fuel 
pumps,  there  being  a  separate  pump  for  each  cylinder.  Tliis 
arrangement  enables  the  power  to  be  very  equally  divided 
between  the  rvlinflers.  The  compressor  is  driven  directly  from 
the  main  crank  shaft,  and  is  mounted  in  the  bed -plate,  which 
is  extended  to  carry  it. 

engine  is  effected  in  the  usual  Diesel 
compressed  air  stored 


The  starting  of  the 
manner,  bv  means  of 


in  receivers 


cylinders  is  drawn  through  the  bed-plate,  thus  effectually 
silencing  the  suction.  In  tlie  normal  operation  of  the  ship 
the  engines  run  under  governor  control  at  400  revs,  per 
minute,  but  the  speed  of  revolution  can  be  adjusted  by 
manipulating  the  governor,  so  tliat  the  engine  may  maintain 
constant  revolution  per  minute  at  a  rate  considerably  below 
400  should  this  be  required. 

The  electric  equipment  consists  of  two  3 -phase  generators 
each  giving  about  235  kilovoli-amperes  at  500  volts  alter- 
nating. The  generators  have  six  and  eiglit  poles  respectively, 
giving  frequencies  of  20  and  26*6  】)er  second.  Connected  to 
the  shaft  of  each  generator  is  an  exciter,  which  in  normal 
working  gives  about  30  amperes  at  100  volts,  but  is  capable 


Sectional  Elevation. 


Plan.  Section  at  Frauio  13  looking  forward. 

VlKWS  SHOWING  AltUANGEatENT  OF  OlIi-IiLKCTUlC   l'ltOl'ELLING  MACH1NKRY- 


plaml  iii  a  handy  position  near  the  engine.  Tlie  compressed 
air  for  this  purpose  is  supplied  by  the  compressor  on  the 
engine,  which  also  supplies  that  required  for  blowing  the 
fuel  oil  into  the  cylinders.  The  engine  is  provided  with  a 
patented  device  for  preventing  the  accumulation  of  fuel  oil 
in  tlie  fuel  valves  which  are  inoperative  during  starting.  A 
small  flywheel  is  fitted  of  sufficient  weight  to  ensure  steady 
niiniiiig,  and  to  facilitate  barring  round  when  required.  It 
is  bolted  to  a  flanyed  coupling  forged  solid  with  the  crank 
shaft.  Cooling  water  is  circulated  through  the  cylinder  and 
compressor  jackets  by  a  pump  of  the  rotary  type,  which 
draws  direct  from  the  sea.  This  pump  is  driven  by  mitre 
gearing  from  the  compressor  end  of  the  crank  shaft.  The 
exhaust  pipes  also  are  water  cooled.    The  air  for  the  main 


of  a  considerable  overload.  A  single  3-phase  motor  is  coupled 
direct  to  the  propeller  shaft.  This  motor  develops  500  shaft 
horse-power.  The  rotor  is  of  the  simple  squirrel  cage  type, 
without  any  electrical  or  mechanical  connections  other  than 
its  rigid  attachment  to  the  propeller  shaft.  The  stationary 
part  of  tlie  motor  has  two  separate  windings  for  30  and  40 
poles  respectively.  These  windings  are  mutually  non-induc- 
tive, so  that  except  for  slight  possible  leakage  of  magnetism 
they  exercise  no  influence  whatever  on  one  another  and 
operate  independently  on  the  magnetic  circuit  of  the  motor. 
When  these  two  windings  are  connected  respectively  to  the 
appropriate  generator  the  synchronous  speed  due  to  each  is 
80  revs,  per  minute,  or  actually  about  78  revs,  per  minute 
when  at  full  speed.    By  changing  the  counectious  the  direc- 
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tion  of  rotation  is  reversed,  and  by  connecting  the  40-pole 
winding  of  the  motor  to  the  6-pole  generator,  the  synchronous 
speed  drops  to  GO  revs,  per  minute,  or  actually  to  58  revs, 
per  minute,  giving  about  three-quarters  of  the  full  speed  of 
the  ship  under  this  condition.  One  generator  may  be 
stopped  and  the  other  left  running  at  full  revolutions  under 
governor  control,  and  therefore  at  approximately  its  full 
economy,  because  the  power  required  to  drive  the  ship  at 
three-quarter  speed  is  about  half  of  that  required  to  drive  it 
at  full  speed.  If  either  of  the  generators  is  left  attached  to 
its  own  winding,  the  other  generator  being  shut  clown  either 
by  intent  or  by  accident,  the  ship  is  propelled  by  either 
entitle  at  a  little  over  half  speed,  the  speed  of  the  ship  falling 
with  tlie  speed  of  rotation  of  the  engine  until  an  automatic 
adjustment  of  power  and  speed  is  reached.  This  occurs  at 
about  half  speed. 

The  control  gear  is  so  simple  as  hardly  to  require  any 
specific  description.  In  the  first  instance,  it  is  not  proposed 
to  operate  the  control  from  the  bridge,  but  arrangements  are 
made  by  which  this  can  easily  be  done  if  required.  There  are 
five  positions  on  the  switch  corresponding  to  the  ordinary 
positions  on  the  engine-room  "telegraph."  They  are  "full 
speed  ahead/'  '、  half  speed  ahead/'  "  stop,"  (( half  speed 
astern,"  and  "  full  speed  astern."  Each  position  of  the  con- 
troller is  definitely  fixed  by  means  of  cams  and  roller,  so  that 
stopping  at  intermediate  positions  is  prevented.  For  half 
speed,  No.  1  generator  is  coupled  to  No.  2  winding  of  the 
motor,  and  No.  2  generator  is  running  light  or  stopped.  For 
full  speed  each  generator  is  connected  to  its  own  winding  in 
the  motor  respectively.  The  controlling  gear  provides  for 
the  interruption  of  the  excitation  of  the  generators  while  the 
switch  is  being  moved  from  one  step  to  another.  This  mode 
of  operation  renders  the  electric  circuits  "dead"  while  the 
switching  over  operation  is  being  accomplished,  and  thus 
injurious  sparking  is  avoided. 

It  will  be  seen  that  in  this  case  the  control  gear  is  some- 
what different  from  that  of  the  "Jupiter."  In  the  "Jupiter" 
the  motors  are  provided  with  wound  rotors  in  which  resis- 
tances can  be  inserted  for  control  of  the  rotor  currents.  In 
the  present  case  there  is  no  such  control.  The  rotor  current 
is  allowed  to  rise  to  the  value  determined  by  the  properties  of 
the  motor  and  the  mechanical  resistance  imposed  upon  it  by 
the  shaft.  The  control  of  this  current  is  limited  to  what  is 
obtainable  by  control  of  the  exciting  field  of  the  generator. 

A  long  series  of  trials  was  carried  out  on  the  experimental 
vessel  "  Electric  Arc,"  which  was  described  by  the  writer  in 
bis  communication  last  year,  and  on  the  data  there  obtained 
it  has  been  found  possible  to  design  the  equrpment  for  this 
vessel,  so  that  it  is  equal  in  simplicity  to  the  smaller  experi- 
mental equipment.  This  vessel  has  been  purchased  by  the 
Montreal  Transportation  Company,  Ltd.,  for  service  on  the 
Canadian  lakes.  It  is  to  be  named  u  Tynemount."  She  is 
being  built  by  Messrs.  Swan,  Hunter,  &  Wigliam  Richardson, 
Ltd.,  to  the  order  of  Messrs.  the  Electric  Marine  Propulsion 
Company,  Ltd.  The  writer  desires  to  acknowledge  the  valu- 
able co-operation  of  Mr.  John  Reid,  of  Glasgow  and  Mon- 
treal, in  the  design  of  this  vessel  and  her  equipment. 

Many  other  propositions  are  under  consideration,  but  the 
policy  of  proceeding  by  successive  steps  towards  the  more 
important  applications  renders  the  rate  of  progress  slow.  The 
steps  now  made  are  from  50  to  500  and  5,000  h.p.,  so 
that  not  many  more  are  required  to  demonstrate  completely 
what  are  the  capabilities  of  electric  marine  propulsion.  It 
is  to  be  hoped  that  this  country  may  have  the  glory  of  mak- 
ing the  next  step.  At  present  the  credit  of  the  largest 
equipment  is  with  America. 


Accident  at  a  Railway  Works. ―  A  serious  accident,  involving 
injuries  to  six  men,  occurred  on  the  16th  inst.  in  the  Locomo- 
tive Works  of  the  Caledonian  Railway  Company  at  St. 
Rollox,  Glasgow.*  The  direct  cause  of  the  accident  is  at  pre- 
sent unknown,  but  it  appears  that  while  a  number  of  moulders 
were  making  a  casting  in  the  brass  foundry  an  explosion 
occurred,  causing  a  quantity  of  molten  brass,  amounting  to 
about  4  cwts.,  to  scatter  in  all  directions  and  to  injure  the 
majority  of  the  men  engaged  in  the  operation. 


MAKING  AND  CASTING  NICKELENE  OR  SILVER  METAL. 

Considerable  difficulty  is,  says  Mr.  A.  L.  Goldsmith  in  "  The 
Foundry/'  frequently  experienced  in  casting  the  alloys  of 
nickel  and  copper,  known  as  nickelene,  nickel  silver,  or  silver 
metal,  as  the  castings  exhibit  a  strong  tendency  to  run  spongy 
or  porous,  and  to  also  draw  or  shrink  in  the  sharp  corners,  or 
wherever  a  heavy  and  light  section  are  joined.  In  addition 
to  the  excessive  contraction  which  causes  the  castings  to  break 
while  being  finished,  the  metal  is  hard  and  difficult  to 
machine.  The  machining  properties  were  improved  by  reduc- 
ing the  content  of  nickel,  and  the  shrinkage  and  drawing  were 
overcome  by  the  use  of  suitable  gates,  shrink  balls,  and  by 
regulating  the  pouring  temperature  of  the  metal.  The 
accompanying  illustration  shows  a  half -mould  containing 
several  simple  check  discs  for  valves,  and  these  castings  were 
the  source  of  much  trouble,  as  they  invariably  contained  a 
draw  or  shrinkage  crack  at  the  point  of  juncture  of  the  stem 
and  disc.  This  difficulty  was  overcome  by  placing  a  shrink 
ball  on  the  end  of  the  stem.  Shrink  balls  must  always  be  used 
in  making  castings  from  this  alloy,  and  these  should  be  of  such 
a  size  that  they  will  remain  fluid  after  the  casting  has  set,  to 
supply  metal  for  the  shrinkage  of  the  casting. 

In  addition  to  the  use 
of  shrink  balls,  it  is  advi- 
sable to  avoid  all  sharp 
corners  on  either  patterns 
or  cores,  as  the  hot  metal 
has  a  tendency  to  cut  or 
wash  away  the  sand  at  such 
points,  especially  if  green 
sand  moulds  are  used. 
While  wide,  thin  gates  are 
better  for  brass,  nickelene 
requires  deep  narrow  gates, 
otherwise  a  draw  or  a 
shrinkage  crack  will  result. 
The  principal  object  in 
using  nickelene  or  silver 
metal  is  to  obtain  castings 
of  a  uniform  white  colour, 
which  will  withstand  re- 
peated polishing  without 
change  of  colour.  This  is 
not  the  case  with  plated 
goods,  as  the  nickel  is  worn  off  by  the  friction  of  the  polishing 
compound,  and  exposes  the  base  metal  underneath.  To  match 
tubing  and  nickel-plated  ware,  the  following  formula  has 
been  found  most  suitable  by  the  writer  ： ― 

Copper    551bs. 

Nickel    12^1bs. 

Zinc   :   20^1bs. 

Lead    lOlbs. 

Tin    21bs. 

The  nickel  may  be  in  either  shot  or  disc  form,  aud  the  alloy 
is  made  by  first  placing  the  copper  and  the  nickel  in  the 
crucible  together,  keeping  them  well  covered  with  charcoal  or 
coke  dust,  and  as  soon  as  they  are  melted,  the  soft  metals  are 
added.  The  furnace  then  should  be  urged  until  the  metal  is  so 
hot  that  it  will  bite  into  an  iron  bar,  at  which  stage  a  piece  of 
magnesium,  about  Jin.  square,  or  a  small  piece  of  aluminium 
should  be  added.  The  former  deoxidiser  is  preferred.  When 
adding  it  to  the  bath  it  is  tied  to  an  iron  bar  and  plunged  to 
the  bottom  of  the  crucible,  the  metal  meanwhile  being 
vigorously  stirred.  The  crucible  should  then  be  removed  from 
the  furnace,  skimmed,  and  poured.  After  the  first  mould  is 
poured  it  will  be  well  to  take  note  whether  the  metal  rises  or 
swells  in  the  sprue,  and  if  it  does,  an  additional  piece  of 
magnesium  or  aluminium  should  be  added.  However,  care 
should  be  exercised  to  prevent  using  too  large  a  quantity.  In 
all  cases  where  the  sprues  swell  or  rise  in  the  centre,  the 
castings  should  be  scrapped,  as  they  will  be  found  defective 
when  machined.  In  pouring  this  alloy  the  metal  should  be 
hot  enough  to  smoke  like  yellow  brass,  otherwise  the  castings 
will  be  very  liable  to  leak  when  tested.  Wheu  poured  at  this 
temperature  it  was  found  that  the  tendency  to  shrink  and 
crack  was  materially  reduced. 


ihtical  Section  of  an  Upright  Mould 
Valve  Checks,  showing  Gates  and 
Shiunk  Balls  required  for  Casting 
Nickel  Silver. 
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THE  COMMERCIAL  ECONOMY  OF  TURBINE  PUMPS.* 

BY  F.  ZUR  NEDDEN  AND  H.  13.  MAXWELL. 

(Continued  from  i)age  328). 

(5)  The  Technical  and  the  Commercial  Efficiency. ― All  that 
has  beeu  said  iu  connection  with  the  combined  pressure 
and  counterpressure  diagram  should  prove  that  a  man  is  wrong 
who  thinks  he  is  sure  to  get  the  best  possible  turbine  pump  for 
his  purpose  if  he  ties  down  the  manufacturer  as  rigorously  as 
possible  to  the  efficiency  guaranteed  in  the  contract.    On  the 


Fig.  15. — Comparison'  of  Technical  and  Commercial  Efficiency. 

contrary,  it  will  often  be  directly  agaiust  his  best  interests  if 
the  manufacturer  chooses  to  give  him  exactly,  and  without  any 
margin  whatever,  what  was  specified  in  the  contract.  The 
predominant  factor  for  the  valuation  of  a  turbine  pump  is  not 
the  maximum  efficiency  obtained  by  it,  but  the  suitability  of 
its  characteristic  curve  to  the  existing  conditions  of  counter- 
pressure.  This  especially  applies  to  the  majority  of  high  lift 
turbine  pumps,  viz.,  those  driven  direct  by  a  3 -phase  motor, 
i.e"  at  constant  speed. 

The  form  of  the  characteristic  curve,  however,  not  only 
reflects  on  technical  points,  but,  sometimes  in  a  very  heavy 
degree,  also  on  the  economical  or  commercial  side  of  the  ques- 
tion. This  comes  in  as  soon  as  the  necessity  arises  to  regulate 
the  duty.  This  is  very  simply  but  very  uneconomically  done 
by  throttling  the  regulating  gate  valve.  An  amount  of 
counter-pressure  equal  to  H3,  as  per  Fig.  13,  has  to  be  gene- 
rated by  throttling  in  order  to  get  the  pump  to  deliver  just 
as  much  water  as  corresponds  to  a  total  counterpressure  of 
Hj  +  H^  +  H"  The  amount  H3  is  absolutely  wasted.  Com- 
mercially, the  efficiency  curve  as  plotted  in  Fig.  13  is,  there- 
fore, of  no  great  value,  as  it  is  based  on  the  assumption  that 
the  pressure  I£x  +  112  -J-H3  as  indicated  by  the  characteristic 


Per  cent,  of  "  Nor.n al  "  value. 

l，i"  J6.— Standard  Diagkam  of  Normal  Modern  Hiou-lii  t 
Turbine  Pump. 

rurve  is  useful  pressure,  whilst  in  reality  only  the  part- 
H,  +  li2  is  useful  from  the  miue-owuers，  point  of  view.  The 
ordinates  of  a  curve  of  commercial  efficiency  have,  therefore,, 
to  be  reduced  in  the  ratio  of 

II,  +  H, 
H〖 + 

and  the  result  is  shown  in  Fig.  15. 

*  Paper  read  before  the  South  African  Institution  of  Eugincers. 


It  is  evident  how  much  depends  on  the  shape  of  the 
characteristic  curve  before  it  meets  with  the  counter-pressure 
curve.  If  the  curve  be  flat,  the  excess  H3  of  generated  head 
above  useful  head  will  be  small,  and  the  regulating  process 
is  much  more  economical.  The  gap  between  technical  and 
commercial  efficiency  is  much  smaller  than  shown  in  the 
present  diagram.  The  latter,  however,  is  better  if  great 
decrease  in  periodicity  is  to  be  provided  for. 

The  importance  of  the  form  of  the  characteristic  curve 
is  evident.  It  would,  however,  not  be  right  to  try  in  every 
case  to  tie  down  manufacturers  to  obtaining  or  guaranteeing 
a  special  form  of  characteristic  curve.  In  most  cases  manu- 
facturers could  not  honestly  give  such  a  guarantee,  especially 
with  small  or  medium-size  turbine  pumps.  Sometimes  even 
two  pumps  made  exactly  alike  in  every  respect  have  slight 
differences  in  their  characteristics,  which  is  easily  conceivable 
when  considering  that  a  slight  inexactitude  in  the  moulding 
of  an  impeller  has  its  effect  multiplied  by  1,500  or  even 
3,000  revs,  per  minute.  But  it  must  be  emphasized  that  the 
above  curves  show  that  it  is  even  more  essential  when  order- 
ing a  turbine  pump  than  when  ordering  a  piston  pump  that 
the  maker  be  supplied  with  every  possible  detail  of  the  con- 
ditions under  which  the  pumps  will  have  to  work.  Success 
in  the  operation  of  a  plant  depends  to  a  still  higher  degree 
on  experience  and  the  carefulness  of  the  maker,  with  turbine 
pumps  than  with  piston  pumps.  Many  breakdowns  of 
turbine  pumps  are  due  less  to  bad  workmanship  than  to  the 
want  of  experience  on  the  part  of  the  makers  who  built 
them.  For  the  consulting  or  managing  engineer,  it  will,  in 
nine  cases  out  of  ten,  be  quite  sufl&cient  that  he  bases  his 
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Fig.  17.— Vabiation  of  Head  and  Delivery  with  Vabxing  Speed. 

economic  considerations  on  a  normal  diagram,  as  shown  by 
Fig.  16,  as  to-day  the  characteristic  curves  of  the  more  pro- 
minent makes  are  already  pretty  much  standardised.  The 
authors  have  personally  found  the  data  contained  in  Fig.  16 
to  give  a  fair  average  of  what  may  be  expected  from  a 
normal,  modern,  standard,  first-class  high-lift  turbine  pump. 
Beyond  using  such  standard  curves  it  will,  in  the  authors' 
■opinion,  be  best  to  trust  to  the  skill  and  experience  of  a 
•conscientious  maker  to  adapt  the  individual  turbine  pump 
to  the  existing  conditions.  After  all,  it  is  always  possible 
to  make  the  same  slight  alterations  〃/  situ  which  manufac- 
turers make  on  the  test  bed,  should  it  appear  that  too  ample 
a  margin  has  been  left,  or  that  an  error  has  been  made  in 
determining  the  total  counterpressure.  • 

The  customer  has,  however,  means  at  hand  to  free  himself 
more  or  less  from  the  influence  of  the  characteristic  curve  by 
providing  for  speed  regulation  of  some  kind.  If  involuntary 
variations  of  speed  seriously  affect  the  reliability  of  the  tur- 
bine pump  plant,  the  economic  effect  of  speed  regulation,  on 
the  other  hand,  is  most  advantageous.  Before  giving  concise 
examples  as  to  the  value  of  speed  regulation  we  should  regard 
the  general  effect  of  speed  variation  on  our  diagram.  .  This 
can  very  simply  be  gathered  from  the  following  considera- 
tions ： ―  , 

1.  Quantity.— ks  au  impeller  takes  in  one  definite  quan- 
tity of  water  at  each  revolution,  equal  flow  of  water  through 
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its  channels  presupposed,  it  is  obvious  that  its  output  will  vary 
in  direct  proportion  to  the  number  of  revolutions. 

2.  Head. ― As  the  relation  between  kinetic  and  static 
energy  is : 


H 


wherein 


H  =  head  or  pressure, 
(' = velocity, 

a  =  acceleration  due  to  gravity, 

it  follows  that  the  head  generated  by  a  turbine  pvunp  is  in 
proportion  to  the  square  of  the  speed.  As  all  internal  resis- 
tances which  have  to  be  subtracted  from  the  theoretic  head  are 
dynamic  ones,  i.e.,  they  vary  witli  the  square  of  the  speed, 
this  law  is  proved  to  be  absolutely  right  also  in  practice. 

3.  Power. ― As  the  power  required  is  the  product  of  head 
and  duty,  and  a  constant,  it  follows  tliat  it  must  vary  with 卜 h(， 
third  power  of  the  speed. 

If  we  know  point  A，  Fig.  17，  to  be  a  point  of  the  charac- 
teristic curve  for  1,450  revs,  per  minute,  we  can  easily  work 
out  that  the  corresponding  or  u  affine  ，，  point  B  on  the  charac- 
teristic curve  for  1,500  revs,  per  minute  lies  where  the  abscissa 
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In  other  words,  when  the  speed  varies  the  point  A  travels 
along  a  parabola  as  sliown  dotted  in  Fig.  17，  which  we  call  the 
parabola  of  affinity. 

If  the  same  calculation  is  carried  through  for  different 
points,  new  curves,  as  per  Fig.  18，  are  found  for  new  speeds. 
The  combination  of  such  curves  with  one  fixed  counterpressure 
curve  has  already  been  shown  by  Fig.  13，  and  it  is  only  neces- 
sary to  replace  52,  50，  and  48  cycles  in  that  figure  by  1,510, 
1，450，  and  1,390  revs,  per  minute  in  order  to  come  to  definite 
speeds. 

Fig.  15  shows  that  the  highest  commercial  efficiency  is 
obtained  at  the  point  of  intersection  between  pressure  and 
counterpressure  curve.  The  highest  possible  economy  will, 
therefore,  be  secured  by  regulating  the  duty  along  the  counter- 
pressure  curve,  i.e.,  from  Px  via  P  to  P2.  This  is  done  by 
regulating  the  speed  -  It  should  be  noted  that  the  duty  then 
varies  in  a  much  higher  percentage  than  the  speed,  as  the 
pressure  and  the  counterpressure  curves  intersect  at  a  rather 
acute  angle.  This  is  favourable,  as  it  implies  only  a  small 
range  of  speed  regulation  for  a  considerable  range  of  duty 
regulation.  The  efficiency  of  the  driving  motor  will,  there- 
fore, remain  practically  constant,  and  it  is  quite  correct  to 
arrive  at  an  opinion  about  the  economic  effect  of  such  duty 
re^ulat ion  by  speed  regulation  t  hrougli  solely  comparing  the 
change  effected  in  the  commercial  efficiency  of  the  pinnp. 

Fig.  1 9  shows  the  efficiency  diagrams  for  the  three  charac- 
teristic curves  as  per  Fig.  13.  They  are  very  simply  obtained 
by  noting  that,  within  a  margin  of  speed  variation  of  about 
5  per  cent,  above  or  below  normal,  the  efficiency  remains 
practically  constant  along  eacli  parabola  of  affinity,  or  for  all 
relative  ])oints  sucli  as  points  A  and  B  in  Fig.  17.  Thia 


dia^raui  enables  us,  by  })icking  out  tlie  clliciciicies  c()rrcs]K)n(l- 
ing  to  points  P,  PJ?  and  (which  are  coniniei'cial  eniciencios 
i"  the  sense  defined  before)  to  】)lot  tlie  j>rincipal  curve  in 
Fig.  20.  This  diagram  jKMniits  a  direct  coii)]>arison  with 
Fig.  15,  and  clearly  shows  the  exact  amount  of  advantage 
derived  from  regulating  the  speed. 

It  will  now  depend  on  the  conditions  of  tlic  particular 
in  question  whether  these  advantages  must  be  considered  large 
enough  to  accept  the  complication  always  incurred  by  regulat- 
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iii"r  devices,  except,  [>erliaj)s,  when  tlie  puinp  be  direct  coupled 
to  a  direct-current  motor,  wliere  it  is  very  trifling.  By 
capitalising  the  saving  in  efficiency  it  can  easily  be  Found 
whether  it  would  j)ay  to  go  to  the  extra  expense  of  buying  a 
variable-speed  3-phase  motor,  provided  the  pump  station  be 
dry  enough  to  avoid  collector  troubles.  In  some  instances  it 
is  quite  a  good  solution  to  couple  the  pump  to  a  countershaft 
driven  by  belt  off  an  ordinary  3-phase  motor,  provided  there 
were  room  enough  for  the  belt  drive.  The  countershaft  or 
motor  pulley  could  then  be  altered  in  diameter  to  suit  various 
conditions.  If  the  pump  station  had  to  be  enlarged  to  provide 
space  enough  for  the  belt  drive,  the  cost  of  making  tlie  station 
larger  would,  in  most  cases,  absorb  the  capitalised  saving  in 
commercial  efficiency. 

It  should  of  course  be  emphasized  that  the  conclusions  to 
be  drawn  from  the  above  diagrams  must  in  no  way  be 
generalised,  and  in  order  to  prevent  any  misinterpretation  it 
is  the  author's  purpose  to  show  another  typical  case  of  turbine 
pump  work  wliere  the  conclusions  deduced  from  the  combined 
diagrams  are  quite  different.  Main  drainage  generally  gives 
a  type  of  counterpressure  diagram  consisting  mainly  of  static 
pressure.  The  aspect  completely  varies  as  soon  as  dynamic 
resistances  form  tlie  principal  constituents  of  tlie  counter- 
pressure,  as  they  often  do  with  waterworks.  Let  us  consider 
a  case  where  about  half-a-million  gallons  per  24  hours  had  to 
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l)e  pressed  through  a  Gin.  pipe  line  four  miles  long  from  a. 
spring  to  a  reservoir,  the  total  level  diflei-ence  to  be  overcome 
being  45ft.  in  tlie  rainy  seasons  and 厂) -「)H  .  niaxinium  during  a 
dry  summer.  From  the  outset  it  is  clear  that  a  turbine  pumj) 
coupled  direct  to  a  3-phase  motor  must  be  a  suitable  machine 
for  the  purpose,  as  it  represents  nothing  else  but  a  means  of 
elevating  the  level  of  the  spring  to  such  a  height  that  its  water 
flows  into  the  city  reservoir  by  itself.  By  working  put  the 
(■oinl)ined  ])ressure  and  c(>uiiter[)re8sure  diagram  this  simple 
reasoning  is,  in  a  way,  verified,  but  at  the  name  time  grave  dis- 
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advantages  are  detected.  According  to  the  well-known 
formula — 

, _  Jc  x  I  x  v  - 

where  h  =  0  026  the  coefficient  of  pipe  friction 

I  =  length  of  pipe  in  feet 
v  ―  velocity  of  water  in  feet  per  second 
d  =  diameter  of  pipe  in  feet 

the  resistance  It  of  the  pipe  line  works  out  at  107ft,  for  a  flow 
equivalent  to  a  delivery  of  500,000  galls,  per  day.  A  coating 
about  ^in.  thick  as  formed  in  every  pipe  after  a  certain  time 
would,  by  altering  v  and  d  in  the  above  formula,  add  another 
10ft.  to  that  resistance,  and  as  the  frictional  resistance  of  the 
coating  is  different  from  that  of  the  bare  pipe  an  increase  of, 
say,  5  per  cent,  in  the  coefficient  /•  must  be  taken  into 
account .  This  would  bring  the  total  pipe  resistance  for 
500,000  galls,  per  day  up  to  something  like  122ft  .  The  pump 
will  therefore  be  ordered  for  a  pressure  P  —  177ft.  when 
delivering  500,000  galls,  per  day,  and  running  at  a  synchro- 
nous speed  of,  say,  1,500  revs,  per  minute.  The  maker  will 
probably  supply  a  turbine  pump  pressing  up  to  about  184ft., 
giving  it  a  5  per  cent,  margin.  The  pressure  curve  of  tliat 
pump  might  be  in  accordance  with  the  general  standard  curve, 
Fig.  16.  Tlie  counterpressure  curves  can  now  easily  be 
traced,  and  it  will  be  noted  from  Fig.  21  that  by  their  inter- 
secting the  pressure  curve  at  an  obtuse  angle  the  influence  of 
their  moving,  through  tlie  various  reasons  mentioned  before, 
from  point  I'  to  point  P.A  is  extremely  small  as  regards  duty 


Fk;.  -21.— Combinkd  Pressure  anp  Counterpuessurk  Diagram 
foh  Waterworks  Pumping  I*lant. 

and  efficiency.  In  addition  no  great  fear  need  be  entertained 
as  to  the  failing  of  the  pump  through  change  of  periodicity  as 
it  cannot  11  snap  off,"  nor  will  tlie  load  vary  too  much.  The 
greatest  drawback  of  the  plant  is  to  be  found  in  its  being 
rigidly  bound  to  a  minimum  range  of  duty.  Neither  is  it  at 
all  possible  to  get  a  greater  duty  out  of  the  pump  than  9  to 
10  per  cent,  more  than  that  specified  (point  P3)y  nor  will  it  be 
advisable  to  throttle  the  duty  down  by  means  of  the  regulating 
valve,  as  the  commercial  efficiency  quickly  falls  off  in  conse- 
quence of  the  steep  incline  of  the  counterpressure  curve  in 
comparison  with  the  flat  pressure  curve. 

For  conditions  like  these,  i.e.,  if  the  dynamic  resistances 
form  the  greater  portion  of  the  counterpressure,  the  turbine 
pump  may  only  be  driven  at  constant  speed  if  it  is  not  neces- 
sary for  it  to  handle  varying  quantities.  As  soon  as  quantity 
regulation  becomes  important,  it  must  be  provided  for  by 
means  of  regulating  the  speed.  Whilst  with  a  counterpressure 
consisting  mainly  of  static  head  1  per  cent,  of  speed  variation 
is  equivalent  to  a  3  to  6  per  cent.,  or  even  higher  percentage, 
of  change  in  duty,  the  effect  of  speed  variation  on  counter- 
pressure  systems  with  large  dynamic  resistances  is  only  about 
one  to  one.  A  particularly  large  range  of  speed  regulation  is, 
therefore,  required,  which  is  generally  most  economically 
obtained  by  direct  coupling  tlie  pump  to  a  steam  turbine. 

The  number  of  examples  could  be  increased  by  many 
others'  l)ut  it  will  )>e  better  to  devote  the  remainder  of  the 
PaPer  {o 山 Muring  some  other  factors  inflxiencing  economy 


besides  the  shape  of  pressure  and  counterpressure  curves.  The 
principal  of  these  is  tlie  influence  of  wear  and  tear  on  the 
economy.  Of  course,  wear  can  never  be  quite  avoided,  but  it 
should  be  emphat  ically  stated  that  users  of  turbine  pumps  can 
assist  in  at  least  as  liigh  a  degree  as  can  the  makers  in  inini- 
mising  wear  and  tear  and  their  consequences. 

The  effects  of  wear  and  tear  on  the  efficiency  of  a  turbine 
pump  consist  almost  exclusively  in  the  leakage  through  worn- 
out  buslies.  The  possible  maximum  of  leakage  is  not  the  same 
in  all  makes,  and  the  principal  reason  why  the  efficiency  of  one 
])uni])  will  decrease  sooner  than  that  of  another  pump  work- 
ing under  similar  conditions,  especially  if  the  number  of  stages 
is  the  same  in  each  case,  is  to  be  found  in  the  different  designs 
for  balancing  the  axial  thrust.  As  one  of  the  authors  dealt 
more  broadly  with  the  practical  side  of  this  question  in  tlie 
" Engineering  Magazine,"  1910,  we  will  only  deal  with  the 
economic  side  of  the  question. 

(To  be  continued*) 


WORM  GEARING  FOR  MOTOR-CARS. 

The  usual  method  of  mounting  a  worm  wheel  midway  between 
its  bearings  on  the  rear  axles  of  worm-driven  motor  road 
vehicles,  although  presenting  a  symmetrical  design,  throws  an 
unequal  load  on  the  journals  due  to  the  side  thrust  on  the 
worm  wheel  caused  by  the  angularity  of  the  thread.  These 
unequal  loads  can  only  be  counteracted  by  placing  the  worm 
wheel  out  of  centre,  the  exact  distance  being  dependent  upon 
the  angle  of  inclination  of  the  worm  thread  and  the  pressure 
angle  of  the  teeth.  Where  the  worm  wheel  is  so  placed  out 
of  centre  the  design  presents  an  unsymmetrical  appearance, 
but  if,  as  shown  in  the  accompanying  illustration,  a  double 
ball  thrust  is  arranged  on  the  side  of  the  journal  remote  from 
the  direction  of  the  side  thrust  on  the  wheel,  then  the  correct 


Worm  Gearing  for  Motor-cars. 


position  of  the  wheel  to  give  equal  loads  on  the  bearings 
will  be  approximately  midway  between  the  two  extreme 
points  of  the  unit,  thus  giving  all  the  advantages  of 
increased  efficiency  together  with  a  neat  and  sym- 
metrical appearance.  In  the  arrangement  illustrated, 
the  invention  of  Messrs.  D.  Brown  &  Scms，  Ltd., 
Park  Gear  Works,  Lockwood,  Huddersfield,  the  worm  wheel 
is  unsymmetrically  placed  between  its  journals.  Referring  to 
the  illustration,  X  is  a  worm  which  transmits  motion  to  the 
worm  wheel  Y  mounted  on  the  differential  casing  W  which 
contains  the  usual  differential  gear,  and  is  set  out  of  centre. 
The  differential  gearing  is  mounted  on  two  journal  bearings 
A  and  B  carried  by  the  case  Z.  In  this  arrangement  of  gear- 
ing an  equal  load  is  obtained  on  each  bearing.  A  double- 
acting  thrust  bearing  C  is  located  on  one  side  of  the  worm  or 
spiral  gear  wheel  whereby  a  symmetrical  design  is  obtained 
and  the  efficiency  of  the  gearing  increased,  the  thrust  in  both 
directions  being  taken  up  by  this  bearing. 

*  "  Engineering  Magazine,"  May,  1930— "  Design,  Construction,  and  Operation  of 
Hi«h-lift  Centrifugal  Pumps,"  by  Mr.'F.  Zur'Neddeu. 
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NOMENCLATURE  OF  MICROSCOPIC  SUBSTANCES  AND 
STRUCTURES  OF  STEEL  AND  CAST  IRON, 

I. ― General  Plan. 
We  first  enumerate  the  substances  of  such  importance  as  to 
warrant  it,  indicating  roughly  their  constitution,  and  then 
define  and  describe  certain  of  them. 

The  conditions  which  we  meet  are  (1)  that  we  need  defini- 
tions on  which  all  can  agree  ；  and  this  implies  that  they,  must 
be  free  from  all  contentious  matter  and  be  based  on  what  all 
admit  to  be  true.  (2)  That  the  reader  must  needs  know  the 
current  theories  as  to  the  constitution  of  these  substances,  and 
these  theories  are  necessarily  contentious.  We  meet  these 
conditions  by  the  plan  of  giving  (1)  the  name  which  we  recom- 
mend for  general  use,  followed  immediately  in  parentheses  by 
the  other  names  used  widely  enough  to  justify  recording 
them  ；  (2)  the  definition  proper,  based  on  an  undisputed 
quality,  e.g.,  that  of  austenite,  which  we  base  on  its  being  an 
iron-carbon  solid  solution,  purposely  omitting  all  reference  to 
the  precise  nature  of  solvent  and  solute  ；  and  (3)  constitution, 
&c.，  in  which  we  give  the  current  theories  as  to  the  nature  of 
solvent  and  solute  and  appropriate  descriptive  matter. 

The  distinction  between  these  three  parts  should  be  under- 
stood : (1)  the  names  actually  used  are  matter  of  record  and 
indisputable  ；  (2)  the  definitions  are  matters  of  convention  or 
treaty,  binding  on  the  contracting  parties,  though  subject  to 
denouncement,  preferably  based  on  some  determinable  pro- 
perty of  the  thing  defined  as  distinguished  from  any  theory  as 
to  its  nature,  or  if  necessarily  based  on  any  theory  it  should 
be  a  theory  wliich  is  universally  accepted.  It  is  a  matter 
purely  of  convention  and  general  convenience  what  individual 
property  of  the  thing  defined  shall  form  the  basis  of  the 
definition.  The  name  and  the  definition  should  endure  per- 
manently, except  in  the  case  of  a  definition  based  on  an 
accepted  theory,  which  must  be  changed  if  the  theory  should 
later  be  disproved.  (3)  Theories  and  descriptions  are  not 
matters  of  agreement  or  convention,  but  dependent  on  obser- 
vation, and  therefore  always  subject  to  be  changed  by  new 
discoveries.  They  are  temporary  in  their  nature,  as  distin- 
guished from  the  names  and  definitions  which  should  be  fixed, 
at  least  relatively. 

This  case  of  austenite  illustrates  the  advantage  of  non- 
indicative  names.  The  names  which  we  propose  to  displace, 
(C  gamma  iron  ，，  and  "  mixed  crystals,"  imply  definite  theories 
as  to  the  nature  of  austenite,  and  hence  might  have  to  be 
abandoned  in  case  those  theories  were  later  disproved.  The 
name  "  austenite  11  implies  nothing,  like  mineral ogical  names 
in  general,  and  hence  is  stable  in  itself.  Our  infant  branch 
of  science  may  well  learn  from  its  elder  sister,  which  has  tried 
and  proved  the  advantage  of  this  non-indicative  naming. 

In  those  cases  in  which  a  name  has  been  used  in  more  than 
one  sense  we  advise  the  retention  of  one  and  the  abandonment 
of  the  others,  fiaving  obtained  the  consent  of  the  proposers  of 
such  names  for  their  abandonment. 

Many  whose  judgment  we  respect  object  to  our  including 
certain  of  the  less  used  names,  e.g.,  from  "  i  "  to  "  n  "  in  our 
list,  holding  them  either  to  be  confusing  or  to  be  needless.  It 
is  true  that  several  names  (hardenite,  martensite,  sorbite, 
&c.)  have  been  used  with  various  meanings,  and  hence  con- 
fusingly, in  spite  of  which  most  of  them  should  be  retained, 
each  with  a  single  sharp-cut  definition,  because  they  are  so 
useful. 

As  regards  the  alleged  Heedlessness  of  certain  names,  it  is 
for  each  writer  to  decide  whether  he  does  or  does  not  need 
names  with  nice  shades  of  meaning,  such  as  osmondite  and 
troosto-sorbite.  Those  who  look  only  at  the  general  outlines  and 
n^t  at  the  details  have  no  right  to  forbid  the  workers  in  detail 
from  having  and  using  words  fitting  their  work  ；  nor  have 
those  whose  needs  are  satisfied  by  the  three  primary  colours  a 
right  to  forbid  painters,  dyers,  weavers,  and  others  from 
naming  the  many  shades  with  which  they  are  concerned. 
Like  the  lexicographer,  we  must  serve  the  reader  by  explain- 
ing those  words  which  he  will  meet,  whether  we  individually 
use  or  condemn  them.    We  feel  that  we  have  exhausted  our 

！;' 'i"T*  <<\'  f'.ininit.lr'r  nil  "  The  Xnniciu'laturc  of  Microscopic  STibstnnce^  and 
Stnictnre4*  of  Stpel  and  Cnst  Iron."  presented  to  the  flixth  congress  of  the  Inter- 
nation  a  1  Association  for  TesMnfi  Materials,  in  New  York.  September,  1912.  It  was 
pi*eparerl  bv  thp  chnirman,  H.  N.  Howe,  and  the  secretary.  A.  Sauveur,  and  was 
Rnpporte''  HDRnimonsV  bv  the  com nittee  and  adopted  by  the  congress.  In  addi- 
tion to  Pr^f.  H^we  and  Prof.  Snuvenr  the  committee  was  composed  of  tho  follow- 
ing : F.  Osmond.  Paris :  Dr.  H.  C.  H.  Carpenter,  Manchester;  Prof.  W.  Campbell, 
Np.w  York  Prof.  C.  Benedicks,  Stockholm  ；  Prof.  F.  Wiist,  Aachen  ；  Prof.  A. 
Rtansftelrl,  Montreal  ；  Dr.  .7.  F'.  Stead,  Middlesbrough  ；  Prof.  L.  Ouillet,  Paris1; 
Prof.  B.  Heyn,  Berlin-Lichterfelde  ；  Dr.  W.  Bosenhain,  Teddington,  England. 


powers  in  cautioning  writers  that  certain  words  are  rare  and 
not  likely  to  be  understood  by  most  readers,  or  are  improper 
for  any  reason,  and  in  urging  the  complete  abandonment  of 
those  withdrawn  by  their  proposers. 

Needless  words  will  die  a  natural  death  ；  needed  ones  we 
cannot  kill.  The  good  we  might  do  in  hastening  the  death  of 
the  moribund  by  omitting  them  from  this  report  is  less  than 
the  good  we  do  by  teaching  their  meaning  to  those  who  will 
meet  them  in  ante-mortem  print.  These  readers  have  rights. 
We  serve  no  class,  but  the  whole. 

II. ― List  of  Microscopic  Substances. 
The  microscopic  substances  here  described  consist  of  ： ― 

(1)  MctaralK,  true  phases,  like  the  minerals  of  nature. 
These  are  either  elements,  definite  chemical  compounds,  or 
solid  solutions,  and  hence  consisting  of  definite  substances  in 
varying  proportions.  These  incliule  austenite,  ferrite,  cemen- 
tite，  and  graphite. 

(2)  At/f/ref/atfs,  like  the  petrographic  entities  as  distin- 
guished from  the  true  minerals.  These  mixtures  may  be  in 
definite  proportions,  i.e.,  eutectic,  or  eutectoid  mixtures 
(ledeburite,  pearlite,  steadite),  or  in  indefinite  proportions 
(troostite,  sorbite).  Those  aggregates  which  are  important  for 
any  reason  are  here  described. 

(Many  true  minerals,  such  as  mica,  felspar,  and  horn- 
blende, are  divisible  into  several  different  species  so  that 
these  true  mineral  names  may  be  either  generic  or  specific. 
These  genera  and  species  are  definite  chemical  compounds,  in 
which  one  element  may  replace  another.  Other  minerals, 
such  as  obsidian,  are  solid  solutions  in  varying  proportions, 
and  in  these  also  one  element  may  replace  another.  Metarals 
like  minerals  differ  from  aggregates  in  being  severally 
chemically  homogeneous.) 

These  two  classes  may  be  cross  classified  into  ： ― 

(A)  The  iron-carbon  series,  which  come  into  being  in 
cooling  and  heating. 

(B)  The  important  impurities  manganese  sulphide,  fer- 
rous sulphide,  slag,  &c. 

(C)  Other  substances. 

The  most  prominent  members  of  the  iron-carbon  series 

are : — 

1.  ― Molten  iron,  metara】，  molten  solution,  but  hardly  a 
microscopic  constituent. 

2.  ― The  components  which  form  in  its  solidification  ： ― 
(a)  Austenite,  solid  solution  of  carbon  or  iron  carbide  in 

iron,  metaral  ； 

國 Cementite,  definite  metaral,  Fe3C  ； 

(c)  Graphite,  definite  metaral,  C. 

3.  ― The  transition  substances  which  form  through  the 
transformation  of  austenite  during  cooling  ： ― 

(d)  Martensite,  metaral  of  variable  constitution  ；  its 
na  ture  is  in  dispute  ； 

(e)  Troostite,  indefinite  aggregate,  uncoagulated  mixture  ； 
(/)  Sorbite,    indefinite   aggregate,    chiefly  uncoagulated 

pearlite  plus  ferrite  or  cementite. 

4.  ― Products 十 of  the  transformation  of  austenite  ： ― 

(g)  Ferrite  ； 

(h)  Pearlite. 

This  transformation  may  also  yield  cementite  and  graphite 
as  end  products  in  addition  to  those  under  (b)  and  (c). 

In  addition  to  the  above,  the  names  of  which  are  univer- 
sally recognised  and  in  general  use,  the  following  names 
have  been  used  more  or  less  ：  一 

(i)  Ledeburite  (Wiist),  definite  aggregate,  the  austenite- 
cementite  eutectic  ； 

(j)'  Ferronite  (Benedicks),  hypothetical  definite  metaral, 
beta  irou  containing  about  0*27  per  cent,  of  carbon  ； 

(/t)  Steadite  (Sauveur)  ，  definite  aggregate,  the  iron- 
phosphorus  eutectic  (rare) ； 

And  three  transition  stages  in  the  transformation  of 
austenite,  viz. ： ― 

(/)  Hardenite  (Arnold),  collective  name  for  the  austenite 
and  martensite  of  eutectoid  composition  ； 

("')  Osmondite  (Heyn),  "boundary  stage  between  troostite 
and  sorbite  ； 

(//)  Troosto-sorbite  (KourbatofF),  indefinite  aggregate,  the 

t  In  hypo-putectoid  steels  these  habitually  play  the  part  of  end  products,  though 
according  to  the  belief  of  most  the  ti'ue  end  of  the  ti* an s formation  is  not  reached 
till  the  whole  has  changed  into  a  conglomerate  of  ferrite  plus  graphite. 
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t  roost  it  e  and  the  sorbite  which  lie  near  the  boundary  which 
separates  these  two  aggregates  (obsolescent). 

III. ― Definitions  and  Descriptions. 
Carbon  iron  equilibrium  diagram,  Fig.  1.      Under  the 
several  substances  about  to  be  described  an  indication  will 
be  given  of  the  parts  of  the  carbon  iron  equilibrium  diagram, 
Fig.  1，  to  which  they  severally  correspond. 

AUSTENITE. 

Osmond  (Fr.  Austenite,  Ger.  Austenit,  called  also  mixed 
crystals  and  gamma  iron.  Up  to  the  year  1900  often  called 
martensite,  and  wrongly  sometimes  still  so  called).  Metaral 
of  variable  composition. 

Definition. ― The  iron-carbon  solid  solution  as  it  exists 
above  the  transformation  range  or  as  preserved  with  but 
moderate  transformation  at.  lower  temperatures,  e by 
rapid  cooling,  or  by  the  presence  of  retarding  elements  (Mn, 
Ni,  &c),  as  in  12  per  cent,  manganese  steel  and  25  per  cent, 
nickel  steel . 

C  on  at  it  ut  Ion  and  Composition . ― A  solid  solution  of 
carbon  or  iron  carbide  (probably  Fe3C)  and  gamma  iron, 
normally  stable  only  above  the  line  PSK  of  the  carbon  iron 
diagram.  It  may  have  any  carbon  content  up  to  saturation 
as  shown  by  the  line  SE,  viz.,  about  0'90  per  cent,  at  S 
(about  725°  C.)  to  17  per  cent,  at  E  (about  1,130°).  The 
theory  that  the  iron  and  the  carbide  or  carbon,  instead  of 
being  dissolved  in  each  other,  are  dissolved  in  a  third  sub- 
stance, the  solution  of  eutectic  composition  (Fe^C  called 
hardenite)  is  not  in  accord  with  the  generally  accepted 
theory  of  the  constitution  of  solutions,  and  is  not  entertained 
widely  or  by  any  member  of  this  committee. 

Cry^aUisation. — Isometric.  The  idiomorphic  vug  crystals 
are  octahedra  much  elongated  by  parallel  growth.  The 
etched  sections  show  much  twinning.  (Osmund  and  most 
authorities.)  Le  Chatelier  believes  it  to  be  rhombohedral. 
Cleavage  octahedral. 

Varieties  and  Genesis. ― (1)  Primary  austenite  formed 
in  the  solidification  of  carbon  steel  and  hypo-eutectic  cast 
iron.  (2)  Eutectic  austenite,  interstratified  with  eutectic 
cementite,  making  up  the  eutectic  formed  at  the  end  of  the 
solidification  of  steel  containing  more  than  about  1  •  7  per 
cent,  of  carbon,  and  of  all  cast  iron. 

Equilibrium, ― It  is  normal  and  in  equilibrium  in  Region 
4,  and  also  associated  with  beta  iron  in  Region  6，  with 
alpha  iron  in  Region  7,  and  with  cementite  in  Region  5. 
It  should  normally  transform  into  pearlite  with  either  ferrite 
or  cementite  on  cooling  past  Al  into  Region  8. 

Transformation. ― In  cooling  slowly  through  the  trans- 
formation range,  Ar3 ― Aru  austenite  shifts  its  carbon  con- 
tent spontaneously  through  generating  pro-eutectoid  ferrite 
or  cementite,  to  the  eutectoid  ratio,  about  0*90  per  cent.,  and 
then  transforms  with  increase  of  volume  at  Arx  into  pearlite, 
q.  v.,  with  which  the  ejected  ferrite  or  cementite  remains 
mixed.  Rapid  cooling  and  the  presence  of  carbon,  man- 
ganese, and  nickel  obstruct  this  transformation,  (1)  retarding 
it,  and  (2)  lowering  the  temperature  at  which  it  actually 
occurs,  and  in  addition  (3)  manganese  and  nickel  lower  the 
temperature  at  which  in  equilibrium  it  is  due.  Hence,  by 
combining  these  four  obstructing  agents  in  proper  propor- 
tions the  transformation  may  be  arrested  at  any  of  the  inter- 
mediate stages,  xnartensite,  troostite,  or  sorbite* ,  q.  v.,  and  if 
arrested  in  an  earlier  stage,  it  can  be  brought  to  any  later 
desired  stage  by  a  regulated  reheating  or  11  tempering."  For 
instance,  though  a  very  rapid  cooling  in  the  absence  of  the  three 
obstructing  elements  checks  the  transformation  but  little 
and  only  temporarily,  yet,  if  aided  by  the  presence  of  a  little 
carbon,  it  arrests  the  transformation  wholly  in  the  martensite 
stage  ；  and  in  the  presence  of  about  150  per  cent,  of  carbon 
such  cooling  retains  about  half  the  austenite  so  little  altered 
that  it  is  "  considerably  ，，  softer  than  the  usually  darker 
needles  of  the  surrounding  martensite,  with  which  it  contrasts 
sharply.  Again,  either  (a)  about  12  per  cent,  of  manganese 
plus  1  per  cent,  of  carbon,  or  (b)  25  per  cent,  of  nickel,  lower 
and  obstruct  the  transformation  to  such  a  degree  that  aus- 
tenite persists  in  the  cold  apparently  unaltered,  even  through 

*  Though  the  transformation  can  be  arrested  in  such  a  way  as  to  leave  the 
whole  of  the  steel  in  the  condition  of  martensite,  it  is  doubted  by  some  whether  it 
can  be  so  Arrested  as  to  leave  the  whole  of  it  in  any  of  the  other  transition  stages. 
Troostite  and  sorbite  caused  by  snch  arrest  are  habitually  mixed,  troostite  with 
martensite  or  sorbite  or  both,  and  sorbite  with  pearlite  or  iroo&Ute  or  both. 


a  slow  cooling.  (HadfielcTs  manganese  steel  and  25  per  cent, 
nickel  steel,  manganiferous  and  nickeliferous  austenite  respec- 
tively.) 

Occurrence.— When  alone  (12  per  cent,  manganese  and 
25  per  cent,  nickel  steel  and  Maurer's  2  per  cent,  carbon 
plus  2  per  cent,  manganese  austenite)  polyhedra,  often 
coarse,  much  twinned  at  least  in  the  presence  of  marten- 
site, and  readily  developing  slip  bands.  In  hardened 
high-carbon  steel  it  forms  a  ground  mass  pierced  by  zig-zag 
needles  and  lances  of  martensite. 

Etching. ― All  the  common  reagents  darken  it  much  more 
than  cementite,  less  than  troostite  or  sorbite,  and  usually  less, 
though  sometimes  more,  than  martensite,  which  is  recognised 
by  its  zig-zag  shape  and  needle  structure.  With  ferrite  and 
pearlite  it  is  never  associated. 

Physical  Properties  — Maurer's  austenite  of  2  per  cent, 
manganese  plus  2  per  cent,  carbon  is  but  little  harder  than 
soft  iron,  and  25  per  cent,  nickel  steel  and  HadfielcTs 
manganese  steel  are  but  moderately  hard.  Yet,  as  usually, 
preserved  in  hardened  high  carbon  steel,  the  hardness  of 
austenite  does  not  fall  very  far  short  of  that  of  the  accom- 
panying martensite,  probably  because  partly  transformed  in 
cooling.  (Osmond's  words  are  that  it  is  "considerably" 
softer  than  that  martensite.) 

Specific  magnetism  very  slight  unless  perhaps  in  intense 
fields.  In  Hadfield，s  manganese  steel  and  25  per  cent,  nickel 
steel,  very  ductile. 

Cementite.  . 
(Sorby  "  intensely  hard  compound,"  Ger.  cementit,  Fr. 
cementite,   Arnold,  crystallised  normal  carbide.)  Definite 
metaral. 

Btfinition. 一 Tri-ferrous  carbide  Fe3C.  The  name  is 
extended  by  some  writers  so  as  to  include  tri-carbides,  in 


Pearlite  Fearlite 


Carbon,  per  cent. 

Fig.  1.— Al,  the  line  PSK  is  often  called  '•  Al."  A3,  the  line  GOS  is  often  called 
" A3,"  and  this  name  is  sometimes  applied  to  the  line  SE. 

which  part  of  the  iron  is  replaced  by  manganese  or  other 
elements.  Such  carbides  may  be  called  "  manganiferous 
cementite,"  &c. 

(2)  Occurrence. ― (a)  Pearlitic,  as  a  component  of  pearlite, 
q.  v.  ；  (b)  eutectic  ；  (c)  primary  or  pro-eutectic  ；  (d)  pro- 
eutectoid  ； (e)  liberated  by  the  splitting  up  of  the  eutectic  or 
of  pearlite  ；  and  (/)  uncoagulated  in  sorbite,  troostite,  and 
perhaps  martensite  ；  (c),  (d)，  and  (e)  are  grouped  together  as 
'•  free  "  or  "  massive." 

Primary  cementite  is  generated  in  cooling  through  Region 
3  ；  eutectic  cementite  on  cooling  past  the  line  EBD  ;  pro- 
eutectoid  cementite  in  cooling  through  Region  5  ；  pearlite 
cementite  on  cooling  past  the  line  PSK,  or  Al.  Though  the 
several  varieties  of  cementite  are  generally  held  to  be  all 
metastable,  tending  to  break  up  into  graphite  plus  either 
austenite  above  Al  or  ferrite  below  Al,  yet  they  have  a 
considerable  and  often  great  degree  of  persistence.  The 
graphitising  tendency  is  completely  checked  in  the  cold,  but 
increases  with  the  temperature,  and  with  the  proportion  of 
carbon  and  of  silicon  present,  and  is  opposed  by  the  presence 
of  manganese. 

(3)  Crystallisation. ― Orthorhombic,  in  plates. 

(4)  Structure. ― (a)  Pearlitic,  in  parallel  unint^rsecting 
plates  alternating  with  plates  of  ferrite  ；  (&)  eutectic,  plates 
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forming  a  network  filled  with  a  fine  conglomerate  of  pearlite 
with  or  without  pro-eutectoid  cementite  ；  (c)  primary,  in 
iiianganiferous  white  cast  iron,  &c"  in  rhombohedral  plates  ； 
in  hyper-eutectoid  steel,  pro-eutectoid  cementite  forms 
primarily  a 】ietwork  enclosing  meslies  of  pearlite,  through 
wliich  cementite  plates  or  spines  sometimes  shoot  if  the  net- 
work is  coarse  ；  (e)  cementite  liberated  from  pearlite  merges 
with  any  neighbouring  cementite  ；  (/)  the  structure  cf  un- 
coagulated  cementite  cannot  be  made  out.  On  long  heating 
the  pro-eutectoid  and  pearlitic  cementite  spheroidise  slowly, 
and  neighbouring  particles  merge  ；  (g)  in  white  irons  rich 
in  phosphorus  in  flat  plates  embedded  in  iron-carbon-phos- 
phorus  eutectic. 

(5)  Ktvliinfjy  <i-c. —— After  polishing  stands  in  relief  bril- 
liant white  after  etching  with  dilute  hydrochloric  or  picric 
acid,  darkened  by  boiling  with  solution  of  sodium  picrate 
in  excess  of  sodium  hydrate. 

(6)  Physical  Propert/rs. —— Hardest  component  of  steel. 
Hardness  — 6  of  Mohs  scale.  Scratches  glass  and  felspar 
but  not  quartz  ；  very  brittle.  Specific  magnetism  about  two- 
thirds  that  of  pure  iron. 

Martensite. 

(Fr.  Martensite,  Ger.  Martensit),  Metaral.  Its  nature  is 
in  dispute. 

Definition. — The  early  stage  in  the  transformation  of 
austenite  characterised  by  needle  structure  and  great  hard- 
ness, as  in  hardened  high-carbon  steel. 

( 'oristifift/o/i. ― I.  (Osmond  and  others),  a  solid  solution 
like  austenite,  q.  v.,  except  that  the  iron  is  partly  beta, 
whence  its  hardness,  and  partly  alpha,  whence  its  magnetism 
in  mild  fields.  II.  (Le  Chatelier)  the  same  except  that  its 
iron  is  essentially  alpha,  and  the  hardness  due  to  the  state 
of  solid  solution.  III.  (Arnold)  a  special  structural  condi- 
tion of  his  "hardenite"  (austenite)  ；  not  widely  held.  IV. 
A  solid  solution  in  gamma  iron.  V.  (Benedicks.)  The  same 
as  L,  except  that  the  iron  is  wholly  beta,  and  that  beta  iron 
consists  of  alpha  iron  containing  a  definite  quantity  of  gamma 
iron  in  solution. 

Equilibrium. ― It  is  not  in  equilibrium  in  any  part  of 
the  diagram,  but  represents  a  metastable  condition  in  which 
the  metal  is  caught  during  rapid  cooling,  in  transit  between 
the  austenite  condition  stable  above  the  line  Al  and  the 
condition  of  ferrite  plus  cementite  into  which  the  steel  habi- 
tually passes  on  cooling  slowly  past  the  line  Al. 

Occurrence, ― The  chief  constituent  of  hardened  carbon 
tool  steels,  and  of  medium  nickel  and  manganese  steels.  In 
still  less  fully-transformed  steels  (1'50  per  cent,  carbon  steel 
rapidly  quenched,  &c),  it  is  associated  with  austenite  ；  in 
more  fully  transformed  ones  (lower  carbon  steels  hardened, 
high  carbon  steels  oil  hardened,  or  water  hardened  and 
slightly  tempered,  or  hardened  thick  pieces  even  of  high 
carbon  steel)  it  is  associated  with  troostite,  and  with  some 
pro-eutectoid  ferrite  or  cementite,  q.  v.，  in  hypo  and  hyper- 
eutectoid  steels  respectively.  In  tempering  it  first  changes 
into  troostite  ；  at  350° ― 400°  it  passes  through  the  stage  of 
osmondite  ；  at  higher  temperatures  it  changes  into  sorbite  ； 
at  700°  into  granular  pearlite.  On  heating  into  the  trans- 
formation range  this  changes  into  austenite,  which  on  cooling 
again  yields  lamellar  pearlite. 

Characteristic  specimens  are  had  by  quenching  bars  1  cm. 
square  of  eutectoid  steel,  i.e.,  steel  containing  about  0'9  per 
cent,  of  carbon  in  cold  water  from  800°  C.  (1,472°  Fall.). 

Sfnu-t ure . ― When  alone,  habitually  in  flat  plates  made 
up  of  intersecting  needles  parallel  to  the  sides  of  a  triangle. 
When  mixed  with  austenite,  zig-zag  needles,  lances,  and 
shafts. 

If  produced  by  quenching  after  heating  to  735°  C.，  it 
consists  of  minute  crystallites  resembling  the  globulites  of 
Vogelsang,  wliich  are  rarely  arranged  in  triangular  order. 
At  times  so  fine  as  to  suggest  being  amorphous. 

Fjfvli'nKj. ― With  picric  acid,  iodine,  or  very  dilute  nitric 
acid  etches  usually  darker  than  austenite,  but  sometimes 
lighter,  always  darker  than  ferrite  and  cementite,  but  always 
lighter  tlian  troostite. 

Ferrite. 

( Fr.  Ferrite,  Ger.  Ferrit).    Definite  rnetaral. 
(1)  /Jffi/ntio/i .  ― Free  alpha  iron. 


(2)  Composition. ― Nearly  pure  iron.  It  may  contain  a 
little  phosphorus  and  silicon,  but  its  carbon  content,  if  any, 
is  always  small,  at  the  most  not  more  than  0*05  per  cent., 
and  perhaps  never  as  much  as  0'02  per  cent. 

(3)  Occurrence. ― (a)  Pearlitic  as  a  component  of  pearlite, 
q.  v.  ；  (b)  pro-eutectoid  ferrite  generates  in  slow  cooling 
through  the  transformation  range  ；  (c)  that  segregated  from 
pearlite,  i.e"  set  free  by  the  splitting  up  of  pearlite,  espe- 
cially in  low  carbon  steel  ；  (d)  uncoagulated  as  in  sorbite  and 
probably  troostite  ；  (b)  and  (c)  are  classed  together  as  free  or 
massive. 

Thus  ferrite  is  normal  and  stable  in  Regions  7  and  8. 

(4)  Grystallisationy  isometric,  in  cubes  or  octahedra. 

(5)  Structure. ― (a)  Pearlitic  ferrite,  unintersecting 
parallel  plates  alternating  with  plates  of  cementite  ；  (b) 
pro-eutectoid  ferrite  in  low-carbon  steel  forms  irregular 
polygons,  each  with  uniform  internal  orientation.  In  higher 
carbon  steel,  after  moderately  slow  cooling,  especially  in  the 
presence  of  manganese,  it  forms  a  network  enclosing  meshes 
of  pearlite.  In  slower  cooling  this  network  is  replaced  by 
irregular  grains  separated  by  pearlite  ；  (c)  the  ferrite  set 
free  by  the  splitting  up  of  pearlite  merges  with  the  pro- 
eutectoid  ferrite,  if  any  ；  (d)  the  structure  of  the  ferrite  in 
sorbite,  &c.，  cannot  be  made  out. 

(6)  Etching. ― Dilute  alcoholic  nitric  or  picric  acid  on 
light  etching  leaves  the  ferrite  grains  white  with  junctions 
which  look  dark.  Deeper  etching,  by  Heyn's  reagent  or  its 
equivalent,  reveals  the  different  orientation  of  the  crystals  or 
grains,  (a)  as  square  figures  parallel  to  the  direction  of  the 
etched  surface  ；  (b)  as  plates  which  dip  at  varying  angles  and 
becomes  dark  or  bright  when  the  specimen  is  rotated  under 
oblique  illumination.  Still  deeper  etching  reveals  the  com- 
ponent tubes  (etching  figures,  Atzfiguren),  at  least  if  the  sur- 
face is  nearly  parallel  to  the  cube  faces. 

(7)  Physical  Properties. —— Soft  ；  relatively  weak  (tenacity 
about  40，0001bs.  per  square  inch)  ；  very  ductile  ；  strongly 
ferro-magnetic  ；  coercitive  force  very  small. 

Grain-  Size. — For  important  purposes  (1)  etch  deeply 
enough,  e.g.,  with  copper-ammonium  chloride,  to  reveal 
clearly  the  junctions  of  the  grains  ；  (2)  count  on  a  photo- 
graph of  small  magnification  the  number  of  grains  in  a 
measured  field  so  drawn  as  to  exclude  fragments  of  grains  ； 
after  (3)  determining  the  true  grain  boundaries  by  examina- 
tion under  high  powers  (Heyn's  method).  Deep  nitric  acid 
etching  is  inaccurate,  because  an  apparent  grain  boundary 
may  contain  several  grains. 

Osmondite. 
(Fr.  Osmondite,  Ger.  Osmondit.) 

Definition . —— That  stage  in  the  transformation  of  austenite 
at  which  the  solubility  in  dilute  sulphuric  acid  reaches  its 
maximum  rapidity.  Arbitrarily  taken  as  the  boundary 
between  troostite  and  sorbite. 

Earlier  Definition. ― Defined  by  the  Fifth  Congress  as 
having  the  "maximum  solubility  in  acids  and  by  a  maxi- 
mum colouration  under  the  action  of  acid  metallographic 
reagents."  The  present  definition  is  confined  to  maximum 
rapidity  of  dissolving,  because  we  do  not  yet  know  that  this 
in  all  cases  co-exists  with  the  maximum  depth  of  colouration, 
and  in  any  case  in  which  these  two  should  not  co-exist,  the 
old  definition  does  not  decide  which  is  true  osmondite. 

(constitution. ― The  following  hypotheses  have  been  sug- 
gested, none  of  which  has  firm  experimental  foundation  ：  (1) 
A  solid  solution  of  carbon  or  an  iron  carbide  in  alpha  iron. 
(2)  The  colloidal  system  of  Benedicks  in  its  purity,  troostite 
being  this  system  while  forming  at  the  expense  of  martensite, 
and  sorbite  being  this  system  coagulating  and  passing  into 
pearlite.  (3)  The  stage  of  maximum  purity  of  amorphous 
alpha  iron  on  the  way  to  crystallising  into  ferrite. 

Occurrence. ― Hardened  carbon  steel  of  about  1  per  cent, 
of  carbon  when  reheated  (tempered)  to  350°  to  400°  C.  passes 
through  the  stage  of  ti'oostibe  to  that  of  osmondite,  and  on 
higher  heating  to  that  of  sorbite.  What  variation,  if  any, 
from  this  temperature  is  needed  to  bring  hardened  steel  of 
other  carbon  content  to  the  osmondite  stage  is  not  known.  In 
that  it  represents  a  true  boundary  state  between  troostite  and 
sorbite  it  differs  in  meaning  from  troostosorbite,  which  em- 
braces both  the  troostite  and  the  sorbite  which  lie  near  this 
houndary.    Indeed,  osmondite  has  sometimes  been  used  in 
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this  looser  sense.  Writers  are  cautioned  that,  however  useful 
these  terms  may  prove  for  making  these  nice  discriminations, 
they  are  not  likely  to  be  familiar  to  general  readers. 

Etching. 一 According  to  Heyn,  it  differs  from  troostite 
and  sorbite  in  being  that  stage  in  tempering  which  colours 
darkest  on  etching  with  alcoholic  hydrochloric  acid. 

The  present  definition  and  description  of  osmondite  should 
displace  previous  ones,  because  they  have  the  express 
approval  of  Prof.  Heyn,  the  proposer  of  the  name,  and  M. 
Osmond  himself. 

Ferronite. 

(Fr.  Ferronite,  Ger.  Ferronit)  (Benedicks)  hypothetical 
definite  metaral. 

Definition. ― Solid  solution  of  about  0*27  per  cent,  of  car- 
bon in  beta  iron. 

Occurrence  (hypothetical). ― In  slowly  cooled  steels  and 
cast  iron  containing  0*50  per  cent,  of  combined  carbon  or 
more,  that  which  is  generally  believed  to  be  ferrite,  whether 
pearlitic  or  free,  is  supposed  by  Benedicks  to  be  ferronite. 
Hardenite. 

(Fr.  Hardenite,  Ger.  Hardenit.) 

Definitioft  —Collective  name  for  austenite  and  martensite 
of  eutectoid  composition.  It  includes  such  steel  (1)  when 
above  the  transformation  range,  and  (2)  when  hardened  by- 
rapid  cooling. 

Observations. ― On  the  generally  accepted  theory  that 
austenite  is  a  solid  solution  of  carbon  or  an  iron  carbide  in 
iron,  hardenite  is  the  solution  of  the  lowest  transformation 
temperature,  i.e.,  the  eutectoid.  The  theory  that  instead  it  is 
a  definite  chemical  compound,  Fe2、'C，  is  considered  under 
austenite.  Its  proposer  includes  under  hardenite  both  eutec- 
toid (0'90  per  cent,  carbon)  austenite  when  above  the  trans- 
formation range,  and  the  martensite  into  which  that  austenite 
shifts  in  rapid  cooling  (hardening). 

Other  Meanings. ― Originally  (Howe,  1888)  collective  name 
for  austenite  and  martensite  of  any  composition  in  carbon 
steel.  Osmond  (1897),  austenite  saturated  with  carbon.  Both 
these  meanings  are  withdrawn  by  their  proposers. 

Pearlite. 

(Sorby's  "  pearly  constituent."  At  first  written 
" pearlyte."    Fr.  Perlite,  Ger.  Perlit.)  Aggregate. 

Definition. 一 The  iron-carbon  eutectoid,  consisting  of  alter- 
nate masses  of  ferrite  and  cementite. 

( 'on  <tit)/t('o//  (tru I  ( 'orn  jfosifion. — A  conglomerate  of  about 
6  parts  of  ferrite  to  1  of  cementite.  When  pure,  contains 
about  0*90  per  cent,  of  carbon,  99'10  per  cent,  of  iron. 

Occurrence. ― Results  from  the  completion  of  the  trans- 
formation of  austenite  brought  spontaneously  to  the  eutec- 
toid carbon-content,  and  hence  occurs  in  all  carbon  steels  and 
cast  iron  containing  combined  carbon  and  cooled  slowly 
through  the  transformation  range,  or  held  at  temperatures 
in  or  but  slightly  below  that  range,  long  enough  to  enable 
the  ferrite  and  cementite  to  coagulate  into  a  mass  micro- 
scopically resoluble.  Hence  it  is  the  normal  constituent  in 
Region  8.  Its  ferrite  is  stable,  but  its  cementite  is  metast- 
able  and  tends  to  transform  into  ferrite  and  graphite. 

Varieties  and  Structure.. ~ ^Because  pearlite  is  formed  by 
the  coagulation  of  the  ferrite  and  cementite  initially  formed 
as  the  irresoluble  emulsion,  sorbite  (Arnold's  sorbitic 
pearlite),  there  are  the  indefinitely  bounded  stages  of  sorbitic 
pearlite  (Arnold's  normal  pearlite),  i.e"  barely  resoluble 
pearlite,  in  the  border  land  between  sorbite  and  laminated 
pearlite  ；  granular  pearlite,  in  which  the  cementite  forms 
fine  globules  in  a  matrix  of  ferrite  ；  and  laminated  or  lamellar 
pearlite,  consisting  of  fine,  clearly  defined,  non-interesecting, 
parallel  lamellae  alternately  of  ferrite  and  cementite.  The 
name  granular  pearlite  was  first  used  by  Sauveur  to  repre- 
sent what  is  now  called  sorbite.  This  meaning  has  been  with- 
drawn. 

An  objection  to  Arnold's  name  "  normal  pearlite  ，，  is  that 
it  is  likely  to  mislead.  "  Normal  "  here  apparently  refers  to 
arising  under  normal  conditions  of  cooling,  but  (1)  it  rather 
suggests  structure  normal  for  pearlite,  which  surely  is  the 
lamination  characteristic  of  eutectics  in  general,  and  (2)  the 
general  reader  has  no  clue  as  to  what  conditions  of  cooling 
are  here  called  normal.  Many  readers  are  not  manufacturers, 
and  even  in  manufacture  itself  air  cooling  is  normal  for  one 


branch  and  extremely  slow  furnace  cooling  for  another. 
Arnold  calls  troostite  ('  troostitic  pearlite  ，，  and  sorbite  "  sor- 
bitic pearlite."  This  is  contrary  to  general  usage,  whicli 
restricts  pearlite  to  microscopically  resoluble  masses. 

Efrhinf/. ― After  etching  with  dilute  alcoholic  nitric  or 
picric  acid  it  is  darker  than  ferrite  or  cementite,  but  lighter 
than  sorbite  and  troostite.  A  magnification  of  at  least 
250  diameters  is  usually  needed  for  resolving  it  into  its 
lamellae,  though  the  pearlite  of  blister  steel  can  often  be 
resolved  with  a  magnification  of  25  diameters.  The  more 
rapidly  pearlite  is  formed,  the  higher  the  magnification 
needed  for  resolving  it. 

Graphite. 

(Ger.  Graphit,  Fr.  Graphite),  definite  metaral. 
Definition. —— The  free  elemental  carhon  which  occurs  in 
iron  and  steel. 

C om post ti o?i . ― Probably  pure  carbon,  identical  witlj  native 
graphite. 

Genesis, ― Derived  in  large  part,  and  according  to  Goerens 
wholly,  from  the  decomposition  of  solid  cementite.  Others 
hold  that  its  formation  as  kish  may  be  from  solution  in  tlie 
molten  metal,  and  that  part  of  the  formation  cf  tenij)er 
graphite  may  be  from  elemental  carbon  dissolved  in  austenite. 
It  is  the  stable  form  of  carbon  in  all  parts  of  the  diagram. 

Occurrence. ― (1)  As  kish,  flakes  which  rise  to  the  surface 
of  molten*  cast  iron  and  usually  escape  thence. 

(2)  As  thin  plates,  usually  curved,  e.g.,  in  grey  cast  iron, 
representing  carbon  whicli  has  separated  during  great 
mobility,  i.e.,  near  the  melting  range. 

(3)  As  temper  graphite  (Ger.  Tern  perk  ohle,  Ledebur)  pul- 
verulent carbon  which  separates  from  cementite  and  austenite, 
especially  in  the  annealing  process  for  making  malleablised 
castings. 

Graphite  and  ferrite  are  sometimes  associated  in  a  way 
vvhicH  suggests  strongly  that  they  represent  a  grapliite- 
austenite  eutectic.  But  the  existence  of  such  a  true  eutectic 
is  doubted  by  most  writers. 

Properties. ― Hexagonal.  H.  1 ― 2.  Gr.  2*255.  Streak 
black  and  shining,  lustre  metallic  ；  microscopic  colour,  iron 
black  to  dark  steel  grey,  but  always  black  when  seen  in 
polished  sections  of  iron  or  steel  under  the  microscope ; 
opaque  ；  sectile  :  soils  paper  :  flexible  ；  feel,  greasy. 

， Troostite. 

(Fr.  Troostite,  Ger.  Troostit.)  Probably  aggregate. 
(Arnold,  troostitic  pearlite.) 

Definition. ― In  the  transformation  of  austenite,  the  stage 
following  martensite  and  preceding  sorbite  (and  osmondite  if 
this  stage  is  recognised). 

Constitution  and  Compost  f  ion  .—An  uncoagulated  con- 
glomerate of  the  transition  stages.  The  degree  of  complete- 
ness of  the  transformation  represented  by  it  is  uot  definitely 
known  and  probably  varies  widely.  Osmond  and  most  others 
believe  that  the  transformation,  while  generally  far  advanced, 
yet  falls  materially  short  of  completion  ；  but  Benedicks  and 
Arnold  (9)  believe  that  it  is  complete.  The  former  belief 
that  it  is  a  definite  phase,  e.g.,  a  solid  solution  of  carbon  or 
an  iron  carbide  in  either  (i  or  y  iron,  is  abandoned.  Its 
carbon-content,  like  that  of  austenite  and  martensite,  varies 
widely. 

Occurrence. —— It  arises  either  on  reheating  hardened  (e,r/.y 
martensitic  steel)  to  slightly  below  400°,  or  on  cooling  through 
the  transformation  range  at  an  intermediate  rate,  e.gn  in 
small  pieces  of  steel  when  quenched  in  oil,  or  quenched  in 
water  from  the  middle  of  the  transformation  range, 
or  in  the  middle  of  larger  pieces  quenched  in  water 
from  above  the  transformation  range.  With  slightly 
farther  reheating  it  changes  into  sorbite  ；  with  higher 
heating  into  sorbitic  pearlite,  then  slowly  into  granular 
pearlite,  and  probably  indirectly  into  lamellar  pearlite.  It 
occurs  in  irregular,  fine  granular,  or  almost  amorphous  areas, 
coloured  darker  by  the  common  etching  reagents  than  the 
martensite  or  sorbite  accompanying  it.  A  further  common 
means  of  distinguishing  it  from  sorbite  is  that  it  is  habitual lv 
associated  witli  martensite,  whereas  sorbite  is  habitually  asso- 
ciated with  pearlite. 

Areas  near  the  boundary  between  troostite  and  sorbite  are 
sometimes  called  troosto-sorbite. 

Properties. ― Hardness,  intermediate  between  that  of  the 
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martensitic  and  the  pearlitic  state  corresponding  to  the  car- 
bon content  of  the  specimen.  In  general,  the  hardness  in- 
creases, the  elastic  limit  rises,  and  the  ductility  decreases  as 
the  carbon-content  increases.  Tts  ductility  is  increased 
rapidly  and  its  liardness  and  elastic  limit  lowered  rapidly  by 
further  tempering,  wliich  affects  it  much  more  markedly  t lian 
sorbite. 

Soubite. 

(Fr.  Sorbite,  Ger.  Sorbit.)  Aggregate.  (Arnold,  sorbitic 
pearlite.) 

Definition. ― In  the  transformation  of  austenite,  the  stage 
following  troostite  and  osmondite,  if  this  stage  is  recognised, 
and  preceding  pearlite. 

(Jotist/t/ttio//  and  ( 'om position. ― Most  writers  believe  that 
it  is  essentially  an  uncoagulated  conglomerate  of  irresoluble 
pearlite  with  ferrite  in  hypo  and  cementite  in  hyper-eutectoid 
steels  respectively,  but  that  it  often  contains  some  iii") 川- 
pletely  transformed  matter. 

Occvrrenre. ― The  transformation  can  be  brought  to  the 
sorbitic  stage  (1)  by  reheating  hardened  steel  to  a  little  above 
400。，  but  not  to  700°,  at  which  temperature  it  coagulates  into 
granular  pearlite  ；  (2)  by  quenching  small  pieces  of  steel  in  oil 
or  molten  lead  or  even  by  air-cooling  them  ；  (3)  by  quenching 
in  water  from  just  above  the  bottom  of  the  transformation 
range,  Ar{  Sorbite  is  ill-defined,  almost  amorphous,  and  is 
coloured  lighter  than  troostite  but  darker  than  pearlite  by 
the  usual  etching  reagents.  It  differs  further  from  troostite 
in  being  softer  for  given  carbon  content,  and  usually  in 
being  associated  with  pearlite  instead  of  martensite,  and  from 
pearlite  in  being  irresoluble  into  separate  particles  of  ferrite 
and  cementite. 

As  sorbite  is  essentially  a  mode  of  aggregation,  it  cannot 
properly  be  represented  on  the  equilibrium  diagram.  Tts 
components  at  all  times  tend  to  coagulate  into  pearlite,  yet 
it  remains  in  its  uncoagulated  state  at  all  temperatures  below 
400°. 

Properties. ― Though  slightly  less  ductile  than  pearlitic 
steel  for  given  carbon  content,  its  tenacity  and  elastic  limit 
are  so  high  that  a  higher  combination  of  these  three  proper- 
ties can  be  had  in  sorbitic  than  in  pearlitic  steels  by  selecting 
a  carbon  content  slightly  lower  tlian  would  be  used  for  a 
pearlitic  steel.  Hence  the  use  of  sorbitic  steels,  ,':/•，  first 
hardened  and  then  annealed  cautiously,  for  structural  pur- 
poses needing  the  best  quality. 

Manganese  Sulphide. 

(Fr.  Sulphure  de  Manganese,  Ger.  Schwefelmangan), 
MnS.  (Arnold  and  Waterhouse).  Metaral. 

Occurrence,  dr. ― Sulphur  combines  with  the  manganese 
present  in  preference  to  the  iron,  forming  pale  dove  or  slate 
grey  masses,  rounded  in  castings,  elongated  in  forgings. 
Ferrous  Sulphide. 

(Fr.  Sulphure  de  Fer,  Ger.  Schwefeleisen),  FeS.  Metaral. 

Occurrence. ― The  sulphur  not  taken  up  by  the  man- 
ganese forms  ferrous  sulphide,  FeS,  which,  probably  asso- 
ciated in  part  with  iron  as  an  Fe ― FeS  eutectic  forms  by 
preference  more  or  less  continuous  membranes  surrounding 
the  grains  of  pearlite.    Colour,  yellow  or  pale  brown. 

Sulphur  Prints. —— When  silk  impregnated  with  mercuric 
chloride  and  hydrochloric  acid  (Heyn's  and  Bauer's  method) 
or  bromide  paper  moistened  with  sulphuric  acid  (Baumann's 
method)  is  pressed  on  polished  steel,  the  position  of  the 
sulphur-bearing  areas,  whether  of  FeS  or  MnS,  records  itself 
by  the  local  blackening  which  the  evolved  H2S  causes. 
Phosphorus-bearing  areas  also  blacken  Baumann's  bromide 
paper. 

Miscellaneous. 

E utectoul y  Sat u rffttd,  &c. —— The  iron  carbon  eutectoid  is 
pearlite.  Steel  with  more  carbon  than  pearlite  is  called 
hyper-eutectoid,  that  with  less  is  called  hypo-eutectoid. 
Arnold's  names  saturated/'  "unsaturated,"  and  ^  six  per - 
s;it  u rated/'  for  eutectoid,  hypo-eutectoid,  and  hyper-eutectoid 
steel,  respectively,  have  considerable  industrial  use  in  English- 
speaking  countries,  but  are  avoided  by  most  scientific  writers 
on  the  ground  that  they  are  misleading,  because,  c.g"  there 
is  only  one  specific  temperature,  Al,  at  which  eutectoid  steel 
is  act uall v  saturated,  and,  if  any  other  temperature  is  in 


mind,  that  steel  is  not  saturated.  Above  A 1  it  is  clearly 
under-saturated. 

The  objection  to  the  names  sorbite,  troostite,  martensite, 
and  austenite,  that  each  of  tlieni  covers  steel  of  a  wide  range 
cjirbon  content,  is  to  be  dismissed  because  a  like  ()l)jerti(m 
applies  with  equal  force  to  every  generic  name  in  existence. 


RESEARCH  WORK  ON  RAILS.* 

]iV  M.  H,  WICKHOHST. 

Several  years  ago  tlie  number  of  rails  in  the  United  States 
that  failed  to  give  normal  service  or  that  broke  under  moving 
trains  became  alarmingly  large.  The  worst  condition  was 
reached  about  1905.  The  circumstances  so  agitated  the 
executive  officers  of  the  railroads  that  the  matter  was  made 
the  subject  of  an  investigation  by  the  American  Railway 
Association,  an  organisation  of  railroads  dealing  with  matters 
of  railroad  operation  of  common  interest.  Reliable  general 
statistics  are  not  available  to  show  numerically  the  exact  con- 
dition as  regards  rail  failures,  but  an  idea  may  be  obtained 
from  the  report  of  one  road  that,  of  a  lot  of  10,000  tons  rolled 
and  put  in  the  track ,  22  per  cent,  were  removed  in  tlie  li est 
year  on  account  of  depressions  in  the  head.  When  broken 
apart  tlie  majority  of  these  rails  showed  interior  openings  in 
the  head  running  lengthwise  of  tlie  rail.  Happily  that 
extreme  state  of  affairs  has  passed. 

The  wheel  loads  of  the  rolling  equipment,  locomotives, 
passenger  cars,  and  freight  cars  had  been  rapidly  increasing 
for  20  years  or  more.  H.  V.  Wille  has  shown  that  the 
average  total  weight  on  drivers  increased  from  about  69,0001bs. 
in  1885  to  over  180，0001bs.  in  1907，  and  reached  a  maximum 
of  316,0001bs.  in  that  year.  The  average  axle  load  increased 
from  22,0001bs.  in  1885  to  48，000】bs.  in  1907.  Since  then  the 
axle  loads  liave  still  further  increased.  During  tlie  same 
period  the  weight  of  rail  (in  main  line  track)  increased  from 


Fig.  1.— Distribution  of  Phosphorus  in  Ingots  of  different  sizes. 

about  651bs.  to  751bs.  per  yard  to  851bs.  to  lOOlbs.  per  yard, 
which  are  also  now  the  prevailing  weights.  The  moments  of 
inertia  increased  from  about  15  to  20  to  about  30  to  45.  Con- 
sidered as  a  girder,  the  strength  of  the  rail  increased  about  at 
the  same  rate  as  the  axle  load  increased,  the  unit  stress  in 
tension  remaining  about  the  same  or  even  decreasing  slightly. 
The  unit  stress  in  compression,  however,  increased  almost  as 
the  axle  load  increased,  as  the  average  width  of  rail  head 
increased  only  from  about  2|in.  to  about  2|in.j  and  the 
diameter  of  the  wheels  has  remained  about  the  same. 

While  the  railroads  were  thus  busy  increasing  the  capacity 
of  their  motive  power  and  cars,  the  steel  mills  were  likewise 
endeavouring  to  obtain  increased  tonnage.  These  efforts  took 
the  form  of  eliminating  unnecessary  delays,  installing  larger 
converters,  and  more  powerful  machinery,  using  larger  ingots, 
and  sometimes  of  allowing  less  time  for  the  chemical  reactions. 
At  the  height  of  the  tonnage  endeavour  in  the  rail  mills,  about 
five  years  ago,  there  was  considerable  rivalry  between"  the 
different  mills  to  produce  the  greatest  tonnage,  and  it  reached 
a  condition  that  might  almost  be  termed  madness,  that  had 
only  secondary  regard  for  the  quality  of  the  product.  The 
purchaser  had  the  choice  of  buying  rails  as  made  by  the  mills 
or  going  without  them .  Recently,  however,  there  has  been  a 
happy  change,  so  that  quality  is  being  given  due  consideration 

*  Paper  ])rt'S(uit(.(l  io  tlie  Sixth  Congivrts  of  Uic  Intern!)  tii>nal  Assneintion  foi* 
Testing  Materials,  New  York,  Scpt^inbt'r,  19 
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and  mutual  consultations  are  taking  place.  The  change  was 
due,  presumably,  to  the  chastening  effect  of  slack  orders  for 
rails  and  the  present  state  of  public  opinion. 

In  1906  the  American  Railway  Association  took  the 
matter  in  hand  through  its  Committee  on  Standard  Rail  and 
Wheel  Sections,  which  committee  made  a  report  in  1908  sub- 
mitting some  new  designs  for  rail  sections  and  also  offering 
some  tentative  specifications.  The  matter  was  then  referred 
to  the  American  Railway  Engineering  and  Maintenance  of 
Way  Association,  now  called  (since  April,  1911),  the  American 
Railway  Engineering  Association.  The  prevailing  type  of 
failure  seems  to  have  been  the  split  head,  generally  termed 
" piped  rail."  The  rails  developed  internal  cavities,  mostly  in 
the  head,  running  lengthwise  of  the  rail  for  distances  of 
several  feet  or  more.  It  seems  to  have  been  the  prevalent 
opinion  that  this  and  other  types  of  failure  as  well  as  poor 
wear  were  due  partly  to  internal  structural  defects  and  partly 
to  finishing  the  head  of  the  rail  at  too  high  a  temperature.  It 
was  argued  that  the  flanges  were  too  thin,  cooling  quickly  in 
the  rolling,  and  that  a  temperature  necessary  to  finish  the 
flanges  properly  left  the  temperature  of  the  head  unduly  high. 

The  remedy  suggested  was  to  make  the  flanges  thicker, 
thus  allowing  of  more  uniform  finishing  temperature  through- 
out the  section -  W.  R.  Webster  wrote  in  1S01  as  follows : 
" Tlie  cause  of  the  trouble  is  now  well  known,  it  being  due  to 
the  large  mass  of  mefal  in  the  head  carrying  the  heat  so  much 
longer  than  the  thin  metal  in  the  flanges,  thus  preventing  the 
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work  of  rolling  on  the  head  at  sufficiently  low  temperature  to 
break  up  the  coarse  grain  and  produce  the  tough,  good  wear- 
ing rails  desired."  The  committee  of  the  American  Railway 
Association  later  shared  this  same  view  to  a  large  extent,  as 
evidenced  by  the  fact  that  the  main  feature  of  the  rail  designs 
they  presented  was  the  greater  thickness  of  the  flanges. 

Recent  work,  which  will  be  referred  to  later  on,  indicates 
tliat  from  the  standpoint  of  safety  liigh  temperature  of  rolling 
is  not  detrimental,  and  that  few  if  any  failures  can  be  attri- 
buted to  this  cause.  I  am  referring  now  to  splithead  failures 
in  Bessemer  rails,  as  this  was  the  prevailing  type  of  failure, 
and  open-hearth  steel  had  not  yet  come  into  extensive  use. 
The  recent  work  has  also  shown  that  such  failures  occur  almost 
entirely  in  badly  segregated  metal  from  the  top  part  of  the 
ingot,  attended  perhaps  witlv  laminations  and  slag  seams. 
Under  pressure  the  top  of  the  head  of  the  rail  spreads  side- 
ways, and  as  the  interior  of  the  head  with  such  metal  as 
referred  to  cannot  likewise  extend  laterally  it  develops  a  crack, 
which  grows  until  failure  results.  Of  course,  increase  of  pres- 
sure would  hasten  the  development  of  such  failures. 

It  has  indeed  been  more  or  less  definitely  recognised  that 
split  heads  occurred  mostly  in  rail  from  the  upper  part  of  the 
in^ot ,  but  the  blame  was  placed  on  internal  structural  defects. 
The  trouble  is  now  well  known,  it  being  traceable  to  the  large 
mass  due  to  blowholes  and  pipes  in  that  part  of  the  ingot  ； 
the  role  of  segregation  was  but  vaguely  recognised.  In 
Europe  the  part  played  by  segregation  liad  probably  been 
"lore  definitely  worked  out  years  before,  but  the  results  of 
tliat  work  seem  to  have  been  overlooked  or  at  anyrate  their 
importance  had  not  been  fully  appreciated  in  America. 

As  stated,  the  matter  was  turned  over  in  1908  to  the 
American  Railway  Engineering  Association  to  continue  the 
work  of  investigation.  This  association  appointed  a  commit- 
tee, which  continued  the  investigations  started  by  the  com- 
mittee of  the  American  Railway  Association,  and  wliicli  also 
"lade  a  co-operative  arrangement  with  the  manufacturers  of 


steel  rails  by  which  the  latter  furnisli  the  material  and 
facilities  of  their  mills  for  research  work,  and  tlie  railroads 
furnisli  tlie  engineer  to  conduct  the  tests  under  the  direction 
of  their  committee  and  publish  the  results.  The  writer  was 
honoured  by  selection  for  the  position  of  engineer  of  tests  and 
entered  upon  his  duties  February  1st,  1910.  The  full  reports 
of  the  work  clone  in  1910，  together  with  other  matter  collected 
by  the  committee,  are  published  in  the  Proceedings  of  the 
American  Railway  Engineering  Association,  1911，  Part  2,  and 
it  is  expected  that  tlie  reports  of  the  work  done  in  1911  will 
appear  in  the  Proceedings  for  1912.  Herewith  are  indicated 
some  of  the  main  results  obtained,  but  those  specially  inte- 
rested are  referred  to  the  above  Proceedings  for  the  full 
reports. 

An  investigation  was  made  of  ingots  of  Bessemer  steel  of 
various  sizes  from  12in.  by  12in.  to  25in.  by  30in.  at  the 
bottom,  all  about  5ft.  liigh,  weighing  from  2,0001bs.  to 
10，0001bs.  As  part  of  the  investigation,  a  chemical  survey 
was  made  of  these  ingots  to  determine  the  distribution  of  tlie 
various  elements,  particularly  as  influenced  by  tlie  size  of  tlie 
ingot.  The  distribution  of  pliosphorus  in  the  various  ingots 
is  shown  in  Fig.  1.  It  may  be  said  that  carbon  and  sulpliur 
show  a  similar  distribution,  differing,  of  course,  as  to  tlie 
amounts  in  the  various  regions.  The  diagrams  indicate  that 
the  regions  of  coucentration  of  the  phosphorus,  figured  as  a 
percentage  of  the  volume  of  the  ingot,  increase  as  the  size  of 
the  ingot  increases  ；  the  analyses  also  indicated  that  the  maxi- 
mum concentration  of  phosphorus  in  the  segregated  region 
increases  as  the  size  of  the  ingot  increases. 

The  regions  of  negative  segregation,  that  is,  decrease  of 
phosphorus  below  the  average  of  the  steel  as  poured,  are  also 
of  considerable  interest.  The  top  of  the  ingot  shows  consider- 
able decrease  of  the  phosphorus,  carbon,  and  sulphur,  and  this 
decrease  extends  downward  along  the  sides  a  greater  distance 
in  the  larger  ingots.  The  analyses  also  showed  that  the 
amount  of  the  deficiency  in  phosphorus  increased  in  a  general 
way  as  the  size  of  the  ingot  increased.  This  means  that  the 
outer  parts  of  the  section  of  a  rail  made  from  the  upper  end 
are  softer  than  the  average  of  the  steel  from  that  ingot,  and 
this  has  been  found  true  of  rails  examined  by  means  of  tensile 
tests.  There  is  also  a  region  of  milder  negative  segregation  in 
the  interior  and  lower  part  of  the  ingot. 

A  comparison  of  the  ductility  of  rails  made  by  the  ordinary 
Bessemer  process,  as  measured  in  the  drop  test  and  in  tlie 
tension  test,  is  interesting.  Fig.  2  is  given  to  show  the  com- 
parison. The  distance  from  the  top  of  the  ingot  in  per  cent, 
of  weight  is  plotted  horizontally  and  the  per  cent,  elongation 
is  plotted  vertically.  The  elongation  iu  the  tension  test  was 
measured  on  a  test  piece  ^in.  diam.  with  a  gauge  length  of  2in. 
The  elongation  in  the  drop  test  was  measured  by  placing  gauge 
marks  near  the  middle  of  the  length  of  the  piece  of  rail  on  the 
side  in  tension,  lin.  apart,  for  a  distance  of  6in.,  and  the 
length  of  the  space  which  stretched  most  when  broken  under 
tiie  drop  was  taken  as  the  measure  of  tlie  ductility  of  the  rail 
in  the  drop  test.  Two  curves  are  given  showing  the  ductility 
of  the  rail  bar  in  the  drop  test,  one  with  the  head  in  tension 
and  the  other  with  the  base  in  tension.  Two  other  curves  are 
given  showing  the  ductility  of  the  rail  bar  in  the  tension  test, 
one  representing  the  interior  of  the  head  near  its  junction  with 
the  web  and  one  representing  the  average  of  the  flange  and 
the  upper  corner  of  the  head,  as  the  results  from  these  two 
locations  were  about  the  same. 

In  the  tension  test  the  exterior  metal  (as  represented  by 
the  flange  and  the  corner  of  the  head)  shows  good  ductilitv 
along  the  whole  rail  bar,  although  there  is  a  general  increase 
as  we  go  down  the  ingot,  from  about  14;\  per  cent,  elongation 
at  10  per  cent,  from  the  top  to  about  18 A  per  cent,  elongation 
at  90  per  cent.  down.  The  results  from  the  interior  of  the 
head  near  the  web,  however,  differ  considerably  from  these. 
There  is  fair  ductility  near  the  top,  the  elongation  then  drops 
off  to  less  than  5  per  cent,  at  about  15  per  cent,  from  the  top, 
and  it  then  rises  again  aiul  in  the  lower  part  of  the  rail  l)ar 
averages  slightly  above  the  results  from  the  exterior  of  the 
section. 

In  the  drop  test  with  base  in  tension,  the  elongation  runs 
from  12  per  cent,  to  24  per  cent.  With  the  head  in  tension 
there  is  also  a  continuous  increase  in  going  down  the  ingot, 
but  the  differences  in  elongation  are  much  greater  (8  per  cent . 
to  27  per  cent.).  In  this  respect-  there  is  considerable 
similai'ity  between  the  ductility  measured  iu  the  tension  test 
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of  samples  from  the  interior  of  the  head  and  the  ductility  as 
measured  in  the  drop  test  with  tlie  head  in  tension.  It  would 
seem,  therefore,  that  this  latter  test  may  be  more  useful  to 
ascertain  the  ductility  of  the  interior  metal  than  the  drop  test 
with  the  base  in  tension,  as  is  usual  in  inspection  work. 
Since  the  above  was  first  written  the  "  Railway  Age  Gazette  " 
(December  8th,  1911，  p.  1,176),  has  abstracted  an  article  by 
C.  Fremont  in  "  Le  Genie  Civil,"  in  which  Fremont  comes  to 
about  the  same  conclusion,  but  goes  a  little  farther  and  recom- 
mends that  some  of  the  top  of  the  head  be  first  planed  off  and 
the  rail  then  tested  by  the  drop  test  with  the  head  in  tension. 

An  investigation  was  made  to  determine  the  influence  of 
the  temperature  at  which  the  steel  is  rolled  on  the  properties 
of  Bessemer  rails.  A  series  of  five  ingots  from  one  heat  of 
Bessemer  steel  was  rolled  into  rails,  all  in  similar  manner 
except  as  to  the  temperature  at  which  tliey  were  rolled.  One 
iugot  was  rolled  "  cold  "  and  the  temperature  was  increased 
with  the  succeeding  ingots,  finally  rolling  the  last  ingot  very 
hot.  The  influence  of  the  temperature  as  ascertained  by  these 
tests  may  be  summed  up  as  follows  :  The  ductility  and  deflec- 
tion iu  the  drop  test  were  influenced  little,  if  any，  by  the  roll- 
ing temperature.  The  number  of  blows  that  it  took  to  break 
the  rails  in  the  drop  test  was  uninfluenced  by  the  temperature 
of  rolling.  The  yield  point  and  tensile  strength  in  the  tension 
tests  were  influenced  little,  if  any.  The  elongation  iu  the 
tension  test  decreased  some  as  the  temperatures  increased. 
The  influence  of  temperature  showed  most  prominently  in  the 
tension  test,  in  the  reduction  of  area,  which  decreased  as  the 
temperature  of  rolling  increased.  The  size  of  the  grain,  as 
shown  by  the  microscope  ；  increased  as  the  temperature 
increased. 

The  general  plan  of  our  research  work  has  been  to  direct 
attention  to  some  one  item  which  enters  as  a  factor  in  the 
properties  of  the  finished  rail  and  attempt  to  obtain  definite 
information  concerning  its  influence  by  the  experimental 
method  of  obtaining  as  great  a  range  as  practicable  in  the  one 
item  under  consideration,  but  leaving  all  other  conditions  as 
near  alike  as  possible.  It  is  thus  hoped  to  aid  in  establishing 
in  the  course  of  time  the  metallurgical  principles  and  laws  that 
apply  to  the  manufacture  of  steel  rails  for  the  purpose  of 
designing  specifications  and  rail  sections  that  will  give 
uniformly  safe  rails  of  good  wearing  qualities,  and  at  a  mini- 
mum cost.  The  condition  of  co-operation  in  this  work  exist- 
ing between  the  railroads  and  steel  manufacturers  is  very 
gratifying  and  may  confidently  be  expected  to  work  to  the 
best  interests  of  the  public,  the  railroads,  and  the  steel  mills. 


Reinforced  Concrete  Barges. ― Barges  of  reinforced  concrete 
are  being  used  on  the  Panama  Canal  because  they  cost  less 
than  steel  and  only  a  little  more  than  timber.  The  ordinary 
flat-bottomed  type  is  used,  and  the  overall  dimensions  are 
64ft.  by  24ft.  by  5ft.  G^in.  maximum  depth -  There  are  two 
longitudinal  bulkheads,  and  lateral  frames,  10ft.  apart, 
strengthen  the  construction. 

Sparks  and  Colliery  Explosions. ― Iu  a  paper  recently  read 
before  the  Institution  of  Mining  Engineers  at  Birmingham, 
Mr.  John  T.  Stirling  and  Prof.  John  Cadman  described  three 
explosions  which  had  happened  at  the  Bellevue  Mine,  Alberta, 
Canada,  and  expressed  the  view  that  they  were  caused  by  the 
ignition  of  inflammable  gas  by  sparks  emitted  from  falling 
stones.  In  two  of  the  explosions  no  one  was  underground  at 
the  time,  but  in  the  third  30  lives  were  lost.  Experiments 
were  made  with  the  hard  siliceous  rock  composing  the  roof 
with  the  object  of  discovering  its  power  of  producing  sparks. 
It  was  found  that  when  a  specimen  was  struck  a  glancing 
blow  with  a  hammer,  the  surface  of  percussion  glowed  red  hot 
for  the  instant,  and  that  when  two  small  pieces  of  the  stone 
were  struck  one  against  the  other  sparks  were  seen,  which 
varied  in  intensity  with  the  energy  applied.  To  obtain  a  play 
(〗f  sparks  a  steel  flint  -mil]  was  used,  and  the  sparks  produced 
were  of  sufficient  intensity  to  ignite  coal-gas  or  methane  very 
readily.  The  authors  are  satisfied  that  they  have  proved  that 
sparks  sufficient  to  bring  about  the  ignition  of  inflaminable 
gas  can  be  produced  by  falls  of  roof  in  the  No.  1  Bellevue 
seam,  and  as  subsequent  examination  after  each  explosion 
showed  tliat  there  had  been  falls  of  large  masses  of  roof  in 
areas  where  gas  was  in  ail  probability  present,  the  explanation 
of  the  explosions  seeuis  to  them  clear. 


INCREASE  OF  BORE  OF  HIGH-SPEED  WHEELS  BY 
CENTRIFUGAL  STRESSES.* 

With  Fobmul^e  for  Force  and  Shrink  Fits. 

liV  SANDFORD  A.  MOSS. 

Recent  advances  in  high-speed  steam  turbines  and  the  appa- 
ratus driven  by  them  have  opened  up  a  great  many  new  pro- 
blems. One  of  these  is  the  fact  that,  under  certain  circum- 
stances, unless  proper  precautions  are  taken,  a  high-speed 
turbine  wheel,  or  the  like,  expands  at  the  hub  a  sufficient 
amount  to  cause  an  appreciable  increase  in  the  bore,  so  as  to 
make  the  wheel  slightly  loose  upon  the  shaft  and  capable  of 
poimding  back  and  forth.  This  pounding  causes  a  mechani- 
cal increase  of  the  looseness,  so  that  the  machine  soon  gives 
evidence  of  distress.  So  far  as  the  writer  knows,  the  first  one 
to  direct  attention  to  this  problem,  to  suggest  means  of  inves- 
tigating it,  and  to  offer  a  solution  was  Richard  H.  Rice, 
chief  engineer  of  the  Lynn  works'  turbine  department, 
General  Electric  Company.  The  present  paper  gives  an 
account  of  work  on  the  problem  done  under  the  general 
direction  of  Mr.  Rice  by  various  members  of  his  depart- 
ment. 

Nature  of  Stresses  in  a  Wheel  or  Ring. ― It  is  the  purpose  firyt. 
to  give'a  general  account  of  methods  of  computing  stresses  in 


Wheel  Speedy  Ft  per  Sec.  •  W 
Fig.  1.— Increase  op  Bore  of  a  Rotating  Wheel. 
Katio  of  diameter  of  bore  to  diameter  of  disc  =  0.353.    This  ratio  umy  be  obanyed 
con «ider ably  without  appreciably  affecting  the  results. 

Approximate  dead  weight  per  lb.  of  disc  (equal  in  both  cases)  =  100,0001bs.  per 
foot  of  disc  circumference  at  534ft.  per  second. 

circular  bodies.  When  there  is  rotation  this  becomes  a  very 
intricate  subject,  and  details  and  formulae  must  be  sought  in 
works  specially  devoted  to  it.  It  is  assumed  that  the  disc  is 
thin,  that  is,  that  the  thickness  is  negligible  compared  with 
its  diameter.  Then  conditions  are  the  same  at  all  points  on 
a  line  parallel  to  the  axis.  This  is  not  strictly  true,  as  the 
central  part  of  a  hub  is  strained  differently  than  the  ends. 
However,  in  most  cases  this  effect  is  slight.  At  each  radius 
in  the  disc  there  are  two  stresses,  one  in  the  radial  direction 
denoted  by  Sr  and  one  in  the  tangential  direction  denoted 
by  >St.  If  we  consider  the  effect  of  these  stresses  on  the  metal 
of  a  thin  ring  at  the  interior  of  the  disc，、we  find  the  circum- 
ference of  the  ring  to  be  increased  mainly  by  virtue  of  the 
tangential  stress,  and  the  thickness  mainly  by  the  radial 
stress.  However,  when  a  metal  is  extended  in  one  direction 
by  a  stress  there  is  a  shrinkage  in  a  direction  at  right  angles, 
the  ratio  of  the  deformations  being  called  "  Poisson's  ratio," 
which  we  will  denote  by  F.  For  ordinary  kinds  of  steel  this 
has  a  value  of  0"3.  That  is,  the  increase  of  circumference 
of  a  thin  ring  in  the  interior  of  the  disc  is  less  than  that 
which  would  be  produced  by  the  tangential  stress  if  acting 
alone,  by  an  amount  which  is  0*3  of  the  extension  which 
would  be  produced  by  the  radial  stress  acting  alone.  Simi- 
larly the  increase  in  the  thickness  of  the  ring  is  less  than 

1'aiH'r  ]ii\'sonU-d  <i,t  the  ltoston  uiouting,  May  17th,  1912,  of  the  American 
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that  produced  by  the  radial  stress  acting  alone.  In  any  case, 
the  ratio  of  stress  to  extension  per  unit  length  produced  by 
it  if  acting  alone  is  given  by  the  modulus  of  elasticity  E, 
usually  taken  as  29，000，0001bs.  per  square  inch  ；  or,  if  I  is 
the  total  extension  in  a  distance  Ly  we  have  the  well-known 
law 

s_ 

T 

The  combination  of  the  above  principles  with  the  laws  of  the 
centrifugal  forces  on  the  various  elements  of  the  disc  gives 


E  = 


(1) 


shaf  to  keep       、 、 
Spindle  S  turn-       、 - — - 一 
iriij  with  shaft      Sect/on  aa 


Fiu.  2.— DiAoit.vM  of  Device  for  Measuiuno  the  Inchkase  of  Bouk  uluing 

Rotation. 

formulae  which  enable  computations  to  be  made  of  the  stresses 
in  the  disc  at  all  points  during  rotation. 

In  order  to  determine  tlie  safety  of  a  structure  where 
there  are  stresses  in  more  thau  one  direction,  it  is  necessary 
to  find  an  effective  stress  which  corresponds  so  far  as  yielding 
is  concerned  to  the  stresses  in  a  specimen  of  the  same  material 
subject  to  simple  tension  is  a  testing  machine.  It  is  now 
almost  universally  agreed  that  Guest's  maximum  shear  law 
is  the  proper  one.  This  states  that  in  cases  such  as  the  pre- 
sent, where  there  are  stresses  in  two  directions  only  with 
zero  stress  in  the  third,  and  where  the  stresses  are  either  both 
tension  or  both  compression,  the  greater  of  the  two  stresses 
is  the  effective  stress.  This  effective  stress  is  equal  to  a  simple 
stress  which  would  produce  like  results  so  far  as  yielding, 
safety,  elastic  limit,  &c"  are  concerned. 

This  is  not  true,  however,  when  there  are  stresses  in  all 
three  directions,  as  in  the  case  with  a  rotating  disc  of  appre- 
ciable thickness,  where  there  is  change  of  stress  in  the  axial 
direction  :  or  with  two  stresses  with  opposite  sign,  as  in  the 
stresses  in  the  hub  due  to  force  fits,  discussed  later.  In  such 
cases  the  maximum  algebraic  difference  between  the  greatest 
and  least  of  the  stresses  existing  at  a  point  taken  with  proper 
sign  gives  the  effective  stress  or  equivalent  simple  tension. 
In  most  cases  of  properly  designed  rotating  wheels  with  a 
bole  at  the  centre  the  maximum  stress  is  the  tangential  stress 
at  the  bore.  This  is,  therefore,  the  stress  which  is  to  be 
considered  in  order  to  ascertaiir  if  the  wheel  is  safe,  and  is 
further  the  stress  which  must  be  determined  in  order  to  dis- 
cuss the  problem  of  the  present  paper. 

Formula  for  Increase  of  Bore— As  we  proceed  outward  from 
the  bore  in  a  rotating  wheel,  the  radial  stress  mounts  up 
rapidly,  due  to  the  fact  that  the  centrifugal  forces  of  the 
outer  portions  of  the  disc  pull  outward  on  the  inner  portions. 
The  nearer  the  centre  the  less  the  material  in  the  inner  circle, 
and  therefore  the  less  resistance  to  radial  elongation.  At 
the  bore  there  is  no  force  whatever  resisting  radial  elonga- 
tion, so  that  the  radial  stress  becomes  zero  as  this  inner 
diameter  is  reached.  We  have  then  on  the  inner  wall  of  the 
cylinder  forming  the  bore,  material  which  is  stressed  only  in 
the  tangential  direction,  and  the  increase  of  circumference 
is  exactly  the  same  as  if  we  had  a  straight  bar  of  the  same 
length  stressed  an  amount  equal  to  the  tangential  stress  at 
the  bore.  This  is  expressed  by  the  simple  relation  which  is 
the  f undaniental  equation  of  our  problem  ： ― 


X  =  E 


(2) 


wliere 

X  =  increase  in  diameter  in  inches  of  tlie  bore,  due 
to  the  centrifugal  stresses  at  a  given  speed. 

St。  =  tangential  stresses  at  the  bore  in  pounds  per 
square  inch  at  the  same  speed 

D0  =  original  diameter  of  bore  in  inches. 

E    ^  modulus  of  elasticity,  29,000,0001bs.  for  steel. 

It  cau  be  shown  that  the  stresses  at  any  point  in  a  given 
wheel  or  at  a  similarly  situated  point  in  any  other  wheel  of 
similar  proportions,  are  directly  proportional  to  the  square  of 
the  peripheral  wheel  speed.  Hence  the  increase  of  bore  in 
which  we  are  interested  varies  directly  with  the  square  of  tlie 
peripheral  wheel  speed  with  a  given  wheel.  In  any  case  of 
the  same  or  geometrically  similar  wheels,  the  increase  per 
foot  of  bore  increases  directly  with  the  square  of  the  wheel 
speed . 

Numerical  Magnitude  of  Increase  of  Bore.  ~~ The  allowable 
values  of  the  tangential  stress  at  the  hub  are  quite  high, 
siuce  a  centrifugal  load  is  one  of  the  easiest  loads  which  can 
be  applied,  and  is  of  the  nature  of  a  pure  dead  load  in  a 
beam.  It  is  not  possible  to  apply  or  remove  a  centrifugal 
load  suddenly,  but  only  in  the  most  gentle  manner.  Also  the 
maximum  stress  usually  occurs  only  in  a  single  set  of  fibres 
which  are  reinforced  by  adjacent  fibres  with  decreasing 
stresses.  There  need  be  no  "  factor  of  ignorance'/'  and  maxi- 
mum stresses  can  be  known  with  as  great  accuracy  as  it  is 
desired  to  give  to  the  matliematical  computations.  In  many 
cases  20,0001bs.  per  square  inch  is  a  conservative  stress.  In  some 
cases  with  special  grades  of  steel  30，0001bs.  per  square  inch 
is  possible.  For  a  wheel  with  12in.  bore  and  30，000Ibs. 
maximum  stress  the  increase  in  bore  computed  from  (2)  is 
0'0124iii.，  which  is  an  appreciable  amount.  For  other  stresses 
and  other  dimensions  of  bore  the  increase  of  bore  is  in  direct 
proportion.  When  the  stress  is  29,0O01bs.  per  square  inch 
the  increase  in  bore  is  1  mil  per  inch  of  bore. 

Fig.  1  gives  numerical  values  of  increase  in  bore  for 
various  wheel  speeds  for  two  different  shapes  of  disc.  The 
upper  curve  is  for  a  disc  of  uniform  thickness.  This  shape 
is  only  possible  with  comparatively  low  wheel  speeds,  and 
the  stresses  become  excessive  with  speeds  ordinarily  used  in 
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Fig.  3.— Increase  in  Bobe  of  a  Rotating  ^'hekl. 


Points  from  test  with  rotating  wheel  (Table  I.):  curve  drawn  from  couiimtation、 

turbine  practice.  The  lower  curve  is  for  a  disc  of  the  more 
efficient  shape  shown  in  Fig.  2.  In  both  cases  the  computa- 
tions are  made  for  a  turbine  bucket  wheel  with  a  load  due 
to  centrifugal  force  of  buckets  at  3,600  revs,  per  miuute  of 
100，0001bs.  per  foot  of  circumference.  The  shapes  of  the 
curves  are  affected  somewhat  by  the  magnitude  of  this  outer 
dead  load.  In  both  cases  the  ratio  of  bore  to  disc  diameter 
is  0'353.  The  curves  are  not  greatly  affected  by  difference  in 
this  ratio.  The  curves  give  very  nearly  the  values  of  increase 
i,i  bore  per  foot  of  bore  for  various  wheel  speeds  for  a  disc  of 
uniform  thickness,  which  is  about  as  poor  a  shape  as  would 
ever  be  used,  and  for  a  disc  of  what  is  probably  as  efficieut 
a  shape  as  would  ever  be  used,  with  an  average  bucket  load. 
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Measuring  Device.  ― The  measuring  device  shown  in  Fig.  2 
consisted  of  three  pistons  sliding  in  radial  holes  in  the  shaft 
pushed  outward  by  means  of  a  tapered  plug  moving  axially 
in  a  hole  in  the  centre  of  the  shaft.  The  motion  of  the  cen- 
tral plug  was  given  by  lneans  of  a  lever  with  a  ball  and 
socket  joint,  fulcrumed  so  as  to  give  considerable  multiplica- 
tion, and  read  by  a  pointer  passing  over  a  scale.  A  displace- 
ment of  the  pointer  by  lin.  corresponded  to  an  increase  of 
bore  of  0'004in.  The  position  of  the  pointer  was  certain  to 
within  about  ^in.  motion  along  its  scale,  corresponding  to 
()'0005in.  change  of  bore.  While  the  speed  was  being  varied 
an  attendant  kept  his  hand  on  the  pointer,  moving  it  back 
and  forth  a  slight  amount  so  as  always  to  keep  it  just  in  the 
proper  position.  As  the  speed  varied  from  low  values  to 
maximum  value  the  pointer  moved  a  distance  of  about  2in., 
so  that  the  change  in  bore  was  quite  perceptible.  Owing  to 
the  fact  that  the  increase  of  bore  varies  with  the  square  of 
the  speed  there  was  no  perceptible  change  below  about 
750  revs,  per  minute,  and  this  was  the  lowest  speed  used. 
The  highest  speed  was  3,900  revs,  per  minute. 

TAiiLi:  I. ―  licadinf/s  of  Pointer  ut  Tests  tuith  llotating  Wheel, 
conducted  March  11th,  1911. 
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Test  No.  9 

Test  No.  10 

Test  No.  11 

Test  No.  12 

Test  No.  13 
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The  increase  m  bore  for  any  shaped  disc  whatever  will  pro- 
bably lie  between  the  two  curves. 

The  curves  of  Fig.  1  were  constructed  as  follows :  The 
wheel  whose  dimensions  are  given  in  Fig.  2  is  the  wheel  of 
a  standard  steam  turbine  with  a  web  diameter  of  34in.  In 
the  course  of  the  design  of  this  wheel  the  maximum  stress 
was  computed  for  the  rated  speed,  3,600  revs,  per  minute, 
and  came  out  about  20,4001bs.  per  square  inch.  From  the 
value  of  this  stress  and  formula    (2)    the  increase  in  bore 
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Fig.       Katio  or  Expansion  01''  ]?ore  to  i'orck  i-'it. 
Figures  on  curves  denote  ratio  of  diameter  of  bole  in  inner  ring  to  diameter  ol 
bore  of  outer  ving 

at  the  rated  speed  was  found.  The  effective  bore,  taking 
account  of  keyways,  was  12in.  From  the  law  that  the  stress 
and  lience  the  increase  in  bore  varies  directly  with  the  square 
of  the  wheel  speed,  the  lower  curve  of  Fig.  1  was  drawn, 
taking  bore  as  12in.,  however. 

Next  was  taken  the  case  of  the  upper  curve  for  a  flat  disc. 
From  the  formulae  for  stresses  in  flat  discs  given  in  Stodola's 
u  Die  Dampfturbinen/'  fourth  edition,  pp.  248  and  249，  can 
be  deduced  the  following  formula  for  the  tangential  stress 
at  the  bore  of  a  flat  disc  ^fo)  where  Syl}  is  the  radial  stress 
at  the  circumference  due  to  bucket  load,  II'  is  the  wheel 
speed  iu  feet  per  second,  and  R  is  the  ratio  of  bore  diameter 
to  web  diameter. 


Sto  =  0*0261FJ  (0  7ff  +  3-3)  + 


2>Srl 
1  —  R1 


(3) 


This  is  for  a  steel  disc  whose  modulus  of  elasticity  is 
29，000，0001bs.  per  square  inch,  Poisson's  ratio  0'3  and  density 
0.281b.  per  cubic  inch.  The  centrifugal  force  due  to  the 
bucket  load  on  the  previous  disc,  100，0001bs.  per  foot  of 
circumference,  was  taken  as  being  applied  to 隱 flat  disc  of 
about  the  same  weight,  giving  l|in.  axial  width,  and  34in. 
web  diameter.  This  gives  a  radial  stress  of  6,6701bs.  per 
square  inch  at  the  circumference  of  the  flat  disc.  The  ratio 
of  the  diameter  of  bore  to  the  web  diameter  11  was  taken 
as  in  the  previous  disc  0  353. 

Experimental  Measurement  of  Increase  of  Bore  of  a  Rotating  Wheel.— 
The  magnitudes  of  the  increase  of  bore  in  a  number  of  actual 
turbine  wheels,  as  determined  by  substituting  computed 
stresses  in  equation  (2)  came  out  so  large  that  it  was  decided 
to  make  an  actual  measurement  of  the  increase  in  bore  when 
a  wheel  was  rotating.  Fig.  2  shows  the  apparatus  diagram- 
inatically  and  Fig.  3  the  results  obtained.  The  turbiue  wheel 
was  mounted  on  a  shaft  with  a  light  force  fit.  A  delicate 
iiiicrometer  arrangement  was  provided,  so  that  change  in  bore 
of  the  wheel  while  it  was  rotating  with  the  shaft  could  be 
observed.  The  wheel  was  gradually  increased  in  speed,  and 
meanwhile  the  readings  of  the  micrometer  taken.  These 
showed  that  the  bore  expanded  at  each  speed  an  amount 
almost  exactly  the  value  coi»iputed  by  the  methods  previously 
given.  The  micrometer  arrangement  proved  very  positive, 
there  was  no  unceriainiy  regarding  the  measurement  of 
the  increase  of  bore.  The  maximum  amount  measured  was 
about  O'OOTin.  The  observations  were  accurate  to  about 
()'0()()5in.  The  wheel  was  forced  on  the  shaft  with  a  force  fit 
of  0.0014 ，  so  that  it  was  loose  on  the  shaft  by  about  0.0056 
;it  rn;ixirnini]  speed.  The  duration  of  the  tests  was  not  great 
enough  to  show  any  difficulty  due  to  this. 
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1'，ig.  5.— IUdiai,  Stress  at  Bore  Sro.    Fohce  fit  of  O  OOIin.  per  inch  of  Bok i:. 
Stress  is  directly  m'oportional  to  force  fit  per  inch  of  bore.    Figures  on  curves 

denote  ratio  of  diameter  of  hole  in  inner  rinj,'  to  ilianictcr  of  bore  of  outer  riny  ' - 

'•，> 

Calibrating    Sleeve    Test.— In  order  to  find  the  relation 

between  the  readings  of  the  pointer  and  the  actual  values  of 
increase  of  bore,  and  also  to  demonstrate  that  the  apparatus 
would  give  correct  measu rements  at  high  speed,  a  calibrating 
sleeve  was  made.  This  was  a  thin  sleeve  bored  out  at  each  end 
so  as  to  be  a  sliding  fit  on  the  shaft  and  with  two  different 
bore  diameters  in  the  central  portion,  either  of  which  could 
be  brought  over  the  pistons  of  the  measuring  device.  Read- 
ings of  the  pointer  were  taken  at  each  of  .  these  bores, 
slationary  aiul  rotating,  at  various  speeds.  The  stationary 
readings  gave  the  motion  of  the  pointer  for  the  known  change 
of  bore  calibrating  the  entire  apparatus.  The  readings  while 
rotating  showed  that  the  instrument  gave  correct  readings 
at  all  speeds. 

Test  with  Rotating  Wheel. ― Next  the  rotating  wheel  was 
pressed  on  the  shaft.    A  number  of  readings  of  the  diameter 
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of  shaft  and  bore  of  wheel  showed  that  the  average  amount 
of  force  fit  was  0  0017in.  After  this,  a  pair  of  outside  cali- 
pers was  set  to  fit  the  shaft  at  various  points,  and  a  pair  of 
inside  ones  set  to  fit  the  wheel  bore.  The  difference  between 
the  two  calipers  was  theu  found  by  means  of  a  thickness 
gauge.  The  mean  of  these  observations  gives  O'OOllin.  as 
the  amount  of  force  fit.  The  mean  of  these  two  values  0  0014in. 
is  considered  to  be  the  actual  amount  of  force  fit.  It  was 
necessary  to  know  the  amount  of  this  force  fit  in  order  to 
niake  comparisons  between  the  computed  and  observed 
amounts  of  increase  of  bore  of  the  rotating  wheel,  since  the 
wheel  at  zero  speed  is  expanded  somewhat. 


Ratio  of  Bore  Diom  to  Outer  Diam  of  Outer  Pinq  ^ 
Fig.  6.— Effective  Tensile  Stress  at  Bore  of  Outer  Ring. 
Force  Fit  op  O'OOIin.  per  inch  of  Bork. 
Stress  is  directly  proportional  to  force  fit  per  inch  of  bore.    Figures  on  curves 
rteuote  ratio  of  inner  diameter  of  inner  rin^  to  bore  diameter  2. 

Fig.  2  is  a  diagram  of  the  arrangement  of  the  apparatus 
when  the  wheel  was  on  the  shaft.  Readings  of  the  pointer 
were  taken  at  various  speeds,  as  shown  by  Table  I.，  and  the 
results  plotted  in  Fig.  3.  The  pointer  readings,  as  well  as 
the  corresponding  values  of  actual  increase  in  bore  as  shown 
by  the  previous  calibrations,  are  given  on  the  left.  Owing  to 
the  fact  that  the  wheel  was  forced  on  the  shaft,  the  measured 
diameter  of  the  wheel  at  zero  speed  is  greater  than  the  actual 
free  diameter  of  the  wheel .  By  methods  given  later,  it  was 
computed  that  the  wheel  was  expanded  by  the  force  fit  one- 
half  of  the  difference  in  free  diameters,  the  remainder  being 
compression  of  the  shaft.  Hence  the  base  line  for  increase  in 
bore  of  the  wheel  from  the  free  condition  is  the  lower  lino 
of  Fig.  3，  which  is  0*0007in.  below  the  base  line  for  increase 
in  bore  from  the  actual  initial  value  when  on  the  shaft.  The 
computed  curve  for  the  increase  in  bore  for  the  free  wheel 
at  the  various  speeds  is  drawn  in  Fig.  3，  beginning  with  the 
lower  base  line.  At  that  speed  where  the  expansion  of  the 
free  wheel  is  equal  to  the  amount  of  the  force  fit,  0'0014in.， 
the  shaft  is  just  released  from  its  compression  and  wheel  and 
shaft  are  just  of  the  same  diameter.  For  speeds  beyond  this 
point  the  wheel  expands  exactly  as  if  there  was  no  initial 
force  fit.  The  wheel  is  loose  on  the  shaft  by  whatever 
increase  in  bore  occurs  beyond  this  point.  The  observed 
points  are  seen  to  fit  very  closely  the  computed  curve.  For 
all  speeds  below  that  at  which  the  wheel  and  shaft  just  touch 
there  is  compression  of  the  shaft  and  expansion  of  the  wheel 
by  the  force  fit,  the  amount  being  successively  less  as  the 
speed  increases.  The  effective  force  fit  at  any  speed  is  the 
difference  between  the  force  fit  at  rest,  and  the  expansion  of 
the  free  wheel  at  the  given  speed.  The  effective  force  fit  is, 
therefore,  the  difference  between  the  dotted  curve  and  the 
upper  horizontal  line.  As  shown  later,  when  there  are  diffe- 
rent amounts  of  force  fit  with  a  given  wheel  and  shaft,  the 
expansion  of  the  wheel  is  always  a  constant  fraction  of  the 
amount  of  force  fit.  This  is  one-half  in  the  present  case. 
Hence  the  curve  showing  the  increase  in  bore  of  the  wheel, 
as  the  force  fit  is  gradually  relieved,  is  drawn  half-way 
between  the  dotted  curve  and  the  upper  horizontal  line. 

In  the  present  case  the  amount  of  the  force  fit  is  com- 
paratively small.  It  was  originally  intended  to  repeat  the 
experiments  with  successively  increasing  amounts  of  force 
fit.  The  measuring  apparatus  was  arranged  so  that  it  could 
be  torn  down  and  reassembled  without  change  in  the  abso- 


lute initial  value  of  the  readings.  This  was  done  witli  ilie 
idea  of  actually  measuring  the  change  in  the  initial  bore  of 
the  wheel  when  put  on  the  shaft  witli  different  amounts  of 
force  fit,  giving  curves  in  Fig.  3  which  would  start  with  suc- 
cessively greater  amounts  of  force  fit  and  meet  the  curve  of 
a  free  wheel  higher  up.  However,  the  results  of  the  first 
experiment  agreed  so  closely  with  the  theory,  and  everything 
was  so  obvious  after  study  of  the  subject  that  no  further 
experiments  were  made. 

Design  of  Wheels  subject  to  Increase  of  Bore  by  Centrifugal  Stresses. 
The  method  used  to  prevent  difficulty  due  to  loose  wheels  is 
to  force  the  wheel  on  the  shaft  with  a  force  fit,  or  difference 
in  diameters  between  wheel  bore  and  shaft,  greater  than  tlie 
computed  amount  of  increase  of  bore  at  maximum  speed.  I  n 
some  cases  this  has  resulted  in  large  amounts  of  force  fit 
requiring  very  heavy  pressures  for  forcing.  Special  material 
is  necessary  for  the  bushings  between  the  wheel  and  the  shaft. 
However,  all  of  these  points  have  been  successfully  met,  and 
ill-effects  due  to  loosening  of  the  wheels  wholly  eliminated. 

In  some  cases  the  wheel  hubs  do  not  fit  along  their  entire 
length  but  only  in  places.  The  radial  pressure,  when  the 
fit  only  occurs  for  a  short  distance,  is  obviously  increased  by 
the  ratio  of  the  total  length  of  bub  to  the  actual  length  of 
the  fit.  The  numerical  values  of  this  radial  pressure  on  the 
bushings,  computed  by  methods  discussed  below,  come  to 
very  high  figures  in  many  cases.  Of  course,  some  relief  is 
offered  by  the  fact  that  this  pressure  is  pure  compression,  and 
that  the  metal  of  the  bushings  is  constrained  on  nearly  all 
sides,  so  that  the  resistance  to  flow  is  considerable.  Under 
such  circumstances  much  higher  values  of  compression  stress 
can  be  used  than  when  there  is  no  resistance  to  the  deforma- 
tion which  the  compression  tends  to  cause.  There  is  reason 
to  believe  that  in  the  ideal  case  of  a  piece  subject  to  pure 
compression  in  every  direction,  there  would  be  no  failure 
even  with  an  infinitely  large  stress.  It  is  to  be  remarked 
that  when  the  force  fit  is  just  sufficient  to  prevent  loosening 
at  full  speed  and  the  shaft  is  solid,  the  effective  stress  in  the 
hub  due  to  the  force  fit  when  at  rest  is  exactly  equal  to  the 
stress  at  full  speed. 

Computation  of  Force  and  Shrink  Fits  with  Steel. ― A  complete 
treatment  of  the  subject  based  on  the  maximum  shear  law 
previously  mentioned  is  given  for  the  first  time  so  far  as 
known.  It  turns  out  that  a  wheel  hub  is  affected  only  for 
a  very  short  distance  outward,  so  that  the  nature  of  the 
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Fig. 


-Compressive  Tangential  Stress  S'f2  at  Inner  Diameter  of  Tn*ni:r 
Bing.    Fokce  Fit  of  O  OIin.  per  inch  of  Bore. 
Stress  is  directly  proportional  to  force  fit  per  inch  of  bore.   Figures  ou  curves 
denote  ratio  of  inner  diameter  of  inner  ring  to  bore  fliauietei  — -.  Values  ftiven  art' 
the  maximum  effective  stresses  iu  inner  ring. 

outer  portion  has  little  or  no  influence.  The  condition  near 
the  hub  in  a  flat  disc  with  an  outer  diameter  only  10  times 
the  diameter  of  the  bore  is  practically  the  same  as  in  a  disc 
with  an  infinitely  large  outer  diameter.  We  therefore  con- 
sider only  the  case  of  a  ring  forced  upon  another  ring  of 
equal  axial  length.  We  estimate  the  outer  diameter  of  the 
outer  ring  so  as  to  make  it  equivalent  so  far  as  expansion 
is  concerned  to  a  given  wheel  of  any  shape.  For  instance, 
for  a  solid  wheel  comparatively  thin  at  the  outer  portion,  we 
would  estimate  the  equivalent  flat  disc  to  have  one-half  or 
one-third  the  diameter  of  the  wheel.      For  a  wheel  with 
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spokes,  we  have  little  more  than  the  hub  only.  We  also 
estimate  an  equivalent  inner  ring  if  we  do  not  have  a  solid 
or  hollow  shaft.  Owing  to  the  comparatively  slight  influence 
of  the  parts  of  the  rings  furthest  from  the  fit,  a  considerable 
error  in  estimation  of  the  diameters  of  the  equivalents  will 
cause  comparatively  small  error  in  the  results. 

Figs.  4,  5，  and  6  give  amount  of  expansion  and  stresses  in 
an  outer  ring  or  hub  pressed  or  shrunk  on  inner  ring  or 
shaft.  The  difference  in  the  free  diameters  is  called  the  force 
fit,  which  we  will  denote  by  X.  When  the  hub  is  in  place 
on  the  shaft,  and  there  is  no  rotation  so  as  to  loosen,  it  is 
expanded  by  a  certain  amount  F、.  The  shaft  is  also  com- 
pressed by  a  considerable  amount.  The  sum  of  the  increase 
of  hub  bore,  Ffoi  and  the  compression  of  the  shaft  is  evidently 

，  ，  Ff  , 

the  amount  of  the  force  fit.    Fig.  4  gives  values  of     ^.  the 

fraction  of  the  force  fit  wliich  the  hub  expands.  Fig.  5 
gives  the  radial  stress  at  the  bore  of  the  hub,  which  is  also 
the  stress  at  the  outside  of  the  shaft,  as  well  as  the  pressure 
per  square  inch  between  when  there  is  actual  contact  for  the 
full  length  of  hub.  Fig.  6  gives  the  maximum  effective 
stress  at  the  bore  of  the  hub.  This  is  the  greatest  stress  in 
the  system  unless  the  shaft  is  hollow  and  relatively  thin. 
Figs.  5  and  G  are  for  a  force  fit  of  one  mil  per  inch  of  bore. 
Stresses  for  other  values  are  in  proportion. 

The  abscissae  of  these  figures  give  the  ratio  of  the  bore  to 
the  outer  diameter  of  the  hub.  The  upper  curve  in  each  of 
these  three  figures  is  for  a  solid  shaft  or  one  with  a  small 
hole,  and  the  other  curves  are  for  rings  with  various  sizes 
of  holes.  When  the  abscissa  is  zero  the  outer  diameter  of 
the  hub  is  infinitely  large  as  compared  with  the  bore.  The 
curves  are  nearly  horizontal  for  a  considerable  distance  in 
this  region,  and  the  results  for  an  outer  diameter  10  times 
the  diameter  of  the  bore,  that  is,  a  ratio  of  0'1，  are  almost 
the  same  as  for  an  infinite  outer  diameter.  The  values  for 
an  outer  diameter  five  or  three  times  the  diameter  of  the 
bore  change  but  little.  Similarly,  as  will  be  seen  by  noting 
the  curves  for  the  various  values  of  the  ratio  of  the  diameter 
of  the  hole  in  the  shaft  to  the  shaft  diameter,  the  hole  has 
but  little  influence  unless  it  is  comparatively  large.  The 
usual  case  of  a  shaft  with  a  comparatively  small  hole  is  prac- 
tically equivalent  to  a  solid  shaft.  As  will  be  seen  by  a  study 
of  the  curves,  the  case  where  the  diameter  of  the  hub  is  seven 
times  the  diameter  of  the  bore,  giving  a  ratio  of  0'14，  and 
where  the  hole  in  the  shaft  is  0  3  of  the  shaft  diameter, 
gives  very  nearly  the  results  of  any  usual  case.  Hence,  for 
usual  cases  the  hub  bore  expands  about  0'6  of  the  amount  of 
the  force  fit,  and  for  a  force  fit  of  1  mil  per  inch  of  bore 
the  radial  stress  is  about  13，0001bs.  per  square  inch,  and  the 
effective  tangential  stress  is  about  27,0001bs.  per  square  inch. 

For  a  solid  shaft,  however,  the  maximum  effective  stress 
is  29，0001bs.  per  square  inch  for  a  force  fit  of  1  mil  per  inch 
of  bore,  regardless  of  the  character  of  the  wheel  or  hub.  The 
stress  for  other  amounts  of  force  fit  is  in  proportion.  Force 
fits  of  1  mil  per  inch  are  therefore  about  as  large  as  will 
give  no  permanent  set  of  the  hub  for  steel  and  a  solid  shaft. 
Force  fits  up  to  about  1^  mils  are  frequently  used.  These 
give  some  set  of  the  fibres  very  near  the  bore.  This  set  is 
almost  entirely  eliminated  by  the  elastic  force  of  the  outer 
fibres  if  the  hub  is  ever  removed  from  the  shaft,  however. 
Fig.  7  gives  the  maximum  stress  (at  the  inside)  in  the  shaft 
or  inner  ring.  This  is  usually  less,  but  for  a  relatively  thin 
ring  may  be  greater  than  the  stress  in  the  hub.  A  solid 
shaft  has  a  stress  one-half  as  great  as  one  with  a  small  hole. 

A  rational  expression  for  the  force  in  pounds  to  press  the 
hub  on  the  shaft  is 

0-12  dJSro 

where  I  is  the  length,  the  diameter  of  bore  of  the  hub  in 
inches  and  Sllt  the  radial  stress  at  the  bore  found  from  Fig. 
5.  The  coefficient  of  0-12  was  obtained  from  actual  tests, 
and  gives  a  coefficient  of  friction  of  0-038.  For  a  force  fit 
of  1  mil  per  inch  of  bore  the  forcing  pressure  in  our  usual 
case  is  about  1 ,5601bs.  per  inch  of  bore  and  per  inch  of  hub 
length.  The  forcing  pressure,  of  course,  varies  widely,  on 
account  of  the  influence  of  surfaces  and  lubricant.  The 
formula  gives  an  average  value. 


ELECTRIC  INDUCTION  FURNACE  FOR  CAST  STEEL* 

BY.  C,  H.  VOM  BAUR. 

The  electric  induction  furnace  for  making  steel  has  been  in 
regular  commercial  operation  in  Europe  for  over  10  years  and 
more  than  30  of  these  furnaces  have  been  installed.  It  can  be 
built  in  sizes  of  8  or  16  tons  capacity  and  30-ton  furnaces  have 
been  projected.  These  electric  furnaces  are  of  the  Roechling- 
Rodenhauser  induction  and  resistance  type,  operating  on 
single,  two,  or  3-phase  alternating  current,  utilising  any  con- 
venient voltage  of  commercial  circuits  ；  25-cycle  is  preferred, 
but  60-cycle  current  can  be  used  in  the  smaller  sizes. 

The  furnace  action  is  similar  to  any  ordinary  transformer. 
The  primary  coil  receiving  the  incoming  current  is  subdivided 
into  series  of  steps,  usually  five,  which,  by  the  aid  of  a  switch, 
regulate  the  current  and  consequently  the  heat  in  the  metal 
bath.  Seventy  per  cent,  of  the  secondary  current  is  induced 
directly  in  the  bath,  which  is  really  one  short-circuited  turn 
of  the  secondary  winding  of  the  transformer.  The  remaining 
energy,  30  per  cent.,  is  induced  in  a  large  copper-bar  secondary 
winding,  wound  directly  over  the  primary  winding,  whicli 
receives  the  electric  current  from  the  alternator.  This 
auxiliary  secondary  current  is  carried  to  two  steel  pole  plates, 
set  beneath  the  lining,  one  at  each  end  of  the  bath.  The 
magnesite  lining  covering  these  plates  is  the  hearth  of  the 
furnace  and  becomes  the  conductor  of  electricity  when  red  hot, 
acting  similarly  to  the  filament  of  a  Nernst  lamp.  There  are, 
therefore,  two  sets  of  currents  in  the  bath,  the  main  or  induced 
current  and  the  auxiliary  induced  or  resistance  current.  The 
advantage  of  having  this  combination  of  electric  currents  is 
manifold ― it  increases  the  thermal  and  electric  efficiency  of 
tlie  furnace,  increases  the  heat  of  the  steel  in  the  main  hearth, 
thus  facilitating  the  refining,  and  precludes  any  interruption 
of  the  current  flowing  th rough  the  metal.  There  are,  there- 
fore, no  involuntary  fluctuations  of  the  current,  which  is 
consumed  at  an  absolutely  steady  rate. 

The  heat  of  the  metal  can  be  kept  at  any  practicable  tem- 
perature between  a  dull  red  and  2,600°  C.，  which  is  the 
limiting  temperature  of  the  magnesite  lining.  As  there  is  no 
involuntary  change  in  the  current  and  no  violent  fluctuations 
take  place,  there  is  no  strain  placed  on  the  prime  mover.  In 
other  words,  in  this  type  of  furnace  there  is  nothing  to  wear 
out  but  the  lining,  the  furnace  runs  quietly  and  there  are  no 
carbon  particles  blowing  through  the  air,  owing  to  the  method 
of  melting  the  steel.  The  current  being  steady  and  the 
amount  of  steel  in  the  furnace  being  known,  the  heat,  with  a 
little  practice,  can  be  accurately  determined  by  observing  the 
ammeter  reading.  The  heat  regulation  of  a  Roechling- 
Rodenhauser  furnace  is  absolutely  under  control.  No  foreign 
ingredients  can  inadvertently  get  into  the  metal  bath,  such  as 
sulphur,  pliospliorus,  carbon,  nor  any  other  substances  from 
any  flame,  electrodes,  or  lining. 

The  heat  is  produced  only  by  heavy  induced  current  going 
directly  through  the  bath，  which  allows  superheating  of  the 
metal  without  the  introduction  of  oxygen  or  nitrogen.  The 
metal  contains  a  minimum  of  gases.  This  reduces  the  amount 
of  ferro-silicon  and  ferro-titanium  required,  if  either  of  these 
alloys  are  used.  Contrary  to  the  gas-heated  or  other  furnaces 
or  converters,  the  chemical  composition  and  temperature  can 
be  regulated  independently  of  each  other.  The  composition 
of  the  metal  can  easily  be  changed  and  the  temperature  held 
at  the  desired  point.  The  metal  can  be  poured  at  the  tem- 
perature to  suit  the  conditions  ；  for  large  castings  into  crane 
ladles,  for  small  castings  into  bull  ladles  or  small  hand  ladles. 
The  furnace  being  of  the  tilting  variety  facilitates  pouring, 
and  the  removal  of  the  slag  through  the  slag  opening  at  the 
rear. 

The  items  entering  into  the  manufacture  of  steel  castings 
are  essentially  as  follows  : — 

Raw  Material. 

(1)  The  raw  material. 

(2)  The  oxidation  loss. 

*  Abstract  of  paper  】)resented  at  the  Pittsburg  meeting  of  the  American 
Found rymen's  Association. 
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Conversion  Cost. 

(3)  Electric  current  consumption  and  its  cost  per 

kilowatt-hour. 

(4)  Fluxes  and  additions. 

(5)  Labour. 

、     (6)  Tools,  repairs,  and  lining. 

(7)  Depreciation  and  interest. 

(8)  Auxiliary  apparatus. 

When  charging  cold  material  for  making  steel  castings,  the 
cheapest  steel  scrap  can  be  used  to  advantage  and  refined  to 
the  desired  degree. 

When  charging  hot  metal  for  refining  or  merely  for 
thorough  deoxidation  and  segregation,  it  may  be  taken 
directly  from  the  blastfurnace,  from  a  mixer,  a  cupola,  or 
some  other  furnace. 

At  Dommeldingen,  Germany,  pig  iron  was  charged  into  an 
induction  furnace  of  the  Roechling-Rodenhauser  type  and 
refined  as  follows  : —— 

Analysis  Analysis 
of  charge,  of  cast, 

per  cent.  per  cent. 

Carbon    4  0  0  5 

Phosphorus    1  8  0  025 

Sulphur    0  2  0.03 

Manganese    ―  0*76 

Silicon    l'O  0*056 

Duration  of  conversion,  5  hours. 

Such  impure  hot  metal  is  rarely  charged  in  the  electric 
furnace,  except  under  unusual  conditions,  as  it  can  be  partly 


particles  of  slag  which  are  expelled  by  deoxidation  ；  in  the 
same  manner  the  sulphides  are  absorbed  by  the  white  lime 
slag,  while  a  small  part  of  the  sulphides  volatilises;  otherwise, 
the  composition  of  tlie  bath  remains  tlie  same. 

Table  I. ~ Chemical  Analyses  and  Physical  Tests  of  Annealed 
Electric  Steel  Castings. 


Carbon, 
per  cent. 

Silicon, 
per  cent. 

Man- 
ganese, 
per  cent. 

Snlpliui', 
I'i'r  rent. 

Phos- 
phorus, 
per  cent. 

Tensile 
strength 
pounds, 
persq.  in. 

Elonga- 
tion, 
per  cent. 

0- 12 

0- 13 

0+  53 

0014 

0  01  1 

51,920 

22 '5 

0- 10 

020 

048 

0  015 

0  020 

58,000 

23  -> 

023 

0.30 

059 

0  021 

0  025 

66,840 

24  - 0 

0-26 

0.31 

062 

0.018 

0  022 

68,550 

20  - 0 

032 

035 

083 

0012 

0  025 

79,050 

20") 

0-35 

032 

068 

0  022 

0  023 

85,340 

15  5 

037 

0.35 

0-71 

0  00!) 

0017 

95,300 

15- 0 

A  carbon  analysis  is  then  obtained  and  the  necessary 
modifications  are  made.  In  the  case  of  alloy  steels,  the  alloys 
are  only  added  after  the  deoxidation  period ,  so  that  any  loss 
which  might  be  caused  through  the  formation  of  slags  is 
avoided.  This  deoxidation  period  usually  lasts  an  hour.  It 
is  this  deoxidation  period,  so  thorough  and  effective,  which  lias 
no  parallel  in  any  gas-fired  furnace  or  converter.  The  sulphur 
has  meanwhile  almost  entirely  disappeared,  being  reduced  as 
low  as  0*01  to  0.005  per  cent.  After  a  last  analysis  shows  that 
the  deoxidation  of  the  metal  is  complete,  the  furnace  is  tapped 


Sectional  Views 


ctbic  Induction  Furnace. 


refined  by  a  gas-fired  furnace  cheaper  than  in  an  electric 
furnace. 

It  takes  longer  to  treat  cold  metal  than  hot  and  only  three- 
fourths  of  the  bath  is  tapped  when  cold  metal  is  used  instead 
of  the  entire  contents  of  the  furnace  when  hot  metal  is  treated . 
When  charging  cold  metal,  25  per  cent,  of  the  hot  charge 
remains  in  the  furnace  to  complete  the  electrical  circuit. 
Cold  scrap  consisting  of  many  pieces  does  not  meet  the  required 
conditions,  as  the  voltage  in  the  bath  is  as  low  as  2  or  3  volts, 
which  is  not  sufficient  to  overcome  the  contact  resistance 
between  the  numerous  pieces  of  scrap. 

When  operating  the  furnace,  the  limestone  and  roll  scale 
are  charged  and  the  bath  is  refined  until  the  analysis  shows 
that  no  phosphorus  remains,  or  the  process  may  be  stopped 
before  this,  thus  retaining  some  phosphorus  and  cheapening 
the  process.  This  refining  usually  lasts  an  hour  or  so,  varying 
somewhat  with  the  initial  percentage  of  phosphorus  present. 
During  this  dephosphorising  period  the  carbon  is  greatly- 
reduced  and  the  silicon  is  almost  or  entirely  eliminated.  This 
first  slag  is  then  thoroughly  removed  by  tilting  the  furnace 
backwards  at  a  slight  angle  and  rabbling  off  the  slag.  Tlien, 
according  whether  mild  or  hard  steel  is  required,  a  quantity 
of  carbon  is  added  to  meet  the  requirements.  At  this  time 
sufficient  ferro-manganese  is  charged  to  meet  the  specifications. 
The  desulphurising  slag  is  then  added.  As  soon  as  this  is 
melted,  the  bath  and  slag  are  deoxidised,  the  slag  becomes 
white,  and  owing  to  its  increased  temperature  absorbs  the 
departing  sulphur  rapidly,  the  refining  being  dependent  upon 
the  temperature  at  the  point  of  contact  between  the  metal  and 
the  slag.      The  gases  are  expelled  and  likewise  the  small 


without  further  additions.  Castings  weighing  from  ^lb.  to 
the  capacity  of  one  or  more  furnaces  are  regularly  made.  The 
chemical  analyses  and  physical  tests  of  annealed  electric  steel 
castings  are  given  in  Table  I. 


Launch  of  H.M.S.  "  Audacious."  ―  There  was  recently 
launched  from  the  yard  of  Messrs.  Cammell,  Laird,  &  Co., 
Birkenhead,  H.M.S.  "  Audacious/'  which  is  the  first 
armoured  vessel  of  the  "  Dreadnought  ，'  type  to  be  built  on  the 
Mersey.  She  is  of  the  same  type  as  the  "  King  George  V.,*' 
and  the  group  will  consist  of  four  vessels,  viz.  :  "  King  George 
V.，，，  "  Centurion/'  "  Ajax,"  and  "  Audacious."  The  type  is 
an  improvement  on  that  of  the  four  battle-ships  of  the 
'' Orion  "  class,  although  similar  in  general  design  -  Whereas 
the  "  Orion  "  and  her  sisters  have  a  displacement  of  22,500 
tons,  the  class  to  which  the  u  Audacious  "  belongs  displace 
slightly  over  23,000  tons,  and  have  a  length  of  555ft.,  as  com- 
pared with  545ft.,  with  a  beam  of  89ft.  as  compared 
with  88ift.  As  with  all  the  ' '  Dreadnoughts,"  Parsons 
turbines  are  the  type  of  propelling  machinery  used,  and  those 
for  "le  "  Audacious  "  are  being  manufactured  by  Cammell, 
Laird,  &  Co.  The  boilers  of  the  ship  will  be  of  the  Yarrow 
type.  In  the  main  battery  are  10  13*5in.  guns,  mounted  in 
five  twin  turrets  on  the  centre  line  of  the  ship,  while  the  guns 
for  repelling  torpedo  attack  are  20  of  4in.  calibre,  or  four  more 
than  in  the  "  Orion  '  class.  The  total  cost  of  the 
" Audacious/'  exclusive  of  the  cost  of  the  guns,  is  estimated  at 
£1,774,513. 
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A  LARGE  GERMAN  BLASTFURNACE  GAS  ENGINE  PLANT. 

In  a  recent  issue  of  "  The  Iron  Age,"  Mr.  C.  A.  Tupper 
furnishes  a  description  of  the  gas-engine  driven  power  plant  of 
the  Gewerkschaft  Deutscher  Kaiser,  at  Bruckhausen,  on  the 
Rhine,  which  is  the  largest  plant  of  its  kind  in  Europe,  having 
a  present  capacity  of  60,000  h.p.  It  supplies  current  for 
operating  coal  mines,  coke  ovens,  and  a  by-products  plant, 
blastfurnaces,  open-hearth,  converter,  and  electric  steel 
plants,  roughing  and  finishing  mills  and  fabricating  plants, 
foundries,  machine  shops,  &c.，  and  also  for  transmission  over 
an  independent  electric  system  serving  the  communities  and 
industries  of  an  extensive  district.  The  power-house  lias  a 
length  of  459ft.,  and  a  width  approximating  252ft.,  being 
divided  longitudinally  into  three  parts,  viz. :  Electric  plant 
110ft.,  blowing  engine-house  116ft.,  and  a  central  bay,  open 
at  the  bottom  along  each  of  the  two  459ft.  sides,  which  con- 
tains auxiliary  machinery,  offices,  and  various  conveniences. 
This  takes  up  the  reinaining  26ft.  of  width. 

The  electric  plant  contains  12  units.  All  of  the  engines 
are  4-cycle  double-acting  machines,  9  tandem  and  3  twin- 
taiuleni,  l>tii]t  hy  Thyssen  &  Co.,  Mulheini-Ruhr,  Germany. 


fan  are  4ft.  3in.  diam.  The  outlet  pipes  discharge  the  clean 
gas  into  water  separators  and  thence  into  another  collecting 
main  12ft.  6in.  diam"  whence  it  returns  to  the  blastfurnace 
stoves  in  two  8ft.  pipes,  which  form  a  complete  loop  around  the 
funiace  plant.  Water-sealed  mushroom  valves,  conveniently 
arranged,  permit  the  shutting  off  of  any  section  of  this  ring 
main  for  cleaning  purposes. 

From  this  collecting  main  the  gas  available  for  the  power 
plant  is  drawn  off  in  a  6ft.  6in.  pipe  and  carried  to  the 
secondary  cleaning  plant.  The  latter  consists  of  five  Schiele 
fans  discharging  the  fine  gas  into  water  separators  and  thence 
into  tlie  final  collecting  inain,  which  is  connected  to  a  gas 
holder  60ft.  diam.  and  of  about  175,000  cub.  ft.  capacity. 
Another  branch  of  5 ft.  diam.  by-passes  the  gas  holder,  giving 
direct  connect  ion  \  o  the  power  plant  when  t  he  holder  is  not 
in  service. 

The  raw  gas  contains,  on  an  average,  3'5  grains  of  dust  per 
cubic  foot.  It  leaves  the  Zschocke  scrubbers  with  a  content  of 
about  0*50  grain  per  cubic  foot,  which  drops  to  about 
0*1 1  grain  per  cubic  foot  after  the  preliminary  Schiele  clean- 
ing fans.  In  tlie  secondary  cleaning  plant  the  amount  of  the 
dust  is  reduced  to  about  0.013  grain  per  cubic  foot,  the  gas 
arriving  at  the  engines  with  a  content  of  about  0*011  grain  per 


Fig.  1. ― Section  Through  Cylinders  of  the  Thyssen  Gas  Engine. 


Of  the  first-named,  four  have  cylinders  43*3in.  diam. 
by  51*3in.  stroke,  and  to  each  engine  a  1,450  kw.  generator  is 
direct  connected  ；  five  have  cylinders  48in.  diam.  by  55in. 
stroke,  and  drive  2,000  kw.  generators  direct  coupled,  and  the 
three  largest  have  51in.  cylinders  by  59in.  stroke.  To  each  of 
these  a  4,500  kw.  generator  is  direct  connected. 

All  of  the  gas  used  in  th«  engines  is  that  generated  by  the 
blastfurnaces,  from  the  tops  of  which  it  is  taken  in  the  usual 
manner.  After  passing  through  22ft.  dry  dust  catchers,  the 
gas  is  collected  in  two  gas  mains,  8ft.  6in.  diam.,  with  a  third 
held  in  reserve,  which  discharge  to  the  13ft.  header  of  the 
cleaning  plant  proper.  Here  the  first  receptacles  are  three 
dry  dust  catchers,  19ft.  8in.  diam.  by  25ft.  high,  elevated 
sufficiently  above  the  yard  level  to  enable  the  accumulated 
dust  to  be  dumped  into  dust-proof  enclosed  railroad  cars  of  a 
special  design,  in  which  the  dust  is  transported  to  a  briquetting 
plant.  Each  dust  catcher  can  be  shut  off  by  means  of  a  valve 
of  the  water-sealed,  mushroom  type,  and  is  connected  to  two 
wet  scrubbers  arranged  in  series.  The  six  wet  scrubbers  are 
arranged  in  rows  of  three,  those  of  each  row  operating  in 
parallel  while  the  two  rows  work  in  series.  These  scrubbers, 
the  towers  of  which  are  24ft.  diam.  by  32ft.  high,  are  of  the 
Zschocke  type  designed  and  built  by  the  Zschocke  Werke, 
Kaiserslautern,  Germany. 

After  leaving  the  scrubbers  the  dry  cleaned  gas  is  collected 
in  one  large  main  of  13ft.  diam.,  which  distributes  it  to  six 
hydraulic  fans  of  the  Schiele  type.    The  branch  pipes  to  each 


cubic  foot  (about  0  025  gramme  per  cubic  metre).  The  dust 
determinator  is  of  the  Stroehlein  cotton-method  type. 

The  temperature  of  the  gas  entering  the  cleaning  plant 
(carried  in  unlined  pipes  across  the  ore  yard  for  about  l3200ft.) 
is  194°  to  212°  Fall.  This  temperature  is  reduced  to  about 
79°  Fah.  behind  the  Zschocke  washers  and  is  about  70'5°  after 
the  Schiele  fans.  The  temperature  of  the  water  supply  is  79° 
and  the  waste  leaves  the  washers  at  104°.  The  quantity  of 
water  consumed  for  cleaning  is  30  galls,  per  1,000  cub.  ft.  for 
the  preliminary  processes,  in  which  quantity  the  Zschocke 
scrubbers  share  with  23  and  the  Zschocke  fans  with  7  galls. 
The  quantity  of  water  used  in  the  secondary  plant,  having  the 
Schiele  fans,  is  12  galls,  per  1,000  cub.  ft.,  so  that  a  total  of 
about  42  galls,  per  cubic  foot  is  required. 

This  quantity  of  water,  which  will,  of  course,  vary  some- 
what either  way  according  to  conditions,  is  remarkably  small  ； 
but,  due  to  the  scarcity  of  the  supply,  the  management  has 
adopted  every  possible  means  of  conserving  it.  All  of  the 
waste  water  from  the  gas  cleaning  plant  is  carefully  collected 
and  carried  in  launders  to  two  settling  tanks  for  purification. 
One  of  these,  which  lias  nine  compartments  with  a  total  area 
of  80,000  sq.  ft.,  takes  the  water  from  the  wet  scrubbers  only, 
while  the  waste  from  the  preliminary  and  secondary  fans  is 
purified  in  tlae  smaller  tank  of  four  compartments  and 
27,000  sq.  ft.  area .  The  waste  water  passes  through  the  com- 
partments of  the  tanks  in  series  and  thence  flows  to  a  reservoir 
to  be  pumped  over  a  cooling  tower  150ft.  by  45ft.  in  area,  with 
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natural  draught.  For  this  purpose  there  are  three  centrifugal 
pumps,  aud  the  cooled  water  is  raised  by  another  set  to  the  top 
of  a  distributing  tower.  The  residue  from  the  cleaning  tanks 
is  removed  by  means  of  grab  buckets  operated  from  gantry 
cranes  and  conveyed  to  the  coal  mines  on  the  property  for  use 
iu  backfilling. 

The  gas  enters  the  power  plant  through  a  ring  main 
6ft.  6in.  diam.,  from  which  feeder  pipes  of  20in.  diam.  branch 
off  to  the  engines.  This  piping  is  laid  underneath  the  floor 
aud  is  readily  accessible.  The  combustion  air  for  the  engine 
cvlinders  is  taken  in  through  ducts  which  are  integral  with  the 
concrete  foundations  aud  terminate  on  the  outside  in  pockets 
protected  by  wire  gauze.  The  piping  for  the  cooling  water, 
compressed  air  used  in  starting,  &c -，  is  laid  similarly  to  that 
for  gas.  All  of  the  conduits  and  the  pipes,  which  are  painted 
different  colours  to  indicate  their  purpose,  have  been  arranged 
on  the  loop  system,  to  enable  the  engines  to  be  supplied  from 
either  direction,  aud  any  unit  may  be  cut  off  from  the  mains 
common  to  all  without  interrupting  the  service  of  the  others. 

Immediately  adjacent  to  each  engine  there  is  a  gas  receiver, 
with  supply  pipes  leading  to  each  cylinder.    The  gas  supply- 


cylinder  and  are  wholly  contained  in  separately  cast  boxes, 
which  can  be  readily  removed  when  the  valves  require 
examination  or  any  work  is  to  be  done  on  the/n.  The  engine 
exhaust,  as  shown  in  Fig.  2,  is  through  suitable  piping  to 
concrete  muffler  tunnels  on  either  side  of  the  plant,  connected 
to  the  atmosphere  through  steel  stacks. 

The  jacket  is  cast  integral  with  the  cylinder,  but  it  is  fitted 
with  a  renewable  liner  which  takes  all  the  wear.  Botli 
cylinder  heads  and  pistons  are  water  cooled,  as  sliown  in  Fig.  J  ， 
and  the  water  cooling  of  the  exhaust  valves  and  their  casings 
has  been  amply  provided  for.  The  cooling  water  enters  at 
about  72°  to  78°  Fah.  and  leaves  at  104°  to  108"  Fah.,  flowing 
into  a  reservoir.  From  this  it  is  pumped  to  a  cooling  to  wet- 
equipped  with  fans,  where  the  temperature  is  reduced  to  about 
75°.  Approximately  12  galls,  of  water,  on  the  average,  is 
needed  per  brake  horse-power  hour. 

For  the  cylinders  there  is  forced  lubrication,  oil  being 
pumped  in  through  a  pipe  piercing  the  water  jacket,  extending 
diagonally  to  the  top  of  the  cylinder  in  Fig.  2.  As  the  engines 
are  4-cycle  machines,  the  side  shaft  has  to  be  geared  down. 
This  is  effected  by  spiral  gearing  located  between  the  flywheel 


Fu4.  '2.— Skctions  Through  Cylinder  and  ISearings  of  thj-;  Tuvshkn  Gas  Engine. 


reaches  the  engine  from  the  receiver  through  the  left-hand 
pipe  in  Fig.  2，  and  a  handhole  is  provided  in  the  port  leading 
to  the  gas  valves,  through  which  any  deposit  can  be  removed 
as  required.  The  gas  supply  to  each  end  of  each  cylinder  can 
be  independently  adjusted  by  means  of  the  hand  wheels 
shown  on  the  side  of  the  right-hand  cylinder  in  Fig.  1，  which 
actuates  a  link  motion  for  opening  or  closing  the  valves  shown 
immediately  above  the  cylinder  in  Fig.  2. 

The  air  supply  pipe  is  the  larger  pipe  at  the  left  in  Fig.  2, 
and  a  valve  is  provided  by  means  of  which  the  proportion  of 
air  drawn  in  can  be  regulated  by  hand.  Having  these  two 
adjustments,  the  engine  can  be  run  on  gas  of  any  quality 
suitable  for  power  purposes,  since,  by  varying  the  relative 
degrees  of  opening  and  closing  of  these  valves  on  the  air  and 
gas  supplies,  the  proportion  of  air  to  gas  can  be  varied  through 
as  wide  a  range  as  needed.  Closer  regulation,  to  meet  all 
operating  conditions,  is  obtained  through  the  additional 
throttle  valves  shown  above  the  left-hand  cylinder  in  Fig.  1， 
which  are  under  the  direct  control  of  tlie  governor. 

Particular  attention  is  directed  to  the  arrangement  for 
admitting  gas  and  air  to  the  engine  cylinder.  As  will  be 
observed  from  Fig.  I，  the  gas  valve  is  on  the  same  spindle  as 
the  main  inlet  valve,  and  there  is  also  a  sleeve  on  this  spindle 
which,  when  the  valve  is  seated,  covers  the  air  port.  Thus 
the  opening  to  air  is  always  proportional  to  the  opening  for 
gas.  These  inlet  valves  are  operated  by  an  eccentric  on  the 
side  sliaft  and  have  a  constant  opening,  the  governing  being 
dtwl  not  by  varying  the  lift  or  duration  of  opening  of  this 
valve,  hut  by  means  of  the  throttle  valves. 

The  exhaust  valves,  it  will  be  see",  are  located  below  the 


and  one  of  the  main  bearings,  and  the  gearing  runs  in  an  oil 
bath,  being  fully  enclosed.  The  crank  shaft  has  three  bear- 
ings, that  on  the  right  hand  having  a  spherical  seat.  The 
brasses  are  lined  with  white  metal,  and  the  lubrication  here  is 
also  forced.  There  is  no  central  oil  supply,  but  each  engine 
has  been  provided  witli  its  own  system  throughout.  As  the 
oil  is  used  it  flows  to  a  tank  in  the  basement  under  each  engine 
and  is  pumped  back  through  a  strainer.  This  keeps  it  clean 
enough  so  that  filtering  has  to  be  done  only  ouce  iu  two  or 
three  months. 

The  two  cylinders  in  tandem  are  connected  at  the  top  by 
steel  stays  supplementing  the  tie  piece.  Similar  stays  lead 
from  the  first  cylinder  to  the  top  of  the  main  bearings,  and 
this  tends  to  relieve  the  engine  frame  from  the  bending  strains 
which  were  so  frequent  a  source  of  trouble  iu  earlier  days. 
The  two  piston  rods  are  connected  by  a  crosshead  and  the  tail 
rod  at  the  rear  is  suitably  guided.  Hence  the  pistons  aud  tlie 
rods  float  in  the  cylinders,  and  their  weight  is  taken  off  tlie 
glands.    The  gland  packings  are  metallic. 

The  generators  direct  coupled  to  the  gas  engines  are 
alternating-current  machines  of  the  usual  revolving  field  type, 
supplying  3-phase,  50-cycle  current  at  a  terminal  pressure  of 
5,000  volts.  Each  is  built  with  a  heavy  flywheel  rotor,  except 
for  the  three  first  installed,  which  have  separate  flywheels. 
The  earlier  machines  were  from  the  Siemens-Schuckert  Werke, 
while  the  latest  have  been  constructed  by  the  Allgemeine 
Elektricitiits  Gesellschaft,  Berlin.  When  the  production  is 
greater  than  the  local  needs  the  excess  current  can  be  turned 
into  tlie  great  independent  system  of  the  Rheinische- 
Westphalische  Elektricitats  Werke,  which  has  a  network  of 
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transmission  lines  connecting  districts  in  a  great  part  of  the 
coal,  iron,  and  steel  producing  section  of  North  Germany. 
The  sale  of  current  for  this  purpose  is  a  good  source  of  income 
for  tlie  Gewerkschaft  Deutscher  Kaiser,  although  its  own  con- 
sumption has  averaged  of  late  about  70  per  cent,  of  the 
maximum  capacity  of  the  plant. 

The  longitudinal  central  compartment,  or  bay,  26ft.  wide, 
has  its  main  floor  depressed  below  the  level  of  the  generator 
and  blower  rooms.  On  this  are  installed  the  pumps,  air  com- 
pressors and  tanks,  exciter  units,  transformers,  &c.，  as  well  as 
an  oil  filter  plant  ；  while  on  a  floor  above  are  offices,  a  dining- 
room,  lockers,  toilet-rooms,  &c.，  and  a  storage  battery  instal- 
lation for  supplying  the  incandescent  lights,  thus  preventing 
the  station  from  being  plunged  into  darkness  should  the  main 
lighting  system  fail.  The  battery  for  ignition  current  is 
also  located  here. 

The  blowing  engine  plant  of  the  Gewerkschaft  Deutscher 
Kaiser  extends  the  full  length  of  the  489ft.  power-house  and 
occupies  116ft.  of  the  width,  being  separated  from  the  electric 
plant  only  by  the  central  bay.  The  arrangement  of  this  is,  in 
general,  similar  to  that  of  the  generator-room,  already 
described,  the  layout  of  the  gas,  combustion-air  and  starting- 
air  piping,  cooling  system,  lubrication,  &c.，  being  the  same. 
There  are  seven  blowing  engines  for  supplying  blast  furnaces, 
one  being  always  held  in  reserve.  Four  of  these  units  have  gas 
cylinders  and  blowing  tubs  43'3in.  and  100"8in.  diam.,  respec- 
tively, with  51'2in.  stroke,  and  are  capable  of  delivering  about 
40,000  cub.  ft.  of  free  air  per  minute  at  the  maximum  rated 
speed  of  90  revs,  per  minute  ；  while  three  units  have  cylinders 
and  tubs  48in.  and  114'3in.  diam.  by  55'lin.  stroke,  with  a 
displacement  of  56,000  cub.  ft.  of  free  air  per  minute  at  the 
same  speed.  The  usual  working  speed  limit  is,  however, 
80  revs,  per  minute,  with  corresponding  capacity.  The 
normal  operating  pressure  of  the  units  is  10'31bs.  above  atmos- 
phere ； but  each  is  so  designed  as  to  enable  it  to  deliver  air  at 
higher  pressures  up  to  1471bs.  or  beyond,  with  corresponding 
reduction  in  volume.    All  were  built  by  Thyssen  &  Co. 

Each  of  the  furnace  blowers  discharges  into  an  air  dome, 
manufactured  by  the  engine  builders,  which  is  40ft.  long  and 
10ft.  diam.,  made  of  fin.  steel  with  welded  seams.  This 
effectually  prevents  any  leakage  of  air  or  oil  and  serves  as  a 
pressure  equaliser,  eliminating  vibrations  in  the  cold  blast 
piping  and  elsewhere.  The  blast  pipe  leading  to  each  of  the 
six  furnaces  is  4ft.  diam"  with  accordion  expansion  joints, 
and  the  system  is  arranged  so  that  any  engine  may  supply  the 
blast  for  any  furnace.  In  practice  two  engines  are  usually 
blowing  one  furnace. 

There  is  also  in  the  blower  department  two  Thyssen  twin- 
tandem  blowers  for  converter  service,  which  have  cylinders 
and  tubs  48in.  and  74'8in.  diam.  by  55'liu.  stroke.  Each  also 
operates  at  90  revs,  per  minute  and  has  a  maximum  capacity 
of  about  50,000  cub.  ft.  at  361bs.  pressure  and  can  also  blow  to 
441bs.  These  blowing  engines  are  stated  to  be  the  largest  of 
the  type  thus  far  built.  The  machines  have  no  governors,  but 
each  is  operated  from  the  stand  between  tlie  cylinders,  where 
the  main  gas  throttle  valve,  the  hand  wheels  for  mixing  adjust- 
ment and  ignition  timing,  as  well  as  the  hydraulic  unloading 
levers,  are  conveniently  located,  so  that  one  man  can  handle 
the  engine. 

During  so-called  blowing  up  periods  of  the  converters  a 
valve  in  the  blast  main  is  open,  while  another  valve  in  a  branch 
pipe  to  the  atmosphere  is  closed.  During  the  blowing  down 
periods  the  engine  continues  at  full  speed  and  the  air  is  blown 
into  the  atmosphere  by  reversing  the  hydraulic  valves.  It  is, 
of  course,  peculiar  to  the  operation  of  converters  that  greater 
demands  must  be  made  upon  the  quick  regulation  of  the  air 
pressure  and  volumetric  delivery  of  a  blower  for  this  service 
than  upon  one  discharging  to  blastfurnaces.  When  the  first 
of  the  two  machines  just  described  was  under  consideration  it 
was  argued  that  steam-driven  blowers  would  be  more  reliable, 
or  that,  if  gas-driven  blowers  were  chosen,  the  2 -cycle  engine 
would  be  better  adapted  to  the  service  than  the  4-cycle,  parti- 
cularly at  low  speeds.  It  has  proved,  however,  that  the 
4-cycle  machines  installed  at  Bruckhausen,  as  well  as  similar 
converter  blowing  engines  from  Thyssen  Sz  Co.  have  fulfilled 
all  of  the  demands  made  upon  tliem.  In  addition  to  the 
unloading  device  at  the  blower  end,  by  means  of  which  the  air 
volume  from  full  load  to  no  load  can  be  instantly  varied,  with 
speed  constant,  the  valve  gear  of  the  engine  is  so  designed  that 
t  lie  speed  can  he  varied  at  will  witliin  wide  limits.  How 


closely  this  latter  regulation  works  is  demonstrated  by  the  fact 
that  the  machine  operates  with  absolute  reliability  at  speeds 
as  low  as  20  revs,  per  minute,  while  the  maximum  speed, 
90  revs,  per  minute,  can  be  attained  within  20  seconds. 

Greater  demands  cannot  be  placed  upon  even  a  first-class 
steam  blowing  engine,  and  it  is  self-evident  that  these  char- 
acteristics have  put  the  4-cycle  gas  blowing  engine  in  a  posi- 
tion to  compete  successfully  also  with  steam  turbine-driven  or 
motor-driven  turbo  blowers  or  2-cycle  gas  blowers.  According 
to  figures  given  to  the  writer  by  Thyssen  &  Co.  some  time  ago, 
they  have  already  built  over  200,000  h.p.  in  machines  of  this 
type.  They  also  make  a  point  of  the  fact  that,  in  addition  to 
equal  service  reliability,  the  4-cycle  gas  blowing  engines  have 
about  three-fold  the  efficiency  of  steam-driven  blowers  and 
lead  the  2-cycle  gas  blowing  engines  in  mechanical  and  ther- 
mal efficiency  together  by  8  to  15  per  cent.  There  is  also  the 
further  benefit,  in  comparison  with  steam  turbine-driven 
blowers,  that  a  condensing  system  with  high  vacuum  is 
essential  to  the  successful  operation  of  a  turbine  plant,  and 
this  requires  a  large  quantity  of  cold  water,  or  about  eight 
times  as  mucli  for  a  gas  engine  of  the  same  capacity,  which  in 
many  places  can  only  be  obtained  at  high  cost. 

The  works  of  the  Gewerkschaft  Deutscher  Kaiser  include 
extensive  coal  mines,  some  of  the  shafts  of  which  open  upon 
the  plant  area  ；  a  large  coke  and  by-products  plant  ；  six  blast- 
furnaces recently  remodelled,  witli  inclined  electric  skips, 
hoists,  bell  tops,  &c.  ；  a  9-furnace  Siemens-Martin  open-hearth 
steel  plant;  a  basis  Tliomas  converter  plant  of  5  to  16-ton 
units  ；  new  electric  refining  furnaces  ；  two  blooming  mills, 
seven  finishing  mills,  &c"  as  well  as  allied  fabricating, 
founding  and  machine  plants  uuder  the  control  of  the  owners, 
viz.  :  the  Thyssen  interests,  which,  next  to  the  Krupps,  are 
the  largest  of  the  German  metal  industries. 

In  the  preparation  of  this  article  the  writer  is  indebted 
for  the  description  of  the  cleaning  plant  and  considerable 
other  data  to  H.  J.  Freyn,  who  made  a  much  more  thorough 
inspection  of  the  Bruckhausen  power  system  than  the  writer 
did,  and  whose  work  in  connection  with  the  largest  gas  engine 
installations  in  the  United  States  is  well  known. 


OIL  SPRAYERS  FOR  INTERNAL-COMBUSTION  ENGINES. 

We  illustrate  herewith  a  design  of  oil  sprayer  for  internal- 
combustion  engines,  the  invention  of  Mr.  K.  Crossley  and  Mr. 
W.  Webb,  of  Crossley  Bros.,  Ltd.,  Opensliaw,  Manchester, 
and  Mr.  L.  Barley,  by  means  of  which  the  thorough  atomisa- 
tion  of  heavy  oils  is  effected  without  the  aid  of  compressed  air. 
The  sprayer  consists  of  a  plain  cylindrical  body  A,  fitted  with 
a  separate  nozzle  C.  Inside  and  concentric  with  the  body  is  a 
sleeve  D  having  at  its  lower  end  a  coned  face  which 
seats  on  a  corresponding  coned  face  on  the  nozzle.  On  the 
surface  of  the  sleeve  and  parallel  with  the  axis  are  ducts, 
through  which  the  oil  from  an  annular  passage  formed  in  the 
sleeve  is  conveyed  to  a  second  annular  passage  surrounding  a 
number  of  spiral  or  tangential  grooves  cut  across  the  coned 
face  of  the  sleeve,  and  through  which  the  oil  is  driven.  In 
the  centre  of  the  sleeve  is  a  needle  valve  B，  the  lower  end  of 
which  seats  on  the  coned  face  in  the  centre  of  the  nozzle.  In 
operation  this  valve  is  lifted  outwards  by  the  pressure  of  the 
oil  acting  on  either  a  difference  in  area  between  the  upper 
and  lower  portions  of  the  spindle  of  the  needle  valve,  or  on  the 
available  area  formed  by  the  grooves  cut  in  the  seating  of  the 
needle  valve.  A  spring  H  is  used  to  keep  the  needle  valve  on 
its  seat  when  oil  is  not  being  forced  tlirough  the  sprayer. 
When  the  pressure  of  oil  lifts  the  valve  the  oil  passes  through 
the  spiral  grooves  causing  the  usual  whirling  action  which 
enables  the  oil  to  be  delivered  through  the  central  hole  under 
the  seating  in  a  cloud  of  spray.  The  lift  of  the  valve  is 
adjusted  by  means  of  a  set  screw  K.  A  cap  partially  enclosing 
the  spring  secures  the  sleeve  D  firmly  in  the  nozzle,  the  sleeve 
being  of  good  length  to  prevent  undue  leakage  past  the  valve 
spindle  and  having  a  small  overflow  pipe  L  to  take  any  oil 
which  does  leak  back  to  the  oil  supply. 

In  operation,  the  oil  fuel  is  forced  through  the  inlet  of  the 
oil  sprayer  into  the  annular  chamber  Gr  from  whence  it  passes 
through  the  ducts  F  to  the  lower  annular  J  and  is  forced 
through  the  ducts  cut  on  the  face  of  sleeve  at  E.  The  pressure 
of  the  fluid  acting  on  either  a  difference  in  area  between  the 
upper  and  lower  portions  of  the  spindle  of  the  needle  valve,  or 
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on  the  available  area  formed  by  grooves  cut  in  the  seating  of 
the  needle  valve,  as  described  below,  overcomes  the  resistance 
of  the  spring  H，  and  raises  the  -ueedle  valve  from  iU>  seat , 
allowing  the  oil  after  passing  through  the  ducts  on  the  face  of 
the  sleeve  at  E  to  be  delivered  through  the  central  hole  in 

the  uozzle  in  the  form  of  a 
very  fine  spray.  By  means  of 
the  adjusting  screw  K  the  lift 
of  the  valve  B  may  be  ad- 
justed whilst  the  sprayer  is 
working.  If  adjustment  were 
not  possible  in  this  manner, 
and  if  owing  to  wear  the  lift 
of  the  needle  valve  increases, 
undue  loss  of  oil  will  take  place 
past  the  valve  spindle  before 
it  is  closed  by  the  spring,  and 
this  loss  of  oil  will  unfavour- 
ably affect  both  the  atomisation 
of  the  liquid  fuel  and  the  time 
of  ignition. 

Fig.  2  illustrates  a  needle 
valve  on  the  face  of  which  and 
which  are  ducts  similar  to  those 
Instead  of  the  ducts 


Fig.  1. ~ Oil  Sprayer  for  Internal- 
combustion  Engines. 


across  the  coned  seat  of 
described  as  being  cut  in  the  sleeve  D. 
being  cut  across  the  entire  face  seating  is  left  in  the  centre  to 
effectually  close  the  hole  in  the  centre  of  the  nozzle  C.  In 
operation  this  valve  is  lifted  by  the  pressure  of  the  oil  acting 
on  the  available  area  of  the  ducts  mentioned  above,  the  lift  of 
the  valve  being  adjusted  to  give  the  desired  effect.  Figs.  3 
and  4  show  further  modifications  of  the  needle  valve,  the 
illustrations  of  which,  together  with  the  above  description,  are 
self-explanatory.    The  sprayer  may  be  used  in  any  position, 


Vic.  ± 


Fig.  3. 


Fig. 


horizontal,  vertical,  or  inclined.  In  place  of  a  plain  cylin- 
drical body  one  with  a  jacket  through  which  may  be  circulated 
water  or  oil  or  air  for  cooling  purposes,  or  a  body  arranged 
with  fins  or  ribs  on  the  exterior  surface,  cooling  being  effected 
either  b》 a  natural  or  by  a  forced  circulation  of  air,  may  be 
employed. 


Crane  Accidents. ― While  a  number  of  shipyard  hands  were 
testing  a  100-ton  crane  at  the  Alexandra  Wharf,  Belfast,  on 
the  18th  inst.,  a  portion  of  the  structure  collapsed  without 
the  slightest  warning,  carrying  three  men  with  it  into  the 
deep-water  dock.  Two  men  were'  either  killed  by  the  falling 
machinery  or  drowned,  while  a  third  was  rescued  in  an 
exhausted  condition. ― A  crane  accident  occurred  on  the  20tli 
inst.  at  the  building  operations  in  connection  with  the  exten- 
sion of  Elderslie  School,  Glasgow.  Heavy  roof  girders  were 
being  hoisted  by  the  large  crane.  During  the  progress  of  the 
work  the  chain  slipped,  and  the  jib  of  the  crane  fell,  knocking 
down  the  foreman,  who  was  more  or  less  injured. 

The  Location  of  Icebergs  ― An  important  experiment  is 
being  carried  out  on  the  steamer  "Royal  Edward,"  which 
recently  left  for  Montreal.  Dr.  M.  Coplaus,  of  Leeds  Uni- 
versity, is  determining,  l)y  the  aid  of  an  apparatus  of  his  own 
invention,  the  saline  contents  of  the  water  of  the  Atlantic 
Ocean  at  various  points  of  the  route.  It  is  anticipated  that 
the  experiments,  which  are  being  carried  out  with  the  co- 
operation of  the  United  States  and  Canadian  Governments, 
"will  have  an  important  bearing  upon  the  locating  of  icebergs 
with  a  view  to  rendering  disasters  like  that  of  the  11  Titanic  " 
impossible.  On  his  arrival  in  America  Dr.  Coplans  is  to  pro- 
ceed to  the  ice  zone  in  the  United  States  cruiser  ((  Chester." 


CORRESPONDENCE. 
The  Textile  Institute. 

To  the  Editor  of  "  The  Mechanical  Engineer. " 

Sir, ― I  should  be  obliged  if  you  will  allow  me  to  reply 
through  your  columns  to  the  many  applications  I  have  had 
fn 川 l  your  readers  for  particulars  of  membership  of  the  Tex- 
tile Institute.  Membership  of  the  Institute  is  open  to  anyone 
engaged  in  the  textile  and  allied  trades,  which,-  of  course, 
include  all  who  are  interested  in  furnishing  power,  light,  and 
aH  kinds  of  textile  machinery.  It  was  frequently  stated  by 
engineers  who'  spoke  at  our  Hawick  Congress  that  the  Insti- 
tute had  justified  its  existence,  even  if  it  had  done  nothing 
else  but  form  a  coinnion  platform  on  which  steam,  gas,  oil, 
and  electrical  engineers  could  meet  and  discuss  power  prob- 
lems from  a  common  point  of  view.  The  series  of  papers 
which  were  given  at  Hawick  are  only  the  beginning  of  a  com- 
plete investigation  which  this  Institute  proposes  to  make  into 
the  whole  subject  of  "  Mill  Driving."  I  use  the  term  "  Mill 
Driving/7  not  only  to  include  prime  movers,  but  also  the 
various  methods  of  distributing  power.  An  early  oppor- 
tunity will  be  taken  of  having  a  series  of  papers  on  this  latter 
feature,  in  which  an  opportunity  will  be  given  for  those 
interested  in  the  various  forms  of  power  distribution  to  state 
their  cases.  May  I  take  this  opportunity,  sir,  of  thanking 
you  for  the  excellent  report  you  have  given  of  our  Congress 
proceedings,  and  of  expressing  the  hope  that  our  work  may 
continue  to  merit  such  recognition  ？  I  shall  be  very  pleased 
to  send  a  circular  giving  details  of  what  the  Institute  is,  and 
what  it  is  doing,  to  any  of  your  readers. 一 Yours  truly. 
，  Geo.  Mookes,  Secretary. 

The  Textile  Institute,  14,  Cross  Street,  Manchester  Sen- 
tember  23rd,  1912.  ，  1 


INDUSTRIAL  AND  TRADE  NOTES. 

Mineral  Output  of  South  Africa.— The  mineral  output  of  the  Union 
for  1911  、vas  valued  at  £47,679,294,  as  compared  with  £43  (574  '>V) 
for  1910. 

Additional  Blastfurnace  at  Palmers.— An  additional  l>Iastlurnaco 
belonging  to  the  Palmer  Shipbuilding  Company,  Jan'o、v，  、、； a 
started  on  Monday  last.  There  are  now  four  furnaces  working, 
and  it  is  four  years  since  so  many  were  in  blast 

Patrol  Steamer  for  Canada. —The  Canadian  Government  lias,  we 
Ieani，  placed  an  order  with  Messrs.  J.  I.  Thornycroft  &  Co.， 
Southampton,  for  an  armed  steamer  for*  Customs  patrol  on  the 
St.  Lawrence  river.  The  vessel  will  cost  about  £55,000,  and  will 
be  built  of  steel,  with  twin  screws  and  triple-expansion  eneines 
of  2,000  h. p.  & 

Light  Railway.— The  Board  of  Trade  have  recently  confirmed  the 
undermentioned  Order  made  by  the  Light  Railway  Commissioners: 
York  Corporation  Light  Railways  (Extensions)  Order,  1912, 
authorising  the  construction  of  light  railways  in  the  City  of  York' 
in  extension  of  the  light  railways  authorised  by  the  York  Cor- 
poration Light  Railways  Order,  1908. 

The  World's  Trade— The  half-yearly  return  of  the  trade  of  the 
principal  countries  of  the  "oild，  issued  by  the  Board  ot  Trade, 
shows  that  Great  Britain  still  holds  the  lead,  both  in  imports  and 
exports,  although  the  United  States  of  America  are  within  a  few 
thousand  pounds  of  the  British  record  in  exports,  and  Germain- 
is  a  good  third.  In  imports  Germany,  with  a  figure  more  than 
£40,000,000  behind  the  United  Kingdom's  total,  comes  second. 

New  South  Wales  Government  Railways. — Reporting  upon  the  work- 
ing of  the  Government  railways  and  tramways  in  New  South 
AVales  during  the  year  ended  June  30th  last,  the  Chief  Commis- 
sioner states  that  the  earnings  of  the  railways  amounted  to 
£6,491,473,  and  the  tramways  to  £1,581,393，  the  surplus  after 
paying  working  expenses  and  allowing  for  interest  on  capital 
invested  being  respectively  £415,513  and  £57,696,  as  against 
D33，f)X)8  and  £47,627  in  the  preceding  year.  Tlie  working 
oxpi.Mises  ot'  the  railways  showed  an  increase  of  £478,030,  due  to 
the  iulditional  train  niileago,  the  higher  rates  of  pay  granted  to 
the  staff,  and  the  largei*  expenditure  on  per  ma  neat  \\  ay  renewals. 

Tubcworkcrs'  Lock-out  Ended. ― T]w  dispute  at  Messrs.  Stewarts 
and  Lloyds'  tubeworks,  Dalmarnock,  in  which  over  2,000  men  were 
involved,  lias  now  practically  come  to  an  end.  The  firm  report 
that  for  some  days  past  they  have  been  receiving  numerous 
applications  from  the  men  for  permission  to  resume  work,  aud 
at  n  conference  held  on  the  20th  inst.  between  a  depu- 
tation  of  tho   oporatives   and   the  manap;euieiit.    a  settlement 
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was  arrived  at,  with  the  result  that  about  1,800  employes  restarted 
on  Tuesday  last.  The  men  have,  we  learn,  accepted  the  con- 
ditions laid  down  by  the  firm,  ； uul  it  is  stated  that  an  understand- 
ing has  been  come  to  that  in  future  there  will  be  no  sectional 
strikes,  the  frequency  of  which  led  to  the  present  dispute. 

Russian  Pig-iron  Production. ― Tn  view  of  the  great  inconvcnienco 
experienced  in  Russia  owing  to  the  shortage  of  native  pig  iron, 
it  is  becoming  increasingly  important  to  look  about  for  further 
sites  where  pig  iron  can  be  produced  at  reasonable  cost.  As  a 
result  of  investigations  which  have  been  made,  it  is  thought 
Unit  smcltitio;  works  ini^ht  profitably  be  erected  on  the  banks  of 
the  Kama  and  its  brihutarios.  I'ho  question  of  a  sufficient  supply 
of  good  fuel  is,  of  course,  of  cardinal  importance  ；  and  as  far  as 
c:m  be  ascertained  at  ]> resent,  it  is  thought  that  a  good  supply 
of  iron  ore  and  of  fuel  can  be  obtained  in  the  neighbourhood  of 
the  Kama,  and  tliat  pig  iiou  could  therefore  be  produced  at  a 
low  cost. 

New  Substance  for  Picture  Films. ― An  invention  of  interest  to 
in;iinif;u-turors  of  filins  for  cinematograph  displays  has  been  intio 
diiced  by  Boroid,  Ltd.,  104,  High  Holhorn,  London.  At  present 
citienialon,iMi)li  films  n re  madt>  of  celluloid,  whicli  is  highly  com- 
hustible.  The  new  substance,  、vhich  is  known  as  (( Boroid,"  is 
intended  to  supersede  celluloid  in  the  manufacture  of  films,  and 
it  is  claimed  for  it  that  it  is  neither  inflammable  nor  explosive. 
A  demonstration  of  the  new  material  was  recently  given,  when 
it  was  explained  that  no  celluloid  was  used  in  its  composition.  A 
piece  of  raw  film  was  placed  in  a  lantern  for  a  considerable  period 
with  the  light  focused  on  it.  When  it  was  removed  no  change 
seemed  to  have  taken  place.  A  piece  of  film  was  afterwards  held 
in  the  flame  of  a  match.    It  crumpled  up,  but  no  flame  resulted. 

Development  in  Marine  Propulsion— A  steamship  having  four 
screws  and  driven  by  combined  reciprocating  and  turbine 
machinery  is  nearing  completion  at  the  Neptune  Shipyard,  Walker- 
ou-Tyne,  of  Messrs.  Swan,  Hunter,  &  Wigham  Richardson,  Ltd., 
This  vessel,  fco  be  named  a  Reina  Victoria-Eugenia/ '  is  intended 
for  passenger  and  cargo  service  of  the  Cia.  Transatlantica 
between  Barcelona,  Cadiz,  and  Central  and  South  America. 
Messrs.  Swan,  Hunter,  &  "Wigham  Richardson  were  amongst  the 
first  to  take  up  and  advocate  the  combination  of  reciprocating 
and  turbine  engines  in  order  to  effect  savings  in  consumption  of 
fuel  in  vessels  of  considerable  size  and  speed.  It  is  understood 
that  the  investigations  and  experiments  of  the  Wallsend  firm 
have  inclined  them  to  favour  an  arrangement  of  four  screws 
rather  than  three  screws. 

Mining  Output  of  India.— The  Chief  Inspector  of  Mines  in  India, 
in  his  report  for  1911，  states  that  the  average  number  of  per- 
sons working  in  and  about  the  mines  was  146,336.  There  was  an 
increase  in  the  output  of  coal,  which  was  12,048,726  tons,  com- 
pared with  11,387,716  tons  raised  in  1910.  The  coal  trade  gene- 
rally was  better  than  in  1910,  and  improved  throughout  the  year. 
Tlie  output  per  person  employed  during  the  year  was  (a)  below 
(rl0und  174  tons,  and  (b)  above  and  below  ground  113  tons.  The 
average  in  England  for  the  10  years  ending  iu  1910  was  287  tons 
per  person  employed  above  and  below  ground.  There  was  a  large 
increase  in  the  output  of  mica,  which  was  31,686  cwts.?  compared 
with  21,375  cwts^  raised  in  1910.  The  output  of  manganese  ore 
、、； is  tH,42(i  tons,  compared  with  468,669  tons  in  1910. 

The  Yorkshire  Electric  Power  Company. ― The  directors'  report  on 
thr  progress  of  the  company  for  the  half-year  states  that  the 
jrross  profit  on  the  revenue  account  for  the  three  corresponding 
hull  yearly  periods  ending  June  30th  is:  To  June  30th,  1912， 
C,5,80o.  5s.  7d.  ；  to  Juno  30th ;  1911，  £G3G33.  8s.  2d.  ；  to  June  30th, 
l!U(),  i4,U5U.  3s.  Gd.  The  net  profit  after  payment  of  mortgage 
mt,、n'st  lor  the  same  periods  is:  June  30th,  1912,  £3,349.  2s.  8d. ； 
,，m"'  30th,  1911,  £4,137.  6s.  9d.  ；  June  30th,  1910，  £2,621.  17s.  8d. 
The  halanee  available  at  June  30th  last,  including  £330.  5s.  7(1. 
l,roUir]it  forward  from  1911,  is  £3,679.  8s.  3d.,  and  the  directors 
ivcommend  that  this  amount  should  be  dealt  、vith  by  paying  a 
flividend  (less  income-tax)  for  the  half-year  ending  June  30th, 
H)12,  at  the  rate  of  6  per  cent.  j>or  annum  on  the  amount  paid 
up  on  tlie  cuniiilative  preference  shares  amounting  to  £2,323. 
:is.  1(1.,  and  by  carrying  forward  £1;35G.  os.  2d. 

A  New  British  Factory  for  Diesel  Engines. —— In  spite  of  the  progress 
wliicli  has  been  made  by  continental  engineers  in  the  construction 
of  J)it*sol  ongineSj  it  is  of  considerable  interest  to  note  that  exten- 
、m、  ，）">s('l  ，'i】gii"、  works  are  being  built  at  Ipswich  by  the  Con- 
solidated Diesel  Kiigiiie  Manuf'acturei-s,  Ltd.,  London.  This  will 
he  the  iirst  l;irg(、  iiu-tory  in  Great  Britain  devoted  exclusively 
to  the  maiiufacture  of  Di(、sH  engines  for  ship  propulsion  as  well 
as  lor  stationary  purpost^s.  Situated  in  a  most  convenient  and 
；， （（（>ss 山 1('  (piaiter  of  the  town,  with  lines  from  the  Great  Easter" 
J{;ul\vay  rmmiiig  (Ywoi-i  itito  thr  buildings,  the  new  works  will  be 
(>(|iii|>|M>(l  ((""i)"'t(>l.v  with  Ui(、  latest  types  of  machinei-y  and 
l»l;inl  lor  first  into  \vorkni;inslii|>.  Kroni  the  inauguration  omploy- 
niciit  will  ho  given  to  liundred  、vm'k"K、"，  and  provision 

has  also  been  made  to  secure  atlcliiioiial  laud  in  order  to  cope  with 


the  increasing  demand  for  Diesel  engines.  All  preparations  are 
well  in  hand,  and  it  is  anticipated  that  the  works  will  be  in  full 
swing  in  the  early  part  of  the  coming  year. 

Motor- cars  in  Canada. ― The  motor-car  is  coming  into  extonsiv (！ 
use  in  ('； m;"la，  despite  the  hindrances  outside  the  towns  that 
prevail  in  the  \v;i y  (〉t  poor  roads  and  other  obstacles  to  free  loco- 
motion, as  will  be  evident  from  the  fact  that  no  less  than 
22,000  licenses  for  motor-cars  were  taken  out  in  tho 
country  last  year.  The  po])ularity  of  the  motor-car  is 
greater  in  Western  than  in  Eastern  Canada.  The  bulk  of 
the  cars  is  imported.  For  the  period  1908-11  England  supplied 
4(i7  cars,  of  an  average  value  of  £260,  as  against  the  United  Stairs 
with  5,584,  averaging  £256  each.  The  immense  superiority  of  tho 
United  States  is  thus  apparent,  and  it  is  difficult  to  attribute 
the  whole  of  her  preponderance  in  the  trade  to  proximity  alone. 
Motor-cars  are  also  produced  largely  in  Canada  by  seven  or  eight 
companies  at  most,  two  of  which  are  native  Canadian  under- 
takings turning  out  a  special  type  of  car  ；  the  remainder  being 
simply  assembling  plant's  in  Canada  of  United  States  manufac- 
turers which  import  the  various  parts  from  the  parent  factory. 

Boilermakers  and  the  Shipyard  Agreement.  ― It  is  understood  that 
another  ballot  of  tho  members  of  the  Boilermakers'  Society  is  to 
be  taken  on  the  question  of  having  a  national  agreement  with 
the  Shipbuilding  Employers'  Federation.  In  this  case,  however, 
the  members  are  to  be  recommended  to  vote  in  favour  of  having 
a  national  agreement  on  general  questions ― such  as  the  fluctua- 
tions of  wages  and  also  hours  and  conditions  of  labour ~ but  that 
piece-rate  questions  should  be  settled  locally  in  the  different  dis- 
tricts without  any  appeal  to  the  general  national  agreement. 
With  respect  to  the  other  trades  which  were  signatories  to  the 
national  agreement  from  which  the  Boilermakers'  Society  have 
withdrawn,  it  is  understood  that  they  are  to  propose  that  this 
agreement  should  be  amended  considerably.  They  wish  to  have 
the  machinery  for  the  settlement  of  disputes  speeded  up  so  that 
there  will  be  a  shorter  time  between  the  notification  of  a  dispute 
and  its  settlement,  that  there  should  be  time  limits  within  which 
conferences  should  be  held,  after  the  necessity  for  them  arises  ； 
and  that  in  the  case  of  a  deadlock,  and  before  either  a  strike  or 
a  lock-out  is  declared,  a  further  grand  conference  should  be  held, 
presided  over  by  a  neutral  chairman,  with  powers,  if  mutually 
requested,  to  settle  the  point  at  issue. 

American  Contract  Methods. ― The  United  States  Navy  Depart 
nieiit  recently  asked  for  tenders  for  heavy  projectiles  for  use  in 
the  big  guns  in  the  American  Navy,  and  although  a  well-known 
EritisH  firm  sent  in  the  lowest  tender,  it  is  announced  that  the 
contract  will  be  divided  amongst  several  American  firms.  Accord- 
ing to  the  New  York  correspondent  of  the  "  Daily  Telegraph, 
as  soon  as  it  was  ascertained  that  the  British  bidders  were  i'ar 
below  every  American  competitor,  representatives  of  six  of  the 
largest  steelworks  in  the  United  States  held  a  meeting,  at  which 
it  was  declared  emphatically  that  if  the  Navy  Department  awarded 
the  contracts  to  the  British  com]>any  they  would  never  again 
submit  a  single  offer  for  American  projectiles.  This  statement 
、vas  promptly  communicated  to  the  Navy  Department,  、、 l，o 
awarded  the  conti-acts  to  American  hrms.  The  Navy  Department 
asked  for  bids  on  2，000  14in.  armoui-piercing  shells.  The  Had- 
field  Steel  Foundry,  of  SheflBeld,  England,  bid  a  sum  、vhich  worked 
out  at  £79  a  shell.  The  closest  approach  to  this  in  the  United 
States  was  the  tender  of  the  Washington  Steel  and  Ordnauee 
(^ompany.  which  bid  £98  a  shell.  Bids  for  3,500  12in.  shells 
showed  the  same  margin  iu  la  v  on  r  ot  the  British  company,  which 
bid  £  if 7*8  a  shell,  while  the  nearest  competitor,  the  .Midvaic  Steel 
Con  p;ui\  ,  hid  £54'8. 

British  Shipping. ― According  to  the  annual  statement  of  tho 
navigation  and  shipping  of  the  United  Kingdom  for  1911  juyt 
issued  by  the  Board  of  Trade,  the  n umber  of  vessels  on  the  register 
in  the  United  Kingdom  is  returned  as  21,072,  a  decrease  of  18 
on  1910,  and  of  117  on  1909,  ！ but  the  tonnage  has  iiirri'wd. 
Those  registered  in  other  paits  of  the  empire  numbered  18,082, 
against  17,838  in  1910.  The  12,242  steam-vessels  registered  in 
the  United  Kingdom  have  a  net  tonnage  of  10,717,511,  wliile  the 
8,830  sailing  vessels  only  aggregated  980,997  tons.  There  are  five 
steamers,  of  over  12,000  tons,  22  between  8,000  and  12,000  tons, 
and  altogether  2 , 430  of  over  2,000  tons.  The  shipping  activity  cf 
1911  is  reflected  in  the  large  number  of  now  vessels  added  to  the 
register,  tlicw  niMiibering  778  with  a  tonnage  of  748,364.  Alto- 
gether 1,398  new  vessels,  of  1,107,790  tons,  were  launched  in  1911, 
against  only  1,078,  of  (398， 柳 tons,  in  1910.  Of  last  year's  total 
322  vessels,  of  193,134  tons,  were  for  foreigners.  War  vessels 
launched  in  1911  totalled  for  the  Navy  228,123  tons,  and  for 
foreigiHM-s  8,130  tons.  In  shipbuilding  the  Tyne  ports  (231,377 
tons)  lead  tho  、vay,  with  Glasgow'  (203,999  tons)  second.  Iiuhul 
ing  transtVt-s  from  lorei^iuM-s  and  the  Colonies,  the  total  addi- 
t  ions  to  tlie  ri'gist,"'  in  1911  、、- (、iv  :  Sailing  vessels,  1UH,  of  20,0  tl 
ions  ；  sioii iiKM-s,  822,  of  tons.    F<»ur  Imndred  and  fiHy  (m<， 

sailing  vessels,  of  150/130  tons,  and  580  steaniers,  of  049,107  tons; 
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\\(Mt»    deducted    from    the    register.      Wrecks    or    other  losses 
accounted  for  1*28  sailing  vessels  and  llo  steamers,  while  8(3  and 
4  i'*'spefiivoly  were  broken  up  or  otherwise  destroyed. 

Steel  Dumping  and  the  Tinplate  Tmde. ― In  the  couist'  of  ； i  p:i])oc 
on  "  Dimipin^;.  as  it  Affects  the  Steel  and  Tinplate  Industrios  ()i 
South  Wales."  read  by  Mr.  J.  H.  Jones  at  the  recent  meeting 
(if  tin*  British  Association,  the  author  stated  that  the  relations  ot 
the  steel  and  tinplate  industries  of  South  Wales  had  funda- 
mentally changed  under  the  pressure  of  i'oreign  competition. 
Before  the  dumping  commenced,  tinplate  manufacturers  always 
bought  their  bars.  During  the  iron  trade  crisis  of  1907  and  later, 
Belgians.  Germans,  and  Americans  all  dumped  bars  in  South 
Wales.  They  sold  at  prices  7s.  6d.  to  15s.  per  ton  below  those 
ruling  tor  the  home-made  article.  But  they  proved  in  reality 
loss  d*、sirahle  than  they  seemed,  even  to  purchasers.  Foreign  bars 
had  to  he  purchased  at  buyers'  risk,  aud  paid  for  on  delivery. 
They  were  not  suited  for  makers  of  odd  sizes,  and  small  orders 
ret-eivod  no  notice,  since  the  dumper  would  send  bars  only  by  the 
shipload.  Quality  always  varied,  and  at  first  was  very  bad. 
Thickness  was  not  constant  ；  the  bars  wei'e  more  difficult  to  mani- 
pulate in  the  nulls,  and  broke  machinery.  The  quality  of  Siemens' 
bars  was  now  improved,  but  purchasers  of  tinplates  still  stipu- 
lated lor  tinplates  made  from  English  bars.  Another  fault  ol 
the  dwmpe<l  bars  was  that  delivery  could  not  be  guaranteed.  Th，、 
results  of  the  dumping  were  now  apparent.  Tlie  Welsli  imr 
manutacturers,  who  used  to  be  unwilling  to  supply  bars  exc-oi>t 
in  large  quantities  and  stai  (laid  sizes,  now  willingly  s"i)pl"、（l 
bars  ot  all  sizes  and  quantities  required.  Other  good  results 
wore  few .  Dumping  made  the  whole  industry  more  unstable.  It 
produced  violent  and  unforeseen  fluctuations  in  the  market,  and 
increased  tlie  difficulty  of  contracting  for  future  delivery.  in 
1905  American  clumping  ceased  for  a  time,  and  during  the  respite* 
the  Siemens'  Bar  Association  was  formed  in  South  Wales  to 
stabilise  prices,  though  not  to  restrict  output.  Its  effort  to  regu- 
late the  price  of  bars  was  successful  till  1907,  whon  tlie  foreign 
l>ars  a^nin  appeared.  Then,  to  preserve  their  markets,  the 
Wolfsh  bar-makers  acquired  interests  in  the  local  tinplate  works. 
-Most  tinplate  mamiiactinors  had  now  an  interest  in  a  steel  mili. 
The  position  at  present  was  that  though  the  Bar  Association 
appeared  successful  and  its  regulation  of  prices  was  observed,  steel 
iiianiifacturers  were  competing;  in  the  next  stage  as  tinplato- 
inakors.  The  lesson  of  the  whole  business  was  tliiit  the  dnni]>in^ 
])ursuod  hy  Protectionist  countries  mi^ht  and  did  hurrv  on 
the  ioniiatioii  ot  monopolistic  conihinatioiih  in  tho  Kreo  Trado 
( ountry  \s  liich  was  subjocte<l  to  the  (limipiiig.  From  the  (lumping; 
process  makcis  and  coiisuukts  Ix^nt'fitcd  little. 


DRAUGHT  LOSSES  IN  A  WATER-TUBE  BOILER, 

The  draught  losses  in  a  water-tube  boiler,  arranged  with 
which  is  known  as  horizontal  baffling,  are  referred  to  by  Mr. 
T.  A.  Marsh  in  the  current  issue  of  "  Industrial  Engi- 
neering/' Tiicre  are,  he  states,  many  features  in  this 
baffling  which  recommend  it.  It  affords  a  long  tile  furnace 
roof,  whicli.  in  effect,  acts  similarly  to  an  arch  and  yet  is 
maintained  at  a  relatively  low  cost,  compared  to  the  sprung 
or  independently  supported  arch.  This  firebrick  roof  formed 
of  tube  tile  renders  the  furnace  adaptable  to  smokeless  com- 
bustion, and  by  offering  a  maximum  amount  of  incandescent 
brickwork  makes  possible  the  igniting  and  burning  of  certain 
fuels  which  could  not  be  used  in  any  other  furnace  unless 
equipped  with  a  full  Dutch  oven.  Another  feature  of  this 
type  of  boiler  baffling  is  that  wlien  broken  or  burned,  per- 
mitting a  short  circuit  of  hot'  gases  to  the  chimney,  repairs 
and  replacements  are  easily  made,  more  easily,  in  fact,  than 
in  any  other  type  of  boiler  baffle.  This  is  important,  too, 
siiK  e  local  conditions  often  deniand  special  proportions  of 
npeuing  between  baffles  and  headers,  and  not  infrequently, 
too,  diffesent  boilers  in  the  same  plant  may  dew  and  special 
treatment  in  this  regard .  All  of  this  is  rendered  easily  pos- 
sible by  tlie  addition  or  removal  of  the  tube  tile.  If  properly 
designed,  the  draught  losses  through  this  type  of  boiler  set- 
ting are  not  extreme,  and  a  majority  of  the  most  serious 
cases  of  draught  reduction  are  easily  rectified.  The  normal 
draught  pressures  at  various  critical  points  throughout  the 
)>oiler  setting  are  as  indicated  in  Fig.  1. 

From  these  draught  readings,  whicli  are  averages  of 
nvunerous  series,  taken  through  this  type  of  boiler,  the  fol- 
lowing general  statements  cau  be  made  ：  (1)  There  is  a  loss  in 
draught  pressure  of  considerable  moment  between  the  points 
A  and  B,  where  the  gases  must  pass  through  a  somewhat 
n'stri<  tefl  section  between  tlie  side  walls  of  the  setting  and 
the  boiler  drums.      This  point  of  design  must  be  watched 


closely,  and  a  liberal  area  must  be  provided,  if  high  boiler 
ratings  are  to  be  obtained.  (2)  Under  proper  coiiflitions,  lli^ 
furnace  draught  available  for  fuel  burning  is  approximately 
one-third  of  tlie  uptake  draught.  Therefore,  in  order  to 
ensure  a  specified  furnace  draught,  provision  must  be  made 
for  three  times  this,  amount  in  1  lie  uptake.  (3)  The  less 
through  the  boiler  tubes  from  D  to  G  .is  not  proportional  civ 
large,  as  the  gases  passing  lengiliwise  of  tlie  tubes  do  not 
meet  as  much  resistance  as  when  passing  transversely,  across 
the  tubes.  Knowing  tliis  drop  in  draught  from  D  to  G， 
under  conditions  of  an  open  damper  and  tubes  free  from 
soot,  will  give  a  clue  to  the  condition  of  cleanliness  existing 
in  a  given  setting. 

With  this  type  of  baffle,  soot  accuinulatioiis  occur  on  top 
of  the  baffles,  and  care  must  be  exercised  daily  to  ensure 
clean  heating  surface.    The  difference  in  draught  pressures 


above  and  below  the  baffles  is  in  eacli  case  so  great  that  sliort 
circuits  are  thereby  invited,  and  the  condition  of  these  tiles 
must  be  watched  to  ensure  that  no  heat  is  lost  directly  to 
the  flue.  For  example,  consider  the  difference  in  draught 
pressure  between  the  points  K  and  E，  which  is  sufficient  to 
cause  the  hot  gases  and  flame  to  seek  the  slightest  crevic? 
between  the  tube  tile.  A  similar  point  occurs  between  1  he 
points  F  and  B,  where  the  difference  in  pressure  is  0'32in., 
and  the  condition  is  even  】nore  serious.  Compared  to  a  ver- 
tically baffled  boiler,  this  type  offers  a  total  resistance  to  gas 
considerably  in  excess,  as  evidenced  by  the  furnace  draught 
being  only  one-third  of  the  uptake  draught  in  this  case,  wliile 
in  the  case  of  the  vertically  baffled  boiler,  the  furnace  draught 
is  one-half  of  the  uptake  draught  under  the  best  conditions. 

The  section  between  the  top  of  the  bridge  wall  and  the 
lower  baffle  warrants  attention.  This  area  should  be  ample 
to  take  care  of  the  maximum  volume  of  gases  generated  at 
the  highest  boiler  rating,  and  the  gas  velocity  should  not 
exceed  35ft.  per  second.  Moreover,  since  this  section  is 
inclined  to  close  up,  due  to  accretions  building  up  on  tlie 
bridge  wall  top,  a  clean-out  door  should  be  provided  directly 
over  the  bridge  wall  in  order  that  such  accretions  】nay  be 
removed  during  operation,  or  at  least  during  such  time  as 
the  boiler  is  banked. 

Knowing  the  draught  conditions  as  presented  to  represent 
proper  conditions  of  gas  flow  with  the  boiler  setting  tight, 
aiul  with  the  passes  free  from  accumulation  of  dirt,  the  engi- 
neer should  be  able  to  locate  by  means  of  a  draught  gauge 
such  troubles  as  dirty  boilers,  porous  fuel  beds,  air  leaks 
in  tlie  settings,  restricted  baffle  openings,  and  short  circuits 
through  the  boiler  baffles.  Frequently  troubles  will  be  indi- 
cated from  the  furnace  draught  aloue.  This,  combined  with 
the  uptake,  will  almost  invariably  indicate  something  to  one 
familiar  with  normal  conditions.  A  complete  analysis  of  the 
draught,  as  shown  above,  ensures  that  no  efforts  in  rectifying 
trouble  be  misdirected,  and  presents  the  draught  problem  in 
concise  and  analytical  form. 


Atherton  Boiler  Explosion. ― The  fonnal  investigation  ordered 
by  the  Board  of  Trade  in  regard  to  the  boiler  explosion  at 
the  Dan  Lane  Mill,  Atherton,  will  be  held  in  the  connnittee 
room,  Town  Hall,  Manchester,  cm  Tuesday,  October  15th,  at 
11  a.m. 
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NEW  PATENTS. 

Specifications  of  the  following  are  now  published^  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  lOd.  Address 
u  Mechanical  Engineer^  53,  New  Bailey  Streeti  Manchester. 

MECHANICAL  1911. 

Machine  for  】uil]iug  .and  Coring  purposes.    Shanks.  1317-"). 
Drills  and  taps  \'ov  inulti|>lo  diameter  holes.    Wulkdon.    1 7750. 
Surfaces  for  the  trjinsmission  of  heat.    Knowles.  19280. 
}，(.h、(1- 、、  ntt'r  ivgulators  for  stoii.Tii  lioilers.    Trist.  19290. 
Driving  】m'('h;inisni  for  nmchiiios.    Fish.    lf)351 . 
Metallurgical  gas  f iininces.    Ts('l"、rnoff  tV-  Seiulzikowsky. 
Hydraulic  ('liaiige-speed  gear.    Soc.  Anon,  du  rJVni])Io.  11)452. 
Keversible  rotary  motor.    Brim.  19472. 
H^alraulic  pumps  and  motors.    Carey.  19519. 

Valve  actuating  mechanism  for  internal-corn] mstion  ("igim's. 
Kieling.  195G7. 

Apparatus  for  removing  scale  from  boilers.  Schror  A:  llnschcn. 
19571. 

J^xtiaction  of  zinc  i'vom  zinc  (>iv.     Iloit/.luMin.  19.387. 
^locluiniciil  ]i;uniiHM-s.    Moessi"(、r  A:  ZininuM-niami.  190SD. 
Steam  generators.    _L;"igton.  19G88. 
Water  gauges  for  stoain  hoilcrs.    Wlu';itl('y.  ]i— 
Carburetters  for  internal-combustion  engines.    JUm  w  ick  (、'  l)e  J^eer. 
19740. 

Devices  for  relieving  compi'ossion  in  iiiternal-conibustion  engines. 
Rowe.  19778. 

llotary  force-pump  for  delivering  liquid  to  several  different  pl;i('"s. 
Daimler-Motoren  Ges.  19872. 

】j"'ts，  hoists,  and  water-raising  devices.     Kscalada.  20137. 

Automatic  means  for  halanciiig  aerial  mncliiiies.     Bciini.    2022 (J. 

Jtockiug  firebars  for  fiiniaces.    Neil  t\:  liutherfortl.  20415. 

C'oinltitU'd  n-i  iprocatinji;  eiigin(、s  and  tu ilnnt's.     Wm'l.  ^OU'i. 

Process  for  the  recovery  of  ammonia  and  by-products  in  gas  pro- 
ducers.   Hunt.  20938. 

Apparatus  for  washing  or  purifying  and  cooling  air  and  gases. 
Cole.  21605. 

Carburetters  for  internal-combustion  engines.    Newcomb.  22343. 
Flying  machines.    Short,  Short,  <fe  Short.  22407. 
Internal-combustion  engines.    Short,  Short,  &  Short.  22409. 
Uni  directional  flow  steam  engines.    J3avidson  &  Larmutli.  242">73. 
Safety  devices  tor  powei-  p resses  and  drop-hiumiiers.  Jackwon. 
22911. 

Steani-engiiKj  governors.    Eastwood.    23071  - 

Valves  and  vaive  gear  for  interna  1-conibustion  cMi^inos.  Albion 

Motor-car  Company,  and  Murray.  24705. 
Force  pump.    Oldham  <te  Oldham.  25735. 
Air  pumps  tor  use  with  condensers.    Oddie.  2o832. 
Bearings  and  lubricating  apparatus.    Alfred  Steel  <fc  Soils,  Ltd., 

ana  Steel.  ^0395. 
Thrust  bearings.    Cooper.  274(3o. 

Automatic  cleansing  devices  lor  gas  gcnetatory.  Hart-Bayes. 
27 鼠 

Carburetter  for  interjial-combustioii  enginoii.    Martin.  2778-i. 

A ir-gas  and  oil  engines.    Mcliitash.    力 882. 

Crucible  furnaces.    Koch.  285G7. 

I^li i id-pressure  turbines.    Brown.  28731. 

Aeronautical  machines.    Doutre.  21)117. 

1912. 

Process  for  the  extraction  of  copper  and  nickel  i)articiilai  ly  froiu 

low  -grade  ores  and  pi'odut'ts.    Borchens  &  Pederscn.  227. 
Safety  lamps.    Tombeiaine.    241 . 
Speeil  recorders.    Henkle.  (35(3. 

Gi'inding  tools.    Kirkman;  and  Jlohert  Warner  &  Co.  . 

Carburetter  for  explosion  motors.    Turcat.  1088. 

Pulloys  tot*  hi^li-speed  transmission.    Soc.  Anon,  pou v  rExploita 

tion  ties  Prooecies  Westinghouse-Leblanc.  1459. 
Manutacture  of  inextensible  transmission  belts.    Soc.  Anon,  pour 

l'Exploitatioii  des  Procecles  Westinghouse-Leblanc.  14(30. 
I^'luid  j)iessiirc  braking  apparatus.    Turner.  2455. 
Ai>paratus  for  compressing  and  distributing  compressed  air  under 

pressure  as  a  motive  force.    Wilkinson.  3028. 
.Menus  lor  protecting  metallic  surfaces  from  corrosion.  Lake. 

3()2(i. 

S;in(ling  ii]>piuatus  lor  locomotives.    Wilhins.  4G22. 

B<';"(、r  loi'  ^i-atebars  of  furnaces.    Davis.  4041. 

Automntically  adjusting  bearing  lor  connecting-rods  of  engines 

and  fixed  boaiings.    Jacques.  o4^3. 
Antoiiiatic  lubricators  for  lifts  and  elevators.  Wetzel  &  Kuni.z.  o(J0l . 
Valve  mochani.sm  for  4-stroke-t-ycle  intei  nal  combustion  enginos. 

J  ，mu'll(、  0007. 

Processes  ！ or  t、xtr;»('ting  vaniidiiini  i'rom  ores.    Sn klatwalla.  G119. 
'J'w  o  stroke    cycle    iiitci'iial- (:o 川 1 川 stimi    engines.       I^ricfl.  Knipp 
Akt.  Ges.  Geinianiaw crli.  (i<>34. 


Patterns  for  foundry  moulding.    Pipher.  fi742. 

\ ut  locks.    Hawes.  7254. 

Turbines.    Josse  &  Christlein.  8814. 

Apparatus  for  heating  and  siip('rli(':itiii^;  jun-jtoscs.  I inr;iy.  U7  I'V 
V;irial>le-s])eed   gearing.      Schweint'in  tcr   Pracisions  Kti^cl  Lii^m - 

Werke  Fichtel  &  Sachs.  9965. 
An  ji  n^eriH^nt  of  enginos  for  propelling  ships.    Gvh.  Sulzor.   102  H). 
•^1'iltiple  opening  balanced  slide  valves.    Andrews.  10522. 
iic^riHM'ative  <i;;is  iimi:i(M's.    Siemens.  10824. 
Marine  governor.    Law.son  &  l"、;"  roft.  11192. 

-、 l<  :ms  for  conneetiiiK  tachometers  to  locomotives.   Ronscli.  111X5:3. 

議 mission  gears  for  motors.    Lanciii.  121!)^. 
Appliances  for  automatically  regulating  tho  injection  of 議 ling 

、vat(、r  in  iiiterin.l-coinbu.stion  ("i^ii"— >s.    MoorOj  and  Ambrose 

Shardlow  &  Co.  130(58. 
Centrifugal    fans.       Si、'm' 川 s    Bros.   Dyinimo  Works,   Ltd..  and 

Hackett.  14932. 

ELECTRICAL,  1911. 

J  ).v  J  lamos .    Price .    19581  • 

Telegraphic  relays.    Brown.  19771). 

Quadruplex  Hughes  printing  toloKiaph.s.  JJanzati. 

Electric  safety  fuse.    Miillei'.  J9856. 

Electric  furnaces.    Bourcoud.  20033. 

<  ''"Hectors  for  electric  tnu  tion.    Sayer.  20100, 

Kl。（'tri(:  switches.    Berry.  20171. 

S,'i  n、s  clccti-ical  lighting.    Atlicrton.    207V)  1 , 

Electromagnetic  relays  and  electromagnets.      Western  Electric 

Company.  20860. 
Automatic  electrically^overned  engine  stop-gear.    Hinckley  nud 

Halliday.  23359. 
Magnetic  clutches.    Collier.  24770. 

Mt'ans  ior  us(、  in  mitonintically  regulating  the  timing  in  nia^neto- 

lg'iitio"  ai>]>aratus. 丄 ）"、hl.  25161. 
Trlpgraphic  systems.     K;，i(、lh.    27-' 10. 

Miumfactuie  of  metallic  filament  incaiulcfsceiit  lamps.  SU'moiis 
Bros.  &  Co.  29098. 

1912. 

iMa^neto-elec-tric  niachiues  for  ignition.    Hoyer.  1395. 

Electric  iiica ndescent  lamj)s.     Henderson.  7148. 

Kl'>(.tric  sio-uallin^  circ-uit  for  trin'it  disp;it。hiiijj;.     I'，i*'ld.  743-3. 

Devices  for  ensuring  electrical  continuity  in  metallic  conduits  for 

('kutrk:    cahlos.      AVaterliouse,  and  Himplox  Conduits,  Ltd 

13079. 

Automatic  telephone  systems.    Siemens  Bros.  &  Co.  14563. 


METAL  QUOTATIONS. 

TUESDAY,  SEPTEMBER  24r】【. 

Aluminium  ingot   80/-  per  cut. 

，，         wire,  according  to  sizes,  &c  from  】02/—  " 

"        sheets        "  "   ，  120/ -  " 

Antimony  to  £32/-/-  per  ton. 

Brass,  rolled    9Jd.  per  Jb. 

，，    tubes  (brazed)    lljd, 

，，       ，，      (solid  drawn)   10d. 

"       "     wire   9Jd. 

Copper,  Standard   £78/17/0  per  ton. 

Iron,  Cleveland  '..  66/9  ,， 

，， Scotch   72/9  ，, 

Lead,  English    £23/-/-  ，, 

，， Foreign  (soft)    £22/10/-  ，， 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

"  ，，  "       medium   3/6  to  6/-  " 

，，  ，，  ，，       large   7/6  to  11/- ，， 

Quicksilver   £8/5/-  per  bottle 

Silver   29gd.  per  oz. 

Spelter    £27/7/0  per  ton. 

Tin,  block   £227/10/- ，， 

Tin  plates   15/3  ，， 

Zinc  sheets  (Silesian)   £30/5/-  ,, 

，，  (Stettin;  Vieille  Montague)   £30/12/G  ，， 


The  Society  of  Engineers. ― An  ordinary  meeting  of  this 
society  will  be  held  on  Monday,  October  7th,  at  the  Iiustit u- 
tioa  of  Electrical  Engineers,  Victoria  Embankment,  W.C.， 
when  a  paper  will  be  read  on  "  Town  Planning  from  an  Engi- 
nct'iing   Aspect,"   by   E.   R.  Matthews,   Assoc. M.Inst.CE., 


October  4,  1912J 
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The  Spontaneous  Combustion  of  Coal. 

The  spontaneous  combustion  of  coal  is  a  subject  of  consider- 
able importance,  and  at  one  time  or  another  has  received 
a  good  deal  of  investigation.  As  an  isolated  and  somewhat 
inexplicable  phenomenon  it  has.  been  known  for  a  long  time, 
but  attention  was  first  seriously  directed  to  the  subject  when 
coal  began  to  be  shipped  in  bulk,  and  it  was  found  that  such 
cargoes*  frequently  caught  fire,  especially  when  voyages  were 
long  and  made  in  tropical  climates.  The  serious  nature  of 
these  occurrences  led  to  the  appointment  of  a  Royal  Com- 
mission in  1875  to  investigate  the  subject,  and  as  a  result 
a  good  deal  of  light  was  thrown  on  what  hitherto  had  been 
an  obscure  phenomenon.  Though  the  researches  of  the  Com- 
mission were  confined  to  spontaneous  ignition  in  coal  cargoes, 
outbreaks  are  not  confined  to  cases  where  coal  is  stored 
in  excessively  large  bulk.  They  frequently  occur  iu  coal 
bunkers,  and  as  these  have  shown  a  tendency  during  recent 
years  to  increase  the  matter  has  been  made  the  subject  of 
enquiry  by  Lloyd's  Register,  and  an  interesting  collection 
of  facts  and  data  bearing  upon  the  subject  generally  is 
embodied  in  a  report  recently  presented  to  that  body 
by  the  Chief  Engineer  Surveyor  and  his  staff.  Although 
subsequent  investigations  have  shown  that  some  of  the 
conclusions  arrived  at  by  the  Commission  of  1875  were  not 
correct,  many  valuable  facts  were  collated  which  showed  that 
both  the  tonnage  of  cargoes  and  length  of  voyage  were  impor- 
tant factors.  For  instance,  in  1874  casualties  of  this  kind 
occurred  only  in  one-quarter  per  cent,  in  shipments  of 
under  500  tons.  Between  this  figure  aud  1,000  tons  they 
amounted  to  1  per  cent.  Between  1,000  aud  1,500  tons  they 
were  3i  per  cent.,  and  between  1,500  and  2,000  tous  4i  per 
cent.,  while  in  shipments  of  over  2,000  tons  they  amounted 
to  no  less  than  9  per  cent.  It  will  be  seen  that  increase 
in  risk  rises  rapidly  with  bulk  of  cargo.  The  influence 
of  the  length  of  voyage  was  equally  manifested,  for  it  was 


410 


THE    MECHANICAL  ENGINEER. 


[October"  4,  1912 


found  that  out  of  70  casualties  in  1874,  no  less  than  73  per 
cent,  of  the  total  occurred  in  cargoes  over  500  tons  while  on 
voyages  to  distant  tropical  countries.  In  the  course  of  the 
enquiry  it  was  shown  that  some  coals  were  much  more  prone 
to  spontaneous  combustion  than  others,  and  further,  that  the 
size  of  the  coal  was  also  an  important  factor,  smaller  coal 
being  much  more  liable  than  lumps.  Ignition  nearly  always 
originated  under  the  loading  hatches,  where  the  coal  loading 
was  liable  to  be  broken  and  compressed,  the  large  pieces  with 
every  fresh  tipping  tending  to  run  down  the  sides  of  the  heap 
to  the  boundaries  of  the  hold  and  leave  the  small  stuff  in 
the  centre. 

There  was  a  difference  of  opinion  as  to  the  precise  chemical 
action  which  led  to  spontaneous  ignition,  but  a  general  feeling 
was  expressed  that  the  moisture,  especially  in  coal 
containing  iron  pyrites,  was  a  very  active  agent.  There 
was  also  a  divergence  of  views  as  to  whether  it  was 
wise  or  unwise  to  adopt  a  system  of  through  ventila- 
tion in  a  cargo.  Some  advocated  that  it  was,  others  as 
strongly  condemned  it.  In  these  circumstances  two  of  the 
Commissioners,  Dr.  Percy,  F.R.S.,  and  Sir  Frederick  Abel, 
made  a  separate  scientific  report  which  was  accepted  by  the 
rest  of  the  Commission.  These  two  gentlemen  attached 
special  importance  to  the  part  played  by  iron  pyrites,  a 
compound  of  sulphur  and  iron,  which  is  more  or  less  (lis- 
tributed  in  nearly  all  coals,  but  in  greatly  differing  quantities 
and  with  various  degrees  of  uniformity,  being  in  some 
scarcely  detectable  by  ordinary  inspection,  while  in  others  it 
forms  more  or  less  conspicuous  laminae  of  a  more  or  less  brass 
yellow  colour.  The  oxidation  of  pyrites,  which  is  accelerated 
by  the  presence  of  moisture  through  the  oxygen  in  the  water 
being  brought  into  more  intimate  contact,  is  accompanied 
by  a  development  of  heat,  and  they  considered  that  this 
might  accumulate  to  such  an  extent  as  to  lead  to  the  ignition 
of  the  coal  through  which  the  pyrites  were  disseminated. 
They  pointed  out  also  that  carbon  itself  in  a  finely-divided 
condition  has  the  property  of  absorbing  large  volumes  of 
oxygen,  and  that  this  powei  !6f  absorption  is  increased  with 
diminishing  size  of  coal  owing  to  the  greater  surface  then 
exposed.  Further  that  this  absorption  is  attended  with 
development  of  heat，  which,  under  favourable  circumstances, 
might  accumulate  until  it  ended  in  actual  combustion. 
As  regards  the  question  of  ventilation,  they  deprecated 
" through  "  circulation  of  air,  owing  to  the  practical  difficulties 
and  to  the  clangers  which  might  arise  from  imperfect  cir- 
culation of  this  kind,  as  a  restricted  supply  of  air  might 
serve  to  bring  a  fresh  supply  of  oxygen  to  dangerously 
heated  coal,  and  so  promote  the  chemical  action  it  was  desir- 
able to  avoid.  In  preference  they  recommended  efficient 
surface  ventilation,  to  afford  facility  for  removal  into  the 
atmosphere  of  any  gases  arising  from  the  coal.  The  investiga- 
tions of  the  1875  Commission,  although  instructive,  left  many 
questions  in  regard  to  the  causes  underlying  spontaneous 
combustion  unanswered,  and  especially  the  parts  played  by 
iron  pyrites  and  moisture. 

In  1898  a  commission  was  appointed  by  the  New  South 
Wales  Government  for  the  express  purpose  of  settling  this 
question  of  moisture,  and  their  experiments  were  conclusive. 
Two  similar  wooden  bins  capable  of  holding  about  250  tons 
of  coal  were  placed  side  by  side  under  a  common  roof  and 
iilled  with  coal  of  the  same  character.  In  one  the  coal  was 
loaded  in  an  air-dried  condition,  and  in  the  other  wetted  by 
playing  a  hose  on  it.  Thermometers  were  placed  in  each 
for  ascertaining  the  temperature,  and  observations  were 
taken  at  frequent  intervals,  with  the  following  results :  The 


temperature  of  the  coal ― which,  it  may  be  remarked,  was 
exceptionally  free  from  pyrites ~ rose  steadily  in  the  dry  bin 
from  122°  Fah.  (its  mean  temperature  shortly  after  loading) 
until  after  about  60  days  it  reached  392°  Fah.  in  its  central 
part,  when  the  experiment  was  stopped  in  order  to  avoid 
an  outbreak  of  fire.  On  the  other  hand,  in  the  wet  bin  the 
temperature  of  the  central  part  only  rose  from  106°  Fah.  to 
138°  Fah.  in  38  days,  after  which  the  temperature  decreased. 
These  figures  show  that  wet  coal  is  far  less  liable  to  s]>otitain;- 
ous  heat  than  dry  coal. 

The  chemical  principles  involved  in  spontaneous  com- 
bustion appear  to  have  been  first  established  by  Richters, 
though  to  M.  Henri  Fayol,  the  engineer  director  of  the  col- 
lieries of  Commentry,  belongs  the  credit  of  practically 
demonstrating  them  by  a  series  of  large-scale  experimenl  s 
upon  various  kinds  of  coal,  under  different,  conditions  as 
to  dryness,  method  of  stacking,  fineness,  air  supply,  and 
initial  temperatures.  At  the  outset  lie  proved  that  the  heat- 
ing effect  due  to  the  oxidation  of  pyrites  was  much  less  than 
was  thought  by  the  Commission  of  1875，  such  heating  effect  as 
does  occur  being  less  than  that  due  to  the  oxidation  of  the 
same  weight  of  coal  itself.  Prof.  Threlfall,  who  has  made  ； i 
special  study  of  the  point,  states  that  the  heating  effect  is  only 
one-fou rtli,  and  further,  that  the  oxidation  of  coal  is  more 
rapid  1  han  that  of  pyrites  ；  so  that  in  any  particular  case  it 
would  he  reasonable  to  attribute  the  trouble  to  the 
Former  r;itlier  than  the  latter.  It  seems  clear  from  all 
information  now  available  that  pyrites  play  hardly  any 
practical  part,  either  direct  or  indirect,  in  the  spontaneous 
heating  of  coal.  M.  Fayol's  experiments  were  most, 
exhaustive  and  conclusive.  His  first  experiments  were  made 
to  determine  the  action  of  air  at  different  temperatures.  As 
a  result  of  these  he  found  that  at  all  temperatures  between 
25°  C.  (77°  Fah.)  and  400。  C.  (752。  Fah.)  all  kinds  of  coal 
behave  in  the  same  way.  They  first  loss  a  part  of  their 
weight,  and  after  a  certain  time  enter  a  second  stage  in  whirl] 
they  more  than  regain  this  loss,  while  with  air  at  high  tem- 
peratures they  enter  upon  a  third  stage  in  v/hich  the  weight 
steadily  and  continuously  decreases  until,  if  the  temperature 
is  high  enough,  the  coal  is  completely  consumed.  These 
various  changes  are  indicated  in  the  following  table  :— 


Temperature  of  the  Air. 


25°  C. 
(77°  F.) 


50°  C.  !  100°  C.  200°  C.  ,  400°  C. 
(122。  R)(212°  F.)  (392°  F.)(752°  F.) 


First  Period. 
First  diminution  of  weight.  ！ 

Maximum  loss  per  cent.    |    0  •  53 
Time  to  attain  this  loss  .  .   15  days 


Second  Period. 
Increase  of  weight  count- 
ing from  minimum  to 
maximum. 
Total  increase  per  cent. . 
Total  duration  of  ex-  j 
posure  to  air   150 


0*81  1-50 
24  hour.s  12  hours 


0*20 


Third  Period. 
Second     diminution  of 
weight  per  cent,  start- 
ing from  the  maxi- 
mum weight. 

Loss   I  0 

Total  duration  of  ex- 
posure to  air    240  days 


days  150 


0-20  470 
days  240  days 


0  0  :''0 

240  day8,240  da\  s  240 


1-60 
1  hour 


5 

8  cla^  s 


loo 


daysj  15  to  20 
days 


It  is  obvious  from  these  figures  that  the  temperature  at 
which  the  chemical  interaction  between  the  coal  and  the  air 
takes  place  has  an  important  influence  on  its  intensity,  and 
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the  question  arises  whether  even  at  so  low  a  temperature  as 
200°  C.  iuciueration  would  not  be  complete,  given  time  enough. 
A  test  at  Commentry  seems  to  show  that  it  would, 
for  some  coal  crushed  to  grains  and  exposed  to  the  action  of 
air  at  200。  C.  for  a  period  of  one  year  showed  a  loss  of 
weight  of  50  per  cent.  Following  these  experiments,  M, 
Fayol  conducted  others  which  showed  that  the  increase  of 
weight  which  occurred  in  the  second  stage  indicated  in  the 
table  above  was  due  principally  to  the  absorption  of  oxygen 
from  the  air,  the  slight  diminution  in  weight  in  the  first 
stage  being  obviously  due  to  evaporation  of  superficial  moisture 
iu  the  coal.  It  remains  to  account  for  the  loss  of  weight  which 
characterised  the  third  stage,  aud  to  throw  light  on  this 
tests  were  made  by  subjecting  coal  to  a  continuous  tem- 
perature of  400°  C.  in  a  closed  vessel.  Under  such  conditions 
it  was  found  to  lose  only  a  very  small  part  of  its  weight, 
whereas  when  exposed  freely  to  air  it  volatilised  entirely  in 
a  few  days  without  showing  any  signs  of  ignition.  The 
absorption  of  oxygen,  which  is  the  active  ageut  in  causing 
spoutaueous  combustion,  must  not  be  coufused  with  the  well- 
know  11  power  of  absorption  of  various  gases  possessed  by 
freshly-made  charcoal.  The  latter,  for  instance,  will  absorb 
9 1  vols,  of  oxygeu,  but  this  can  be  driven  off  by  heating  with- 
out altering  the  character  of  the  cliarcoal,  whereas  coal  will 
absorb  as  much  as  100  vols,  and,  once  absorbed,  this  cannot  be 
driven  off,  while  the  properties  of  the  coal  are  profoundly 
altered. 

Having  determined  the  precise  variation  of  chemical 
activity  with  temperature,  the  effect  of  bulk,  size  of  coal,  and 
method  of  ventilation  {i.e.,  air  supply),  upon  spontaneous  heat- 
ing remained  to  be  considered.  With  all  coals  it  was  found  that 
size  or  state  of  division  had  much  influence,  and,  as  might  be 
expected,  the  smaller  the  state  of  division  the  more  easily 
coal  ignited  when  subjected  to  temperature.  For  example, 
lignite  when  powdered  inflamed  at  100。  C.，  gas  coal  at  200。  C.， 
coking  coal  at  250°  C.，  while  anthracite  required  a  tempera- 
ture of  over  300°  C.  Since  the  absorption  of  oxygen  by  coal 
is  always  accompanied  witli  evolution  of  heat,  it  will  be 
evident  that  if  this  evolution  is  greater  than  the  loss  by 
radiation  and  conduction  a  riss  of  temperature  will  ensue, 
and  vice  versa.  Some  experiments  illustrated  this.  It  was 
found  that  if  coal  was  preheated  to  100°  C.  and  then  heated 
i，i  quantities  of  about  5  cubic  yards,  it  invariably  began  to 
smoke  in  two  clays,  whereas  such  heaps  would  not  ignite  at 
all  if  made  with  coal  at  ordinary  temperatures.  The  action 
of  variable  air  supply  upon  spontaneous  ignition  was 
strikingly  shown  by  placing  a  conical  heap  of  about  3  cubic 
yards,  heated  to  100°  C.，  under  a  bell  which  hermetically 
sealed  the  coal.  Around  the  bell  were  two  rows  of  holes, 
one  near  the  top  and  the  other  near  the  bottom,  which  per- 
mitted of  the  air  circulation  being  inaiiitained  or  discon- 
tinued, as  desired.  When  all  the  holes  were  closed  the  tem- 
perature fell,  and  after  a  few  hours  did  not  sensibly  differ 
from  that  of  atmosphere.  With  several  boles  of  both  rows 
open  the  temperature  rose  continuously  till  spontaneous 
combustion  occurred,  and  by  opening  and  closing  the  holes 
alternately  the  temperature  could  be  modified  at  will,  and 
ignition  brought  about  either  at  the  centre  of  the  heap  or 
on  the  surface,  as  desired.  Summarising  the  results 
obtained,  it  may  be  stated  that  the  "me  required  for  a  rise 
in  temperature  of  a  mass  of  coal  exposed  to  air  depends  on 
the  kind  of  coal,  size  of  the  heap,  state  of  division,  initial 
temperature,  and  temperature  of  the  surrounding  atmosphere. 
If  in  small  bulk  the  conductivity  of  the  air  and  radiation 
"，ay  convey  away  all  the  heat  pro 山 "  ed.      If  in  large  bulk 


the  outer  portion  may  protect  the  centre  from  the  cooling 
effect  of  the  atmosphere  and  cause  the  temperature  there  to 
rise,  as  there  will  generally  be  enough  air  in  the  heap  to 
produce  oxidation,  though  if  the  heap  is  very  large  and  the 
state  of  subdivision  such  as  to  prevent  further  access  of  air, 
no  great  increase  may  take  place.  The  oxidation  is,  of  course, 
in  direct  proportion  to  the  surface  exposed ― the  smaller 
the  coal  the  more  susceptible  it  is  to  heating,  since  the  surface 
presented  by  powder  may  be  a  thousand  times  larger  than 
that  of  the  same  weight  of  large  coal.  With  big  pieces  little 
rise  of  temperature  takes  place,  as  the  lieat  developed  is 
carried  away  by  the  air  circulating  amongst  them.  The  con- 
ditions most  favourable  to  heating  are  a  mixture  of  pieces 
and  powder,  high  temperature,  and  an  air  supply  just  suffi- 
cient to  furnish  oxygen  as  fast  as  it  can  be  absorbed. 

The  bearing  of  the  experimental  data  upon  spontaneous 
combustion  of  coal  shows  that  in  respect  to  coal  cargoes 
there  should  not  be  any  through  ventilation,  since  any 
attempt  to  effect  it  would  be  impracticable.  The  surface 
ventilation  now  always  provided  is  sufficient  safeguard  against 
the  accumulation,  above  the  coal,  of  marsh  gas  or  other 
inflammable  gases,  with  their  consenuent  risk  of  explosion 
when  mixed  with  proper  proportion  of  air.  The  Chief 
Engineer  to  Lloyd's  Register,  however,  questions  whether 
this  ventilation,  supplemented  as  it  frequently  is  by  the 
opening  of  hatches  in  fine  weather,  may  not,  by  supplying 
a  limited  quantity  of  air  to  the  body  of  the  coal,  tend  to 
promote  spontaneous  combustion.  Tlie  best  preventive,  if  it 
could  be  carried  out,  would  be  to  hermetically  seal  the  holds, 
leaving  provision  only  for  the  escape  of  marsh  gap  evolved 
during  the  voyage,  though  care  would  have  to  be  taken  to 
thoroughly  ventilate  the  surface  and  vacant  spaces  in  the 
holds  before  discharging  cargo,  to  get  rid  of  any  explosive 
gas.  This  may  seem  to  involve  special  precautions  and  care, 
but  it  is  no  greater  than  that  habitually  exercised  with 
vessels  carrying  petroleum  in  bulk.  As  regards  coal  bunkers, 
the  conditions  are  somewhat  different  to  those  which  apply 
to  the  holds  of  coal  cargoes,  since  while  being  worked  it  is 
necessary  to  have  ample  ventilation  throughout,  and  amongst 
the  points  which  marine  engineers,  in  their  supervision,  need 
to  watch  are  that  iu  any  bunkers  i»i  which  men  are  not 
actually  working  the  lower  doors  should  be  kept  closed  to 
prevent  any  current  of  air  passing  into  the  mass  of  coal,  and 
if  any  parts  of  bunkers,  owing  to  the  proximity  of  boilers, 
or  recesses  through  which  steam  pipes  are  carried,  are  liable 
to  a  more  than  normal  temperature,  such  parts  should  be 
stored  with  large  coal  only  and  worked  out  as  soon  as  possible, 
as  also  should  small  coal  which  accumulates  under  chutes,  &c. 
Further,  if  any  coal  is  left  in  a  bunker  it  should  be  trimmed 
into  position  when  fresh  charges  are  taken  in  to  ensure  its 
being  used  on  the  next  voyage,  as  risk  of  overheating  increases 
with  length  of  time  the  coal  remains  undisturbed.  Since 
wetting  coal  does  not,  as  was  at  one  time  thought,  accelerate 
the  tendency  to  heatiug,  but,  on  the  other  hand,  retards  it, 
it  is  advantageous  for  small  coal  known  to  be  of  a  fiery  nature 
to  be  damped  when  charged  into  the  bunkers.  If  heating 
at  any  part  of  a  bunker  is  discovered  and  there  is  no  external 
source  of  beat  to  account  for  it,  the  heating  will  probably 
be  local  and  in  a  part  where  the  coal  is  small.  The  best 
method  of  dealing  with  such  a  difficulty  depends,  of  course,  oil 
circumstances,  but  in  attempting  to  obtain  access  to  the 
heated  parts  for  the  purpose  of  applying  water  care  should 
he  taken  to  limit  as  far  as  possible  the  air  supply,  to  prevent 
the  heated  zone  being  converted  into  au  actual  fire. 
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Modern    Sanitary    Engineering,    Part   I.,    House    Drainage,  by 

Gilbert  Thomson,  M.A.,  M.Inst. C.E.，  Lecturer  on  Sani- 
tary Engineering  in  the  Royal  Technical  College,  Glas- 
gow. London  :  Constable  &  Co.,  Ltd.  ；  8^in.  by  5|in. ； 
266  pp.  ；  price  6s.  net. 
One  of  the  most  important  developments  in  the  field  of 
engineering  conventionally  known  as  "  civil  "  is  that  relating 
to  sanitary  arrangements.  It  has  been  due  partly  to  the 
growth  of  population  and  concentration  in  urban  areas  and 
partly  to  the  more  general  recognition  that  all  improvements 
relating  to  cleanliness  and  scientific  treatment  of  waste  pro- 
ducts make  for  economic  progress.  Questions  of  drainage 
instead  of  being  dealt  with  in  a  haphazard  fashion  by  any 
unqualified  plumber  or  navvy,  as  they  used  to  be,  are  now 
rightly  regarded  as  worthy  of  the  best  scientific  skill  and 
attention.  Evidence  of  this  is  shown  in  the  admir- 
able text  book  under  review  which,  although  dealing 
only  with  an  apparently  modest  section  of  the  sub- 
ject, shows  how  much  there  is  to  know  and  learn 
and  how  necessary  work  of  this  kind  should  be  super- 
vised by  skilled  persons.  All  who  are  interested  in  the  subject 
of  drainage  and  the  numerous  collateral  questions  connected 
with  it ― and  such  persons  include  sanitary  officials,  architects, 
surveyors,  and  handicraft  workers  of  most  divers  kinds ― will 
find  in  this  work  an  eminently  practical  summary  of  best  and 
latest  practice,  and  we  have  pleasure  in  commending  it 
to  their  notice. 

Steam    Boilers   and    Boiler    Accessories,  for  steam  users,  engi- 
neers, and  engineering  students,  by  W.  Inchley,  B.Sc.， 
A.M.I.Mech.E. ,  Lecturer  on  Engineering  at  University 
College,  Nottingham.    London :  Ed.  Arnold  ；  7|in.  by 
5^in.  ；  412  pp.  ；  price  8s.  6d.  net. 
The  field  of  boiler  engineering  is  a  wide  one  and  the  treat- 
ment of  the  subject  withiu  the  limits  necessary  for  its  use  as  a 
text  book  somewhat  difficult.      It  calls  for  dissertations  not 
only  on  the  materials  of  construction,  but  close  investigation 
of  fuels  and  combustion,  as  well  as  some  rather  complex 
questions  involved  in  heat  transmission,  treatment  of  feed- 
water,  apart  from  a  multitude  of  matters  relating  to  the 
practical  working  of  boilers  and  iheir  fittings  and  accessories, 
such  as  feed-water  heaters,  filters,  superheaters,  &c"  as  well  as 
information  upon  the  scientific  conduct  of  boiler  trials.  The 
author  has  endeavoured,  and,  we  think  on  the  whole,  fairly 
succeeded  in  giving  a  succinct  and  intelligible  treatment  of 
the   various   aspects   of  the   subject.      The   treatment  is 
thoroughly  practical  and  fairly  free  from  advanced  mathe- 
matics, while  at  the  same  time  it  sacrifices  nothing  in  the  way 
of  scientific  accuracy. 

For^in^,  Stamping,  and  General  Smithing.    A  reference  book 
for  foremen  smiths,  managers,  and  engineers,  giving  fully- 
dimensioned  drawings,  times  of  making,   and  finished 
weights  of  over  600  common  types  of  mild  steel  forgings 
and  stampings  executed  under  the  supervision  of  the 
author,  by  Benjamin  Saunders,  practical  foreman  smith. 
London :  E.  &  F.  N.  Spon,  Ltd.  ；  9in.  by  6in.  ；  428  pp. 
and  728  illustrations  ；  price  21s.  net. 
The  contents  of  this  book  are  fully  explained  by  the  title. 
It,  is  practically  free  from  letterpress  and  confined  to  the 
collection  of  dimensioned  sketches  with  bald  statements  as  to 
their  weight  and  the  time  and  quality  of  labour  spent  upon 
them.    As  a  record  of  actual  work,  however,  such  facts  at 
times  are  extremely  precious  to  those  who  have  to  supervise 
or  estimate  the  cost  of  similar  work.    For  this  reason  every 
works  manager  and  foreman  smith  will  find  it  deserving  of  a 
convenient  place  on  his  office  bookshelf,  while  in  the  drawing 
office  it  will  prove  not  less  equally  valuable  as  a  convenient 
record  of  worked-out  details  of  current  practice  relating  to 
stationary  and  locomotive  engines,  pumps,  hoisting  tackle, 
and  colliery  machinery. 

The  Una  Flow  Steam  Engine,  by  Prof.  J.  Stumpf,  of  the  Tech- 
nische  Hochschule,  Charlottenburg.   London  :  Constable 
and  Co.  ；  llin.  by  8^in.  ；  229  pp.  and  250  illustrations; 
price  10s.  6d.  net. 
This  is  purely  a  monologue  on  engines  constructed  for 
various  purposes  in  accordance  with  the  principle  with  which 
the  author's  name  is  identified   and  which  has  received 


numerous  applications  in  power  plant,  both  stationary  aud 
locomotive.  These  various  applications  are  copiously  illus- 
trated and  the  relative  merits  of  the  Una-flow  system  fully 
explained  aud  emphasized,  so  that,  although  it  does  in  some 
ways  bear  rather  the  appearance  of  a  trade  publication,  it  con- 
stitutes nevertheless  a  very  complete  text  book  on  this  type 
of  prime  mover. 

Practical  Mathematics  for  Technical  Students,   by  E.  L.  Bates, 

Lecturer  on  Geometry  at  the  L.C.C.  School  of  Buildiug, 
Brixton,  London,   and  F.   Charlesworth,  Lecturer  on 
Practical  Mathematics,  South  Western  Polytechnic  Insti- 
tute, London.    London  :  B.  T.  Batsford  ；  7iin.  by  5in. ； 
512  pp.  ；  price  3s.  net.    Also  by  the  Kame  authors  and 
publisher,  "  Practical  Geometry  and  Graphics  for  Tech- 
nical Students  ，，  ；  621  pp.  ；  4s.  net. 
The  most  remarkable  feature  of  these  two  books  is  their 
exceeding  cheapness  combined  with  the  merits  of  the  text  and 
the  admirable  way  in  which  they  are  printed  and  illustrated. 
The  subjects  themselves  do  not  offer  much  opportunity  for 
special  novelty  of  treatment  and  there  are  probably  dozens  of 
text  books  which  could  claim  equal  merit  in  this  respect.  We 
know  of  none,  however,  that  give  more  for  the  money,  and 
after  a  scanning  of  their  pages  we  put  them  down  wondering 
how  it  is  done.    However,  here  they  are  on  the  market  and,  as 
the  possibility  of  remuneration  to  authors  and  publisher  can 
only  be  reached  on  the  basis  of  a  big  sale,  we  sincerely  trust 
the  enterprise  displayed  may  reap  its  reward  and  that  technical 
students  generally  will  appreciate  the  cheap  pabulum  that  is 
here  provided  for  them . 
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OXYGEN  IN  BRASS.* 

BY  PROF.  THOMAS  TURNER,  M.SC. 

Occurrence  of  Oxygen. ― It  is  generally  recognised  by  practi- 
cal men  that  brass  may  be  spoiled  under  certain  circumstances 
as  a  result  of  oxidation.  For  example,  brass  which  has  been 
poured  at  a  lower  temperature  than  usual  is  apt  to  be  inferior, 
and  this  is  attributed  to  the  entaglement  of  oxide  of  zinc  in  the 
metal  owing  to  its  viscid  or  plastic  character.  It  is  believed 
that  the  inclusion  of  oxide  of  zinc  in  this  way  may  be  one  of 
the  causes  which  occasionally  lead  to  rapid  and  irregular  corro- 
sion with  condenser  tubes.  When  sheet  brass  is  annealed  in 
a  reducing  atmosphere,  dezincification  may  take  place,  owing 
to  the  volatilisation  of  zinc;  but  if  the  atmosphere  is  oxidising, 
a  certain  amount  of  oxide  of  zinc  may  also  be  produced  in  the 
alloy,  aud  rottenness  result.  The  conditions  under  which  eucli 
results  are  produced  do  not  appear  to  be  well  understood, 
while  the  manner  in  which  oxygen  acts  is  generally  a  matter 
of  doubt.  The  mode  of  occurrence,  influence,  and  estimation 
of  oxygen  in  brass  is  therefore  of  considerable  practical 
interest. 

It  is  well  known  that  cuprous  oxide  is  soluble  in  molten 
copper,  with  which  it  forms  a  eutectic  with  3*45  per  cent,  of 
Cu20.  References  to  standard  researches  on  this  subject  will 
be  found  in  the  paper  recently  contributed  to  this  Institute  by 
Mr.  R.  H.  Greaves,  B.Sc. 十  The  copper  oxide  eutectic  is 
visible  under  the  microscope,  and  can  be  very  plainly  seen  with 
samples  of  copper  which  are  otherwise  pure,  though  the 
eutectic  becomes  more  or  less  obscured  as  the  proportion  of 
impurities  increases.  Zinc  oxide,  on  the  other  hand,  does  uoi 
appear  to  be  soluble  in  zinc,  nor  can  either  cuprous  oxide  or 
zinc  oxide  be  detected  by  any  characteristic  appearance  in 
brass  of  ordinary  good  quality  .- 

The  presence  of  oxygen  has  not  been  recorded  in  the  gases 
extracted  from  brass  when  heated  in  a  vacuum.  The  question 
therefore  arises  as  to  the  form  iu  which  oxygen  can  exist  in 
brass,  assuming  it  to  be  really  present.  In  order  to  ascertain 
whether  copper  oxide  can  exist  in  the  presence  of  zinc,  it  is 
only  necessary  to  perform  a  simple  experiment.     If  powdered 

*  Paper  read  before  the  Institute  of  Metals,  September  26th,  191-2. 
t  "  Journal  of  the  Institute  of  Metals,"  No.  I.,  1912,  Vol.  VII. ，  p.  218. 
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black  oxide  of  copper  be  mixed  with  finely-divided  zinc  in 
equivalent  proportions,  and  heated  in  a  test  tube,  it  will  be 
found  to  react  readily  with  the  evolution  of  heat,  and  the  pro- 
duct consists  of  metallic  copper  and  oxide  of  zinc. 

The  converse  experiment  of  heating  zinc  oxide  with  finely- 
divided  copper  has  been  carefully  tried  in  my  laboratory  by 
placing  the  mixture  in  a  porcelain  boat  iu  a  vacuum  and  heat- 
ing to  the  melting  point  of  copper.  If  any  reduction  occurred 
there  should  be  a  corresponding  loss  of  metallic  zinc  by  volati- 
lisation, but  our  experiments  show  that  no  appreciable  loss 
occurred.  Hence,  though  zinc  reduces  copper  oxide  to  metallic 
copper  when  the  materials  are  heated  together,  copper  does  not 
reduce  oxide  of  zinc. 

From  this  it  is  evident  that  copper  oxide  cannot  possibly 
exist  dissolved  in  brass,  as  it  would  be  immediately  decomposed 
when  the  alloy  was  melted.  The  only  oxide  which  can  exist 
would  appear  to  be  oxide  of  zinc,  and  this  might  conceivably 
be  either  iu  solution  or  in  suspension.  So  far  as  I  am  aware  at 
present,  there  is  no  evidence  to  prove  that  oxide  of  zinc  can 


U 

dissolve  in  brass  any  more  than  that  it  can  dissolve  in  zinc 
itself  ；  nor  is  there  any  microscopic  evidence  of  the  separation 
of  oxide  of  zinc  in  brass  either  a  eutectic  or  in  any  similar 
form.  We  are  driven,  then,  to  the  conclusion  that  any  oxide 
or  zinc  that  may  be  present  is  mechanically  entangled,  and 
when  it  has  any  effect  upon  the  microscopic  structure  it  is 
represented  merely  by  minute  holes,  in  which  it  originally 
occurred,  but  from  which  it  has  been  removed  during  the 
processes  of  polishing  and  etching. 

Estimation  of  Oxygen. ― The  usual  method  of  estimating 
oxygen  in  copper  is  that  introduced  by  Archbutt,*  in  which 
the  sample  is  heated  in  a  stream  of  hydrogen,  with  suitable 
precautions,  and  the  oxygen  is  determined  by  loss  of  weight  of 
the  copper.  Some  analysts  prefer  to  weigh  the  water  pro- 
duced by  the  reduction  of  the  copper  oxide.  The  "  difference  " 
method  is  simpler  and  quite  satisfactory  so  long  as  there  are  no 
volatile  impurities.  The  temperature  required  is  only  a  low 
red  heat.  Oxide  of  zinc,  on  the  other  hand,  is  infusible  and 
non-volatile  in  an  oxidising  atmosphere  at  ordinary  furnace 
temperatures.  The  temperature  of  reduction  of  ZnO  is  high, 
varying  somewhat  with  the  pressure  and  with  the  nature  of  the 
reducing  agent.  It  is  approximately  1,000°  C.，  or,  say,  50°  to 
100°  above  the  boiling  point  of  zinc.  Hence  any  oxygen 
present  as  oxide  of  zinc  cannot  be  directly  estimated  by  loss  of 
weight  on  heating  in  hydrogen,  as  a  quantity  of  zinc  would  be 
volatilised  when  the  oxide  was  reduced.  Attempts  have  there- 
fore been  made  to  determine  the  oxygen  in  brass  by  means  of 
the  weight  of  water  produced  on  heating  the  alloy  in  hydrogen. 
For  this  purpose  a  drying  tube  has  been  employed,  and 
weighed  before  and  after  the  experiment. 

As  there  was  reason  to  believe  that  such  a  method  was 
unsatisfactory,  the  reaction  has  recently  been  re-investigated 
in  my  laboratory  by  Mr.  R.  W.  D.  Nevill,  B.Sc.  The  appa- 
ratus employed  is  illustrated  above.  It  will  be  seen  that 
hydrogen,  which  was  obtained  by  the  action  of  dilute  hydro- 
chloric acid  on  zinc,  was  purified  by  being  passed  successively 
through  lead  acetate,  silver  nitrate,  and  caustic  soda.  Tn 
order  to  remove  any  trace  of  oxygen  the  gas  was  then  passed 
over  heated  copper  gauze  and  through  two  drying  tubes,  to 
absorb  any  water  produced  from  the  trace  of  oxygen.  The 
hydrogen  then  passed  through  a  hard-glass  combustion  tube, 
the  end  of  which  was  drawn  out  so  as  to  avoid  the  use  of  a 
rubber  bung  connection  with  the  drying  tube  and  aspirator. 
The  material  to  be  tested  is  placed  in  a  porcelain  boat  and  is 
heated  to  redness  with  the  aid  of  a  small  combustion  furnace. 
The  hydrogen,  after  passing  through  the  combustion  tube,  was 
dried,  and  any  increase  of  weight  of  the  drying  tube  carefully 

~ 舞 h.  Archbutt,  "  Analyst ,M  1900,  Vol.  XXV.,  p.  253  ；  1905,  Vol.  XXX.,  p.  385. ~~ 


noted.  The  second  calcium  chloride  tube,  shown  in  the  figure, 
is  a  guard  tube  to  prevent  diffusion  from  the  aspirator.  The 
aspirator  is  furnished  with  a  water  manometer  which  is 
graduated  in  half-litres.  By  allowing  water  to  enter  through 
the  tube  from  the  water  tap,  or  by  drawing  water  through  the 
bottom  tube,  the  pressure  in  the  aspirator  can  be  normalised, 
and  thus  the  quantity  of  gas  passed  can  be  read  from  tKe 
graduations.  Blank  experiments  were  first  conducted,  in 
which  hydrogen  was  passed  through  the  apparatus  so  as  to 
clean  out  any  air,  and  then  4  litres  of  hydrogen  were  passed 
through  the  drying  tube,  which  was  always  weighed  when  full 
of  hydrogen.  The  weight  of  the  drying  tube  was  found  to  be 
the  same  after  the  experiment  as  before,  thus  showing  that  the 
drying  tubes  were  effective.  In  order  to  test  the  hydrogen  for 
any  trace  of  oxygen  some  copper  strip  was  taken,  and  was  first 
heated  in  a  glass  tube  in  the  hydrogen  for  about  six  hours,  to 
eliminate  the  whole  of  the  oxygen  originally  present  in  the 
copper.  A  weighed  drying  tube  was  then  inserted,  and  4  litres 
of  hydrogen  were  passed,  after  which  the  tube  was  removed 
and  again  weighed.  As  a  result,  a  regular  increase  of 
0'0026  gramme  was  recorded.  This  increase  was  apparently 
due  to  a  small  quantity  of  oxygen  not  removed  by  the  copper 
gauze.  A  plug  of  platinised  asbestos  and  a  further  length  of 
copper  gauze  were  then  introduced,  when  it  was  found  that 
4  litres  of  gas  only  caused  an  increase  in  weight  of 
0*0002  gramme  in  the  drying  tube,  and  this  was  considered 
satisfactory. 

Some  brass  turnings  weighing  9*2203  grammes  were  then 
substituted  for  the  copper  strip,  being  placed  in  a  porcelain 
boat  in  the  combustion  tube.  On  expelling  the  residue  of  air 
and  heating  the  brass  turnings  for  90  minutes  in  a  slow  stream 
of  hydrogen,  it  was  found  that  there  was  no  increase  of  weight 
in  the  drying  tube.  There  was,  however,  a  ring  of  oxide  of 
zinc  formed  at  the  edge  of  the  zinc  sublimate  contained  in  the 
tube.  These  experiments  showed  that  oxide  of  zinc  might  be 
in  the  metal  in  the  heated  portion  of  the  combustion  tube 
without  any  corresponding  quantity  of  water  being  obtained. 
Experiments  were  next  conducted  with  pure  oxide  of  zinc, 
which  was  placed  in  the  boat  in  the  combustion  tube,  and 
heated  to  temperatures  increasing  up  to  1,000°  C.  It  was 
found  that  there  was  no  increase  of  weight  of  the  drying  tube, 
though  a  quantity  of  oxide  of  zinc  was  condensed  on  the  sides 
of  the  combustion  tube.  The  origin  of  this  zinc  oxide  appears 
to  be  as  follows  : — 

The  hydrogen  reduces  zinc  oxide  to  metallic  zinc,  which 
volatilises  together  with  the  water  produced  by  the  reaction. 
The  water  oxidises  the  zinc  vapour  as  the  temperature  falls, 
and  reproduces  oxide  of  zinc  and  hydrogen,  the  net  result 
being  that  no  water  is  carried  away  to  be  absorbed  by  the 
drying  tube.  This  is  in  accordance  with  the  observations  of 
St.  Claire  Deville  and  also  of  Dick.  The  former  observed  that 
when  zinc  oxide  was  reduced  by  hydrogen,  if  the  gaseous 
velocity  was  small,  the  zinc  formed  was  nearly  all  reoxidised  ； 
but  that  with  increased  velocity  of  the  hvdroffen  the  propor- 
tion of  metallic  zinc  obtained  is  greater.  Mr.  Nevill  therefore 
proceeded  to  try  experiments  dealing  with  the  effect  of 
increased  velocity  of  hydrogen,  quantities  up  to  1  litre  per 
minute  being  employed.  Zinc  oxide  was  heated  in  a  porcelain 
boat  to  a  high  temperature,  as  before.  A  considerable  pro- 
portion of  zinc  oxide  was  reduced,  and  metallic  zinc  volatilised. 
The  proportion  of  zinc  was  certainly  much  greater  than  with  a 
slow  stream  of  gas,  but  even  with  this  excessively  quick  rate 
of  passing  the  gas  there  was  still  a  fringe  of  oxide  on  the  sides 
of  the  tube. 

It  is  therefore  evident  that  no  accurate  determination  of 
oxygen  in  brass  can  be  made  by  adot)tiner  the  methods  which 
are  suitable  for  copper.  The  volatilisation  of  zinc  from  the 
sample  when  heated  in  hydrogen  renders  the  loss  of  weierht 
quite  untrustworthy  as  an  indication  of  the  oxveen  removed  ； 
while  the  secondary  reaction,  whereby  zinc  vapour  is  oxidised 
by  water  vapour  as  they  pass  together  out  of  the  heated  portion 
of  the  tube,  prevents  more  than  a  small  proportion  of  any 
oxygen  which  is  present  from  beine  absorbed  as  water  by  the 
drying:  tube.  Methods  of  extraction  of  oxide  of  copper  by 
digestion  of  brass  turnings  in  ammonia  are  evidently  quite 
untrustworthy,  as  there  is  reason  to  believe  that  copper  oxide 
is  not  present  in  brass,  and  anvthins:  which  is  extracted  is 
obtained  merely  as  a  result  of  errors  in  niaiiiDiilation.  A 
description  of  a  simple  and  direct  process  for  the  accurate 
determinaf inn  of  oxveren  in  brass  would  be  appreciated  by 
many  who  are  interested  in  the  subject. 
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A  NEW  TYPE  AND  METHOD  OF  CONSTRUCTION  OF  LARGE 
GAS  ENGINES, 

KY  ALAN  E.  L.  CHORLTON,  M.I.M.E.,  A.M.I.E.E. 

The  theoretical  economical  advantages  of  large  gas  engines 
as  prime  movers  are  so  well  known  in  this  country,  particu- 
larly when  using  the  waste  gases  from  either  blast-furnace  or 
coke  ovens,  that  some  explanation  must  be  sought  to  explain 
the  relatively  slow  progress  which  has  taken  place  in  their 
use  when  compared  with  that  on  the  Continent,  especially  in 
Germany.  The  importance  of  these  economies,  as  affecting 
cost  of  production,  is  probably  greater  for  the  iron,  steel, 
and  coal  industries  than  for  any  other,  and  is  of  such  obvious 


Fig.  1.— Koi'R-rYrLr.  f'YTJNPKR,  showtno  Cracks. 

moment  that  the  disadvantages  of  the  gas  engine  that  are 
held  to  exist  in  this  country  as  compared  with  Germany  must 
be  of  very  real  significance  indeed  to  in  anywise  account  for 
the  relative  small  extent  of  their  usage  in  these  industries. 
This  situation  may  have  been  brought  about  by  one  or  other 
of  two  quite  different  causes,  or  a  combination  of  the  two  ： 
(a)  The  usually  credited  disadvantageous  characteristics  of 
the  gas  engine  itself  ；  or  (b)  the  reduced  first  cost  and  pecu- 
liar applicability  to  existing  installations  of  its  most  formid- 
able competitor,  usually  the  steam  turbine  of  the  mixed-pres- 
sure type. 

What  are  these  characteristics  of  the  large  gas  engine 
which  have  restricted  its  progress?  It  is  to  be  feared  that 
they  are  still,  to  the  general  industrial  mind  in  this  country, 
as  follows :  (1)  Not  fully  reliable.  (2)  High  in  first  cost  and 
installation.  (3)  High  in  cost  of  upkeep.  (4)  Developed 
and  brought  into  greatest  use  abroad. 

Whilst  the  steam  turbine :  (1)  Was  invented  and 
developed  in  this  country.  (2)  Is  cheaper  to  install  when 
steam  boilers,  &c"  are  already  in  use,  or  exhaust  steam  avail- 
able. (3)  I?  considered  more  reliable.  (4)  Is  reputed  to 
have  a  lower  cost  for  repairs  and  upkeep.  (5)  When  of  the 
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Fig.  2.— Two-cycle  Head,  showing  Cracks. 

exhaust  type  enables  much  old  plant  to  be  retained  in  use, 
while  still  effecting  considerable  economy. 

It  is  not  the  object  of  this  paper,  however,  to  enter  further 
into  this  comparison,  but  merely  to  consider  it  as  affecting 
the  question  of  the  large  gas  engine  from  the  point  of  view 
of  design,  cost,  &c.  The  limitations  which  have  prevented  the 
progress  of  the  large  gas  engine  will  be  seen  to  be  primarily 
due  to  (a)  the  prevalence  of  the  belief  of  unreliability,  (h) 
the  comparatively  high  total  first  cost  of  installation. 

Unreliability.  ― This  view  of  unreliability  has,  of  course, 
been  formed  from  the  troubles  experienced  in  the  past, 
though  it  has  been  actively  combated  by  various  engineers 
when  referred  to  present  types.    It  may  be  said,  construction- 

, AbHfcract  of  paper  read  before  the  Iron  and  Steel  Institute,  October,  191*2. 


ally,  to  refer  to  the  cracks  and  breakages  of  important  parts 
of  the  engine  (undoubtedly  a  too  common  occurrence  in  the 
past) .  To  briefly  illustrate  this,  as  it  materially  helps  the 
raison  d'etre  of  the  new  design  to  be  followed,  figures  have 
been  prepared,  showing  the  cylinders  and  cylinder  heads  as 
formerly  made  of  the  large-type  engines,  and  as  they  are 
now  manufactured  in  attempting  to  overcome  this  liability. 

Generally  these  troubles  sprang  from  initial  foundry 
strains  set  up  between  the  inner  and  outer  walls  of  the  cast- 
ing when  these  were  cast  in  one  piece,  as  was  the  original 
practice.  These  initial  strains,  augmented  by  those  set  up 
through  tlie  different  temperatures  of  the  parts  when  working, 
eventually  caused  cracks  and  failures.  Fig.  1  shows  a  cylinder 
of  the  old  type  (4 -cycle)  with  some  cracks  indicated.  Fig.  2 
shows  similar  cracks  due  to  the  same  cause  in  cylinder  heads 
(2-cycle).  This  more  than  ordinary  occurrence  of  cracks  com- 
pelled makers  first  to  discover  the  reason,  and  then  to  amend 
their  designs  to  prevent  them  ；  and  the  final  forms  of  all  types 
had  ihe  inner  and  outer  skins  of  inetal  connected  only  as  far 
as  possible  in  one  j)Iace,  the  other  ends  being  left  free  to  allow 
all  the  differential  expansion  and  contraction  set  up  in  the 
foundry  and  in  working  to  take  place  freely.  A  flexible  con- 
necting membrane  completed  the  jacket  to  retain  the  cooling 
water  in  place. 

Figs.  3  and  4  sliow  cylinders  and  cylinder  heads  of  the 
later  designs,  in  which  it  can  be  seen  how  greater  freedom 
was  allowed.  Tf  possible,  still  further  improvement  was  desir- 
able to  dispose  of  the  awkward  shapes  round  the  valve  pockets, 
&c.，  and  to  do  away  with  the  connection  between  the  jacket 
aiul  the  inner  wall  at  A  (Fig.  3)，  where  cracks  also  had 
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Fig.  3.— Puksknt  Design  op  Cylinders  and  Heads. 

occurred,  quite  apart  from  any  troubles  which  might  occur 
with  the  valves  themselves  ；  in  fact,  it  was  preferable  that  the 
jacket  should  be  entirely  dissociated  from  the  cylinder  in  cast- 
ing, a  further  reason  being  that  different  mixtures  of  cast  iron 
were  required  for  the  conditions  which  the  parts  had  to  meet 
during  service.  From  the  practical  point  of  view,  it  appears 
that  the  cylinder  should  have  no  valve  pockets,  that  is,  it 
should  approximate  to  a  simple  pipe,  and  that  the  jacket 
should  be  a  separate  casting.  The  next  source  of  unreliability 
is  in  the  valves  and  valve  gears,  subject  to  the  heat  and  stress 
of  the  explosion.  This  is  a  frequent  cause  of  failures  for  all 
prime  movers.  Obviously,  therefore,  an  improved  engine 
should,  if  possible,  (1)  be  valveless,  (2)  have  cylinders  of 
simple  pipe  form,  (3)  have  separate  jackets. 

The  only  large  engine  with  cylinders  of  pipe  form  without 
valve  pockets,  &c"  and  where  the  two  pistons  performed  the 
various  valve  functions  successfully,  was  the  Oechelhauser  ； 
the  disadvantages  of  this  type,  which  have  restricted  its  use, 
although  its  thermal  economy  is  well  known,  spring  from 
other  causes,  as  high  first  cost,  large  floor  area  covered  (hori- 
zontal type) ,  &c. 

The  success  of  a  valveless  action  was  confirmed  by  the 
author's  English  experience  with  the  working  of  the  central 
exhaust  ports  by  the  piston  in  the  Korting  type  engine ― an 
experience  which  clearly  indicated  that  there  was  no  apparent 
reason  why  the  air  and  gas  inlet  to  the  cylinder  should  not 
be  controlled  by  a  similar  method  in  an  adjacent  cylinder. 
The  outcome  of  this  was  the  adoption  of  two  parallel  cylinders 
with  ports  about  the  middle,  connected  by  specially  shaped 
passages  at  their  ends  ；  one  piston  thus  controlling  the  inlet 
through  the  ports  in  one  cylinder,  and  its  fellow  expelling  the 
exhaust  through  a  similar  set  of  ports  in  the  other  cylinder. 
This  design  was  more  or  less  bound  to  be  of  the  2-cycle  type, 
and  he  naturally  leaned  to  such  a  principle,  seeing  that,  liis 
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experience  had  convinced  him  that  by  retaining,  amongst 
other  things,  small  cylinder  diameters,  it  was  the  most  suit- 
able form  for  large  powers.  A  somewhat  similar  type  of 
cylinder  had  already  been  known  in  the  single-acting  form 
for  small  motor  engines  for  a  number  of  years,  but  it  had 
not  been  adapted  to  large  powers  nor  made  double-acting  in 
the  special  form  the  author  now  presents  it. 

From  the  section  Fig.  5  of  the  cylinder  it  will  be  seen  that 
it  consists  of  two  single-walled  "  U  "  tubes  placed  end  to 
end,  the  inlet  and  exhaust  ports  being  about  the  joint  ；  flanges 
on  the  cylinders ― set  back  somewhat  from  this  juncture 一 

hold  in  between  them  the  ex- 

 haust  and  inlet  boxes.  The 

 whole  cylinder  unit  presents 

，  extremely    simple    forms  of 

m  single  walled  castings,  partic- 

ularly  suitable  for  successful 
' J^^pJ  and  economical  foundry  work 

/        ―  ―        without  setting  up  casting  or 
jr  expansion  strains,  and  also  for 

^^^■^^^Lm  use    in    internal  combustion 

■         work  itself,  as  there  are  no 
-         pockets  or  irregular  shapes  ； 
！  I      mmm^mmam^         all  sections  are  more  or  less 
J I  m  cylindrical,      including  the 

^  connecting    pass  ages.  No 

heavy  flanges  or  joints  occur 
about  the  points  of  maximum 
pressures  and  temperatures,  as  in  the  ordinary  type  of  engine. 
This  form  gives  most  effective  cooling  to  all  parts,  as,  being 
inherently  of  a  strong  section,  they  can  be  made  with  com- 
paratively thin  walls.  The  efficiency  of  the  cooling  is  further 
increased  by  the  accessibility  of  the  water  to  all  parts  of  the 
combustion  chamber,  the  usual  thick  flanges  and  joints  there 
being  avoided.  Thus,  the  engine  may  run  at  a  higher  tem- 
perature than  is  usual  in  the  present  large  sizes.  In  fact,  on 
test,  full  load  has  been  maintained  continuously  with  the 
jacket  water  boiling,  and  under  such  conditions  the  amount 
used  can  be  considerably  reduced  (allowing  in  some  cases  the 
motor-car  type  of  cooler  to  be  used  with  its  advantages  of 
small  space  occupied,  &c.).  Further,  the  absence  of  joints 
and  cavities  in  the  combustion  chamber  reduces  the  risks  of 
pre-ignition,  and  improves  the  efficiency  of  scavenging.  High 
compression  can  be  used  without  the  disadvantages  of  water 
injection. 

All  the  cylinder,  &c.，  walls  being  single,  the  jacket  must 
be  provided  in  a  suitable  manner  to  retain  the  necessary 
water,  and  this  is  most  readily  done  by  dropping  the  whole 
duplex  cylinder  into  a  simple  tank,  the  cylinders  resting  by 
their  central  flanges  on  stools  on  the  tank  bottom  or  engine 
entablature.  By  this  construction  is  secured  at  once  complete 
allowance  for  temperature  expansion  without  restraint;  the 
exhaust  outlet,  the  only  connection  to  the  outside,  passes 
through  the  tank  wall  by  a  stuffing  box,  or  a  flexible  mem- 
brane is  used,  the  connection  to  the  charging  pumps  being 
within  the  jacket  tank.  In  casting  complete  expansion  is 
allowed  in  all  directions,  and  no  strains  are  set  up,  ajl  the 
cylinders,  &c.，  being  single  walled.  Difficulties  with  valves  are 
done  away  with,  for  though  these  are  now  much  rarer  than 
in  the  past,  still  the  exhaust  valve  of  all  4-cycle  engines 
remains  a  part  requiring  considerable  attention.  No  doubt 
the  present  large  horizontal  gas  engines,  with  their  simplified 
valve  gear,  are  a  great  improvement  over  the  previous  types  ； 
still ,  the  further  great  advantage  of  an  engine  with  no  valve 
gear  must  be  apparent,  particularly  when  taken  into  account 
with  the  possibilities  of  higher  rotational  speed.  There  still 
remains  the  disadvantage  of  heavy  capital  outlay  when  the 
present  large  engine  of  the  horizontal  type  is  considered. 

High  First  Cost. ― It  having  now  been  shown  how  in  the 
duplex  design  the  unreliable  parts  of  the  gas  engine  are  effec- 
tively dealt  with,  it  remains  to  meet  the  other  objection  to 
horizontal  type  gas  engines  of  large  power,  i.e.,  high  first 
cost  of  installation.  The  cost  if  installation  of  a  gas  central 
station  primarily  consists  of:  (1)  Engines  ；  (2)  flywheels  ；  (3) 
electric  generators  ；  (4)  foundations;  (5)  buildings  ；  (6)  crane  ； 
(7)  switchboard  and  cables  ；  (8)  auxiliaries,  &c. 

The  first  six  items  are  probably  the  possible  variables,  and 
so  will  be  considered  in  order :  (1；  For  large  powers  the  pre- 
sent comparatively  slow-speed  horizontal  engine  is  the  only 


one  in  the  field,  and  the  large  amount  of  room  taken  up  by 
this  type,  with  its  expensive  foundations,  &c.，  is  well  known. 
The  cheaper  prospect,  judging  from  steam  usage,  and  some 
work  already  done  in  medium-powered  gas  engines,  is  in  the 
vertical  design.  Again,  judging  from  steam  practice,  a  high- 
speed forced  lubrication  closed-in  type,  particularly  for  elec- 
trical work,  is  the  most  successful  ；  incidentally,  the  oil  from 
the  same  system  may  be  used  for  piston  cooling,  as  is  now 
standard  practice  in  Diesel  engines.  It  seems  necessary,  there- 
fore, that  the  engine  should  be  vertical  high-speed  enclosed 
with  forced  lubrication,  for  by  it  (2)  flywheels  are  greatly 
reduced  in  size,  weight  and  price  ；  (3)  generators  are  less  by 
about  50  per  cent.  ；  (4)  foundations  being  a  simple  block 
are  cheaper  by  a  like  ratio  ；  (5)  buildings,  owing  to  the  small 
floor  space  taken  up,  are  greatly  decreased  in  size  ；  and  (6) 
the  crane  is  of  less  span,  and  probably  has  to  lift  a  much  less 
maximum  weight. 

As  the  vertical  duplex  type  runs  at  twice  the  speed  of  the 
present  horizontal,  and  if  the  cost  of  the  engine  itself  is  not 
taken  at  a  lower  rate,  although  it  seems  reasonable  to  sup- 
pose that  it  might  be,  we  get  a  comparative  table  of  costs 
per  brake  】iorse-power  as  follows :— 


Horizontal. 

Duplex. 

£ 

£ 

Engine  

5-00 

5.000 

Flywheel    ... 

0-50 

0-200 

Generators  

2-00 

1.000 

Foundations   

0-35 

0-175 

Buildings  ) 
Crane  f 

1-00 

0-675 

Totals  

£8-85 

£705 

These  figures  are  comparative  only,  and  might  be  taken  on 
a  lower  basis.  The  reduction  in  cost,  however,  effected  by 
installing  the  large  vertical  "  Duplex  31  type  as  against  the 
present  horizontal  engine  is  20  per  cent.  If  the  engine  is 
taken  at  £4*5  per  brake  horse-power  the  gain  is  26  per  cent. 
The  floor  areas  for  stations  containing  horizontal  and  "  verti- 
cal duplex  "  engines  of  equal  powers  (10,000  b.h. p.),  including 
switch-room,  are  respectively  16,916  sq.  ft.  and  10,756  sq.  ft., 
showing  a  gain  of  36  5  per  cent,  in  favour  of  the  vertical. 

A  brief  general  description  of  the  improved  type  of  gas 
engine  derived  from  the  foregoing  would  be :  The  engine  is  of 
the  vertical  type,  very  similar  in  a  general  way  to  those  steam 


Fig.  5.— Section  of  Cylinder  Unit ；  "Duplex"  Gas  Engine. 

engines  now  so  much  in  favour  in  this  country.  It  works  on 
the  2-stroke  cycle.  All  working  parts  are  enclosed,  and  the 
lubrication  is  by  oil  under  pressure  from  a  direct-coupled 
rotary  pump.  The  engine  may  thus  run  at  considerably  in- 
creased rotational  speed,  and  from  the  fact  that  there  is  a 
compression  on  each  stroke  of  the  two-cycle  engine  balancing 
the  inertia  of  the  reciprocating  parts,  a  higher  piston  speed 
than  is  usual  can  thus  be  adopted  with  the  attendant  thermo- 
dynamic gain.    The  cylinders  are  of  the  "  Duplex  "  valveless 
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type,  supported  about  their  centres,  and  free  to  follow  the 
various  temperature  expansions  in  every  direction.  The 
necessary  water  cooling  jacket  is  provided  by  the  cylinder 
being  placed  within  an  ordinary  cast-iron  tank,  and  where 
the  exhaust  branch  passes  through  the  tank  side  a  flexible 
connection  is  provided.  Ordinary  air  and  gas-charging  pumps, 
driven  by  an  auxiliary  eccentric,  are  provided  at  one  end, 
within  or  alongside  the  tank,  and  connect  direct  to  the  inlet 
valve-box  of  one  cylinder.  The  "  Duplex  ，，  power  cylinder  is  so 
arranged  that  the  exhaust  piston  has  a  lead  over  the  inlet 
piston.  The  governor  is  gear  driven,  and  acts  on  a  simple 
control  valve  on  the  pumps.    The  ignition  is  of  the  rotary 


duplex  of  the  vertical  open  marine  type,  another  form  of 
which  has  twin  duplex  cylinders,  with  the  charging  pumps  at 
the  back  worked  by  rocking  】evers  from  the  main  cross-heads, 
as  is  the  common  practice  with  marine  air-pumps,  though  it 
may  be  preferable  to  separately  drive  these  auxiliaries,  i.e.y 
the  supply  or  charging  pumps,  as  is  now  quite  common  in 
large  steam  practice. 

It  is  useful  to  consider  how  the  conclusions  so  far  drawn 
agree  with,  or  at  any  rate  are  not  incompatible  with,  the 
thermo-dyiiamic  desiderata,  &c.，  as  observed  by  others.  It 
is,  therefore,  interesting  to  give  here  the  opinon  of  M. 
Mathot,  the  well-known  authority,  on  the  principles  that 
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Twin  Dupt-ex  Gas  Engine. 


magnetic  high-tension  type  in  duplicate.  The  other  details  of 
the  engine  construction  are  similar  to  standard  high-speed 
steam  engine  practice. 

In  order  to  indicate  the  large  powers  for  which  these 
engines  can  be  built,  the  cylinder  dimensions  •  of  a  vertical 
twin  "  Duplex  "  of  6,000  b.h.p.  may  be  noted  (Fig.  6).  These 
cylinders  are  but  36in.  diam.  by  43in.  stroke,  and  the  speed 
of  revolution  140  per  minute.  The  flywheel  is  12ft.  3in  diam., 
and  60  tons  in  weight,  and  the  floor  space  taken  up  by  the 
engine  is  475  sq.  ft.  It  must  be  obvious  that  these  sizes  are 
by  no  means  the  limit,  and  the  author  sees  no  reason,  from 
his  experience,  and  what  has  already  been  done  in  other 
engines,  why  cylinders  of  48in.  diam.  should  not  be  success- 
fully used.  It  is  interesting  to  note  that  a  triple  "  Duplex," 
with  48in  diam.  cylinders,  and  4ft.  stroke,  running  at  125 
revs,  per  min.，  would  give  about  16,000  b.h.p.  at  quite  a 
moderate  mean  pressure. 

The  simplicity  of  the  engine  is  illustrated  by  the  follow- 
ing table  of  moving  parts  under  explosion  stress  for  engines 
of  equal  turning  moment,  "  Duplex  ，，  and  4-cycle  horizontal  ： 

Comparison  of  Main  Parts  under  Explosion  Stress  of  a 车 -cycle 
Horizontal  and  a  Vertical  Duplex  Engine  with  Equal 
Numbers  of  Imptihes  per  Revolution. 


Twin  Tandem  Four-cycle  Horizontal. 

Cylinders    4 

Pistons    4 

Inlet  valves    8  with  gear. 

Exhaust  valves     ....    8  " 
Piston -rod  packing  . .  8 

Total    32 

Total  moving  parts  subject  to 
heat  stress —— 20. 


Twin  Duplex  Two-cycle  Vertical. 

Two  duplex    4 

Pistons    4 

Inlet  valves   None. 

Exhaust  valves   None. 

Piston-rod  packing    4 

Total    12 

Total  moving  parts  subject  to 
heat  stress —— 4. 


It  will  be  apparent  that  this  type  of  engine,  being  of  such 
a  simple  form,  is  particularly  suitable  for  ship  propulsion 
work3  as  it  can  be  easily  made  reversible.  Fig.  7  shows  a  single 


engine  builders  should  follow  in  further  improvements  in 
their  designs,  and  to  see  how  these  agree  with  the  foregoing 
conclusion  and  with  the  principles  of  the  design  to  be  described 
later. 

(1)  To  produce  a  system  of  governing  of  practically  con- 
stant ratio  of  mixture  admitted  in  variable  quantity  without 
involving  a  vacuum  in  the  cylinder. 

(2)  Increased  compressions  facilitated  by  water  injection, 
for  example,  in  such  a  way  as  to  permit  the  utilisation  of  the 
poorest  possible  mixtures  to  burn  slowly,  but  completely,  at 
the  commencement  of  the  expansion  period.  In  this  way  the 
mean  pressure  would  be  increased,  permitting  the  reduction 
of  cylinder  dimensions  and  avoiding  sudden  explosions,  which 
would  be  replaced  by  combustion  at  nearly  constant  pressure 
during  a  certain  period  of  the  power  stroke. 

(3)  Automatic  expulsion  and  complete  scavenging  of  burnt 
gas,  in  order  that  the  quality  of  the  following  charge  of  explo- 
sive mixture  should  not  be  unfavourably  influenced. 

(4)  Design  of  parts  to  allow  free  expansion  of  the  portions 
in  contact  with  hot  gas,  so  as  to  permit  engines  to  be  worked 
at  higher  temperature,  and  to  increase  the  thermal  efficiency 
by  recovering  a  portion  of  the  heat  lost  to  the  cooling  water. 

(5)  The  design  of  details  to  permit  automatic  regulation  of 
cooling  water  circulation  in  proportion  to  the  work  developed 
by  the  engine,  so  as  to  improve  the  efficiency  under  low  loads. 

(6)  The  creation  of  vertical  types  of  large  power,  both  for 
marine  and  for  industrial  services,  in  order  to  reduce  the 
space  required,  and  so  as  to  lessen  the  hindrance  with  regard 
to  free  expansion  now  existent  in  connection  with  the  larger 
tandem  horizontal  engines. 

(7)  A  practical  means  of  recovery  of  waste  heat  from  the 
exhaust  gas. 

In  passing  now  to  the  design  evolved  from  the  author's 
somewhat  considerable  practical  experience  in  the  use  of  the 
large  gas  engine  in  England,  the  general  agreement  with  these 
suggestions  of  M.  Mathot  will  be  noted.  (1)  Calls  for  a 
system  of  governing  with  a  constant  ratio  of  mixture,  <fec.， 
and  is  exactly  the  method  employed  in  2-cycle  engines  with 
separate  gas  and  air-charging  pumps  of  correct  proportionate 
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volume  :  the  mixture,  when  delivered,  being  always  of  that 
proportion.  The  "  Duplex  "  engine  is  of  this  type.  (2)  In- 
creased compression  and  economy  is  made  possible  by  the 
pocket  less  form  of  the  cylinders,  thorough  scavenging,  and 
effective  cooling.  (3)  Scavenging  is,  as  usual,  in  2-cycle 
engines,  done  by  an  air  pump  at  about  41bs.  pressure.  (4) 
Free  expansion  of  all  parts  is  completely  provided  for  as 
described.  (5)  Control  of  cooling  water  temperature  may  be 
readily  effected  by  the  governor.  (6)  The  '  Duplex  ' '  is  of 
the  vertical  type.  (7)  Recovery  of  waste  heat  from  the 
exhaust. 

The  latter,  though  not  strictly  germane  to  the  subject 
of  this  paper,  is  an  interesting:  part  of  the  internal -com  bust  ion 
engine  problem,  and  one  in  which  the  author  has  had  con- 
siderable experience  with  large  horizontal  engines  of  the 
2-cvcle  type.  The  results  obtained  in  the  way  of  evaporation 
with  tBis  type,  where  the  proportion  of  heat  discharged  by 
exhaust  to  jacket  is  greater  than  that  of  4-cycle  engines,  have 
been  as  high  as  31bs.  per  brake  horse-power  hour,  the  boiler 
being  fed  with  hot  feed  from  the  jackets  and  econoniiser  pipes. 
The  steam  generated  in  these  boilers  can  be  used  in  various 
ways.  When  the  source  of  the  gas  is  an  ammonia  recovery 
producer  plant,  all  that  is  evaporated  will  be  required  for  the 
producers  to  keep  the  temperature  down. 

It  is  interesting  to  note  that  the  value  ot  the  steam  gene- 
rated, 002  pence  per  brake  horse-power  hour,  is  equivalent 
to  the  value  of  the  gas  taken  by  the  engine  with  the  present 
price  of  by-products  ；  thus  the  gas  engine  need  not  be  debited 
with  the  gas  used,  and  consequently  the  cost  per  brake  horse - 
power  hour  generated  is  extremely  low.  On  electro-chemical 
work ,  with  100  per  cent,  load  factor,  the  net  cost  of  energy 
for  a  3,000  b.h.p.  plant  is  0*047  pence  per  brake  horse-power 
hour,  assuming  interest  and  depreciation  at  10  per  rent .  Tn 


Fig.  7.—Vikw  or-  Mahink-ttpe  "  Duplex  "  Gas  Kn^ink. 

ot  her  cases  tlie  steam  can  be  used  for  power  purposes,  driv- 
ing a  steam  auxiliary  cylinder  011  the  main  engine.  Or  it  may 
be  used  for  any  auxiliary  plant,  as  water  pumps,  or  charging 
pumps,  when  tliese  may  be  separately  driven .  These  exhaust 
ljoilers  act ^as  very  effective  silencers. 

A  standard  liigh-speed  engine  of  the  vertical  "  duplex  ■• 
type,  upon  wliich  very  exhaustive  tests  have  been  made  on 
the  shop  test  plate,  gave  the  following  figures: ― 

Mechanical  efficiency   85  per  cent. 

Jleat  consumption  per  brake  horse-power.  .10,500  British  ther- 
mal units. 


m 

Water  consumption  per  brake  horse- 
power  、  4  gallons. 

Oil  consiunption  per  l>rake  horse-])ower. . .0*0004  gallon. 

Governing   :  U    per   cent,  rise 

full  load  on  and 
off ― steady  after- 
wards. 

These  results  are  from  cvlindcM's  15.',in.  cliam.  by  18in. 
stroke,  and  will  doubtless  be  improved  upon  with  larger 
cylinders  and  further  refinements. 

The  author  thinks  that  he  has  now  briefly  but  sufficiently 
f  described  this  new  type  of  large  engine.  So  far  the  experi- 
ence with  it  has  not  been  very  extensive,  but  with  a  full 
knowledge  of  what  gas  engines  with  their  troubles  were  in  the 
past,  he  is  happy  to  say  it  has  been  uniformly  successful  :  in 
fact,  the  first  engine  built  was  running  on  load  in  parallel 
with  other  gas  sets  within  two  hours  of  its  first  starting  up  on 
gas,  a  result  with  a  new  type  gas  engine  he  is  inclined  to  think 
is  without  precedent. 


THE  USE  OF  ELECTRICITY  IN  MINES. 

At  the  recent  annual  meeting  of  the  Association  of  Mining 
Electrical  Engineers  held  at  Sheffield,  Mr.  W.  C.  Mountain, 
of  Newcastle,  in  the  course  of  his  presidential  address,  said 
that  there  was  in  this  country  a  very  large  amount  of  good 
continuous-current  machinery  running  in  collieries,  and  he 
knew  that  there  was  a  feeling  amongst  the  owners  of  such 
plant  that  it  was  looked  upon  with  disfavour  by  the  Home 
Office.  He  was  satisfied  that  this  feeling  was  not  justified  in 
positions  where  it  was  safe  to  run  electrical  machinery  at  all, 
and  he  thought  lie  might  go  so  far  as  to  say  that  the  Home 
Office  authorities  had  no  intention  of  preventing  its  use  or 
even  extension  where  circumstances  permitted  or  rendered  it 
desirable.  He  felt  confident  that  in  modern  collieries,  where 
there  was  no  waste  heat  or  power  available,  such  as  from 
blastfurnaces  or  coke  ovens,  the  combination  of  steam  winding 
with  exhaust  steam  turbines  would  be  found  much  more 
economical  than  putting  down  large  generating  plants  and 
attempting  to  adopt  electric  winding.  Even  if  power  were 
available  from  a  power  company  for  large  winding  units,  it 
would  be  found  cheaper  to  adopt  this  combination  than  to 
purchase  power  at  any  price  at  which  it  would  be  possible  to 
supply  it  with  any  profit  to  the  power  company.  There  was  no 
question  that  as  regarded  power  consumed,  and  also  the  cost 
of  operation,  particularly  as  regarded  tlie  wear  and  tear  of 
ropes,  tubs,  &c.，  the  endless  rope  system  had  many  advantages. 
The  recent  legislation  in  connection  with  the  use  of  elec- 
tricity in  mines,  and  also  the  action  of  the  miners  them- 
selves, had  for  a  time  checked  the  progress  of  electric  coal- 
cutting,  but  he  was  satisfied  that  it  was  onlv  a  temporary 
matter,  and  that  in  places  where  electrical  macliinerv  could 
he  safely  run,  the  electrical  coal-cutter  had  many  advantages 
over  the  older  compressed  air  machine.  If  they  were  forced  to 
use  compressed  air  where  electricity  could  be  safely  used, 
every  coal-cutter  worked  in  that  way  would  cost  the  owners 
about  £300  per  year  extra,  which  would  be  a  heavy  handicap 
on  tlie  coalowners,  and,  of  course,  tend  to  increase  the  price  of 
coal,  and  thereby  injure  the  worker.  In  regard  to  tlie  new 
rules  for  the  installation  of  electricity  in  mines,  their  main 
object  and  intention  was,  tie  observed,  unquestionably  to  make 
armouring  compulsory  in  the  future. 


Proposed  Tower  and  Bridge  to  Span  the  Rhine. ―  A  proposal  has 
been  put  forward  for  constructing  a  tower  and  bridge  to  span 
the  Rhine.  The  tower  is  intended  as  a  monument  to  the 
supremacy  of  tlie  German  iron  industry  in  the  world's  markets, 
and  has  been  projected  upon  a  scale  that  exceeds  the  dimen- 
sions of  the  Eiffel  Tower.  Its  iieight  is  to  be  1,625ft..  and  a 
platform  is  to  be  made  162ft.  from  the  top.  In  connection 
with  the  tower  a  new  bridge  is  to  be  constructed  across  the 
Rhine  suitable  for  tramway  traffic,  the  bridge  to  run  trans- 
versely across  the  base  of  tlie  tower.  The  locality  suggested 
for  the  structure  is  the  region  of  the  Rhine  near  the  Golz- 
lieimer  Heath  at  Diisseldorf .  Tlie  bridge  is  to  have  two  arches, 
each  634ft.  wide,  and  the  tower  is  to  rest  upon  two  pillars  in 
the  river  situated  likewise  at  a  distance  of  634ft.  from  each 
other  and  in  a  straight  line  with  the  centre  pillar  of  the  bridge, 
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AN  IMPROVED  DESIGN  OF  PRONY  BRAKE. 

No  method  of  testing  small  motors  directly  by  measuring 
electrical  power  intake  and  mechanical  power  output  is  as 
popular  as  that  by  Prony  brake,  inasmuch  as  this  method 
gives  data  from  which  results  are  easily  and  quickly  calculated. 
The  Prony  brake  of  the  ordinary  form  consists  of  a  band  of 
some  sort  which  is  attached  firmly  to  a  single  brake  arm  on  one 
side  the  motor  pulley,  passes  round  the  pulley,  and  is  attached 
to  one  end  of  the  arm  through  some  adjusting  screw  by  which 
the  tension  on  the  band  can  be  regulated.  The  other  end  of 
the  arm  rests  on  a  scale,  the  motor  being  driven  in  such  a  direc- 
tion that  the  arm  bears  down  on  the  scale  and  registers  the 
weight  applied,  from  which,  knowing  the  motor  speed  and 
pulley  diameter,  the  brake  horse-power  of  the  motor  may  be 
calculated.  When  the  brake  is  of  the  above  form  it  presents 
several  bad  features.  One  of  these  is  the  impossibility  of 
maintaining  a  constant  given  load  for  any  appreciable  length 
of  time.  If  the  pulley  heats  up  slightly  it  expands,  binds  the 
band  on  the  pulley,  and  increases  the  load  ；  or  the  constant 
vibration  of  the  arm  may  loosen  the  tension  of  the  band  and 
decrease  the  load.  Such  a  brake,  therefore,  needs  constant 
attention  in  order  that  the  proper  load  may  be  maintained. 
This  in  itself  is  a  disadvantage,  but  of  far  greater  import  is  the 
fact  that  as  the  operator  s  hand  is  almost  constantly  on  the 
adjusting  device,  the  load  registered  by  the  balance  is  not 
correct,  and  in  case  of  small  motors* the  error  may  amount  to 
quite  a  large  percentage.  In  an  article  in  the  "  Electric 
Journal  "  Mr.  E.  W.  Henderson  describes  a  brake  somewhat 
after  the  fashion  of  the  Prony  brake,  but  which  it  is  claimed 


Improved  Design  of  Phony  Brake. 


eliminates  the  bad  features  of  the  latter  without  losing  the 
simplicity  of  calculation. 

The  brake  arm  is  double,  as  shown  in  the  illustration.  The 
upper  part  A  is  hinged  to  the  lower  part  B  at  C.  The  point  C 
should  be  as  far  as  possible  from  the  centre  line  through  pulley 
D，  and  the  hinge  is  therefore  located  as  near  the  end  as 
possible,  allowing  convenient  room  for  the  adjusting  screw  E. 
One  end  of  the  rope  or  band  is  attached  to  a  rectangular  link, 
this  link  being  shaped  to  a  knife-edge  on  the  inner  edge  of  its 
top  side,  the  knife-edge  resting  on  a  grooved  plate  F  embedded 
in  upper  arm  A.  The  other  end  of  the  band  it  attached  to  an 
adjusting  screw  E  in  the  usual  way.  A  hanger  is  suspended 
from  B  on  a  knife-edge,  and  weights  can  be  placed  on  this 
hanger  as  on  any  ordinary  scales.  The  upper  arm  A  is  sup- 
ported from  some  standard  through  a  spring  balance  H  (pre- 
ferably of  the  dial  type).  A  very  simple  and  convenient 
standard  can  be  made  from  ^in.  or  lin.  pipe.  The  connecting 
link  to  the  balance  rests  on  a  knife-edge  in  A.  The  knife- 
edges  in  A  and  B  consist  simply  of  ordinary  machine  bolts 
passing  through  eyes  in  the  hanger  and  balance  attachment, 
these  bolts  being  filed  to  an  edge  on  tlieir  bearing  surface. 

The  motor  is  driven  in  such  a  direction  as  to  lift  up  on  t'lie 
weight  G，  and  the  difference  between  the  weight  suspended  at 
G  and  the  weight  registered  on  the  spring  balance  is  evidently 
the  gross  weiglit  lifted  by  the  motor.  To  tliis  must  be  added 
the  weiglit  of  tlie  brake  arm  in  calculating  the  brake  liorse- 
power.  Tlie  effective  weight  of  tlie  arm  is  readily  found  by 
i  vii'U  A  ； i  iid  B  toget  her  witli  a  light,  cord  or  wire,  and,  with  no 
at  C!  (ot licr  tlwui  the  hanger),  noting  the  weight  regis- 
tered on  tlie  spring  balance  for  each  direction  of  rotation  of  the 
motor,  the  speed  being  the  same  in  both  directions.  ITalf  the 
sum  of  t  Iipsp  1  wo  weights  will  be  the  weight  of  the  brake  arm, 
since,  with  one  direction  of  rotation,  the  weight  registered  will 


be  the  weight  of  the  arm  plus  the  friction  on  the  pulley,  and 
with  the  other  direction  of  rotation  the  weight  registered  will 
be  equal  to  the  weight  of  the  arm  minus  this  friction.  As  the 
load  at  G  is  increased  and  the  attachment  on  the  balance  H 
comes  down,  the  arms  A  and  B  may  be  kept  horizontal  by 
having  an  adjustment  above  the  balance  such  that  it  can  be 
raised  or  lowered,  or  the  link  connecting  the  balance  to  A  may- 
be made  adjustable.  A  very  sensitive  balance  H  can  be  used, 
and  may  be  protected  from  overstrain,  in  case  the  motor  stops 
suddenly,  by  placing  a  support  just  below  the  weight  G，  such 
th;"  t  lie  weight  will  drop  upon  it. 

The  brake  horse-power  is  calculated  in  the  usual  way.  The 
great  advantage  of  this  arrangement  is  that  the  motor  in  ay  be 
run  for  any  desired  length  of  time  on  any  one  load  without 
attention,  since  if  the  band  tends  to  tighten  on  the  pulley  the 
lower  arm  B  is  lifted  towards  A，  and  the  tension  on  the  band  is 
automatically  released.  The  arms  A  and  B  should  be  sus- 
pended horizontally,  and  while  it  is  impossible  that  they  siiould 
both  be  exactly  horizontal,  the  distance  between  them  at  the 
ends  farthest  from  the  pulley  need  not  exceed  ^in.,  and  the 
error,  therefore,  is  negligible. 

The  above  brake  was  brought  out  by  Prof.  L.  W.  Gill,  of 
the  School  of  Mining,  Kingston,  Ontario,  and  has  been  found 
so  superior  to  the  old  Prony  brake  that  the  latter  has  been 
discarded  altogether  in  tlie  laboratories.  The  load  can  be 
adjusted  I'eadily,  and  will  be  maintained  constant  as  long  as 
desired. 


COMBINED  RECIPROCATING  ENGINES  AND  TURBINE 
PLANTS. 

It  is  well  known  that  combined  reciprocating  engines  and  tur- 
bine plants,  in  which  the  high-pressure  element  consists  of  a 
reciprocating  engine  and  the  low-pressure  element  of  a 
turbine,  are  able  with  comparatively  small  dimensions  of  the 
working  parts  to  utilise  efficiently  the  high-pressure  steam  with 
an  expansion  ratio  reaching  to  the  extreme  limit  of  possible 
expansion  at  the  low-pressure  end.  Such  an  advantageous 
result  cannot  be  obtained  either  with  reciprocating  engines 
alone  or  with  turbines  alone.  One  of  the  disadvantages  in 
combined  plants  of  the  above  type  lies  in  the  fact  that  the 
steam  in  the  high-pressure  element  becomes  more  or  less 
saturated  witli  the  lubricating  oil,  and  when  such  steam  passes 
to  the  low-pressure  element,  it  becomes  deposited  on  the  tur- 
bine blades  and  reduces  the  efficiency  of  the  turbine.  The 
removal  of  the  oil  deposited  from  the  turbine  blades  is  a  diffi- 
cult and  expensive  operation.  Further,  in  addition  to  being 
deposited  on  the  turbine  blades,  oil  is  also  deposited  in  the 
condenser,  thereby  diminishing  the  vacuum  attainable,  and 
effecting  a  further  reduction  in  the  efficiency  of  the  plant.  If, 
in  order  to  remedy  this  defect,  an  oil  separator  is  interposed 
between  the  reciprocating  engine  and  the  turbine,  a  complete 
separation  of  the  oil  from  the  steam  cannot  be  effected,  as  the 
separator  merely  delays  the  formation  of  the  deposit  in  the 
turbine  and  condenser,  but  cannot  eradicate  it. 

A  plant  of  the  type  above  indicated  in  which,  it  is  claimed, 
all  access  of  oil  to  the  interior  of  the  turbine  and  condenser  is 
prevented  is  shown  diagrammatically  in  the  accompanying 
illustration.  This  plant,  the  invention  of  Dr.  Wilhelm  Schmidt, 
2，  Rolandstrasse,  Cassel-Wilhelmshohe,  Germany,  comprises  a 
steam  generator  arranged  between  the  reciprocating  engine 
and  the  turbine,  so  that  the  steam  generator  is  heated  by  the 
exhaust  from  the  reciprocating  engine  and  supplies  the  steam 
for  driving  the  turbine.  With  this  arrangement  it  is  claimed 
that  not  only  is  the  interior  of  the  turbine  and  the  condenser 
kept  perfectly  free  from  oily  deposits,  but  the  interposed  gene- 
rator also  acts  as  an  accumulator  which  keeps  the  main  steam 
generator  protected  against  injury  in  the  event  of  sudden 
variations  of  the  load.  This  latter  feature  is  of  considerable 
i?7i])ortance  in  cases  where  steam  of  very  liigli  pressure  is 
employed,  as  steam  generators  of  this  type  have  usually  a  very 
small  water  space  and  cannot  respond  easily  to  large  variations 
of  the  load.  In  such  circumstances  the  larger  water  space  of 
tlie  interposed  steam  generator  exerts  an  equalising  action, 
； ui(l  allows  tlie  tu»l)ine,  which  is  able  to  hear  considerable 
ovorloadiii^,  to  altsorb  tlie  i ne(|iuilities  in  the  load.  The  drop 
in  pressure  of  t  lie  st  earn  (luring  its  conversion  is  small,  while 
the  loss  of  heat  in  Hie  steam  generator  is  also  small,  as  the 
latent  heat  of  tlie  exhaust  steam  of  the  high-pressure  element 
is  almost  wholly  transmitted  to  the  steam  evaporated  in  the 
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generator.  The  deposition  of  oil  on  the  heating  surfaces  of  the 
intermediate  steam  generator  does  not  cause  any  great  injury, 
as  the  working  pressure  thereof  is  low  and  the  generator  may 
be  constructed  so  as  to  be  readily  cleaned.  An  oil  separator 
may  be  inserted  between  the  high-pressure  element  and  the 
steam  generator  in  order  to  reduce  the  oily  deposit  on  the  heat- 
ing surfaces  thereof.  In  some  cases  a  superheater  may  be 
arranged  between  the  interposed  steam  generator  and  the 
turbine,  which  superheater  will  act  very  efficiently  in  view  of 
the  fact  that  the  steam  upon  which  it  operates  is  free  from 
admixture  with  oil.  Such  intermediate  superheaters  in  com- 
bined plants  as  heretofore  constructed  are  very  quickly 
rendered  useless  owing  to  the  deposition  of  oil  on  their  heating 
surfaces.  This  disadvantage  is  obviated  by  means  of  the 
arrangement  under  notice.  The  advantages  of  the  arrange- 
ment are  particularly  apparent  in  those  circumstances  in 
which  steam  of  very  high  pressure  is  employed,  as  the  losses 
caused  on  the  conversion  of  the  steam  are  then  relatively 
smallest. 

Referring  to  the  illustration,  a  high-pressure  element  A 
and  a  low-pressure  element  B  are  provided  -    The  high-pressure 
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Combined  Reciprocating  Engines  and  Turbine  Plant. 

element  consists  of  eight  single-acting  high-pressure  reciprocat- 
ing engines  situated  in  one  plane,  and  acting  upon  a  common 
shaft  C.  The  low-pressure  element  B  consists  of  a 
steam  turbine  acting  also  upon  the  shaft  C.  A  steam 
generator  D  is  arranged  between  the  engine  A  and 
the  turbine  B,  while  a  superheater  E  is  interposed 
between  the  generator  D  and  the  turbine  B.  The  engine  A  is 
supplied  with  superheated  steam  from  a  suitable 
generating  plant,  by  way  of  the  steam  chests  G,  After  per- 
forming work  in  the  engines,  the  steam  exhausts  through 
the  pipe  H  to  the  steam  generator  D，  giving  up  its  heat  to 
the  heating  surfaces  thereof,  and  becoming  condensed  into 
water  which  is  drawn  off  through  the  pipe  J.  The  steam 
generated  in  the  generator  D  passes  into  the  superheater  E, 
preferably  heated  by  high-pressure  boiler  steam,  wherein  it  is 
dried  or  superheated,  and  thereafter  led  to  the  turbine  to 
perform  work  therein.  The  exhaust  from  the  turbine  passes 
to  a  condenser.  The  water  of  condensation  of  this  condenser  is 
almost  chemically  pure,  and  may  be  used  as  feed-water  for  the 
generator  D，  thus  preventing  the  deposition  of  scale  therein,  or 
the  condensed  water  may  be  used  for  any  other  suitable 
purpose. 

Electric  Supply  Undertakings  . — A  course  of  lectures  on  tlie 
management  of  public  electric  supply  undertakings  is  to  be 
started  on  October  14th  by  Mr.  A.  H.  Seabrook  at  the  East 
London  College.  The  lectures  will  deal  with  the  general 
aspects  and  responsibilities  of  management;  tlie  staff  and 
employes  ；  electric  supply  service;  the  head  office;  tlie 
general  manager  and  the  engineer  ；  the  secretary  and  the 
accountant  ；  the  station  ；  mains,  meters,  and  public  lighting  ； 
the  sales  department;  and  tariffs. 


MOULDING  A  WATEK-JACKETED  CYLINDER  FOR  A  VERTICAL 
GAS  ENGINE.* 

BY  J.  G.  ROHINSON. 

The  title  of  this  paper  is  somewhat  misleading,  as  it  is  not 
the  writer's  intention  to  enter  into  a  detailed  account  of  the 
actual  moulding  operations  involved  in  the  moulding  of  a 
water-jacketed  cylinder.  Such  an  account  would  obviously 
be  a  waste  of  time  at  a  meeting  of  foundrymen. 

My  purpose  is  to  describe  the  methods  adopted  at  our 
works  to  secure  sound  and  clean  castings,  and  by  means  of 
slides  prepared  from  photographs  of  a  mould  in  the  different 
stages  of  its  construction,  it  is  hoped  to  make  this  quite 
clear. 

The  cylinder  under  consideration  (Fig.  1)  is  one  of  four 
which  go  to  make  up  a  350  b.h.p.  gas  engine.  The  diameter 
of  the  bore  is  17in.,  the  overall  length  5ft.  lin. 

By  way  of  prefatory  comnient,  I  may  point  out  that  to 
the  uninitiated  and  inexperienced  certain  difficulties  in  the 


Fig.  1. 

making  of  patterns  and  core  boxes  and  in  the  making  and 
casting  of  the  mould  may  appear  very  formidable,  whereas 
to  the  less  critical  these  difficulties  will  be  non-apparent. 
That  there  are  serious  obstacles  to  be  overcome  will  be  well 
known  to  one  who  has  had  experience  of  this  class  of  work, 
but  he  knows  equally  well  how  to  avoid  the  pitfalls  ever 
awaiting  the  unwary. 

As  a  result  of  exhaustive  experiments,  we  have  adopted 
the  following  method  as  productive  of  the  best  result.  There 
will  be  noticed  a  variation  in  the  thickness  of  the  metal  at 
the  point  where  the  flange  is  connected  with  the  inner  and 
outer  walls  of  the  cylinder,  and  also  at  the  opposite  end, 
where  solid  blocks  are  cast  in  to  receive  the  studs  for  attach- 
ing the  end  cover.  During  machining  operations  these  two 
points  have  been  found  to  exhibit  a  spongy  nature,  and 


Fig.  2. 

have  proved  the  most  prolific  source  of  trouble,  whicli  has 
been  overcome  by  the  use  of  chills  and  a  suitable  mixture  of 
metal. 

The  mould  is  made  in  dry  sand.  It  is  made  on  the  flat 
and  placed  on  end  for  casting.     The  valve-box  end,  being 
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the  part,  where  the  explosions  lake  place  when  the  engine  is 
at  work,  must  be  perfectly  sound  ;  therefore,  tliat  end  is  cast 
down.  To  the  other  end,  which  is  quite  )>lain  and  easily 
extended,  a  rising  head  is  attached  to  collect  ilie  dirt,  &c. 
A  full  jiattern  is  used  for  the  outside,  and  iho  centre  or  body 


Kig.  3. 

core  is  struck  up  mi  a  barrel  in  loam.  Thv  jacket  core  is 
made  in  two  half-boxes,  which  will  be  described  later. 

The  ])attern  (Fig.  2)  is  jointed  along  t he  centre  line. 
At  the  plain  end  a.  core  print  (，  of  tlie  same  diameter  as  the 
body  core  is  provided,  whereas  at  the  other  end  the  core 
print  D  is  of  the  same  diameter  as  the  jacket  core,  which  is 


Fig.  4. 

carried  through  the  end  of  the  casting,  and  retjuires  a  bear- 
ing. To  provide  a  bearing  for  tlie  body  core  at  this  end,  tlie 
internal  diameter  of  the  jacket  core  and  the  external  diame- 
ter of  the  body  core  are  made  to  corres'pomi.  Tlie  print  E 
carries  tlie  part  of  1  he  jacket  core  which  extends  round  tlie 


valve  Ikjx,  i  he  prints  V    ;iikI  (I  1  ho  ot  lier  places  at 

wlnrh  the  main  jacket  core  has  a  bearing  on  the  outside. 

Prints  II,  J,  K  carry  the  valve-box  cores,  the  remaining 
prints  being  merely  for  small  local  cores.  The  enlarged  part 
h  forms  tlie  rising  head.  A  definite  method  of  moulding, 
coring,  and  ruuning  having  been  decided  upoJi,  the  actual 


moulding  is  now  a  vim  v  plain  nnd  simple  mat  ter,  requiring 
lm  special  skill  bevond  wliat  should  be  possessed  by  a  good 
moulder. 

The  method  of  rumiing  is  as  follows:  The  metal  is 
(Ik»P]kuI  from  t  he  top,  four  runners  1  Jin.  and  J>in . ,  which 
are  spaced  eq uall^y  round  t  he  body  core,  being  used,  Fig.  3.  As 
1  his  particular  cylinder  is  rather  long,  a  few  cwts.  of 
metal  are  run  in  at  t he  bottom  to  form  a  cushion  and  prevent 
the  metal  cutting  the  jacket  core  where  it  drops.  This  is 
done  by  means  of  a  down  runner  at  the  side,  wliicli 
must  he  provided  for  in  tlie  course  of  ranunin^  up  the 
l;ottoni  pari  of  tin'  mmil(l，  ； iiid  can  hp  seen  in  the  illustra- 


t  ion ,  which  si mws  the  (inislied  mould  i'f';!(ly  for  drying.  A 
riser  is  taken  from  tlie  flange  and  another  from  the  head. 

Before  drying,  part  of  the  sand  over  the  prints  for  the 
jacket  core  at  the  end,  and  the  valve  box  in  the  top  half,  are 
rut  away  to  facilit ate  stopping  in  rr)imd  thewe  cores  when  the 
mould  is  clcsed.  Tlie  s，ii;ill  cores  are  affixed  while  tlie  m (川 1(1 
is  green,  and  are  dried  in  pesition. 

Fig.  4  si  lows  the  niethocl  of  preparing  core  boxes.  The 
small  box  in  front  is  fcr  the  valve  box.  Tliis  core  is  made 
id  halves  in  oil  sand,  strengthened  by  cast-iron  grids,  and  is 
jointed  when  dry.  For  the  main  jacket  boxes  a  flat  bottom 
is  prepared,  and  on  it  is  ]>]mc?(1  a  block  of  tlie  form  assumed 
hy  the  thickness  of  the  metal  round  the  body  core  and  valve 
box.    The  box  e^ids  are  made  to  follow  the  thickness  of  the 
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jacket  row  required,  st  rickles  hein^  made  t  he  full  lenyt  li  to 
work  on  tliese  ends  hikI  st  ricklo  ofT  the  sand  to  tlie  required 
slia]>e.  At  tlie  point  where  < lie  valve  box  joins  tlie  body  it  is 
necessary  to  have  pieces  worked  to  the  required  si i ape,  as 
shown,  ； used  loose.  These  cores  are  made  in  oil-sand, 
and  are  strengtlieurd  l)y  loose  irons,  wliicli  are  easily  removed 
wlien  t lie  cast in^  is  bei fetl led. 

rFlio  ill s  i n  1  hose  coies  ,'ir(、  l+nrimul  by  pl;i.('i，ig  wood- 
wool hands  in  1  lie  rent  re  of  \  \w.  i  liickness  of  sand  (itiriiig  ram- 
ming (Fig  5)«  Tnese  all  have  a  connection  with  the  parts  which 
have  a  bearing  on  the  outer  core  prints.  Tn  the  course  of 
drying,  these  bands  ； u'e  more  or  less  charred  and  form  pas- 
sages \'ov  free  osc;i|n'  of  "ra.s.  After  the  cores  are  strirkled 
off  to  the  required  thickness,  the  loose  parts  of  the  box  are 


October  4,  1912] 


THE   MECHANICAL  ENGINEER. 


421 


removed  and  cast-iron  plates  fixed  along  each  side  to  sup- 
port the  core  whilst  being  dried.  The  space  between  the 
plates  and  the  rounded  part  of  tlie  core  is  filled  up  with 
floor  sand  and  struck  off  level .    ( )n  t he  top  of  this  is  placed 


the  cast-iron  plate  on  which  the  core  is  carried  for  drying, 
the  whole  being  cramped  together  and  turned  over. 

After  being  dried,  any  variation  in  the  cores  is  dressed 
off  by  rubbing  with  a  piece  of  emery  stone,  after  which  the 
whole  is  given  a  good  coat  pf  blacking.  It  might  here  be 
said  that  we  find  it  necessary  when  using  cil-sand  cores  to 
allow  Jin.  in  9in.  for  sinking.  The  connections  with  the  vents 
rati  be  ssen  in  Fig.  6  on  the  finished  cores. 

The  remaining  core  is  that  of  tlie  body.  This  is  struck 
up  in  loam  on  a  barrel  in  the  ordinary  way,  except  that  pro- 
vision is  made  for  the  chills  before  mentioned,  which  are 
placed  opposite  the  two  thick  parts  of  metal  in  order  to 
produce  an  equal  rate  of  cooling  and  prevent  spongy  or 
drawn  places.  These  chills  are  made  Gin.  wide  and  1^-in. 
thick  in  six  segments,  each  of  which  is  gin.  short  of  a  sixth 
of  the  diameter  required.  The  spaces  between  them  are 
filled  with  loam,  and  allow  for  the  contraction  of  the  casting, 
sj  that  the  chills  are  easily  removed  when  the  casting  is 
being  fettled.  The  core  is  made  of  such  a  length  that  it 
extends  about  a  foot  beyond  the  end  of  the  moulding  box, 
in  order  to  project  well  above  the  runner  box  when  casting. 

In  assembling  (Fig.  7),  the  first  core  to  be  fixed  is  the 
bottom  half  of  the  main  jacket  core.  I'bis  rests  on  the 
prints  D，  E，  F,  G，  but  in  addition  to  these,  two  double  studs 
are  placed  under  the  end  nearest  the  flange,  as  tlie  two  side 
cores  are  not  sufficiently  strong  to  support  the  weight.  When 
this  is  fixed  (Fig.  8)，  there  is  a  bearing  at  each  end  for  the 
body  core,  which  is  next  placed  in  position.  This  core  is 
inside  the  moulding  box  at  the  bottom,  packings  being  placed 
between  the  barrel  and  tlie  box  end  to  support  tlie  weight 
when  the  mould  is  placed  on  end  -  The  space  at  this  etui  of 
tlie  core  is  rammed  up  with  sand ,  a  iiole  bei  left  t  liroii^li 
t  he  bottom  of  the  box  to  take  the  vent  fro  in  that  end  of  tlie 
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jacket  core.  At  the  other  end  a  tube  is  connected  witli  the 
vent  and  carried  through  tlie  side  of  the  box. 

The  valve-box  core  is  now  fixed  and  tlie  other  half  of  the 
mai"  jacket  core  lowered  into  position,  Fig.  9.  Pieces  of  clay 
to  try  the  sj)aoe  left  for  metal  are  placed  on  tlie  cores,  and  the 
top  part  of  the  mould  lowered  on.  When  all  tliicknesses  liave 
been  ascertained,  studs  similar  to  those  mentioned  in  connec- 
tion with  the  bottom  part  are  placed  on  the  jacket  core  and 


the  mould  is  closed.  The  open  spaces  over  the  prints  before 
mentioned  are  rammed  up  with  sand,  the  vents  being  taken 
off  in  the  Same  manner  as  in  < ho  h""om  part  and  the  whole 
securely  bolted  togei  lier. 

The  mould  is  then  turned  up  on  end  and  lowered  into  a 
pit  for  casting,  Fig.  10，  A  large  runner  box  is  now  fixed,  and  a 
separate  box  for  the  riser  from  the  flange.  Plugs  are  placed 
over  the  runners  and  riser  round  tlie  body  core,  and  a  piece 
of  tin  over  the  down  riuiner  on  the  side.    When  casting  com- 


mences this  tin  allows*  a  certain  amount  of  metal  to  be  poured 
into  the  runner  box  before  it  is  melted,  and  thus  prevents 
any  dirt  getting  down  the  runner.  After  a  few  cwts. 
have  been  allowed  to  run  into  the  bottom  and  the  runner 
box  has  been  well  filled,  the  plugs  over  the  other  runners 
are  drawn  off.  When  the  mould  is  filled  the  riser  plug  is 
removed  and  the  Jadle  taken  to  the  riser  from  the  flange, 
metal  being  poured  in  there  to  feed  the  thick  part . 


As  soon  as  the  metal  is  set  the  core  barrel  is  withdrawn 
in  order  to  assist  the  cooling  of  the  inner  walls  of  the  cylin- 
der, w1>icli  are  of  a  thicker  section  than  the  outside.  The 
box  is  dien  turned  down  on  the  flat,  and  the  bolts  through 
the  lugs  eased  to  allow  for  the  expansion  of  the  box,  as 
otherwise  there  is  a  danger  of  the  lugs  being  broken  off. 

The  final  illustration  shows  the  finished  casting  ready  for 
tlie  machine  shop. 


Mines  Rescue  Station  for  Rotherham. ―  Arrangements  have  been 
made  for  establishing  a  rescue  station  in  connection  with 
mining  in  the  Rotherham  district.  A  site  for  the  necessary 
buildings  has  been  selected.  It  is  understood  that  the  equip- 
ment will  be  of  the  very  latest.  The  station  will  be  managed 
by  a  local  committee  representing  the  various  collieries. 
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THE  JOINING  OF  METALS.* 

BY  ALEX.  E,  TUCKER,  F.I.C. 

The  expression  "  The  Joining  of  Metals  '，  clearly  includes 
such  processes  as  riveting,  folding,  sewing,  aiid  dowelling.  As 
these,  however,  are  essentially  mechanical  processes  I  do  not 
propose  to  discuss  them.  On  the  other  hand,  I  shall  be  able 
to  show  that  many  industrial  operations,  such  as  riveting 
and  folding,  are  now  being  replaced  by  autogenous  welding 
and  other  recently  introduced  means.  Methods  of  joining 
metals  by  physical  processes,  such  as  welding  and  brazing, 
give  rise  to  some  interesting  considerations,  and  it  is  the 
physical  process  involved  in  such  operations  and  the  com- 
mercial application  of  such  operations  which  I  propose  to 
discuss. 

The  phenomena  of  cohesion  and  adhesion,  on  which  the 
joining  of  similar  or  dissimilar  metals  depends,  are  frequently 
referred  to  as  one  and  the  same  thing.  It  is  therefore  well 
to  decide  whether  or  not  this  interpretation  is  justified,  and 
if  it  is  not  justified,  to  distinguish  between  them.  It  is  true 
that  in  brazing  copper  and  soldering  together  two  pieces  of 
brass  other  actions,  such  as  alloying,  come  into  play  ；  but 
there  are  many  cases  on  which  I  shall  enlarge  where  cohesion 
or  adhesion,  or  both,  are  depended  on  alone  for  the  result, 
and  lead  to  iin portant  industrial  applications.  The  ety- 
mology of  the  two  words  assists  to  some  extent,  but  etymology 
is  sometimes  misleading,  because  current  use  and  the 
authority  of  text-books  frequently  diminish  its  value.  Per- 
haps I  may  illustrate  the  difference  in  the  two  phenomena 
of  coliesion  and  adhesion  as  follows  ： — 

A  sheet  of  paper  may  by  well-known  methods  be  divided 
into  two  sheets,  the  coliesion  of  the  paper  being  thereby  over- 
come ； but  unless  the  adhesion  of  the1  sheet  of  the  material 
to  the  two  surfaces  of  th&  material  employed  in  the  experi- 
ment is  greater  than  the  coliesion  of  thei  sheet  itself,  it  can- 
not, of  course,  be  so  divided.  Cohesion  is  therefore  the 
tenacity  of  a  material,  and  is  functional  and  molecular.  It 
is  the  tensile  strength —— in  this  case  the  transverse  tensile 
strength ― of  the  body.  Adhesion  is  the  external  and  adven- 
titious property  of  media  and  conditions  which  resist  the 
separations  of  the  materials,  and  it  may  be  less  or  greater 
than  the  cohesion  or  tensile  strength  of  tli8  bodies  involved. 
In  other  words,  the  force  which  acts  between  adjacent  parts 
of  the  same  substance  is  called  cohesion,  while  the  force 
which  acts  between  portions  of  different  kinds  of  matter  is 
called  adhesion.  Both  forces  are  quite  inoperative  between 
two  portions  of  matter  separated  by  any  distance  which  we 
can  directly  measure.  Quincke  examined  the  conditions  of 
their  operation,  and  found  that  the  greatest  distance  at  which 
the  effect  of  these  forces  is  sensible  for  various  substances  is 
about  the  twenty-thousandth  part  of  a  millimetre. 

During  unknown  periods  advantage  has  been  taken  of  the 
phenomena  of  cohesion  and  adhesion  in  inlaying  and  buhl 
work,  in  which  the  strength  of  the  joined  work  exceeds  that 
of  the  material  joined.  Thus  a  design  is  drawn  on  two  sur- 
faces of  wood ― these  designs  need  not  be  identical ― and  the 
design  is  then  worked  in  with  a  thin  glue,  the  other  parts 
being  damped  and  dusted  with  French  chalk,  to  retard 
adhesion.  After  submitting  the  two  pieces  of  wood —— with 
an  intervening  layer  of  coloured  wood ― to  pressure,  and 
allowing  the  whole  to  dry,  the  intervening  layer  may  be  split 
into  two  lamina,  after  which  the  designs  are  brought  out 
by  cutting  away  the  superfluous  wood,  followed  by  sand- 
papering and  polishing.  I  allude  to  this  illustration  of  join- 
ing of  wood  and  other  materials  because,  for  reasons  which 
T  shall  give,  there  is  an  application  of  the  property  of 
adhesion  for  the  production  of  art  metal  work,  though  I  do 
not  know  that  it  has  ever  been  done  commercially.  I  have 
only  seen  the  results  of  experiments  in  this  direction.  In 
this  case,  however,  the  layer  of  metal  is  not  split  into  lamina. 

A  more  immediate  example  of  cohesion  may  be  given. 
In  close  annealing  iron  and  steel  sheets  it  sometimes  happens 
that  two  or  more  of  the  clean  sheets,  especially  those  at  the 
bottom  of  the  box,  will  stick  together  so  completely  that, 
instead  of  separating,  a  sheet  will,  if  sufficient  forcei  be 
applied,  part  into  lamina  before  the  adhering  media  will  be 
broken  down.  The  sam©  thing  happens  in  rolling  many 
kinds  of  metal  sheets  when  they  are  free  from  oxide ― indeed, 
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if  oxide  were  present  on  the  surfaces  the  action  could  not 
take  place  ；  on  examining  the  points  of  contact  it  will  be 
found  that  intercrystallisation  has  taken  place,  and  true 
welding  has  therefore  occurred.  Allied  examples  of  this 
effect  often  occur  in  the  seizing  of  shafts  in  their  journals 
through  failure  of  lubrication,  or  where  a  steel  shaft  has  been 
allowed  to  revolve  in  or  against  a  steel  bearing  or  mass  of 
similar  quality.  An  interesting  case  is  recorded  in  which 
the  two  ends  of  a  broken  shaft  accidentally  welded  up  again 
by  the'  heat  developed  at  the  surfaces. 

Generally,  if  surfaces  of  the  same  material  are  sufficiently 
parallel  and  polished,  great  adhesion  may  b©  obtained  by 
simply  laying  them  together.  Plate-glass  sometimes  shows 
this  effect  so  completely  that  the  two  may  be  cut  and  worked 
as  a  single  piece.  If  the  materials  having  such  surfaces  are 
ductile,  and  pressure  is  applied  either  by  rolling  or  by 
simply  dead  weight,  the  effect  is  accentuated.  I  should 
regard  such  results  as  illustrations  of  cohesion  rather  than 
adhesion.  These  results  have  great  practical  value,  to  which 
I  shall  presently  allude  ；  but  they  seem  to  be  only  an  exten- 
sion of  the  undoubted  cohesion  effect,  shown  when  two  pieces 
of  lead  or  phosphorus,  or  metallic  powders,  or  mixtures  of 
powders,  are  compressed.  Under  the  condition  of  pressure 
the  effects  are  greatly  accentuated  by  time  and  temperature, 
and  true  welding  appears  to  occur. 

The  expression  "  welding  "  (A.S.  weallan,  to  boil),  in  con- 
nection with  non-ferrous  metals,  is  borrowed  from  practice 
in  iron  and  steel  working,  in  which  the  pieces  to  be  joined 
are  brought  to  a  high  heat,  often  fusion  heat,  and  are  then 
hammered  together.  This  operation  is  one  which,  from  a 
physical  point  of  view,  illustrates  the  difficulty  of  saying 
whether  the  result  is  due  to  cohesion  or  adhesion.  When 
high  heats  are  used  cohesion  would  appear  to  act,  but  it  is 
well  known  that  fusion  is  not  required  for  effecting  a  union 
of  several  metals  to  bring  about  a  joint  having  a  great  degree 
of  strength.  Two  clean  pieces  of  any  soft  metal,  such  as 
lead,  may  be  hammered  or  pressed  together  and  a  fairly 
strong  joint  made.  Analysts  often  readily  repair  a  per- 
forated platinum  crucible  by  cleaning  the  metal  round  the 
hole  and  hammering  a  piece  of  bright  platinum  while  the  two 
are  at  a  red  heat.  The  well-known  Coffin's  weld  is  another 
instance  ；  here  the  pieces  of  iron  or  mild  steel  are  heated 
greatly  below  the  fusion  temperature  in  an  ordinary  reducing 
atmosphere  and  pressed  together.  The  join  shows  remarkable 
strength,  and  Dr.  Stead  had  recently  shown  that  if  the 
operation  is  modified,  so  that  time  is  given  to  the  period  of 
contact,  the  crystals  of  the  two  surfaces  interlock  and  the 
requirements  of  a  true  weld  are  obtained,  the  strength  of  the 
weld  as  a  whole  being  determined  by  the  degree  of  contact 
of  the  two'  original  surfaces.  Hence,  by  extending  the  time 
or  raising  the  temperature,  and  maintaining  a  non-oxidising 
atmosphere  on  the  surface,  an  entirely  satisfactory  weld  may 
be  obtained  at  a  temperature  much  below  that  ordinarily 
employed.  These  results  illustrate  in  a  practical  way  the 
conclusions  arrived  at  by  Quincke,  to  which  I  have  already 
alluded. 

Although  there  is  a  clear  difference  between  the  pheno- 
mena of  cohesion  and  adhesion,  and  the  difference  is  impor- 
tant when  discussing  the  phenomena  of  joining  of  metals,  it 
must  be  admitted  that  under  certain  conditions  it  is  difficult 
to  distinguish  beween  the  influence  of  the  one  and  the  action 
of  the  other  ；  thus  if  two  pieces  of  brass  be  joined  by  ordinary 
tinman's  solder,  it  can  be  shown  that  a  true  alloying  is 
obtained  between  the  solder  and  the  two  surfaces.  The 
strength  at  the  surface  of  the  pieces  of  brass-  will  be  the 
strength  or  adhesion  of  th&  alloy,  but  the  strength  of  the 
work  as  a  whole  will  be  the  strength  of  the  intervening  layer 
of  solder.  On  the  other  hand,  if  instead  of  tinman's  solder 
a  material  be  used  such  as  india-rubber,  cement,  or  glue,  ov 
a  film  of  oil  or  even  water,  the  join  will  be  effected  by 
adhesion,  as  no  molecular  combination  obtains  between  the 
brass  and  such  media. 

Although  in  the  latter  case  the  force  required  to  separate 
the'  pieces  of  brass  may  be  considerable,  it  appears  to  be 
limited  to  the  surface  tension  of  the  intervening  layer.  This 
is  the  explanation  of  the  well-known  fact  that  in  cementing 
two  surfaces  by  an  intervening  layer,  provided  the  surfaces 
can  be  11  wetted  ，，  by  the  material  forming  the  layer,  the 
thinner  the  layer  used  the  stronger  will  be'  the  adhesion.  The 
join  will  also  be  more  permanent,  because  it  more  completely 
adapts  itself  to  the  changes  of  temperature  to   which  the 
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whole  may  be  exposed,  whereas  if  a  thick  mass  were  used  it 
might  expand  unequally  with  it,  aud  possibly  destroy  the 
cohesion. 

Methods  Used  Practically  for  Joining  Metals. ―  The  methods 
in  practical  use  for  joining  metals  may  be  divided  in  the  order 
of  tlieir  importance  as  follows  ：  (1 )  By  metallic  cements,  such 
as  tiumau's  or  brazing  solder,  which  have  to  be  brought  to 
the  plastic  or  liquid  state,  and  whose  constituents  should  be 
capable  of  alloying  perfectly  with  the  metals  to  be  joined. 
(2)  By  autogenous  fusing,  in  which  the  two  parts  are  heated 
and  liquid  metal  of  the  same  character  run  round  the  mass, 
or  the  parts  are  heated  to  fusing  point,  and  the  surfaces 
worked  together  by  pressure  or  hammering.  (3)  By  the  use 
of  a  cementing  metal  under  pressure,  generally  that  of  a 
rolling-mill,  and  at  ordinary  or  only  slightly  raised  tem- 
peratures. 

In  respect  to  the  first  method,  it  is  obvious  that  the  fusion 
point  of  the  solder  must  be  lower  than  that  of  the  articles 
to  be  joined,  and  as,  speaking  generally,  tlie  higher  the 
melting  point  the  stronger  the  solder,  it  follows  that  it  is 
desirable  that  such  solder  or  brazing  spelter  should  be  used 
whenever  possible,  the  melting  point  of  which  is  only  a  few 
degrees  less  than  that  of  the  metals  to  be  joined.  The  solder 
should  also  have,  if  possible,  the  same  characteristics,  such 
as  malleability,  colour,  and  hardness.  This  is  especially 
important  in  jewellery  work,  and  also  in  the  brazing  of 
copper.  Such  conditions  imply  greater  skill  on  the  part  of 
the  operator,  but  the  union  will  be  the  more  perfect,  and  the 
process  under  such  conditions  more  nearly  approaches  auto- 
genous soldering. 

In  the  jewellery  trade  it  is  usual  for  the  workman  to  make 
his  own  solder,  because  the  colour  and  standard  of  purity 
with  respect  to  the  contents  of  gold  or  silver,  have  to  be  very 
finely  adjusted  to  the  work  in  hand.  The  result  is  that, 
without  any  colouring  of  the  finished  work,  it  is  often  im- 
possible to  detect  the  join.  It  is  hardly  necessary  to  say 
that  such  results  are  only  obtained  by  great  experience.  In 
joining  such  metals  as  britannia  metal  and  pewter,  both  of 
which  are  alloys  containing  much  lead,  very  fusible  solders 
must  be  used  ：  these  generally  contain  bismuth,  and  the  flux 
used  is  tallow  ol  olive  oil  or  its  equivalent  ；  further,  instead 
of  the  flame  of  a  blowpipe  or  a  soldering  iron  being  used, 
the  workman  will  effect  the  ioin  by  directing  a  stream  of  hot 
air  on  to  the  parts,  in  this  way  greater  control  of  heat  being 
obtained. 

Tinman's  Solder.  —In  the  use  of  this  care  should  be  especially 
taken  to  avoid  the  presence  of  zinc,  and  in  certain  cases  even 
a  trace  of  zinc  is  especially  prejudicial  ；  it  thickens  the  solder, 
and  probably  on  account  of  its  liability  to  oxidation,  forms 
a  superficial  scum  which  the  ordinary  spirits  of  saJt  is 
incapable  of  dissolving.  If  the  presence  of  zinc  be  sus- 
pected, the  addition  of  a  few  drops  of  acid  will  help  greatly. 
Antimony  is  frequently  present  in  tinman's  solder — this,  by 
forming  a  cement  of  higher  tensile  strength,  may,  under 
special  conditions,  make  a  joint  of  greater  strength.  In 
the  use  of  solder,  either  soft  solder  or  brazing  solder,  it  is 
clearly  the  correct  method  to  raise  the  work  to  the  highest 
temperature  that  the  solder  and  the  work  will  stand,  because 
under  such  conditions  the  penetration,  of  the  solder  into  the 
surfaces  to  be  joined  will  be  better,  and  further,  the  soldering 
medium,  may  then  be  squeezed  out  to  the  maximum  from 
between  the  surfaces  by  suitable  means,  and  hence  the 
requirement  can  be  met,  that  the  thinner  the  layer  of  cement- 
ing material  and  the  closer  the  surfaces  are  together  the 
stronger  the  join.  Additional  strength,  because  of  the 
additional  intimacy  effected,  may  be  given  to  the  work  by 
rubbing  the  surfaces  carrying  the  liquid  solder  together  ； 
in  the  same  way  -  it  is  always  well  to  rub  the  soldering  iron, 
vhen  possible,  over  the  work  when  it  is  used,  the  "  wetting  " 
of  the  surfaces  is  then  more  perfect,  and  no  stripping  of  the 
solder  is  possible  when  this  rubbing  is  done.  In  order  to 
obtain  a  lower  melting  point  in  tin  solder,  bismuth,  and  some- 
times cadmium,  is  added.  Such  solders  are  used  for  delicate 
work,  as  is  occasionally  required  for  electrical  fittings.  I 
am  aware  of  bicycles  having  been  built  in  which  the  tubing" 
was  fixed  in  the  respective  lugs  with  soft  solder  instead  of 
the  ordinary  brazing.  They  stood  every  test,  and,  personally, 
if  the  lugs  are  carefully  machined  to  only  a  fraction  larger 
than  the  tubes,  I  should  prefer  this  method  of  frame- 
huilfJing. 

The  conditions  here  are  very  different  from  those  in  the 
f  Hse  of  the  brazing  of  brass  and  copper,  because  it  happens 


that  all  the  metals  employed  in  brazing  and  tinman's  solders 
destroy  the  character  of  the  steel  they  are  intended  to  join 
if  they  are  heated  sufficiently  with  the  steel,  while  they  have 
no  corresponding  injurious  effect  when  used  for  brass  or 
copper  work.  When  soft  solder  is  used  tlie  thin  ^au^e  tubing 
is  not  so  likely  to  be  spoiled  by  deteriorating  action  on  the 
steel,  or  by  being  oxidised  at  the  heat  necessary  for  brazing  ； 
ai"l，  further,  on  accoiuit  of  the  greater  liquidity  of  the  soft 
solder,  it  will,  wlien  properly  applied,  sink  into  the  small 
annular  space  between  the  lugs,  &c.，  and  the  tubes  more 
completely  than  can  be  expected  with  the  more  viscous  flux 
and  brazing  solder.  The  reasons  that  soft  solder  is  not  used 
for  such  work  are,  firstly,  because  the  heat  of  the  enamelling 
stoves  makes  its  use  risky  ；  and  secondly,  popular  prejurli' e 
― a  soft  soldered  frame  sounding  badly  to  the  untecimical 
layman 

It  is  a  common  habit  of  workmen,  and  amateurs  who  have 
soft  soldering  to  do,  to  depend  on  the  ordinary  bit,  when  they 
might  use  a  bunsen  or  blowpipe.  These,  in  many  cases, 
would  heat  the  work  more  generally  than  is  possible  witli  the 
bit,  and  would  allow  of  the  penetration  of  the  solder  into  the 
surfaces,  and  the  subsequent  squeezing  out  of  the  excess  of 
solder.  On  the  other  hand,  many  forms  of  soldering  bits  are 
now  in  use,  in  which  a  bunsen  burner  connected  with  a  light 
flexible  tube  is  employed  to  heat  the  bit,  and  the  flame  can 
be  conveniently  made  to  heat  the  work  as  well.  This  form  of 
soldering  iron  has  many  advantages.  One  of  the  best  fluxes 
I  have  found  for  ordinary  soldering  can  be  easily  made  by 
macerating  flux  skimmings  from'  galvanising  pots  with  weak 
hydrochloric  acid.  On  filtering,  the  solution  is  ready  for  use, 
and  is  an  ideal  flux,  because  of  the  chloride  of  ammonia  pre- 
sent with  the  chloride  of  zinc.  No  iron  or  lead  is  dissolved 
if  the  acid  added  is  not  in  excess.  Solder  is  often  used  in 
the  form  of  granules  or  strips  of  various  sizes,  and  in  this 
form  is  very  convenient  for  routine  work.  In  the  case  of 
spectacle  frames  or  other  light  articles  a  large  amount  of 
work  can  be  prepared,  on  each  of  which  a  small  piece  of 
solder,  either  in  the  form  of  a  granule  or  a  strip,  is  placed 
with  flux  on  the  part  to  be  joined.  The  articles  are  then  put 
in  a  tray,  which  is  afterwards  taken  to  a  muffle  working  at  a 
convenient  heat,  or  in  some  cases  it  is  sufficient  to  put  the 
work  on  a  metal  plate,  heated  by  a  gas  flame  or  even  a  spirit- 
lamp.  Brass  tubes  are  often  made  by  bending  the  strip 
through  dies,  and  fixing  a  wire  of  suitable  composition  in 
tlie  overlap  with  borax,  or  the  borax  may  be  mixed  with 
finely  granulated  spelter.  On  passing  the  work  through  a 
furnace  to  raise  it  to  a  red  heat,  tlie  spelter  runs  perfectly 
and  a  good  join  is  made.  The  flux  is  then  dissolved  off  the 
work,  and  the  tubes  are  finished  by  drawing  through  dies 
with  or  without  a  mandrel. 

The  best  brazing,  if  it  may  be  properly  so  termed,  is  done 
with  "  silver  solder,"  thus  the  blading  used  in  turbines  is  all 
fixed  with  silver  solder.  It  is,  of  course,  of  the  utmost  im- 
portance that  the  small  pieces  used  in  the  construction  of 
turbine  motors  shall  be  immovably  fixed  and  cemented  in 
position,  on  account  of  the  heat  and  centrifugal  strain  to 
which  they  are  subjected.  Various  silver  alloys  are  used,  but 
they  are  generally  about  60  of  silver,  23  of  copper,  and  17  of 
zinc,  the  flux  used  being  borax,  or  borax  and  carbonate  of 
soda.  Such  a  mixture  is  remarkably  liquid  wlien  in  the 
molten  state,  and  on  this  account  penetrates  interstices  which 
ordinary  brazing  spelter  would  fail  to  fill. 

Brazing  Solder.  ― The  composition  of  ordinary  brazing  solder 
ranges  within  wide  limits  ；  tlie  analyses  of  samples  I  have 
examined  show  a  variation  from  61  to  33  of  copper,  and  39  to 
67  of  zinc.  The  tin  may  vary  from  nil  to  14  per  cent.,  and* 
tlie  lead  from  nil  to  as  much  as  3  per  cent.  Any  of  such 
metals  may  be  and  are  used  for  brazing,  in  accordance  with 
the  character  and  requirements  of  the  work  to  be  done.  The 
higher  the  percentage  of  copper  the  higher  the  melting  point, 
and  the  higher  tlie  percentage  of  tin  the  lighter  the  colour. 
We  thus  have  a  verv  large  series  of  alloys  available  for  very 
varied  requirements.  Tlie  presence  of  other  metals  when  in 
small  amounts  is  often  of  no  consequence  in  the  brazing  of 
brass  or  copper,  though  obviously  in  all  cases  it  is  very 
desirable  in  important  work,  such  as  the  brazing  of  high- 
pressure  steam  pipes  or  where  great  strength  is  required,  that 
the  composition  of  the  brazing  metal  shall  approach  as  closely 
as  possible  to  that  of  the  metal  to  be  joined,  as  only  under 
such  conditions  can  the  maximum  strength  of  the  joint  be 
obtained,  and  it  is  the  non-observance  of  these  conditions 
wliicli  has  led  to  disaster.    The  skill  of  the  workman  is  often 
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limited  to  the  fluxing  of  the  solder,  and  seldom  extends  to 
an  appreciation  of  its  composition. 

Wlien,  however,  we  come  to  brazing  iron  and  steel ,  the 
importance  of  purity  is  very  much  greater,  and  I  liave  found 
the  presence  of  tin  in  brazing  solder  intended  for  bicycle 
frames  to  be  very  injurious.  Tlie  explanation  is  probably 
to  be  found  in  t he  extraordinary  deleterious  effect  of  tin  on 
iron  and  steel.  It  is  well  known  that  a  very  small  amount 
of  tin  scrap,  if  allowed  to  get  into  a  bath  of  molten  steel,  will 
make  it  very  red  short,  and  when  brazing  solder  containing 
as  little  as  0'5  per  cent,  of  tin  is  used  for  brazing  bicycle 
frames,  I  liave  found  that  the  joints  are  very  unsatisfactory 
and  unsafe. 

An  ingenious  method  of  making  a  brazed  joint  is  by  con- 
necting the  two  parts  to  be  joined  with  the  terminals  of  a 
suitable  dynamo.  On  account  of  the  local  resistance  the  two 
parts  become  heated,  and  if  suitable  brass  wire  is  wrapped 
round  the  tube,  in  the  case  of  a  cycle  frame,  and  the  whole 
surrounded  with  a  reducing  gas,  such  as  hydrogen  or  coal  gas, 
a  very  perfect  joint  is  obtained  without  any  borax  or  other 
fluxing  medium.  The  reducing  gas  under  sucli  conditions 
will  ensure  the  absence  of  any  oxide  of  iron  or  other  metal 
used,  and  no  previous  cleaning  is  required.  Such  method  of 
joining  has  the  great  advantage  that  there  is  no  borax  U' 
remove  from  the  joint.  On  account  of  its  great  hardness 
this  removal  of  borax  is  a  serious  matter,  and  much  money 
lias  been  spent  on  experiments  to  remove  it  by  pi'-kliiig  and 
other  methods.  It  is  best  removed  by  sand-blasting,  tlie 
whole  frame  being  so  treated  leaving  an  excellent  surface,  on 
account  of  its  roughness,  for  enamelling. 

Liquid  Brazing. ― Several  patents  have  been  taken  out  for 
details  of  apparatus  in  which  a  bath  of  brazing  spelter  has 
been  kept  liquid.  The  parts  to  be  joined  are  dipped  in  the 
molten  metal,  the  metal  being  prevented  from  adhering  to 
the  parts  that  have  not  to  be  brazed  by  applying  a  coating 
of  blacking  to  them.  The  advantage  of  this  method  consists 
in  the  fact  that  less  metal  is  used  in  making  the  joint,  as  so 
little  is  lost  in  applying  it,  and  also  the  heat  is  general  on 
the  joint  instead  of  being  local,  and  I  have  no  doubt  that  on 
routine  work  the  consumption  of  gas  for  heating  is  less  than 
when  blowpipes  are  used,  and,  of  course,  blast  is  not  required. 

A  modification  of  brazing  is  the  use  of  copper  in  the  form 
of  sheet  or  wire.  Under  the'  Simpson  patents  tools  are  thus 
made  in  which  the  cutting  part  is  a  small  piece  of  high-speed 
or  other  steel,  while  the  shank  is  mild  steel  or  iron.  In 
making,  say,  a  lathe  tool  by  this  process,  a  bar  of  square  mild 
steel  is  taken,  and  a  channel  planed  or  milled  out  on  it  in 
which  a  suitable  square  piece  of  high-speed  steel  fits.  The 
two  or  three  sides  being  clean,  strips  of  copper  are  fitted  in 
with  a  special  flux,  and  the  whole  highly  heated  to  the  fusing 
point  of  the  copper.  Aftsr  welding,  the  compound  tool  is 
cleaned  up  and  treated  for  hardening  and  tempering  in  the 
ordinary  way.  There  are  some  features  about  this  process  of 
building  up  tools  which  seem  to  have  considerable  merit. 
First,  if  ordinary  brazing  were  used,  the  hardening  of  many 
tools  implies  such  a  temperature  as  would  often  destroy  an 
ordinary  brazed  point.  The  zinc  would  possibly  be  volatilised, 
which  is  not  the  case  when  copper  alone  is  used,  the  tempera- 
ture of  fusion  of  the  copper  being  so  much  higher.  Secondly, 
it  is  conceivable  that  the  weld  would  be  considerably  stronger 
than  with  an  alloy  of  zinc,  because  while  copper  alloys  to  a 
considerable  extent  with  iron,  the  same  cannot  be  said  of 
zinc,  which  therefore  under  such  circumstances  would  become 
a  deteriorating  element.  Thirdly,  the  saving  of  expensive 
material,  such  as  alloy  steel,  must  be  considerable  in  the  case 
of  heavy  machine  tools,  as  only  a  small  portion  of  metal  is 
ever  in  actual  use.  In  a  sense,  therefore,  the  shank  becomes 
a  tool-holder,  without  the  disadvantages  of  the  latter  in 
respect  to  unsteadiness,  difficulty  of  setting,  &c.  The  process 
lends  itself  to  many  interesting  applications  ；  thus  milling 
cutters  may  be  made  having  a  core  of  mild  steel  instead  of 
tool  steel.  Hardening  and  tempering  such  cutters  is  a  source 
of  much  difficulty  and  loss  through  distortion  and  cracking, 
and  if  the  compound  cutters  can  be  so  produced  the  possible 
economy  should  be  considerable.  There  is  no  doubt  as  to 
tlie  perfection  of  tlie  join,  as  I  have  seen  pieces  of  steel  joined 
by  the  process  which  on  splitting  did  not  part  at  the  weld, 
the  original  metal  appearing  to  be  tlie  weaker  material. 

The  Brazing  of  Cast  Iron. ― A  process  has  been  invented  by 
F.  Picli  (Berlin)  for  the  bard  brazing  of  cast  iron  in  a  smith  s 


hearth.  The  patent  consists  in  the  decarhurisat  ion  during 
brazing  of  the  cast-iron  surfaces  to  be  united,  and  in  bring- 
ing at  the  same  time  the  molten  brass  solder  into  close  con- 
tact witli  the  cast-iron  surfaces  which  are  decarburised,  but 
without  exposure  to  tlie  air.  For  the  decarburisation  of  the 
surfaces  copper  oxide  is  use(l，  which  is  mixed  with  borax, 
as  a  flux,  until  it  lias  the  consistency  of  a  paste.  This  is 
applied  to  the  surfaces  to  be  joined,  whicli  must  first  be 
carefully  cleaned.  Tlie  cast-iron  pieces  are  then  firmly  tied 
together  with  wire  and  heated.  The  borax  first  melts,  pro- 
tecting the  surfaces  from  oxidation,  and  taking  up  any  oxide 
that  may  be  still  clinging  to  them.  It  also  precludes  the 
attacking  of  the  ropper  oxide  by  the  oxygen  of  the  air.  As 
the  heating  proceeds'  the  copper  oxide  fuses  and  gives  up  to 
tlie  now  red-hot  surfaces  its  oxygen,  which  combines  with 
the  graphite  of  tlie  cast  iron ,  foi'nuiig  rarbon  monoxide  and 
dioxide,  while  the  metallic  copper  is  set  free  in  a  very  finely 
divided  state.  This  alloys  witli  the  brass  solder  as  it  melts 
when  strewn  on,  and  t lie  new  alloy  combines  witli  tlie 
decarburised  iron  of  the  surfaces  which  it  is  desired  to  join. 
Specimens  of  cast  iron  united  l)y  tliis  method  were  prepaml 
and  subje<  ted  t,o  tensile  and  breaking  tests,  and  the  sunimarv 
of  all  the  results  shows  that  when  the  brazing  of  cast-iron 
pieces  is  carefully  performed  according  to  the  details  given  by 
Picli,  the  strength  of  the  pieces  so  joined  is  virtually  equal  to 
that  of  the  solid  material. 

The  Soldering  of  Aluminium.— As  is  well  known,  numerous 
patents  have  been  taken  out  and  numerous  mysterious  mix- 
tures have  been  advertised  for  the  so-called  soldering  of 
aluminiuni.  T n  nearly  every  case  the  result  is  that,  while 
fairly  satisfactory  for  a  sliort  time,  the  join  failed  after  a 
time,  varying  from  a  few  days  to  some  niontlis.  One  of  the 
most  severe  tests  to  which  such  joins  in  aluminium  can  be 
subjected  is  tliat  of  warm  steam.  Joins  whicli  look  well 
and  are  apparently  ineclianically  strong,  fail  rapidly  when 
submitted  to  this  test.  In  all  soldering,  it  is  obvious  that 
the  flux  used  must  efficiently  clean  the  surfaces  of  the  metals 
to  be  joined,  otherwise  no  alloying  of  the  solder  used  with 
the  surfaces  is  possible.  In  the  case  of  aluminium  very  few 
materials  adapted  for  such  fluxes  are  available,  the  require- 
ment being  that  they  shall  absorb  oxide  of  aluminium. 
Another  detail  of  importance  is  the  great  heat  conducting 
of  the  metal.  A  consideration  of  the  results  obtained  with 
all  the  so-called  solders  of  aluminium  shows  that  the  metal 
is  so  susceptible  to  electrical  action  and  oxidation  that  the 
use  of  any  metal  in  which  aluminium  itself  does  not  pre- 
ponderate is  hopeless.  The  best  results  have  invariably  been 
obtained  when  the  solder  was  of  the  same  composition  as  the 
material  to  be  joined.  This  condition  involves  the  principle 
of  autogenous  soldering,  which  will  be  subsequently  dealt 
with.  The  best  flux  used  is  a  mixture  of  alkaline  aluminium 
chloride,  with  the  addition  of  fluorides,  such  as  potassium 
fluoride  or  calcium  fluoride.  Wlien  these  are  mixed  in  suit- 
able proportions  and  damped  with  alcohol,  and  heated  on  a 
strip  of  aluminium,  the  surface  of  the  metal  is  cleaned  per- 
fectly. It  therefore  follows  that  if  two  surfaces  of  aluminium 
are  so  cleaned,  and  an  alloy  containing  a  high  percentage 
of  aluminium,  witli  such  addition  of  other  melted  metal  as 
will  reduce  its  melting  point  slightly  below  that  of  pure 
aluminiuTn,  applied  with  the  flux  named,  that  a  very  satis- 
factory join  will  be  obtained .  The  heat  such  as  from  a 
spint-lamp  or  bun^en  burner  must,  however,  be  applied  from 
belov.*  the  work.  1  have  seen  such  joins  made  over  a  spirit- 
lamp  which  stood  every  test,  inchidiug  that  of  the  steam  test. 

i)ifik'ulties  arise  from  the  presence  of  high  percentages  of 
aluminium  in  alloys  in  con  net  t  ion  with  soft  soldering.  These 
may  be  largely  overcome  by  coating  them  elec»  rically  with 
cop|)er.  The  following  directions  for  soft  soldering  their 
alloys,  containing  from  5  to  10  per  cent,  of  aluminiuni, 
have  been  issued  by  an  electric  smelting  company  ：  "  Cleanse 
well  from  dirt  and  grease.  Then  place  the  part  to  be 
soldered  in  a  strong  solution  of  sulphate  of  copper,  and 
place  in  the  bath  a  rod  of  soft  iron,  touching  the  parts  to  be 
joined.  After  a  while  a  copper-like  surface  will  be  seen  on 
the  metal  ；  remove  from  the  bath,  rinse  quite  clean,  and 
bi'i^liteii  the  surfaces.  The  surfaces  can  then  be  tinned  in 
the  ordinary  way."  It  is  obvious  that  these  directions  are 
intended  to  be  used  only  where  an  ordinary  electi'otypiiig 
plant  is  not  available. 

(To  be  continued.) 
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THE  COMMERCIAL  ECONOMY  OF  TURBINE  PUMPS. 

BY  F.  ZUR  NEDDEN  AND  H.  B.  MAXWELL. 


Fig.  22 —Balancing  Device 
fob  One-sided  Impeller, 


from  page  S<S9.) 
The  existing  systems  of  balancing  the  axial  thrust  of  tur- 
bine pumps  may  be  divided  into  two  classes,  viz.,  those  in 
which  the  balancing  effect  is  affected  by  wear,  and  those  the 
action  of  which  is  independent  of  wear.  The  first  group 
require  the  addition  of  a  thrust  bearing  strong  enough  to  take 
up  the  maximum  possible  axial  thrust  of  the  particular  pump. 
These  systems  have  the  advantage  of  cheapness,  and  as  the 
axial  forces  coming  into  action  are  small  in  small  pumps  there 
is  no  real  objection  against  their  adoption  for  the  smaller 
sizes,  the  more  so  as  no  heavy  economical  losses  are  incurred 
by  a  decrease  of  efficiency  in  pumps  whiph  are  only  using  a 
small  maximum  horse-power.  The 
system  most  generally  known  to  be 
dependent  in  its  action  on  good  run- 
ning fits,  and  therefore  failing  if 
bushes  wear  out,  is  shown  in  Fig.  22. 
The  holes  in  the  back  of  the  impeller 
are  intended  to  equalise  the  pressure 
prevailing  in  the  inlet  area  of  the 
impeller  with  that  in  the  opposite 
chamber  on  the  back,  which  other- 
wise would  be  identical  with  that 
existing  at  the  circumference  of  the 
impeller.  As  soon  as  the  bushes 
wear,  great  quantities  of  water  flow 
out  of  the  chamber  into  that  in  front 
of  the  holes,  and  by  being  stored  up 
there  tend  to  press  the  rotor  towards 
the  suction  side.  The  leakage  water  firstly  represents  a  loss 
and  secondly  often  partially  breaks  the  vacuum  formed  at  the 
iulet  of  the  first  stage,  thereby  causing  more  or  less  serious 
suction  difficulties. 

The  advantage  of  balancing  the  different  chambers  with 
one  balancing  piston  at  the  end,  as  per  Fig.  23，  mainly  consists 
in  avoiding  these  suction  troubles,  but  the  balancing  piston  in 
itself  causes  an  extra  loss  by  acting  as  an  additional  water 
brake  by  its  large  surfaces  revolving  in  water  with  great 
velocity,  and  the  clearance  between  the  piston  and  the  casing 
will,  firstly,  wear  out  sooner,  and,  secondly,  its  wear  will  cause 
greater  leakage  losses,  as  the  pressure  difference  between 
chambers  K  and  L  is  not  that  of  one  single  stage,  but  is  the 
total  pressure  generated  by  the  pump. 

The  only  two  systems  known  to  be  absolutely  independent 
of  wear  and  tear  are  the  self-adjusting  disc  and  the  counter- 
position  of  impellers.  We  shall  presently  see  that  they  also 
enable  the  designer  greatly  to  reduce  the  possibilities  of 
leakage.  The  self-adjusting  disc  is  known  from  various  steam 
turbine  designs,  and  was  first,  and  is  still,  very  successfully 
applied  to  turbine  pumps  by  Messrs.  Sulzer  Brothers.  Fig. 
24  shows  a  pump  of  this  design  as  patented  by  Messrs. 
Schwartzkopff,  and  also  applied,  for  some  of  their  bigger 
pumps,  by  Messrs.  Jens  Orten-Boeving  and  Willans  and 
Robinson.  The  essential  feature  is  that  the  clearance  sl 
which  forms  the  connection  between  chambers  a  and  b  is  an 
axial,  not  a  radial  clearance,  and  therefore  depends  on  the 
position  of  and  the  forces  exerted  by  the  rotor.  The  pressure 
difference  between  chambers  a  and  b  counteracts  the  axial 
thrust  in  the  pump  which  is  directed  to  the  right-hand  side 
when  looking  at  tjie  picture.  The  clearance  is,  therefore, 
automatically  kept  just  wide  enough  to  store  up  the  water 
contained  in  chamber  "，  so  that  its  pressure  keeps  the  rotor  in 
exact  equilibrium.  Should  the  faces  which  form  the  clearance 
wear  off,  the  clearance  itself  will  nevertheless  always 
readjust  itself  so  that  the  above  condition  is  maintained.  The 
water  loss  caused  by  this  balancing  disc  will,  therefore,  remain 
pretty  constant  throughout  the  life  of  the  pump,  and  it  will, 
moreover,  always  be  a  minimum.  The  leakage  between  the 
stages  is  reduced  to  the  leakage  round  the  shaft  at  G，  Fig.  25, 
i-e-y  through  a  clearance  of  minimum  diameter,  and  to  the 
clearance  C  on  the  outer  circumference  of  the  inlet  of  each 
impeller,  while  the  losses  through  a  clearance  at  the  back  of 
the  impeller  and  its  holes,  as  per  Fig.  22,  are  here  avoided. 
The  pressure  difference  driving  the  water  through  tlie 
('karaiirf  G，  Fig.   '2.「,，    is  only  that   ^jifM-ated   l)V  the  i^niide 
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apparatus,  whilst  an  arrangement,  as  per  Fig.  22,  subjects 
both  ends  of  the  clearance  round  the  boss  to  the  pressure 
difference  of  one  full  stage,  and  therefore  must  cause  greater 
loss. 

The  second  balancing  system  independent  of  wear  in  its 
action  is  that  of  the  counterposition  of  impellers,  the  principle 
of  which  is  shown  in  Fig.  26,  and  generally  called  the  "  old 
Sulzer  system,"  being  now  applied  by  this  celebrated  firm 
only  to  sinking  pumps. 【t  was  abandoned  in  horizontal  pumps 
principally  for  reasons  of  high  manufacturing  costs  and 
weights,  but  not  because  it  had  ever  failed.  As  a  matter  of 
fact  the  balancing  action  of  a  strictly  symmetrical  design  is  not 
only  the  most  natural  form  of  balancing,  but  also  works  out  to 
be  the  most  reliable  and  economic  system  in  practice.  By 
counterposing,  not  the  single  impellers,  but  two  groups  of 
impellers,  as  per  Fig.  27,  Messrs.  Weise  &  Moiiski 
succeeded  in  obtaining  a  type  considerably  less  com- 
plicated than  the  former  and  having  the  additional 
advantage  of  subjecting  the  pressure  stuffing-box  to 
only  half  the  total  pressure  generated  by  the  pump. 
There  is  no  balancing  disc  with  its  unavoidable  clearance,  and 
therefore  no  loss  through  it.  The  leakage  round  the  circum- 
ferences of  the  inlets  of  the  impellers  is  reduced  to  a  minimum 
by  the  introduction  of  a  labyrinth  consisting  of  axial  clear- 
ances as  well  as  radial  ones,  and  forcing  any  water  which  leaks 
through  to  flow  towards  the  centre,  the  centrifugal  force 
counteracting  and  reducing  leakage  even  when  the  labyrinth 
becomes  worn  out.  The  only  disadvantage  Qf  this  system 
appears  to  be  that  its  application  is  restricted  to  an  even 
number  of  stages.  This,  however,  is  only  a  theoretical  dis- 
advantage, for  it  is  obviously  possible  either  to  take  up  the 
thrust  of  the  one  and  only  odd  stage  by  means  of  a  thrust 
bearing,  or,  as  is  actually  done  by  Messrs.  Weise  &  Monski 
with  never-failing  success,  to  balance  the  odd  stage  in  itself 
by  any  of  the  methods  adopted  by  other  makers  to  balance  the 
whole  pump.  It  will  be  seen  particularly  that  the  machined 
face  at  the  back  of  the  third  impeller  can  be  made  to  act  as  a 
self-adjusting  disc.  The  dimensions  of  this  disc,  and  therefore 
the  loss  of  water  caused  by  its  action,  can  be  reduced  consider- 
ably as  compared  with  the  ordinary  balancing  disc,  as,  in  the 
worst  case,  only  the  thrust  of  one  odd  impeller  has  to  be 
balanced,  whilst  the  balancing  force  is  exerted  by  a  differential 
water  pressure  two  or  three  times  as  great  as  the  pressure  gene- 
rated by  one  stage. 

Though,  therefore,  the  manufacturer  can  doubtless  do 
much  to  protect  the  customer  against  undue  wear  and  tear,  the 


Fig.  23. 

users  of  turbine  pumps  can  themselves  contribute  at  least  as 
large  a  share  towards  this  end.  To  ensure  the  selection  of  the 
most  suitable  material  the  customer  can  do  much  by  supplying 
makers  with  water  samples  or  analyses.  Every  conscientious 
maker  of  turbine  pumps  will  use  the  best  materials  modern 
metallurgy  is  able  to  supply  him  with,  and  the  expense 
incurred  for  high-grade  material  is  always  warranted,  as  it  is 
almost  incredible  how  much  quicker  bad  or  even  indifferent 
material  is  worn  out  than  a  special  "  ship's  impeller  ,T  bronze, 
tough  cast  iron,  &c.  But  even  the  best  material  is  powerless 
to  combat  chemical  effects,  and  a  bronze  lining,  if  in  perfect 
contact  with  cast  iron,  often  sets  up  electrolysis  and  hurries  on 
destruction  instead  of  preventing  it. 

The  principal  means,  however,  by  which  the  user  can 


420 


THE   MECHANICAL  ENGINEER. 


[October  4,  1012 


reduce  the  repair  bill  and  increase  reliability  is  a  large  and 
well-laid  out  sump.  It  is  remarkable  how  seldom  one  finds  a 
good  sump  in  England  as  compared  with  the  Continent,  and, 
of  course,  there  are  reasons  both  for  and  against  large  sumps. 
Doubtless  continental,  especially  German  miners  often  overdo 
the  thing  in  blasting  out  a  sump,  the  costs  of  which  are  many 
times  greater  than  the  sum  spent  for  t lie  pumps  wliich  are  to 
benefit  by  it.  But  it  is  often  possible,  by  a  little  timely 
deliberation  when  planning  the  drainage  level  of  a  mine,  to 
arrange  the  pump  station  so  tliat  old  cross-cuts  can  be  used  as 
siunps,  and  the  authors  have  often  found  it  possible  to  make 
use  of  the  fact  that  a  smaller  heiglit  is  required  for  turbine 
])iunp  stations  than  for  piston  pump  chambers,  by  partitioning 
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existing  pump  stations  horizontally  into  two  parts,  using  the 
lower  one  as  a  sump  for  the  new  turbine  pumps,  which  can 
then  suck  in  the  most  desirable  manner  from  directly  below 
them.  Whilst  it  is,  therefore,  often  possible  to  obtain  large 
sumps  without  any  considerable  expense  the  benefit  derived 
from  them  is  almost  incalculable. 

(1)  By  allowing  all  the  impurities  contained  in  the  water 
to  thoroughly  settle  (for  which  purpose  cross  walls  and  hurdles 
in  the  sump  are  of  great  value)  the  wear  will  be  reduced  to  a 
minimum,  the  repair  bill  kept  low,  the  life  of  the  pump 
lengthened,  &c.  An  old  miner  once  expressed  his  view  that 
" the  proper  way  to  lift  water  is  by  a  pump,  and  the  proper 
means  to  lift  solid  matter  is  by  a  shovel  and  skip,  and  a  good 
sump  is  the  means  of  separating  the  solid  from  the  liquid  in 
order  to  then  lift  each  by  the  proper  means.''  This  same  man 
used  an  arrangement  in  his  sump,  consisting  of  a  large  basket 
filled  with  coke,  which  fitted  tightly  into  the  cross-section  of 
the  sump.  By  means  of  the  lifting  tackle  in  the  pump  station 
this  basket  was  exchanged  every  few  days  for  an  interchange- 
able one,  and  it  was  really  incredible  what  an  enormous 
amount  of  solid  matter  was  found  in  tlie  basket  and  how  clean 
t  he  water  pumped  to  the  surface  was.  It  is  possible  that  bv 
using  limestone  instead  of  coke,  an  additional  purifying  effect 
as  regards  admixtures  of  acids  might  be  obtained,  and  that 
such  arrangement  might  prove  useful  for  ore  mines  in  this 
form. 

(2)  By  accumulating  the  influx  of  at  least  16  hours  it 
becomes  possible  :  (a)  to  pump  during  one  shift  only  and  save 
the  salary  of  at  least  two  attendants  ;  (h)  to  install  a  bigger 
pump  having  a  more  favourable  relation  between  duty  and 
head,  and,  therefore,  running  at  a  better  efficiency  ；  (r)  to 
avoid  throttling  the  pump  so  that  even  with  3-phase  current 
the  commercial  efficiency  is  a  maximum  ；  {d)  to  lengthen  the 
intervals  during  which  no  repairs  have  to  be  made  as  the  pump 
is  only  running  one-third  of  the  whole  time  ；  the  incalculable 
fuctors  generally  combined  witli  standstills  for  repairs  are, 
llierefore,  lessened  and  the  real  economy  will  more  nearly 
coincide  with  the  original  calculation  ；  (c)  to  obtain  a  higher 
reliability  of  the  plant  as  the  sump  prevents  the  mine  from 
being  flooded  for  a  much  longer  time  ；  (f)  to  improve  the  load 
factor  of  the  power  plant  by  pumping  during  the  shift  showing 
the  minimum  loads.  The  authors,  therefore,  would  take  this 
opportunity  of  strongly  advocating  a  more  universal  introduc- 
tion of  large  sumps  in  connection  with  turbine  mine  drainage 
plants. 

Questions  of  wear  are  surely  in  no  case  so  decisive  for  the 
success  and  economy  of  turbine  pumps  as  with  vertical  liigh 
lift  sinking  pumps.    Here,  as  a  matter  of  fact,  the  importance 


of  the  guaranteed  efficiency  nearly  completely  vanishes  as 
compared  with  the  costs  incurred  by  only  a  short  accidental 
st()])|)age,  and  the  economy  of  a  turbine  sinking  puinj)  mainly, 
if  not  exclusively,  consists  in  its  reliability,  its  capability  of 
withstanding  the  attacks  of  the  worst  possible  water,  and  in 
its  haiidiness  in  operation -  It  must'  further  be  borne  in  mind 
that  in  many  instances  the  small  space  occupied  by  vertical 
turbine  sinking  pumps  and  their  small  weight,  in  proportion 
to  tlieir  capacity,  make  it  possible  to  sink  sliafts  in  the 
ordinary  way,  where,  without  tliem,  it  would  be  necessary  to 
resort  to  artificial  and  expensive  processes  such  as  freezing  or 
similar  means ― if  sinking  operations  were  not  abandoned 
altogether. 

Of  course,  there  is  the  undeniable  fact  that  the  head  of  a 
centrifugal  pump  is  inseparably  connected  with  tlie  speed. 
Now  the  squirrel-cage  alternating-current  motor,  being  the 
simplest  and  safest  motor  to  resist  the  influences  of  moisture, 
is,  and  will  probably  remain,  tlie  most  suitable  motor  for  a 
sinking  jmm j).  The  speed  of  tliese  motors  is  practically  con- 
stant for  all  loads,  while,  on  the  other  hand,  the  head  and 
duty  of  the  sinking  pump  must  necessarily  vary  with  the 
inflow  of  water  and  the  increasing  depth  of  the  shaft.  In  the 
case  of  multi-stage  pumps  tlie  difficulty  can  be  overcome  to 
some  extent  by  means  of  dummy  pieces  which  are  replaced  by 
proper  impellers  as  the  depth  of  the  shaft  increases.  This 
method  is,  however,  a  somewhat  poor  compromise  in  so  far  as 
a  gradual  increase  of  the  head  is  met  by  a  few,  but  large, 
steps  ；  moreover,  the  exchange  of  the  dummy  pieces  for 
impellers  involves  a  considerable  amount  of  work  and  loss  of 
time,  for  to  do  this  properly  the  pump  must  be  raised  to  the 
siu  face  and  partially  dismantled. 

A  better  solution  of  the  problem  has  recently  been  adopted 
in  several  instances  by  providing  separate  generator  sets  for 
each  sinking  unit.  In  this  way  it  is  possible  to  run  the  pump 
at  any  speed  which  may  be  desired,  and  to  suit  it  to  the 
corresponding  head.  The  economy  resulting  from  this  method 
is  obvious.  With  this  arrangement  it  is  further  possible  to 
avoid  another  serious  disadvantage  in  the  application  of 
squirrel-cage  alternating-current  motors  for  driving  these 
pumps,  viz.,  the  shocks  arising  from  the  starting  up  of  such 
motors  against  the  brake  torque,  ').，  30  to  50  per  cent,  of  the 
full  load  torque,  as  the  whole  unit  can  be  smoothly  started  up 
along  with  the  generator.  This  method  has  also  the  further 
advantage  that  it  permits  of  making  up,  by  increasing  the 
speed  of  the  generator,  for  any  defi- 
ciency in  volume  and  head  which 
inevitably  occurs  in  every  sinking 
pump.  Especially  whilst  draining 
the  shaft  [after  blasting  this  method 
of  temporarily  speeding  up,  and  thus 
pumping  "  full  bore  "  until  the  bot- 
tom is  dry  again,  is  of  great  conveni- 
ence in  rapidly  restarting  the  sinkers' 
work. 

Great  progress  has  been  made  in 
improving  the  balancing  arrange- 
ments of  the  rotor,  and  the  cooling 
of  the  bearings  both  for  the  vertical 
pump  and  motor,  and  the  develop- 
ments of  metallurgy  year  by  year  per- 
mit more  powerful  resistance  against 
the  influences  of  grit  and  sand.  Pro- 
bably the  most  important  step  towards 
perfection  has  been  made  by  intro- 
ducing means  to  overcome  one  of  the  greatest  drawbacks  of 
turbine  sinking  pumps,  viz.,  their  inability  to  run  "  on  snore,'' 
t'.t'.，  when  drawing  air. 

In  an  article  in  the  "  Iron  and  Coal  Trades  Review  '，  of 
March  29th,  1912，  results  are  given  which  were  obtained  with 
Weise  &  Monski  s  turbine  sinking  pumps  when  sinking  the 
Britannia  pits  of  Messrs.  the  Powell-  Duff ryn  Steam  Coal  Com- 
pany, Ltd.,  in  South  Wales.  From  this  article  it  appears 
that  in  consequence,  with  a  first-class  general  design,  a  novel 
device  enabled  these  pumps  to  draw  air  and  to  "  pick  up  " 
immediately  without  repriming  after  they  were  practically 
half-filled  with  air.  This  made  the  pumping  such  a  success 
that,  in  spite  of  an  inflow  of  about  17,000  galls,  per  hour,  the 
pit  in  which  they  were  working,  and  wliich  had  a  diameter  of 
l2\i't.}  has  steadily  progressed  at  the  rate  of  9  yards  per  week, 
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quite  as  quickly  as  the  twin  shaft  some  hundred  yards 
awav,  which  happens  to  be  nearly  dry.  About  90  yards, 
representing  10  weeks*  work,  could  be  sunk  without,  overhaul- 
ing the  pump,  in  spite  of  the  water  containing  great  quantities 
of  crvstalline  rock  and  impurities  of  every  kind.  It  should  be 
mentioned  that  this  pump  was  driven  by  a  motor  whicii  was 
connected  to  the  common  electric  mains  of  the  colliery  in  the 
ordinary  way.  If  connected  to  a  separate  generator  it  would 
probablv  have  been  possible  to  double  this  period  of  operation 
without  repair.  Though  to  anybody  not  acquainted  with 
sinking  through  crvstalline  strata  10  weeks  may  not  seem  a 
verv  long  run  for  the  interior  parts  of  a  pump,  the  contractor 
in  that  particular  case  will  no  doubt  confirm  that  he  has  never 
runk  a  wet  shaft  in  a  more  economical  manner,  for  the  costs 
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Fig.  -27.— Weise  &  Monski  Multi-stagk  Tuubink  Pump. 

of  anv  interruption  in  the  sinking  due  to  the  pump  would  be 
much  more  than  the  money  spent  on  spare  parts  and  repairs. 

The  question  of  economy  again  assumes  a  radically  diffe- 
rent form  in  connection  with  boiler  feed  pumps.  Besides  their 
great  mechanical  advantages,  viz.,  absence  of  shocks,  possi- 
bility of  doing  away  with  relief  valves,  smallness  of  space 
required,  and  absolute  reliability,  their  economy  is  nearly 
always  decidedly  better  than  that  of  steam-driven  piston 
pumps.  The  reason  for  this  is  a  thermal  one.  Steam 
cylinders  working  intermittently  and  at  only  a  few  strokes  per 
minute  will  always  act  more  as  condensers  than  as  steam 
engines,  as  the  inner  surfaces  are  always  considerably  cooled 
down  before  fresh  live  steam  enters  the  cylinder.  On  the 
other  hand,  the  motor  of  an  electric  boiler  feed  pump  utilises 
energy  very  economically.  The  only  disadvantage  on  the 
part  of  the  turbine  feed  pump  is  that  it  is  generally  not  advis- 
able to  stop  a  turbine  pump  and  restart  it  every  few  minutes. 
It  is  run  right  through,  whether  delivering  its  full  or  a 
reduced  quantity,  or  none  at  all,  and  regulates  itself  auto- 
matically, because  any  tapping  off  at  any  part  of  the  mains 
causes  the  mean  pressure  to  fall  off,  and  therefore  the  duty 
of  the  pump  to  increase  correspondingly,  and  vice  versa.  It 
is  clear  that  as  the  duty  constantly  varies  the  efficiency  will 
also  vary,  and  it  is  extremely  difficult,  if  not  irnpossil)le,  to 
form  an  exact  opinion  as  to  the  mean  average  conmiercial 
efficiency  which  might  be  expected,  though  in  t  his  instance  the 
commercial  and  the  technical  efficiency  are  coincident .  The 
difference  between  this  mean  average  efficiency  and  the 
guaranteed  normal  efficiency  does  not,  however,  turn  tlie  scale 
of  economy  in  favour  of  the  steam  pumping  plant. 

Fig.  28,  for  which  the  authors  are  obliged  to  the  courtesy 
of  Mr.  A.  Borsig,  Berlin,  shows  the  fluctuations  in  load, 
efficiency,  power  consumption,  and  boiler  pressure  for  a  1  ur- 
h()ik'r  t'f-ed  purn]>  for  a  hat tery  of 】2  boilers  working  undtM- 
ordiiwi ry  conditions  side  by  side  with  a  duplex  steam  ]>uni|). 
ho\  )i  units  delivering  the  same  quantity.  The  Borsig  turbine 
pump  had  been  running  for  two  years  when  this  diagram  was 
taken.  The  .steam  consumption  of  the  duplex  pump  and  Mie 
amount  of  current  used  by  tlie  turbine  pump  were  both  care- 
fully oheoked,  and  tlie  results  were  ： ― 

Turbine  Pump :  Produced  10  w.h.p.  on  t he  average. 
Consumed  15  G  kw.  on  the  average. 

Duplex  Pump :  Steam  co»isujii|)1  ion  for  erjual  delivery 
"l)f,i"  II  i.li.p.),  l,21()lbs.  of  steal"  per  liour. 

At  tliese  works,  a  kilowatt-hour  (RT.U.)  costs  about  0"65 
pence,  whereas  lOOlbs.  steam  can  only  be  generated  at  a  cost 
of  about  155  pence.    The  costs  of  operation  are  therefore  ： ― 

For  the  turbine  pump,  about  lOd.  per  hour. 

For  the  duplex  pump,  about  \h.  7d.  per  hour. 

It  is  evident  that  the  mean  average  quantity  to  be  pumped 


is  of  great  influence  on  ilio  cconoiny  of  a  boiler  feed  pump,  and 
one  can  generally  say  :  ( 1)  That  turbine  boiler  feed  pumps 
are  better  suited  for  feeding  batteries  of  boilers  than  single 
boilers,  as  then  the  duty  is  generally  equalised.  (2)  That,  if 
only  a  part  of  a  boiler  is  actually  operated,  the  balance  In'ing 
staiulbys,  it  will  be  more  ecoiioniical  to  install  two  small  tur- 
bine pumps  for  each  half  of  the  battery,  instead  of  one  large 
one  for  the  whole  battery,  as  otherwise  the  pump  would,  for 
the  greater  part  of  its  life,  run  at  a  greatly  reduced  delivery, 
which  would  affect  the  commercial  efficiency  more  severely 
than  the  decrease  in  efficiency  naturally  combined  with  a 
smaller  pump. 

The  A.  E.  G .  Electric  Company  have  recently  issued  a 
m  turbine  boiler  feed  pumps  driven  by  steam  tur- 
bines, which  contains  some  very  interesting  figures 
as  regards  economy.  When  comparing  the  eco- 
nomy of  motor  and  of  steam  turbine-driven  boiler 
feed  pumps  it  is  essential  to  note  the  following : 
The  thermal  overall  efficiency  of  a  steam-driven 
feed  pump  is,  of  course,  very  high  as  soon  as  one 
utilises  the  exhaust  steam  for  heating  the  feed- 
water  in  a  special  heater.  Similarly  to  a  steam 
in  jector,  the  steam  turbine-driven  feed  pump  con- 
verts only  about  3  to  4  per  cent,  of  the  total  energy 
contained  in  the  live  steam  input  into  mechanical 
energy  in  the  form  of  water  delivered  to  the 
boilers.  Another  80  or  90  per  cent,  is  utilised 
for  heating  purposes  and  only  a  balance  of  about 
5  to  10  per  cent,  is  lost.  Compared  with  this,  the 
thermal  overall  efficiency,  i.e.,  that  including  the 
losses  by  transforming  tlie  lieat  of  the  stean】  into  the  form  of 
electricity  for  a  motor-driven  turbine  feed  pump,  is  only  about. 
15  per  cent.,  which  does  not  seem  very  high  when  regarded 
from  the  purely  technical  point  of  view.  When  considering 
the  case  commercially,  the  aspect  changes  altogether.  It 
must  be  emphasized  that  the  total  amount  of  energy  trans- 
formed in  a  steam  turbine-driven  boiler  feed  pump  is  about 
five  times  as  great  as  that  used,  in  the  form  of  electric  current, 
by  a  motor-driven  feed  pump.  A  50  per  cent,  loss  in  tlie 
latter  plant  is,  therefore,  taken  absolutely,  no  greater  loss 
than  a  loss  of  10  per  cent,  in  the  former.  Consequently,  if  in 
due  course,  the  efficiency  of  the  steam  plant,  and  especially  the 
heater,  drops ― say,  by  incrustation  of  the  pipes ― each  1  per 
cent,  of  decrease  has  five  times  as  detrimental  an  effect  as 
when  the  efficiency  of  the  motor-driven  plant  drops  by  tlie 
same  percentage.  The  mechanical  efficiency  of  tlie  pumps 
proper  should,  by-the-way,  not  drop  perceptibly  in  many  years 
of  running,  as  they  have  to  deal  with  the  cleanest  possible 
water,  and  this  consideration  is  corroborated  by  experience. 
J  n  the  long  run  the  coniinercial  economy  of  steam  turbine  and 


2^.— UH\ MS  SlIO\VIN(i  \  .\UI  VTIONS   OF   OlTTri'TS  OF  Tl  UUINE  liulLEU 
I-'J'IKD  Pi1  MP  UNDKIt  PltACTlOAli  CONDITIONS. 

of  motor-driven  boiler  feed  pumps  will,  therefore,  not  he  so 
different  as  to  outweigh  considerations  of  a  purelv  practical 
character,  viz.,  whether  it  will  be  more  advisable  to  make  tlie 
feed  juinips  dependent  on  the  boiler  onlv,  i .，' . 、  drive  tliem  by 
steaui,  or  whether  the  supply  of  electric  current  be  sufficiently 
reliable  for  any  emergency  so  as  to  justify  making  the  boiler 
fpeding  de])endent  on  electric-d riven  pumps.  In  anv  case, 
where  the  boiler  pressure  varies  considerably,  direct -current 
motors,  or  at  least  variable-speed  alternating-current  motors, 
are,  of  course,  advisable.  In  all  cases,  however,  the  greatest 
indirect  economical  advantage  of  turbine  boiler  feed  pumps 
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over  piston  feed  pumps  is  to  be  seen  in  the  fact  that  no  oil  is 
admixed  with  the  feed-water. 

Before  concluding  their  paper  the  authors  would  like  to 
again  draw  attention  to  the  fact  that  those  who  declare  that 
either  the  turbine  pump  or  the  reciprocating  electric  pump 
are  invariably  superior  as  regards  over-all  economy  are  wrong. 
There  are  a  good  many  instances  where  a  careful  consideration 
of  all  factors,  including  maintenance  and  repair  in  a  capitalised 
form,  will  prove  the  turbine  pump  to  be  an  easy  winner  over 
the  electric  piston  pump,  even  if  the  latter  has  a  12  per  cent, 
or  more  higher  commercial  efficiency  than  the  turbine  pump . 
In  this  connection  the  authors  wish  to  refer  to  a  comparison 
carried  through  by  Mr.  F.  zur  Nedden  in  the  article  in 
the  May  number  of  the  li  Engineering  Magazine  "  in  1910. 
On  the  other  hand,  it  can  equally  easily  be  proved  that,  e.g " 
in  the  case  of  very  small  volumes  to  be  lifted  to  the  very- 
high  heads  the  piston  pumps  will  furnish  the  best  over-all 
economy,  as  here  small  technical  and  commercial  efficiency, 
combined  with  the  comparatively  high  prime  costs  and  great 
number  of  spare  parts,  count  heavily  against  the  adoption  of 
the  latter.  Of  course,  the  question  of  the  sumps  will  inciden- 
tally play  a  great  role  in  these  economic  considerations,  but  it 
will  only  be  possible  to  balance  the  pros  and  cons  on  the  basis 
of  the  special  conditions,  which  are  different  in  nearly  every 
instance. 

Only  one  statement  can  be  made  with  a  fair  claim  to 
general  correctness,  and  this  is  that  it  seems  always  advisable, 
if  a  spare  pumping  plant  is  required,  to  choose  turbine  pumps 
for  that  purpose,  as  the  three  advantages  of  low  prime  and 
maintenance  costs  and  small  space  required  are  in  no  other 
type  of  pump  combined  with  such  reliability  and  simplicity 
as  with  the  turbine  pump.  It  will  all  the  more  readily  be 
possible  to  make  a  rule  of  this,  as  there  are  scarcely  any 
problems  to-day  in  connection  with  the  lifting  of  liquid 
mediums  for  which  the  turbine  pump  has  not  become 
adaptable. 


ODDIE，S  AIR  PUMP. 

An  arrangement  of  combined  wet  and  dry  air  pump  for  use 
with  condensers,  the  invention  of  Mr.  P.  F.  Oddie, 
St.  Albans,  the  Riclgeway,  Wimbledon,  is  shown  in  the 
accompanying  sectional  views.  In  this  arrangement  two 
separate  cylinders  are  used  whose  piston  rods  are  so  connected 
that  the  piston  of  one  pump  cylinder  is  making  an  upward 
stroke  while  the  piston  of  the  other  is  making  a  downward 
stroke,  the  one  cylinder  acting  as  a  so-called  wet  air  pump  and 
the  other  as  a  so-called  dry  air  pump.  Referring  to  the  illus- 
trations, A  is  the  wet  air  pump  cylinder  and  B  is  the  dry  air 
pump  cylinder.  Each  cylinder  is  provided  with  a  suction 
opening  C  communicating  with  the  condenser,  so  arranged 
that  the  condensed  water  flows  into  the  wet  air  pump  cylinder 
under  the  foot  valves,  while  air  alone  passes  into  the  chamber 
below  the  suction  valves  of  the  dry  air  pump.  Each  cylinder 
is  fitted  with  a  piston  D，  having  valves  E  loaded  with  springs, 
and  in  addition  to  the  ordinary  suction  and  head  valves  G  and 
H  auxiliary  suction  valves  F  are  provided  in  order  that  air 
may  be  drawn  in  during  the  greater  part  of  the  down  stroke 
as  well  as  during  the  whole  of  the  up  stroke.  The  piston  rods 
of  each  cylinder  are  so  connected  together  by  means  of  a  beam 
that  when  one  piston  is  descending  the  other  is  ascending  and 
vice  versa.  A  pipe  K  connects  the  bottom  of  the  barrel  of  the 
wet  air  pump  with  the  bottom  of  the  barrel  of  the  dry  air 
pump.  This  pipe  passes  through  a  cooler  M  and  is  formed  as 
a  coil  so  as  to  present  a  large  cooling  surface  to  the  circulating 
water  or  cooling  mixture  in  the  cooler  M，  which  enters  at  the 
bottom  and  is  discharged  at  the  top.  The  pipe  K  is  provided 
with  a  valve  P,  an  enlarged  section  of  which  is  shown. 

In  operation,  as  tlie  dry  air  pump  bucket  ascends  and  the 
wet  air  pump  bucket  descends,  water  will  pass  from  the  wet 
air  pump  i>arrel  tlirougli  tlie  pipe  and  coil  K  into  the  dry  ait- 
pump  barrel,  being  injected  into  the  latter  by  the  difference  of 
pressures  in  the  two  barrels  during  this  operation  and  being 
cooled  by  the  circulating  water  in  the  cooler  M.  On  the 
return  stroke,  tliat  is  to  say,  when  tlie  dry  air  pump  bucket  is 
descending  and  the  wet  air  pump  bucket  is  ascending,  the 
tendency  will  be  for  the  water  to  return  through  the  pipe  from 
the  dry  air  pump  barrel  to  the  wet  air  pump  barrel  since,  owing 
to  the  loaded  valves  in  the  buckets,  the  pressure  under  the  dry 
air  pump  bucket  will  be  in  excess  of  the  pressure  under  the 


bucket  in  the  wet  air  pump.  With  each  change  of  stroke, 
therefore,  water  passes  to  and  fro  in  the  pipe  K，  is  cooled  and 
injected  into  the  dry  air  pump  cylinder,  and  by  making  this 
pipe  and  coil  of  sufficient  capacity  the  dry  air  pump  cylinder 
may  be  cooled  to  any  desired  extent,  without  affecting,  how- 
ever, appreciably  the  temperature  of  the  condensed  water 
delivered  by  the  wet  air  pump.  Further,  it  will  be  observed 
that  this  cooling  injection  water  being  taken  from  the  under 
ride  of  the  bucket  of  the  wet  air  pump  and  being  here  under  a 
vacuum,  is  practically  free  from  air,  and  as  it  is  never  exposed 
to  a  pressure  greater  than  that  due  to  the  loaded  valves  in  the 
bucket,  which  amounts  to  about  one-third  of  atmospheric  pres- 
sure, it  can  never  pick  up  or  retain  much  air  before  being 


Oddie's  Aie  Pump. 

injected  into  the  dry  air  cylinder,  hence  the  loss  of  efficiency 
due  to  injecting  water  for  cooling  purposes  which  has  been 
exposed  to  and  contains  air  at  atmospheric  pressure  is  avoided. 

The  valve  P  is  so  constructed  that  the  amount  of  water  that 
shall  pass  back  from  the  dry  air  cylinder  to  the  wet  air  cylinder 
can  be  regulated  by  means  of  the  spindle  J  which  holds  the 
valve  off  its  seat,  thus  allowing  a  certain  amount  of  water  to 
pass  back  from  the  cooler  to  the  wet  air  pump.  In  practice  it 
is  found  that  the  best  results  are  obtained  when  only  a  small 
quantity  is:  allowed  to  pass  back  in  this  manner,  whilst  the 
larger  portion  passes  through  the  bucket  and  head  valves  of 
the  dry  air  pump.  The  discharge  from  the  dry  air  pump  may 
be  taken  away  separately  from  that  of  the  wet  air  pump  or 
may  be  discharged  with  tliat  of  the  wet  air  pump,  through  a 
common  delivery  pipe  L. 


Personal.  ―  The  directors  of  the  Vulcan  Boiler  and  General 
Insurance  Company,  Ltd.,  have  received,  with  regret,  the 
resignation,  as  chief  engineer,  of  Mr.  J.  P.  L.  Cros- 
land,  M.Inst.C.E. ,  who,  owing  to  advancing  years, 
has  felt  bound  to  retire  from  active  participation 
in  the  life  of  the  company  he  has  served  with  so 
much  devotion.  He  joined  the  engineering  staff  of  the  Vulcan 
in  1863，  when  the  business  of  boiler  inspection  was  still  strug- 
gling for  its  existence,  and  he  has  had  the  great  satisfaction  of 
seeing  that  business  firmly  established  and  the  .Vulcan  Com- 
pany rise  to  be  the  largest  independent  engineering  inspection 
and  insurance  organisation  of  its  kind  in  the  world.  Mr.  Cros- 
land  will  retain  a  connection  with  the  Vulcan  Company  as 
consulting  engineer,  and  his  countless  friends  will  join  in  wish- 
ing liim  many  years  in  which  to  enjoy  the  rest  he  has  earned  so 
well.  Mr.  C.  Bullock,  Wh.Sch.,  A.M.Inst.C.E.,  has  been 
appointed  chief  engineer  in  succession  to  Mr.  J.  F.  L.  Cros- 
lMiid.  Mr.  Bullock  joined  the  engineering  staff  of  the  Vulcan 
in  1876.  lie  was  appointed  chief  assistant  engineer  in  1888. 
He  is  the  patentee  of  various  specialities  connected  with  the 
maintenance  and  safer  working  of  steam  boilers,  all  of  which 
have  been  acquired  by  the  Vulcan  Company.  Mr.  J.  C.  H. 
Crosland,  A.M.Inst.C.E.,  and  Mr.  F.  H.  Bullock, 
A.M.Inst.C.E.,  have  been  appointed  assistant  engineers. 
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MANUFACTURE  OF  OPEN  HEARTH  STEEL  WITH  REFERENCE 
TO  IMPROVEMENT  IN  YIELD.* 

BY  F.  W.  PAUL. 

In  the  early  practice  of  open-hearth  steel  it  was  not  unusual  to 
obtain  yields  of  100  per  cent,  as  an  average  of  12  months' 
work.  During  the  interval  it  has  been  the  invariable  practice 
when  rebuilding  the  older  small  furnaces,  or  when  installing 
new  plant,  to  erect  furnaces  of  considerably  increased  capacity, 
so  that,  whereas  in  1880  they  were  about  10  tons,  they  are  now 
40,  80，  and  100  tons. 

The  author  frankly  admits  that  some  of  the  important 
reasons  which  influenced  him  in  his  own  practice  to  increase 
the  weight  of  charges  and  the  size  of  furnaces  were  the  reason- 
able anticipation  of  increased  yield,  resulting  from  smaller 
percentage  of  waste  ingot  butt  ends,  less  incidental  scrap  from 
furnaces  and  ladles  by  reason  of  fewer  number  of  charges  ； 
and  also  the  expectation  of  less  -waste  due  to  accelerated  melt- 
ing, as  the  large  chambers  can  maintain  a  greater  intensity  of 
combustion  throughout  the  whole  period  of  charging  and  melt- 
ing. The  experience  of  working  with  large  furnaces  during 
the  past  10  years  affords  reliable  data  as  to  the  yield,  which 
may  be  taken  at  94  to  95  per  cent. 

It  will  be  instructive  to  enquire  into  the  causes  of  greater 
metallic  waste  in  large  furnaces,  with  view  to  improvement, 
and  with  this  object  the  author  proposes  to  review  in  detail 
the  operations  of  open-hearth  steel  manufacture,  and  to  give 
particulars  of  a  new  method  of  conducting  the  pig  iron,  scrap, 
and  ore  process,  which,  in  a  few  practical  trials  in  80-ton 
furnaces,  has  given  increased  yields  of  5  to  7  per  cent.  With 
a  view  to  reliable  and  accurate  weighings,  the  pig  iron,  steel 
scrap,  and  ingots  were  weighed  in  bulk  in  trucks  on  machines. 
The  amount  of  ore  used  was  50  per  cent,  greater  than  in 
ordinary  practice,  and  this  additional  data,  coupled  with  a 
balance-sheet  of  the  amount  of  metallic  iron  charged  into  the 
furnace,  and  also  the  weight  and  composition  of  tapping  slag, 
fully  confirms  the  accuracy  of  the  weighings,  and  the  big 
increase  in  yield  of  ingots.  For  the  purpose  of  comparison, 
the  following  table  shows  approximately  the  respective  bath 
areas  of  melting  furnaces  from  1880  to  1912  ： ― 


Weight 

Length 

Year. 

of 

between 

W  idth  inside 

Bath  Area. 

Area  Ratio 

Charge. 

Blocks. 

Linings. 

per  Ton. 

Tons. 

Feet, 

Feet. 

Square  Feet. 

Square  Feet. 

1880 

10 

14 

10 

140 

14.0 

1890 

25 

21 

U 

231 

9.2 

1900 

40 

26 

12 

312 

7-8 

1912 

80 

35 

14 

490 

6.1 

The  area  ratio  per  ton  of  charge  has  gradually  decreased 
from  14  0  sq.  ft.  to  61  sq.  ft.  The  practical  limit  of  width  of 
furnace  between  linings  is  reached  at  about  14ft.,  because,  if 
made  wider,  the  cost  of  roof  repairs  would  be  greatly 
augmented,  therefore,  if  it  were  desired  to  have  an  80-ton 
furnace,  with  bath  area  ratio  of  14  sq.  ft"  it  would  require  to 
be  80ft.  long.  Between  the  range  of  35ft.  and  80ft.  there  is 
ample  choice,  but  this  point  is  referred  to  merely  in  reference 
to  batli  area,  and  its  bearing  on  waste  of  metallic  charge  during 
period  of  melting  and  silicon  elimination.  Any  detailed 
criticism  as  to  within  what  limits  the  critical  point  may  be  said 
to  be  reached  in  the  length  of  modern  large  furnaces  would 
have  to  be  dealt  with  in  a  separate  paper. 

It  is  obvious  that  a  large  furnace  with  reduced  batli  area 
ratio,  coupled  with  the  necessity  of  having  a  good  inclined 
slope  in  the  bottom  to  drain  tlie  metal  and  slag  completely 
from  the  extreme  ends  to  the  taphole,  results  in  working  with 
a  deeper  batii  of  metal  as  corn  pared  with  the  shallow  bath  of 
small  furnaces,  and  the  author  suggests  tliis  is  one  of  the 
indirert  causes  of  less  yield.  In  order  clearly  to  differentiate 
between  tlie  author's  new  rnel  hod  n. wd  t lie  present-day  ordinary 
practice,  it  is  advisable  to  compare  under  the  following  heads, 
viz.  ：  (1 )  Theoretical  yield  ；  (2)  charging  ；  (3)  melting  ； 
(4)  elimination  of  silicon  ；  (5)  boiling. 

*  Paper  read  before  the  Iron  and  Steel  Institute,  October,  1912. 


Ordinauy  Practice. 

Theoretical  Yield. ― The  initial  charge  may  be  all  pig  iron  or 
various  proportions  of  steel  scrap,  such  as:  — 


V. 

7" 

Per  cent. 

Per  cent. 

100 

00 

nil 

40 

Totals   ；  

100 

100 

Average  composition  of  initial  charge  ： ― 

Y. 

Z. 

Per  cent. 

Per  cent. 

！ )2.r) 

05.3 

3.5 

2.1 

2.5 

1.5 

1-5 

1.1 

Totals   

100-0 

100-0 

Theoretical  yield  on  complete  reduction  of  the  oxide  of 

iron  in  the  ore  ： ― 

Y. 

z. 

Per  cent. 

Per  cent. 

92.5 

95.3 

10.9 

6.5 

3.3 

1.9 

0.7 

0.5 

Yield   

107-4 

104-2 

Yield  ordinary   

95-0 

95.0 

12.4 

9.2 

Notwithstanding  the  greater  theoretical  yield  in  working 
all  pig  iron  charges,  it  is  found  in  practice  there  is  very  little 
difference,  because  of  the  waste  of  metallic  iron  which  takes 
place  during  silicon  elimination,  and,  as  the  total  time 
occupied  in  working  such  charges  is  much  longer,  it  is  more 
economical  to  work  with  a  proportion  of  steel  scrap. 

Charging.  ~ -  Numerous  variations  in  detail  have  been  tried 
from  time  to  time  to  minimise  waste  of  oxidation  during  melt- 
ing, such  as  charging  the  scrap  first  and  covering  it  with  the 
pig  iron  ；  charging  all  the  pig  iron,  and  when  melted  charging 
in  the  steel  scrap  ；  but  in  the  ordinary  pig  and  ore  process, 
with,  say,  not  less  than  50  per  cent,  of  pig  iron,  the  latter  has 
always  been  found  quite  impracticable,  owing  to  it  either 
setting  the  pig  iron  or  losing  much  time . 

Melting.  ―  The  heat  of  the  flame  is  conveyed  by  direct  con- 
tact to  the  upper  layers  of  the  charge,  but  in  large  furnaces  of 
small  bath  area  ratio  the  heat  is  to  a  larger  extent  conveyed  by 
conduction  to  the  lower  layers  of  a  deep  bath.  There  is  ample 
heat  energy  stored  in  the  chequer  work  of  large  furnaces  to 
maintain  such  intensity  of  combustion  during  the  melting 
period  that  the  heat  cannot  be  conveyed  quick  enough  by  con- 
duction, so  that  even  whilst  some  of  the  lower  layers  of  metal 
are  solid,  the  upper  layers  are  exposed  to  the  keen  flame  tem- 
perature with  intense  local  oxidation.  The  ready  command  of 
high-flame  temperature  may  even  cause  volatilisation  of  the 
iron  before  the  whole  mass  of  metal  is  melted.  The  author  is 
of  opinion  this  is  one  of  the  causes  of  greater  waste  in  large 
furnaces  with  large  chambers  and  good  gas. 

Elimination  of  Silicon.  ―  When  the  charge  is  thoroughly 
melted,  and  not  too  hot,  the  reaction  of 

Fe304  +  2Si  =  2Si02  +  3Fe 
takes  place  quietly.  This  reaction,  however,  is  at  times 
seriously  retarded  wlien  tlie  bath  of  metal  is  too  hot,  more 
particularly  when  using  very  grey  pig  iron  containing  a  high 
percentage  of  silicon,  or  witli  charges  containing  a  small  per- 
centage of  steel  scrap.  In  large  deep  furnaces  with  big 
chambers,  the  temperature  of  the  metal  may  be  unequally 
distributed,  that  is,  the  upper  layers  too  liot.  Under  these 
conditions,  instead  of  the  reaction  taking  place  quietly,  there 
ensues  antagonistic  action  between  the  metal  and  oxide  in  the 
slag,  causing  them  to  froth  up,  and  at  times  to  overflow  the 
sill  plates.  It  is  at  such  times  that  the  banks  of  the  furnace 
are  fluxed  away,  and  this  is  the  principal  cause  of  delays  for 
repairs. 


430 


THE   MECHANICAL  ENGINEER. 


[October  4,  1912 


Again,  this  forced  reaction  of  silicon  elimination,  or,  ms  it 
is  practically  termed,  "  forcing  on  the  boil,  '  results  in  subse- 
quent sluggish  boil  " ― that  is,  not  boiling  freely  from  t  he 
bottom,  and  tlie  steel  is  not  of  thorough  uniform  corn  position. 
In  bad  cases  this  is  evidenced  by  the  scintillations  or  sparks 
from  the  highly-carbonised  metal ,  which  at  first  runs  out  of 
the  t'u rnace  when  it  is  tapped.  This  reaction  is  accompanied 
by  emission  of  dense  volumes  of  brown  smoke,  which  are 
carried  away  with  the  waste  gases  to  the  chimney,  and  are 
identical  in  com  position  with  the  fumes  of  the  afterblow  in 
Bessemer  practice.  These  oxide  of  iron  fumes  in  their  passage 
through  the  chambers  become  partly  deposited  in  the  chequer 
work  as  fine  dust,  and  are  the  means  of  causing  the  objection- 
able fluxing  action  and  slag  deposition,  more  particularly  in 
chambers  of  large  capacity  and  high  temperature. 

Boiling. —— The  ebullition  at  this  stage  is  caused  by  the 
escape  of  carbon  monoxide,  resulting  from  the  reaction 
Fe304  +  4C  二  4CO  +  3Fe. 

Unlike  the  silicon  reaction,  the  affinity  of  oxygen  ami 
carbon  is  augmented  with  increase  of  temperature,  therefore 
the  nearer  the  furnace  is  worked  to  its  practical  niaxirnuin 
intensity  consistent  with  utilising  the  heat  with  regular  feed- 
ing of  iron  ore,  the  more  the  boiling  is  accelerated  and  the 
period  shortened. 

PnorosED  New  Method  ok  Chak<.in(;  and  Sii.uox 
Elimination. 

Charging.  ―  Instead  of  the  pig  iron  being  charged  in  one 
continuous  operation,  only  a  small  fraction  is  taken,  about 
5  to  10  per  cent.,  and  brought  to  a  molten  state,  and  thereafter 
the  subsequent  additions  of  pig  iron  are  charged  into  this 
initial  bath  of  molten  metal,  which  is  maintained  in  liquid 
form  substantially  during  the  entire  period  of  charging. 
After  the  pig  iron  is  all  charged,  and  the  silicon  sufficiently 
removed  to  permit  of  superheating  the  metal  without  loss,  or 
after  the  metal  has  been  brought  to  the  boil,  the  steel  scrap  is 
charged  in  such  increments  and  at  such  rats  as  is  commen- 
surate with  the  heating  capabilities  of  the  furnace  maintaining 
the  bath  in  liquid  form. 

As  regards  the  use  of  molten  pig  iron  in  basic  or  acid 
furnaces,  this  method  of  dealing  with  fractions  of  the  charge 
pari  passu,  with  additions  of  iron  oxide,  permits  of  the  eliniina- 
tion  of  silicon  at  low  temperature,  and  so  avoids  the  fluxing  of 
the  banks,  and  thus  affords,  in  the  basic  process  especially, 
means  of  working  with  low  sulphur  pig  iron,  and  greater 
latitude  as  regards  contents  of  silicon. 

Melting.  —-  The  heat  of  the  flame  is  in  direct  contact  wit  a 
each  successive  addition  of  pig  iron  and  scrap  floating  on  the 
surface,  consequently  the  gas  and  air  can  be  maintained  at 
their  maximum,  and  the  temperature  of  the  furnace  and  metal 
regulated  by  the  rate  at  which  cold  material  is  fed  into  the 
furnace.  The  pig  iron  and  scrap  floating  in  a  molten  bath  of 
metal  *vith  a  protective  coating  of  slag  are  protected  from  the 
oxidising  atmosphere  of  the  furnace.  Less  waste  ensues,  and 
tiie  yield  is  increased. 

Elimination  of  Silicon. —— Anotlier  important  feature  of  this 
met  hod  is  the  practical  means  of  arranging  t  he  most  suitable 
conditions  for  removal  of  silicon,  and  obtaining  its  equivalent 
reduction  of  iron  from  iron  ore  without  diminishing  the 
number  of  charges  per  week.  Snelus  demonstrated  in  1871 
t  h;it  at  Lhe  initial  low  temperature  at  the  commencement  of 
the  Bessemer  blow,  silicon  was  oxidised  wliilst  leaving  the 
carbon  intact  .  Bell  also  demonstrated  in  1871  by  his  washing 
process,  that  t  lie  intimate  contact  of  molten  pig  iron  and 
molten  oxide  of  iron  resulted  in  removal  of  silicon  whilst  tlie 
carbon  was  not  affected. 

The  reaction  of  oxide  of  iron  and  silicon  was  expounded  by 
Snelus  in  his  report  on  the  Danks  puddling  process."""  Dr. 
Stead  has  confirmed  by  experiments  that,  under  suitable  con- 
(iitions,  tlie  reaction  of  oxide  of  iron  and  silicon  results  in  an 
increase  of  yield.  Particulars  of  those  experiments  are 
reported  in  lhe  "  Proceedings  of  the  Cleveland  Institute  of 
Kit^iiuuM's,*'  189G.  He  pertinently  puts  the  question,  Why 
do  we  not  as  a  rule  get  an  increase  of  yield  on  the  metal  and 
sci-ji p  cliarged  into  our  open-lieartli  furnaces ？,,  He  says  the 
li  rst  answer  is,  because  there  is  a  very  heavy  waste  on  melting 
tlie  scrap,  and  secondly,  because  it  is  highly  probable  that  tlie 
metalloids  do  not  always  coTn)>]etely  reduce  the  oxides  to  the 
metallic  state. 


''•  Journal  of  the  Irou  and  Stucl  Institute,"  1672 , 


Whilst  the  author  is  in  agreement  with  these  views,  he 
desires  to  point  out  that,  in  addition  to  avoiding  the  waste 
(lumig  melting  to  which  Dr.  Stead  refers,  it  is  also  necessary 
to  jtrevent  tlie  great  waste  whicli  takes  place  during  silicon 
elimination .  As  a  result  of  practical  trials  of  the  proposed  new 
method,  it  has  been  conclusively  proved  that  the  actual 
t neoretical  yield  can  be  more  nearly  approached  than  has  ever 
hitherto  been  accom plislied  by  the  ordinary  process. 

In  the  Bessemer  process,  when  a  very  siliceous  pig  iron  is 
used ,  the  reaction  between  the  oxygen  and  silicon  results  in 
tlie  metal  becoming  so  hot  that  the  carbon  can  be  entirely 
eliminated,  whilst  there  still  remains  as  much  as  1  per  cent, 
of  silicon  unoxidised  in  the  steel ,  which  can  only  be  eliminated 
by  an  afterblow,  with  great  waste  of  iron  and  emission  of 
dense  volumes  of  brown  smoke. 

The  usual  practice  when  it  is  recognised  the  metal  is  too  hot 
is  to  add  cold  steel  scrap.  In  the  puddling  process  it  is  also 
recognised  that  siliceous  iron  causes  trouble,  frequently  result- 
ing in  the  met al  cutting  through  the  bottom  plates  of  the 
furnace.  A  grey  pig  iron,  such  as  Nos.  1，  2，  3  hematite  or 
Cleveland,  may  be  described  as  containing  silicon  and  other 
metalloids  in  such  quantity  that  the  carbon  cannot  all  exist  in 
the  combined  form. 

In  tlie  Talbot  process,  molten  pig  iron  is  charged  into  an 
o])eii-lieartn  furnace,  containing  50  tons,  more  or  less,  of  steel. 
It  is  evident  the  mass  of  steel  is  necessarily  at  a  high  tempe- 
rature, so  that  with  suitable  iron  containing  small  percentage 
of  silicon,  there  immediately  ensues  a  vigorous  reaction 
between  the  oxide  of  iron  and  the  carbon.  When,  however, 
grey  siliceous  iron  is  used,  there  ensues  a  violent  and  explosive 
action,  accompanied  with  the  emission  of  dense  brown  fumes. 
The  probable  explanation  is  that,  as  already  pointed  out,  it  is 
impossible  to  superheat  grey  pig  iron  without  oxidising  the 
iron.  It  is  interesting  to  note  that  Mr.  Talbot  obtained  a 
patent  in  1909  for  preparatory  treating  of  grey  iron  in  a 
Bessemer  vessel  for  its  subsequent  use  by  tlie  Talbot  process. 
In  the  patent  specification  he  says  ：  "  One  of  the  advantages 
of  this  treatment  is,  that  all,  or  practically  all,  the  carbon 
remaining,  of  which  about  1  per  cent,  was  originally  in  the 
graphitic  form,  is  converted  into  combined  carbon,  .and  the 
loatning,  or  even  the  explosions,  due  to  the  graphite  form  of 
carl)on  in  the  subsequent  treatment  is  avoided.'*  Apart  from 
considerations  of  added  cost  of  dual  processes,  the  necessity  of 
silicon  elimination  from  grey  pig  iron  in  a  Bessemer  vessel 
sacrifices  part  of  the  theoretical  yield,  and  in  so  far  defeats  the 
raison  d'etre  of  the  1890  Talbot  patent.  The  violent  reaction 
in  the  Talbot  process  would  appear  to  be  identical  with  what 
takes  place  in  ordinary  open-hearth  practice  when  siliceous 
pig  iron  of  the  charge  is  allowed  to  get  too  hot  before  the 
silicon  is  eliminated. 

Having  pointed  out  the  practical  disadvantages  attending 
the  elimination  of  silicon  at  high  temperature,  it  will  be  now 
pertinent  to  explain  in  detail  tlie  conditions  of  its  removal  in 
tiie  proposed  new  method.  During  the  additions  of  pig  iron  as 
described  under  heading  (Charging),  oxide  of  iron  is  added  in 
sufficient  quantity  to  eliminate  the  silicon.  By  this  means  the 
melting  stage  and  the  silicon  elimination  stage  are  merged 
into  one.  It  was  pointed  out  under  heading  (Melting)  that 
the  temperature  of  the  furnace  and  the  metal  could  be  regu- 
lated by  the  rate  at  whicli  cold  pig  iron  was  added  ；  that  is  to 
say,  advantage  can  be  taken  of  the  furnace  working  at  full 
speed  and  having  the  means  of  preventing  the  temperature  of 
the  metal  rising  very  little  above  its  normal  melting  point. 
The  elimination  of  silicon  is  carried  on  concurrently  with 
melting,  that  is,  for  a  period  of  six  hours  or  more  witli  tlie 
metal  at  low  temperature,  therefore  the  scouring  action  on  the 
banks  is  considerably  diminished. 

This  new  method  of  bringing  each  successive  addition  of 
pig  iron,  which  is  melted  whilst  floating  in  contact  with  the 
oxide  of  iron  in  tlie  slag,  is  a  near  approach  on  a  practical 
scale  to  the  ideal  of  bringing  in  close  contact  each  molecule  of 
silicon  and  oxide  of  iron,  so  that  by  the  time  the  pig  iron  is  ail 
charged  the  silicon  has  been  more  or  less  eliminated  under  the 
most  favourable  conditions,  viz.,  intimate  contact  of  the  pig 
iron  and  the  oxide  of  iron  in  the  slag,  the  teniperature  of  both 
being  under  such  perfect  control  that  the  reaction  takes  place 
without  any  emission  of  hrown  smoke. 

In  the  pig  iron  and  ore  process,  in  which  tlie  initial  charge 
couiains  not  less  than  50  per  cent,  of  pig  iron,  it  lias  liitlierto 
been  impracticable  to  superheat  the  pig  iron  in  the  furnace 
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preparatory  to  subsequently  feeding  the  steel  scrap.  The 
author  ventures  to  assert  that  it  is  quite  impracticable  to  do  so 
with  siliceous  grey  pig  iron  in  an  open-hearth  furnace  to  such 
an  extent  as  to  enable  steel  scrap  to  be  immersed  into  it  with- 
out very  serious  delay  and  waste. 

The  author  suggests  the  limit  of  superheating  siliceous  iron 
is  reached  when  the  iron  begins  to  be  volatilised,  or  at  least 
carried  off  in  the  form  of  brown  fumes,  so  that  any  prolonga- 
tion of  maintaining  a  higher  temperature  in  the  constructional 
brickwork  of  the  body  of  the  furnace  would  not  result  in  the 
metal  taking  up  much  more  heat,  but  merely  result  in  the  slag 
becoming  so  enriched  with  oxide  of  iron  that  the  banks  of  the 
furnace  would  be  cut  away. 

In  the  proposed  new  method,  the  ideal  object  aimed  at  is 
that  the  silicon  should  be  more  or  less  completely  eliminated 
by  the  time  the  pig  iron  is  all  charged,  or  previous  to  charging 
the  steel  scrap.  Such  metal,  that  is  containing  little  silicon, 
can  be  superheated  until  the  temperature  suffices  for  the 
reaction  of  the  oxide  of  iron  from  the  ore  and  the  carbon  in  the 
metal,  and  the  charge  would  come  to  the  boil,  provided  the 
slag  contained  sufficient  oxide  of  iron.  On  the  other  hand,  if 
the  slag  were  allowed  to  thicken  up  towards  the  end  of  the 
silicon  elimination  stage,  the  bath  of  metal  could  be  super- 
heated to  a  very  considerable  extent. 

Boiling.  ―  Same  remarks  as  in  the  ordinary  process,  with 
tlie  exception  that,  by  reason  of  the  very  thorough  elimination 
of  silicon,  the  boil  will  be  more  open  or  vigorous  and  the  metal 
in  better  circulation,  thus  enabling  the  heat  to  be  conveyed 
quickly  to  the  metal,  and  the  duration  of  the  boil  shortened. 

The  following  are  the  important  features  of  these  proposals 
in  method  of  working,  which  have  been  definitely  confirmed  by 
actual  practice  in  70-ton  furnaces :  (1)  A  very  decided 
increase  of  yield .  (2)  The  practicability  of  superheating  the 
desiliconised  metal  to  such  an  extent  as  to  permit  of  cold  steel 
scrap  being  charged  into  the  bath  of  metal  without  partly 
setting  it,  and  without  delay  or  waste.  (3)  That  charges  of  all 
pig  iron  can  be  worked  with  considerable  increase  in  yields 
compared  with  charges  of  pig  iron  and  scrap,  and  with  approxi- 
mately the  same  number  of  charges  per  week.  (4)  Thfe  brick- 
work of  the  furnace  is  not  subjected  to  such  extreme  fluctua- 
tions of  temperature.  The  free  unobstructed  passage  of  the 
flame  is  not  so  destructive  to  linings  and  roof  as  when  the  flame 
is  deflected  by  striking  against  piled-up  material  in  the 
furnace.  (5)  During  the  melting  stage  and  silicon  removal  at 
low  temperature  the  level  of  the  metal  in  tlie  furnace  is  con- 
tinually altering,  therefore  the  scouring  or  fluxing  action  on 
the  thin  top  part  of  the  banks  of  the  furnace  as  in  ordinary 
practice  is  avoided,  consequently  there  is  less  loss  of  time  for 
repairs  and  less  risk  of  breakouts,  which  are  of  greater 
importance  in  large  furnaces.  (6)  The  author  has  on  a 
previous  occasion  referred  to  an  investigation  which  showed 
that  metallic  iron  was  wasted  to  the  extent  of  25  cwts.  per  hour 
by  passing  up  the  chimney  as  brown  oxide  of  iron  fumes  during 
the  silicon  removal  stage.  As  this  takes  place  for  two  hours 
during  every  charge,  and  say  400  charges  are  worked  per  year, 
there  would  be  an  equivalent  of  1,500  tons  of  oxide  of  iron 
passing  through  the  chambers  per  year.  Part  of  this  settles 
out,  and  is  deposited  in  the  gas  and  air  chambers,  to  which  he 
has  referred.  It  can  readily  be  conceived  that  the  ability 
to  prevent  the  oxide  of  iron  fumes  being  formed  will 
probably  result  in  the  life  of  the  chambers  being  increased  to 
as  long  again. 

Fatal  Hoisting  Accident.— The  Newcastle  City  Coroner  held 
an  inquest  on  the  25th  ult.  on  the  body  of  a  fitter  who  was 
killed  as  the  result  of  a  hoisting  accident  at  the  Elswick 
Works  of  Messrs.  Armstrong,  Whitworth,  &  Co.  At  the 
time  of  the  accident  deceased  was  removing  with  block  and 
tackle  a  "  dummy  ，'  torpedo.  The  "  dummy  ，，  would  weigh 
about  a  ton,  and  there  were  two  guide  ropes.  Deceased  was  at 
the  rear  end  rope  when  the  sling  rope  broke  and  one  of  the 
torpedo  blades  struck  him  on  the  forehead.  The  sling  had 
only  been  used  about  20  or  30  times.  The  Factory  Inspector, 
in  his  evidence,  stated  that  the  splicing  on  one  of  the  ropes  was 
defective.  A  slinger  who  made  the  sling*  for  the  torpedo  shed 
said  he  did  not  examine  the  slings  in  the  torpedo  shed  before 
they  were  used,  nor  was  it  his  duty  to  examine  them  periodi- 
cally. The  Coroner  said  it  would  be  advantageous  if  slings 
and  implements  used  for  lifting  heavy  weights  were  examined 
periodically.  The  usual  verdict  of  "  Accidental  cleatli was 
returned. 


TESTS  OF  WHITE  METALS. 

At  the  recent  meeting  of  the  International  Association  for 
Testing  Materials  Mr.  N.  Pecoraro  read  a  paper  eni i(  led 
" Tests  of  Wliite  Metals,"  in  which  he  recorded  the  resulis 
of  a  large  number  of  tests  of  these  metals.  Among  the 
alloys  which  are  utilised  in  engine  construction,  1  lie  so-cjtllcd 
anti-friction  alloys  claim,  he  says,  a  particular  importance. 
Most  of  these  alloys  contain  as  chief  constituent  tin  which  is 
mixed  with  antimony,  copper,  sometimes  with  mercury  and 
with  small  quantities  of  lead.  Not  rarely  we  find  alloys  whose 
chief  constituent  is  lead,  and  finally  in  isolated  cases  such 
which  largely  consist  of  zinc. 

When  making  a  choice  of  an  anti-friction  metal,  we  have 
to  regard  the  specific  stresses  to  which  it  will  be  exposed,  the 
speed  of  the  surfaces  under  contact,  the  manner  of  lubrication, 
the  more  or  less  great  likelihood  of  shocks,  &c.  We  have 
further  to  consider  the  suitability  of  the  material  for  dimitiish- 
ing  friction,  its  easy  applicability,  the  capacity  for  adapting 
itself  to  diverse  shapes 一 the  latter  because  the  metal  must  fill 
the  journal  bearing 一  the  resistance  to  wear,  the  expense,  &c. 
Such  a  selection  can  only  be  made  on  the  strength  of  the 
results  of  experiments  which  must  not  only  be  very  numerous, 
but  which  are  also,  from  their  nature,  very  difficult  to  con- 
duct. •  The  performance  of  these  experiments  requires  very- 
expensive  machines  with  which  every  workshop  is  not  suitably 
provided.  For  this  reason  the  choice  of  the  quality  of  a  white 
metal  best  suited  for  a  particular  purpose  is  often  taken 
merely  at  the  hand  of  experience,  which  has  sometimes  caused 
disappointments  in  subsequent  experiments.  As  a  result  of 
his  experiments  the  author  draws  the  following  conclusions  ： ― 

(1)  The  temperature  at  which  an  anti-friction  metal  is 
fused  may  exercise  an  important  influence  upon  the  behaviour 
of  the  metal  with  regard  to  the  coefficient  of  friction  which 
would,  under  otherwise  equal  conditions,  become  apparent 
under  application.  In  order  that  an  anti-friction  alloy  may  in 
practice  give  constant  results  under  the  same  conditions,  it 
should  not  only  be  prepared  always  by  the  same  method,  but 
it  is  also  necessary  that  its  fusion  takes  place  at  the  tempe- 
rature at  which  the  alloy  shows  the  most  favourable  be- 
haviour. It  need  not  be  mentioned  that  this  holds  not  only 
for  practical  application,  but  also  for  any  preparation  of  speci- 
mens for  laboratory  tests. 

(2)  The  hammering  to  which  anti-friction  metals  are  fre- 
quently submitted  after  having  been  poured  into  the  bearings 
has,  as  a  rule,  an  influence  upon  the  friction  which  is  not 
unimportant  ；  in  most  cases  this  influence  is  not  favourable. 

(3)  Of  the  acceptance  tests  of  white  metals,  the  compression 
tests  appear  suitable  for  arriving  at  an  estimate  as  to  how  far 
the  respective  metal  will  be  able  to  satisfy  the  conditions  of 
compression  without  undergoing  any  practically  inadmissible 
deformation. 

(4)  Abrasion  tests  appear  always  most  desirable,  since  the 
resistance  to  abrasion  is  an  important  characteristic  of  anti- 
friction alloys.  These  tests  are,  however,  neither  easily  con- 
ducted, nor  can  they  rapidly  be  carried  out.  It  would  there- 
fore be  advantageous  to  substitute  for  them  some  simple 
experiments  which  would  likewise  enable  us  to  make  a  com- 
parison between  different  alloys  as  regards  their  resistance  to 
abrasion.  The  】iardness  test  by  the  Brinell  method  consti- 
tutes such  an  expedient.  Further  experiments  to  elucidate 
this  matter  more  fully  is  desirable. 

(5)  The  determination  of  the  hardness  number  of  anti- 
friction alloys  of  equal  chemical  compositions  may  perhaps 
supply  us  with  the  possibility  of  establishing  a  comparison  in 
broad  features  between  the  different  alloys  as  to  their  suit- 
ability for  diminishing  friction.  If  this  should  be  confirmed 
the  exact  determination  of  the  average  hardness  numbers  of 
anti-friction  alloys  would  acquire  an  extraordinary  import- 
ance, because  it  would  in  many  cases  enable  us  to  arrive  at  a 
quick  estimate  in  place  of  the  tedious,  expensive,  and  difficult 
friction  test,  for  which,  moreover,  suitable  arrangements  are 
not  always  available. 

(6)  Apart  from  the  impact  tests  which  sometimes  yield 
useful  information  with  regard  to  the  impact  strength  of  anti- 
friction alloys,  as  well  as  from  the  compression  and  hardness 
tests,  useful  information  concerning  the  most  important  char- 
acteristics of  those  metals  cannot  be  obtained  from  other 
mechanical  tests  (tensile  and  bending  tests,  &c.)，  to  which  such 
metals  are  occasionally  submitted. 
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MODERN  DEVELOPMENTS  IN  THE  ELECTRO-DEPOSITION  OF 
METALS  AND  ALLOYS, 

BY  (；  KO.  P.  LKK. 

1 1  rrn  kk'J'o  eled  l  o-cleposit'ion  has  been  resorted  to  mainly  for 
decorative  purposes;  that  is  on  an  article  made  of  <*oiinnon 
met  al  or  alloy  to  deposit  one  with  a  greater  surface  brilliance. 
But  the  process  can  now  be  applied  not  only  for  such  orna- 
mental work,  but  to  overcome  some  of  the  many  difficulties 
( hat  confront  marine  engineers.  That  one  metal  could  be 
coated  on  to  another  by  dipping  in  suitable  solutions  was 
known  to  the  ancients,  and  t.he  Greek  liistorian  Zosimus  in  tlie 
li  ft  1 1  centut'v  (h'scribed  how  swortis  ami  shields  were  so  coated 
wit  li  (topper.  The  same  eflVrt  was  described  as  the  actual 
transmutat ion  of  metals  by  Paracelsus  in  t lie  1 6th  century. 
Probably  the  first  commercial  instance  of  one  metal  being  used 
\,o  <-oa.t  anot  her  was  in  1742  when  Thomas  Bolsovei'  by  welding 
silver  on  to  a  copper  foundation  establislied  t  lie  now  ext  iiict 
industry  of  Sheffield  plate  manufacture.  The  process  was 
entirely  meclianical  and  consisted  of  welding  and  rolling  thin 
silver  sheets  to  a  thicker  copper  one.  Various  articles  such  as 
t-rays,  teapots,  candlesticks,  &c"  were  made  from  the  sheets  so 
treated,  and  liad  therefore  all  the  appeanuire  of  silver, 
； iltliongli  the  bulk  of  the  metal  was  copper.  The  industry 
attained  considerable  im portiuice  until  t lie  advent  of  electro- 
plating. As  tli is  does  the  same  thing  in  a  mucli  better  and 
(cheaper  way  the  manufacture  of  Sheffield  plate  is  no  longer 
practised. 

The  first  attempt  at  electrolysis  or  analysis  of  a  liquid  by 
an  electric  current  was  probably  by  Dieman  and  Paets  or  by 
Van  Trootswyk,  who  in  1789  at  Haarlem  decomposed  waier 
by  electricity.  A  little  later  Ritter  precipitated  silver  by  the 
same  means.  This  was  in  the  early  days  of  electrical  develop- 
ment' and  when  only  frictional  machines  giving  a  very  lugli 
voltage  and  a  very  small  current  were  available,  and  these,  as 
we  now  know,  are  not  the  conditions  generally  necessary  for 
electrolytic  work.  In  1800  Volta's  pile  was  introduced,  and 
as  this  gave  a  very  large  current  with  a  low  voltage  the  way 
was  opened  for  further  development  in  electrolytic  work.  The 
most  important  was  the  brilliant  electro-chemical  discoveries 
of  Davy,  who,  by  decomposing  the  oxides  of  the  alkalies  and 
alkaline  earths,  proved  that  these  were  not  elementary  sub- 
stances as  had  hitherto  been  thought,  but  the  oxides  of  the 
metals  lithium,  sodium,  potassium,  &c.，  which  metals  he  for 
the  first  time  separated  from  their  compounds.  In  1801  Wol- 
laston  deposited  copper  on  silver  and  in  1803  Cmickshank 
deposited  several  metals  from  their  solutions.  Wollaston 
obtained  his  deposit  by  inserting  the  silver  in  contact  witli  a 
more  oxidisable  metal  in  a  solution  of  copper,  thus  making  a 
.small  battery  of  the  solution  itself.  Cruickshank  had  con- 
structed a  battery  of  considerable  size  for  his  experiments.  In 
1805  Brugnatelli  deposited  gold  on  to  silver  medals.  The 
researches  of  Oerstad  and  Arago,  the  construction  by  Faraday 
in  1831  of  the  first  magneto-electric  machine,  the  invention  by 
Pixii  in  1832  of  the  prototype  of  the  modern  dynamo  and  the 
introduction  of  Daniell's  battery,  besides  giving  fresh  sources 
of  electrical  energy,  widened  the  interest  in  electrical  work. 
In  1836  De  la  Rue  noticed  that  the  copper  whicli  deposited 
on  the  cells  of  a  Daniell's  battery  exactly  reproduced  every  line 
or  mark  on  the  surface  on  which  it  is  deposited,  but  he  failed 
to  appreciate  tlie  possibilities  of  this  discovery.  Three  years 
later  three  men —— Jacobi  in  St.  Petersburg,  Spencer  and 
Jordan  in  England,  independently  and  almost  simultaneously 
described  the  process  of  electrotyping.  In  1836  Elkington 
obtained  a  patent  for  gilding  copper  and  brass  objects,  and  in 
1838  one  for  zinc  plating  by  a  method  similar  to  Wollaston's. 
Spencer  in  describing  liis  electrotyping  process  also  stated  that 
non  conducting  substances,  such  as  wood  and  plaster  of  Paris, 
cou]d  be  made  conductive  and  covered  electrolytically  if  they 
were  first  covered  with  a  film  of  bronze  powder;  and  in  1840 
Murray  discovered  that  moulds  of  non-conducting  material 
could  be  made  conductive  by  brushing  them  with  plumbago,  so 
t  hat  metallic  moulds  were  no  longer  essential. 

I"  1840  Wright  after  experimenting  with  many  solutions 
discovered  the  use  of  the  cyanide  bath  for  the  production  of 
good  deposits  of  gold  and  silver.  No  good  results  had  before 
"lis  }>een  obtained  in  depositing  these  meta】s，  because  the  few 

' AljHtract  of  paper  read  at  the  exhibition  of  the  non-ferrous  metals,  Agricul- 
tural Hall.  Lonrlon,  N.,  June  22nd,  101 '2,  and  reproduced  from  the  "  Transactions 
of  the  Institute  ot  Marine  Engineers," 


salts  that  are  soluble  gave  very  poor  deposits,  for  as  gold  and 
silver  are  electro-negative  to  most  ordinary  metals  they  are 
easily  thrown  out  of  solution  by  the  other  metals.  Good 
deposits  are  seldom  obtainable  by  this  "  simple  immersion  " 
metliod .  Solutions  of  the  double  cyanides  of  potassium  and 
gold  or  silver,  liowever,  permit  of  good  electrolytic  deposits. 
Tli is  solution  was  patented  by  Messrs.  Elkington,  and  from 
tli is  time  onward  tlie  industry  of  silver  plating  became  lirrnl v 
est  ahlisliecl  and  completely  superseded  Sheffield  plate. 

Bui,  though  the  development,  of  dynamo-electric  machinery 
and  other  branches  of  electricity  has  advanced  by  leaps  and 
hounds,  hut  very  little  furtlier  progress  has  been  made  in 
electro-plating.  Indeed  it  (  ； m  he  safely  said  that  the  industry 
is  practically  limited  to  t  he  electro-deposition  of  gold,  silver, 
and  nickel.  Copper  is  deposited  on  to  iron  before  nickel 
]>latiiig  and  brass  is  also  deposited,  but  most  of  the  attempts 
to  deposit  metals  on  to  iron  or  steel  have  not  been  very 
successful . 

Many  tlieories  liad  from  time'  to  time  been  advanced  to 
account  for  t  he  phenomena  of  electrolysis,  but  interesting 
though  it  might  be  to  trace  the  developments  tli  rough  the 
theories  of  Davy,  Berzelius,  Faraday,  Grotthus,  Clausius,  &c.， 
it  is  beyond  tlie  scope  of  tliis  paper.  The  laws  stated  by 
Faraday  are  still  found  to  be  true,  namely  :  (1)  Tlie  quantity 
of  an  element  set  free  or  deposited  by  an  electrical  current  is 
proportional  to  the  strength  of  tlie  current  and  tlie  time. 
(2)  The  amount  of  an  element-  set-  free  or  deposited  is  propor- 
tional if)  its  cliernical  e(|uivalent.      These  two  laws  may  be 


Fig.  1.— Gataamsino  Drum. 


combined  in  one  as 一 The  same  quantity  of  electricity  (in 
coulombs  or  ampere  hours)  passing  through  an  electrolyte  sets 
free  deposits,  or  transfers  to  other  combinations,  always  the 
same  number  of  valencies. 

The  theory  now  generally  accepted,  and  known  as  the 
dissociation  theory  or  tlie  theory  of  ions,  was  first  enunciated 
by  Arrhenius  in  1887,  following  up  valuable  work  done  by 
Van't  Hoff.  This  theory  was  foreshadowed  by  Faraday  and 
the  terms  used  in  explaining  it,  such  as  ion,  kation,  anion,  &c.， 
were  due  to  him.  Briefly  this  theory  states  that  all  electro- 
lytes (according  as  they  are  good  or  bad  conductors)  are  more 
or  less  dissociated  or  broken  up  in  solution  into  ions  carrying 
positive  or  negative  charges  of  electricity  in  proportion  to 
their  valency.  These  ions  are  in  a  state  of  continual  motion, 
migrating  to  every  part  of  the  solution,  and  the  electric  current 
simply  acts  as  a  directing  force  causing  the  ions  to  migrate  in 
a  definite  course  to  each  electrode  and  there  to  deposit  their 
electric  charges,  after  which  they  appear  as  the  usual  chemical 
elements  or  groups,  and  may  be  set  free  as  such,  or  undergo 
further  chemical  decomposition  with  the  electrode  or  solution. 
The  latest  theories  deal  with  the  extension  of  the  dissociation 
theory,  owing  to  the  conception  of  the  materialistic  nature  of 
electricity. 

There  are  many  difficulties  to  be  overcome  in  the  deposition 
of  zinc,  and  in  depositing  any  metal  on  to  iron  and  steel,  and 
many  attempts  have  been  made  to  overcome  them.  Attempts 
have  been  made  to  deposit  zinc  from  a  zinc  sulphate  solution 
by  using  insoluble  anodes  of  lead  and  neutralising  the  acidity 
of  the  solution,  and  at  the  same  time  regenerating  it  by  pump- 
ing it  through  filter  beds  of  zinc  dust.  Zinc  dust  is  a 
by-product  of  zinc  distillation,  and  contains  both  zinc  and  zinc 
oxide.  It  is  cheap,  but  being  a  by-product,  its  constituents 
cannot  be  guaranteed,  and  the  percentage  of  zinc  may  vary 
from  5  to  80  per  cent.  It  is  therefore  extremely  difficult  to 
arrange  that  the  solution  will  be  so  regenerated  that  no  free 
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acid  is  ever  in  contact  with  the  iron  kathodes.  It  has  the 
further  disadvantage  that  on  the  surface  of  the  lead  anode 
peroxide  of  lead  is  formed,  and  this  sets  up  a  considerable  back 
electromotive  force,  so  that  a  high  voltage  is  required  to 
overcome  it. 

A  new  solution,  the  invention  of  two  Italian  electro- 
cliemists,  Messrs.  Marino,  father  and  son,  and  with  which 
the  present  author  is  connected,  overcomes  practically  all  the 
difficulties  of  depositing  metals  and  alloys  on  to  iron  and  steel 
in  a  very  simple  way.  The  solution  is  prepared  by  dissolving 
equal  parts  (about  5  per  cent,  of  total  solution)  of  sodium 
boroglyceride  and  sodium  borobenzoat-e  in  water,  and  adding 
the  required  salt  or  salts  of  the  metal  or  alloy.  Sodium 
biborate  or  borax  is  familiar  to  engineers,  for  it  is  extensively 
used  in  welding,  brazing,  &c"  because  of  its  property  of  dis- 
solving metallic  oxides.  It  has,  however,  not  hitherto  been 
applied  to  do  this  in  electro-plating  solutions,  because  it  unfor- 
tunately also  has  the  property  of  being  decomposed  by  metallic 
salts.  Prepared  according  to  Messrs.  Marino's  method  with 
glvcerine  and  benzoic  acid,  it  is  not  affected  by  the  metal  salts, 
and  retains  all  its  power  of  dissolving  metallic  oxides.  If  iron 
has  to  be  coated  with  auy  metal  such  as  zinc,  tin,  lead,  copper, 
or  alloys,  this  solution  not  only  does  not.  attack  the  iron,  but 
if  there  is  a  film  of  oxide  formed  after  the  iron  has  been  cleaned 
the  solution  will  remove  this,  so  that  the  deposit  is  on  to  a 
clean  metallic  surface,  and  perfect  adhesion  obtained.  The 
glycerine,  besides  preventing  the  borax  being  decomposed,  has 
several  valuable  properties  of  its  own.  It  mixes  thoroughly 
witli  water  in  all  proportions,  and  100  parts 
of  glycerine  will  dissolve  50  parts  of  borax. 
It  prevents  the  formation  of  metal  hydrates, 
and  thus  keeps  the  anodes  in  a  soluble  condi- 
tion ；  it  is  not  decomposed  by  an  electric 
current  of  the  voltage  usually  used  in  electro- 
plating, so  that  a  deposit  can  be  forced  into 
recesses  and  hollows  without  the  risk  of  de- 
composing the  electrolyte  ；  and  it  further 
gives  metallic  deposits  that  are  reguline, 
ductile,  and  adherent.  It  is  evident,  there- 
fore, that  this  solution  overcomes  all  tlie  diffi- 
culties of  depositing  metals,  particularly  on 
to  iron  and  steel ,  in  a  very  simple  and 
inexpensive  way 

Besides  the  solution,  the  mechanical 
details  of  electro-plating  have  also  been  open 
to  considerable  improvement.  For  ordinary 
silver-plated  ware  the  original  methods  of  sus- 
pending the  articles  by  wires  from  the  kathode  rod  is  still  the 
one  usually  practised.  But  for  dealing  with  iron  articles  that 
have  to  be  coated  with  zinc,  copper,  brass,  nickel,  &c.，  this 
method  is  too  slow  and  cumbersome,  and  various  mechanical 
devices  have  been  introduced  to  save  the  loss  of  time  and  money 
in  wiring  up  articles.  Revolving  plating  barrels  have  the 
advantage  that  articles  are  polished  by  rolling  over  each  other 
at  the  time  they  are  being  electro-plated.  But  in  the  author's 
opinion  these  barrels  have  the  defect  that  a  perforated  barrel, 
made  of  some  non-conducting  material,  is  between  the  anode 
and  the  work  or  kathode.  This  means  that  the  process  of 
deposition  is  slow  and  a  considerable  amount  of  power  is  lost 
in  getting  the  current  through  all  the  obstructions. 

Figs.  1  and  2  show  the  construction  of  a  plating  apparatus 
designed  by  the  author  for  zinc  plating,  and  Figs.  3  and  4  show 
the  general  arrangements  of  these  barrels  for  cleaning, 
plating,  washing,  and  drying.  Fig.  1  shows  the  simplest  form 
of  the  apparatus.  It  consists  of  a  tee  iron  ring  about  5ft. 
diam.,  on  which  is  formed  the  two  cone-shaped  wooden  por- 
tions. One  end  of  the  wooden  staves  butts  into  the  angles  of 
the  tee  iron,  and  the  other  end  butts  into  angles  in  a  spider 
frame  carried  on  the  central  shaft.  One  of  these  spider  cast- 
ings butts  against  a  collar  on  the  shaft  and  tlie  other  is  set  up 
by  a  nut  on  the  shaft  which  thus  forces  the  whole  structure 
firmly  together.  The  flange  of  the  tee  iron  extends  about  ^in. 
beyond  the  wood  into  tlie  interior  of  the  barrel,  and  forms— tlie 
kathode  connection,  a  brush  pressing  against  it  conveying  the 
current  from  the  work  inside.  The  anodes  are  hung  inside  on 
tl»e  sliaft  wliicli  forms  the  conductor  carrying  current  to  tlie 
anodes.  As  the  barrel  revolves  the  work  is  carried  partially 
round  till  gravity  brings  it  back  ；  the  cone-shaped  sides  ensure 
that  tlie  articles  do  not  merely  slide  back  but  are  turner!  over 


each  other,  so  that  fresh  surfaces  are  continually  being 
exposed. 

Fig.  2  is  a  modifi<vition  of  the  first,  design  ；  a  parallel  j);ut 
between  two  tee  iron  rings  allowing  more  work,  such  as  bolls, 
&c.，  to  be  put  in  the  barrel.  In  this  design  also  tlie  shaft  is 
made  a  fixture,  and  the  barrel  allowed  to  rotate  on  it.  This  is 
to  allow  the  anodes  to  be  fixed  in  their  proper  positions  and  to 
permit  of  a  non-conducting  hood  being  fixed  over  them,  so 
that,  if  by  any  chance,  some  of  the  work  is  carried  round  too 
far,  it  will  not  fall  across  the  anode  and  cause  a  short  circuit. 
Barrels  made  on  this  principle  allow  tlie  current  to  be  carried 
to  the  anode  and  back  from  tlie  kathode  with  the  least  possible 
loss,  since  its  path  is  as  short  and  direct  as  it  can  be,  and  i  here 
is  no  obstruction  between  the  anode  and  the  work.  Arranged 
as  shown  in  Figs.  3  and  4,  work  can  be  lianclled  with  tlie 
minimum  of  labour  and  trouble.  Starting  from  the  top 
platform  it  is  put  into  the  top  barrel  for  cleaning.  This  may 
be  done  electrolytically,  in  a  potash  solution,  with  sand,  &e" 
or  in  whatever  way  the  class  of  goods  require.  When  the 
cleaning  is  completed,  the  door  of  the  barrel  is  opened  and  the 
work  and  solution  allowed  to  slid©  out  on  to  an  inclined  shoot. 
Part  of  this  shoot  is  arranged  to  turn  up  and  act  as  a  stop, 
keeping  the  work  on  the  perforated  part  of  the  shoot  till  all 
the  solution  drains  off  into  the  tank  below.  From  this  tank 
the  solution  is  pumped  up  to  a  storage  tank  above,  passing 
first  through  a  filter  which  removes  all  scale,  dirt,  &c.  From 
the  storage  tank  tlie  cleaning  solution  is  led  back  to  the  top  of 
the  barrel,  ready  to  be  let  in  when  a  fresh  supply  of  work  is  put 
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in.  Wlien  the  work  already  cleaned  is  sufficiently  d rained, 
tlie  hinged  stop  is  turned  down  and  the  work  allowed  to  slide 
over  it  to  a  second  similar  stop.  In  this  position  the  work  is 
under  jets  of  water  which  thoroughly  wash  away  all  dirt  and 
traces  of  the  cleaning  solution  to  the  tank  below.  After  this 
is  finished,  the  second  stop  is  turned  down  to  guide  the  work 
into  the  next  barrel,  which  is  the  plating  barrel.  When  this 
has  received  the  work,  the  door  is  closed  and  the  barrel  started 
rotating  till  sufficient  deposit  is  obtained.  The  door  is  then 
opened  and  the  work  allowed  to  slide  out  and  drain  as  before, 
then  to  slide  down  into  a  tank  of  hot  water.  From  this  an 
inclined  elevator  lifts  it  out,  and  draining  it,  discharges  it  on 
to  a  conveyer  which  carries  it  over  jets  of  liot  air.  This 
ensures  the  work  being  thoroughly  washed  and  quickly  dried, 
for  this  is  necessary  if  the  deposit  is  to  retain  its  good  colour. 
The  solution  from  the  plating  barrel  is  also  pumped  to  a 
storage  tank  above  and  filtered.  The  complete  arrangement 
enables  a  large  variety  of  iron  and  steel  goods  to  be  easily  and 
satisfactorily  handled.  The  solutions  being  constantly  filtered 
are  always  in  an  efficient  condition.  This  filtering  is  very 
necessary  with  revolving  plating  barrels  because  pieces  of 
metal,  scale,  &c.，  are  liable  to  be  rubbed  off  even  after  passing 
through  the  cleaning  barrel. 

It  is  obvious  that  all  classes  of  goods  cannot  be  handled  in 
these  revolving  barrels,  for  there  is  a  limit  to  the  size  and 
weight  that  can  be  safely  dealt  with  in  them.  For  work  that 
is  too  heavy  or  too  big  for  tlie  barrel  method,  the  author  has 
designed  another  arrangement.  This  consists  of  vats  or  bat  lis, 
30ft.  to  40ft.  long,  for  cleaning  and  for  plating.  Tlie  baths 
are  provided  with  endless  chain  conveyer  gear  which  carry  the 
work  along  the  kathode  connection  between  rows  of  anodes. 
The  work  as  it  moves  along  is  made  to  rotate  by  a  toothed 
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wheel  running  in  a  rack.  This  rack  is  staggered  first  on  one 
side  and  then  on  the  other  of  the  toothed  wheel,  so  that  the 
work  rotates  first  in  one  direction  and  then  in  the  other.  This 
ensures  that  every  part  of  the  work  will  receive  a  proper 
co.'it  ing.  The  work  travels  through  the  bath  at  such  a  rate  t  hat 
when  it  lias  travelled  from  one  end  to  the  other  it  lias  received  a 
proper  coating.  This  metliod  thus  ensures  that  all  articles  will 
receive  the  same  amount  of  deposit  if  sent  through  at  the  same 
rate.    The  first  two  anodes  are  supplied  by  a  separate  dynamo 


Again,  taking  50  per  cent,  as  the  efficiency  of  the  generator, 
transmission,  &c.，  the  supply  units  would  be  '8,  and  at  Id,  per 
unit  would  cost  8  pence. 

Cost  of  zinc   〗0  044 

Currents  for  depositing    5"668 

Current  for  cleaning    *8 


pence, 
pence. 


With  plat,es 


FlG.  3.— CrENEnAL  ARRANfiEMKNT  CF  Pl>ANT  FOR  ZlNT  ri.ATING 

at,  a  higher  voltage  than  that  supplied  to  the  rest  of  the 
anodes.  The  kathode  or  negative  pole  is  common  to  both . 
This  is  to  force  the  deposit  into  all  recesses  and  hollows,  and 
once  this  lias  been  done  by  a  slightly  higher  voltage,  it  will  be 
maintained  by  the  normal  voltage. 

Tlie  question  that  will  be  of  most  interest  to  engineers,  in 
any  system  of  metal  depositing,  will  be  that  of  cost.  It'  is 
rather  difficult  to  state  this  exactly,  because  the  aTnouni  of 
metal  deposited  will  depend  on  the  area 
covered  and  the  thickness  of  the 
deposit,  and  area  does  not  always  bear 
any  special  relation  to  weight  in  the 
usual  class  of  iron  or  steel  goods  that 
would  require  coating  with  another 
metal.  But  for  a  guide  we  will  take 
t  lie  case  of  sheet  iron  coated  with  zinc. 
One  ampere-hour  deposits  1*2119 
grammes  of  zinc.  This  is  the  theoreti- 
cal amount  and  would  hardly  be 
readied  in  practice,  but  in  the  Marino 
solution,  since  there  is  no  loss  in  decom- 
posing the  electrolyte,  1*2  grammes  can 
be  obtained.  We  will  suppose,  how- 
ever, that  only  1  gramme  is  deposited 
per  ampere-hour  and  that  we  have  to 
cover  an  area  of  100  sq.  ft.  An  ample 
coating  for  this  would  be  50  ozs.  of 
zinc  =  1,417  grammes. 

This  would  require,  therefore, 
1  ，4 1 7  ampere-hours.  The  voltage 
necessary  would  he  2  volts.  The  units 
woulrl  be 

Taking  the  generator  and  transmission, 
&c.，  efficiency  at  only  50  per  cent.,  the 

supply  units  would  be  5'668.  Taking  current  at  Id. 
per  unit  tlie  cost  would  be  5*668  pence.  The  cost  of 
zinc,  50  ozs.  at  £30  a  ton  =  10  044  pence.  The  shoots  would 
require  cleaning,  and  this  would  be  very  satisfactorily  done  by 
our  electrolytic  metliod.  For  this  an  area  of  100  sq.  ft.  would 
require  400  amperes  at  6  volts  for  10  minutes 
40Ox(5x】O 


16.512  pence. 
jl(;in.  thick  a  surface  of  100  sq.  ft.  (taking  both 
sides)  would  weigh  about  1261bs.  Take 
it  as  1  cwt. ,  and  plates  ^in.  thick 
2  cwts.,  <fec.  The  cost  of  zinc  coating 
sheet,  iron  ^-in.  thick  would  therefore 
be  Is.  4^d.  per  cwt.  of  iron,  sheet  iron 
I'm.  thick  7 Id.  per  cwt.,  Jin.  thick 
3§d.，  &c. 

This  is  a  very  generous  estimation 
because  1  ampere-hour  would  deposit 
more  than  1  gramme,  the  generator 
and  transmission  efficiency  would  be 
more  than  50  per  cent.  ；  current  would 
be  generated,  and  in  most  industrial 
centres  bought,  for  less  than  a  penny 
per  unit,  100  sq.  ft.  of  the  various 
thicknesses  would  weigh  more  than  the 
1，  2，  3，  &c -，  cwts.  taken,  and  lastly  a 
coating  of  50  ozs.  per  100  sq.  ft.  is  more 
than  is  necessary.  Wire  and  sheet  iron 
coated  by  the  hot  system  and  wiped 
would  not  have  anything  like  this  coat- 
ing. By  the  electrolytic  method  of 
course  any  required  thickness  can  be 
put  on. 

The  figures  given,  of  course,  only 
include  the  coat  of  zinc  and  current  for 
lepositing.      To    this    would    have    to  be 
establishment    and    capital  charges,  &c. 
be  liandled  in  the  revolving  barrels  the 
and  the  cost  of  power  for 
There 


cleaning  and 
added  labour, 
For  work  that  can 
labour  charges  would  he  small 

driving  the  barrels  should  not  exceed  a  penny  per  cwt 


can  be  no  doubt,  therefore,  that'  the  electro-galvanising  system 
is  very  much  cheaper  than  the  hot  system.  This  is  not  surpris- 
ing, when  we  consider  the  sources  of  loss  that  are  inherent,  to 
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General  Arrangement  of  Plant  for  Zinc  PijAting. 


the  old  process,  such  as  tlie  loss  due  to  burning  the  zinc,  the 
loss  for  radiation,  the  loss  from  volatilisation,  and  the  difficulty 
of  preventing  lumps  and  ridges  solidifying  before  the  excess  of 
zinc  can  be  drained  off.  A  most  important  advantage  of  the 
electro  system  is  the  fact,  that  unlike  the  hot  process,  it  has 
no  detrimental  effect  on  the  material  treated,  so  that  steel 
springs  can  be  coated  without  affecting  their  temper,  and  there 
is  no  loss  of  strength  iji  steel  chains,  angle  irons,  girders,  &c. 
Electro  deposition  by  the  Marino  system  is  of  course  not 
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limited  to  depositing  zinc  ；  copper,  tiu,  lead,  aluminium,  brass, 
and  other  alloys  can  also  be  deposited  with  equal  facility. 

Besides  the  solution  for  dealing  with  plating  on  to  iron, 
Messrs.  Marino  have  also  discovered  solutions  for  many  other 
purposes,  such  as  depositing  metals  on  to  aluminium,  deposit- 
ing alloys  of  silver  aud  nickel  silver  and  cadmium,  silver  and 
tin,  A-c,  depositing  metals  on  to  wood,  &c.，  and  on  to  china 
and  glass  ware.  The  deposition  of  alloys  of  silver  which  has 
nut  hitherto  been  possible,  such  as  nickel  and  silver,  is  of  inte- 
rest to  shipowners,  as  they  are  large  users  of  plated  ware. 
The  alloy  of  nickel  and  silver  besides,  of  course,  being  much 
cheaper,  lias  all  the  appearance  of  silver  combined  with  the 
hard-wearing  aud  non-tarnishable  qualities  of  nickel .  The 
following  is  a  brief  explanation  of  the  process  for  depositing 
metals  ou  to  china  and  glass  ware.  The  only  acid  that  has  any 
effect  on  china  or  glass  is  hvdrofluoric  acid  H.  Fl.  and  the 
chief  use  of  this  acid  is  for  etchiug  glass.  Mr.  Marino,  there- 
fore, dissolves  a  metal  iu  hydrofluoric  acid,  usually  by  first 
reducing  tlie  metal  salt  to  a  carbonate,  aud  applies  this  solu- 
tion to  the  surface  of  china  or  glass  required  to  be  metallised. 
The  solution  then  will  begin  to  attack  the  china  or  glass  carry- 
ing the  metal  in  solution  with  it.  By  applying  another  metal 
with  a  higher  solution  pressure  than  the  one  in  solution,  either 
in  the  form  of  a  powder  or  as  a  revolving  brush,  it  will  replace 
the  first  metal  from  its  solution.  The  precipitated  metal  will 
therefore  be  firmly  embedded  in  the  pores  of  the  china  or  glass 
and  forms  a  foundation  on  which  any  other  metal  may  be 
electrolytically  deposited  in  the  usual  way. 

In  opening  the  discussion,  Mr.  Lee  pointed  out  that  the 
problem  of  electro-deposition  of  metals  was  similar  in  some 
respects  to  that  of  corrosion,  inasmuch  as  it  was  necessary  to 
corrode  one  metal,  the  anode,  to  obtain  the  deposit  on  the 
kathode.  All  metals  and  alloys,  if  immersed  in  water — pure, 
or  containing  matter  in  solution ― would  tend  to  pass  into 
solution.  This  tendency  was  due  to  the  solution  pressure  of 
the  metal  and  for  each  metal  it  was  a  constant  depending  on 
temperature  for  each  particular  solvent.  The  ions  into  which 
the  metal  was  broken  up  carried  large  charges  of  static  elec- 
tricity and  distributed  themselves  uniformly  all  through  the 
solution.  In  endeavouring  to  prevent  corrosion  it  was  neces- 
sary to  have  some  means  of  keeping  the  metal  negatively 
charged. 

The  chairman,  Mr.  F.  M.  Timpson,  raised  the  question  as 
to  whether  all  corrosion  was  more  or  less  electrical.  He 
understood  tliat  on  certain  vessels  the  zinc  plates  in  the  boilers 
had  been  done  away  with,  as  it  was  claimed  that  with  a  better 
circulation  t liey  were  unnecessary.  He  had  seen  pipes  coated 
with  lead,  whicii  was  stated  to  be  a  better  protective  than 
ziitc.  He  understood  tliat  acid  solutions  were  sometimes  used 
in  the  cleaning  of  condenser  tubes.  Mr.  Jolni  McLaren  asked 
if  tlie  author  had  found  it  possible  in  practice  to  keep  the 
metal  negatively  charged  and  so  prevent  corrosion.  A  system 
had  been  used  to  prevent  corrosion  in  boilers  by  means  of 
passing  an  electrical  current  through  tlie  water,  but  he  did  not 
know  if  it  liad  been  successfully  adopted.  He  asked  the 
author  by  what  process  he  had  been  able  to  effect  tlie  deposi- 
tion of  silver  on  glass.  Mr.  W.  McLaren,  in  alluding  to  the 
practice  of  putting  a  copper  deposit  on  hydraulic  rams,  asked 
it'  surii  deposits  were  merely  ou  the  surface,  or  were  im p reg- 
it ated  into  t lie  metal.  Plated  goods,  when  subjected  to  lieavy 
vibration  or  rougli  usage,  sometimes  "  flaked."  Plating  was  a 
species  of  adulteration,  but  if  well  done  it  was  a  very  efficient 
substitute  for  the  real  metal.  Mr.  Jas.  Adanison  (lion,  secre- 
tary) considered  tliat  a  process  of  depositing  on  wood,  if  it 
could  be  done  at  a  reasonable  cost,  would  be  a  great  advantage 
in  connection  with  refrigerating  plant.  If  the  process  could 
also  be  applied  to  the  coating  of  brine  pipes,  it  would  save  a 
great  deal  of  the  corrosion  tliat  went  on  in  them.  There  was 
mucli  objection  to  galvanising  for  tliis  purpose.  In  the  brine 
、v ，"- m  also,  iliere  was  corrosion  at  the  junction  of  the  pipes, 
due  to  a  slight  slackness  at  tlie  screw,  or  to  tlie  thread  being 
torn  while  being  screwed .  He  understood  tliis  process  could 
l>e  applied  in  such  a  way  as  to  seal  aliriost  liennetically  the 
jujiction  he< ween  tlie  pipes  and  the  cou[)ling  nuts. 

In  replying  to  tlie  various  questions  raised,  Mr.  Lee  said  an 
electrical  action  always  accompanied  corrosion.  In  electro- 
depositing  it  was  not  necessary  for  the  metal  that  was  being 
deposited  io  com})ii)e  witli  the  other,  in  fact,  the  effect  would 
l,e  to  weaken  it.  "  Flaking  "  was  due  to  the  surface  on  wliicli 
Uic  inetal  was  deposited  not  being  efficiently  cleaned,  and  a 


thiu  film  of  metallic  oxide  fontiecl  between  the  two  metals.  ]n 
the  process  with  wliicli  he  was  associated  a  preparation  which 
included  borax  and  glycerine  was  used  io  obviate  tliis.  Lead 
was  a  good  coating  for  pipes,  as  it  was  a  very  insoluble  inetal, 
but  it  was  difficult  to  do  the  work  effectively  in  some  iiisiaiircs. 
Deposits  on  wood  had  been  successfully  accomplislied,  but  not. 
to  any  large  extent.  He  did  not  see  why  the  process  should 
not  be  applied  to  brine  pipes.  There  were  many  solutions  thai 
might  be  used  for  cleaning  purposes,  such  as  solutions  ol' 
hydrochloric  and  hydrofluoric  acid  and  sulphate  of  soda,  bui 
acid  solutions  sometimes  had  a  harmful  effect  ii})on  the  rn<'t  ； i  f 


STEINMiiLL 已 R'S  WATER-TUBE  BOILER. 

We  illustrate  herewith  a  design  of  water-tube  boiler  in  which 
two  groups  of  nearly  vertical  tubes  are  arrange*!  one  l)elii"(l 
the  other,  each  group  of  tubes  serving  to  connect  one  or  two 
upper  drums  to  the  correspomling  lower  ones,  the  invention 
of  Messrs.  L.  &  C.  Steinmiiller,  Gummersbacli,  Rhineland, 
Grermany.  In  such  boilers  it  is  of  importance  in  practice  to 
be  able  to  replace  tlie  tubes  of  the  element  ini mediately 
adjoining  the  furnace,  whenever  required,  without  any  diffi- 
culty and  without  stopping  working  for  any  length  of  time. 
To  that  end,  it  has  hitherto  been  usual  to  provide  eithei"  in 
the  front  wall  ov  in  the  roof  of  the  generator  masonry  special 
openings  closed  by  doors,  which  enable  damaged  tubes  to  be 
removed  and  new  tubes  to  be  inserted.  It  is,  however, 
difficult  to  keep  these  openings  tightly  closed  pernianently, 
and  consequently  air  is  liable  to  be  unintentionally  admitted 
to  the  furnace  and  the  products  of  combustion  are  apt  to 
escape  into  the  boiler-house.  Moreover,  when  such  openings 
are  provided  for  the  repair  or  replacement  of  boiler  tubes3 


STKINMUIiLEK'S 入 VaTER-TUBJ':  KulLKIt. 


care  must  be  taken  that  those  parts  of  the  walls  or  roof  of  t lie 
boiler-house  opposite  the  openings  are  situated  at  a  suflBcient 
distance  so  as  to  provide  the  necessary  space  for  the  tubes  to 
be  exchanged.    This  leads  to  difficulties  when  space  is  limited. 

In  the  design  illustrated,  the  tubes  in  the  front  group 
may  be  exchanged  without  arranging  any  special  openings 
and  without  requiring  any  additional  room  as  regards  the 
reniaining  available  space.  Tins  is  effected  by  considerably 
shortening  tlie  tubes  of  the  front  element  as  compared  to  the 
tubes  of  the  element  or  elements  situated  behind  to  sikIi  an 
extent  tliat  tlie  exchange  of  the  front  tubes  can  be  cl i recti v 
effected  through  the  furnace  chamber.  As  a  result  of 
Kliortenin^  the  front  ^roup  of  tubes,  the  lieatin^  surface  of 
this  part  of  the  generator  is  considerablv  reduced,  and  tu 
coinj)etisate  for  this  the  heating  surface  of  the  rear  eleinenl 
or  eleiiiients  is  increased  to  the  required  degree  by  rorre- 
spondin^ly  lengthening  their  tubes.  Another  im])ortant 
advantage  results  from  tlie  shortening  of  the  front  element, 
since  the  surfaces  with  wliicli  the  hottest  gases  come  into 
contact ― that  is  to  say,  the  masonry  surfaces  etK-losiu^  tlie 
front  element 一 are  also  reduced,  and  in  accordance  with  this 
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reduction  the  losses  through  radiation  from  these  surfaces 
are  lessened,  and  the  efficiency  of  the  generator  is  increased. 

Referring  to  the  illustration,  tlie  front  element  directly  ad- 
joining the  combustion  chamber  P  comprises  an  upper  drum  Q, 
a  lower  drum  R,  and  sharply-inclined  or  "  steep  "  tubes  S  con- 
necting the  drums  together.  In  the  same  way,  the  rear  element 
consists  of  an  upper  drum  T，  a  lower  drum  U，  and  "  steep  " 
tubes  V.  Between  the  two  elements  is  arranged  a  supei'- 
lieaier  W.  As  will  be  seen,  the  tubes  S  of  the  front  element 
arc  made  considerably  shorter  than  the  tubes  V  of  the 
element  situated  behind  it,  and  their  dimensions  are  such 
tli at  they  can  be  removed  and  replaced  through  the  com- 
Imstion  chamber  direct  or  through  the  ashpit  X  of  the  fur- 
nace. When  a  stepped  grate  Y  is  provided  in  the  combiustion 
chamber,  as  shown,  one  or  more  steps  of  the  grate  wliicii 
subdivides  the  available  length  of  the  furnace  chamber  can 
be  easily  removed  for  the  purpose  of  exchanging  the  tubes  S. 


ELECTRICAL  MACHINERY  IN  THE  TROPICS. 

丄 t  is,  of  course,  a  well-kuown  fact  that  the  design  of  elec- 
trical machinery  for  use  in  the  tropics  requires  special  pre- 
('； nit  ions  as  regards  heating  limits,  as  compared  with  plant  for 
use  in  cooler  latitudes,  but  it  is  doubtful  whether  in  all 
instances  the  necessity  for  these  precautions  is  fully  realised. 
The  following  examples  of  the  kind  of  trouble  met  with  in  this 
connection  are  recorded  in  a  recent  issue  of  the  "  Electrical 
Review  and  Western  Electrician." 

In  one  case  iu  a  gas-driven  generating  station  operating 
in  a  hot  climate,  it  was  found  that  on  one  occasion  the 
exciter  on  an  alternator  running  in  parallel  witli  other 
machines  failed,  and  the  consequences  to  the  supply  can 
easily  be  imagined.  In  the  particular  power-house  it  was 
found  that  the  temperature  within  the  building  averaged 
104°，  and  it  was  at  first  suspected  that  something  had  gone 
wrong  with  the  insulation  of  the  exciter  or  the  leads  to  the 
main  generator,  or  that  an  earth  had  developed  on  the  field 
of  the  generator.  Tests,  however,  showed  that  the  insulation 
appeared  to  be  in  good  condition,  and  also  there  was  no 
smell  of  charring  or  burning  anywhere  about  the  generator, 
and  the  matter  appeared  to  be  rather  peculiar  until  the 
trouble  was  finally  traced  to  the  commutator  on  the  exciter. 
It  was  then  found  that  this  had  become  so  badly  carbonised 
as  to  cause  all  the  coils  of  the  armature  to  be  short-circuited, 
and  such  an  occurrence  amply  explained  all  the  rest.  The 
commutator  was  cleaned  by  means  of  glass-paper  at  intervals 
of  half  an  hour,  but  even  this,  on  account  of  the  excessive 
heat  of  the  commutator  due'  to  the  temperature  conditions 
under  which  it  was  working,  combined  with  the  presence  of 
a  certain  amount  of  gas  in  the  atmosphere,  made  it  impos- 
sible to  prevent  this  fault  from  happening.  Finally  the 
comiimtator  liacl  to  be  taken  out  and  turned  up,  and  after 
it  was  replaced  and  given  a  fresh  start  it  ran  very  well  for  a 
short  time  until  the  overheating  again  became  apparent. 

In  the  tropics,  electrical  discharges  are  very  frequently 
met  with,  and  this  is  a  feature  which  has  to  be  especially 
guarded  against  in  the  installation  of  electrical  machinery 
near  the  equator.  In  spite  of  the  great  care  in  design  which 
rliaracterises  the  manufacture  of  lightning  arresters,  there 
are  occasions  when  these  do  not  operate  with  every  success, 
and  very  great  care  should  be  taken  in  the  selection  of  a  good 
lightning  arrester,  should  it  be  decided  to  install  a  liigh- 
tension  overhead  system.  In  one  instance  where  a  plant  was 
constructed  to  generate  at  5,500  volts  for  an  overland  trans- 
mission in  South  America,  the'  trouble  was  so  serious  that 
each  time  a  storm  came  on  one  or  more  of  the  coils  in  the 
generators  were  burnt  out,  and,  in  spite  of  all  attempts  to 
rectify  the  matter  by  the  use  of  other  types  of  lightning 
arrester,  the  trouble  persisted  and  became  so  serious  that  it 
was  finally  decided  to  rewind  the  generators  and  motors  to 
a  voltage  of  500，  to  install  transformers  to  step  up  to  5,500 
\o!ts  for  the  transmission  line,  and  to  step  down  again  at  the 
ot  her  end.  In  this  way  no  further  trouble  was  caused  to  the 
generators,  the  transmission  system  being  rendered  an  inde- 
jK'iident  link  so  far  as  electrical  discharges  were  concerned. 

Special  consideration  should  be  given  in  the  selection  of 
plant,  for  tropical  climates  to  the  question  of  cable  fittings 
； Hid  appurteiKunres,  inasmudi  as  it,  will  be  found  that  in  a 
U"<»1  niany  types  of  junction  l)ox  and  similar  gear,  plant 
whicli  was  perfectly  satisfactory  for  cold  climates  introduced 


a  marked  danger  factor  when  used  in  the  tropics.  For 

example,  in  a  large  distribution  box  whicli  was  fed  by  Hm'<' 
core  cables,  a  lot  of  trouble  was  caused  for  the  following 
reasons.  The  contacts  for  the'  fuses  were  made  of  pieces  of 
^ia.  copper  bent  to  the  required  shape,  the  grip  between 
the  fuse  contact  and  the  holders  being  obtained  by  the 
natural  spring  in  these  clips.  This  would  be,  of  course, 
perfectly  satisfactory  under  normal  current-density  con- 
ditions, and  where  a  box  was  not  subjected  to  external  lieat, 
but  in  the  tropics  the  high  atmospheric  temperature,  combined 
wii  li  a  good  load  on  the  distribution  system,  caused  an  undue 
t ciiipcrature  to  be  maintained  on  the  fuse  clips.  On  one. 
occasion  a  temperature  of  109°  was  observed  in  the  immediate 
vicinity  of  these  clips,  and  such  conditions,  combined  with 
the  somewhat  frequent  drawing  and  replacing  of  the  fuses, 
impaired  the  electric  continuity  and  the  whole  box  became 
quite  warm.  These  fuse  contacts  were  supported  on  bases 
which  were  cemented  into  the  main  structure  by  means  of 
sulphur  cement,  and  similar  supports  also  carried  the  weight 
of  the  bus-bars.  Owing  to  the  local  heat,  together  with  tlie 
'— rn'  ral  temperature,  the  sulphur  compound  melted,  the  bus- 
bars became  slack  aud  started  arcing,  and  finally  the  copper 
contacts  got  red  hot,  with  serious  consequences.  In  the  par- 
ticular instances  noted  the  installation  was  utilised  for  nniu;- 
])uniping  purposes,  and  the  interruption  of  supply  caused  by 
the  giving  way  of  this  sulphur  cement  was  a  most  serious 
matter  until  the  pumps  could  be  got  started  again.  Con- 
sequently the  particular  junction  box  mentioned  had  to  he 
dismembered,  and  the  bases  were  mounted  on  plates  of  mica 
of  several  thicknesses  to  do  away  with  the  use  of  sulplmr 
cement. 


PULLEYS  FOR  HIGH-SPEED  TRANSMISSION- 

The  employment  of  steam  turbines  has  brought  iuto  pronti- 
nence  the  question  of  the  transmission  of  motion  between  a 
shaft  turning  several  thousand  times  a  minute  and  a  slial'i 
rotating  at  less  speed .  A  cast-iron  pulley  cannot  run,  without 
failure,  at  high  peripheral  speeds,  while  steel  pulleys  are 
not  only  expensive  but  are  also  heavy.  The  rim  ought  itself 
to  be  able  to  resist  the  centrifugal  force.  Now,  it  is  known 
that  with  equal  length  and  mass,  filaments 
composed  of  vegetable  or  animal  fibres  are 
more  resisting  than  steel  bands.  A  hoop, 
formed,  for  example,  with  glued  ramie  threads 
or  filaments  will  resist  centrifugal  force  better 
than  a  steel  ring  of  the  same  geometrical 
figure  and  turning  at  the  same  speed.  More- 
over the  ramie  hoop  will  be  about  seven 
times  lighter  than  the  other. 

It  has  been  previously  proposed  to  attach 
to  the  faces  of  peripheries  of  pulleys  for 
machine  belts  one  or  more  layers  of  a 
、 continuous  strip  or  of  separate  strips  of 
fibrous  vegetable  material,  such  as  wood  fibre, 
jute,  linen,  &c.，  pulped  separate)}-  or  together, 
l:0fS^::\  the   strips     after    saturation    in    an  ad- 

「  besive     cement,      and     vulcanisation  if 

desirable,  being  wrapped  around  the  peri- 
phery of  a  pulley  and  effectually  united  together  aud  to  the 
pulley  so  as  to  form  a  strong  and  firm  coating  or  covering  to 
the  pulley.  Such  a  coating  has  been  employed  merely  for  the 
purpose  of  ensuring  a  firm  continuous  grip  to  prevent  slipping 
of  a  driving  belt  or  to  increase  the  tension  therein.  In  a 
patent  recently  granted  to  Messrs.  Westinghouse-Leblanc,  45， 
Rue  de  Berlin,  Paris,  it  is  proposed  to  form  the  felloe  of  the 
pulley  by  winding  around  a  thin  rim  plate  several  folds  or 
layers  of  a  strip  or  band  consisting  of  animal  or  vegetable 
filaments  impregnated  with  an  agglutinant  such  as  vulcanised 
caoutchouc,  gelatine  or  artificial  cellulose  as  cellit,  viscose,  &c.， 
to  form  a  bobbin  which  is  made  of  such  dimensions  that  it 
alone,  without  the  aid  of  the  rim  plate,  will  be  sufficiently 
strong  to  resist  the  stresses  due  to  centrifugal  force,  the  rim 
plate  serving  merely  as  a  base  member  on  which  to  wind  the 
filament  band  and  which,  if  the  construction  so  allow,  may  be 
removed  after  the  felloe  is  formed  without  affecting  the 
strengtli  of  tlie  pulley.  Tlie  pulley  illustrated  has  a  steel 
nave  M  and  arms  B  supporting  a  rim  K  of  tliin  plate.  Tlie 
pulley  being  mouuied  on  a  sliai'l,  there  is  wrapped  around  \  \\v 
rim  a  lon^  ('mitimiou.s  lilanient  of  raniie,  cotton,  ilax,  Iumii]), 


October  4,  1912] 


THE    MECHANICAL  ENGINEER. 


437 


silk,  camel  hair,  or  other  suitable  substance,  in  regular  and 
successive  layers  which  are  successively  impregnated  with  an 
agglutinant,  each  fresh  layer  being  left  to  dry  if  the  agglu- 
tiuant  is  applied  in  solution,  e.g.,  gelatine,  or  artificial 
cellulose,  or  the  entire  pulley  is  placed  in  a  vulcanis- 
ing furnace  if  caoutchouc  is  used.  The  tension  with 
which  the  filament  is  wound  will  be  determined  exactly,  and 
will  change  from  one  layer  to  another  so  that  it  will  always  at 
least  be  equal  to  that  resulting  from  centrifugal  force  during 
rotation.  Any  form  can  be  given  to  the  rim,  cylindrical  or 
arched,  with  one  or  more  grooves,  &c'  It  can  be  of  any  size 
and  be  such  as  to  constitute  a  drum.  The  body  of  the  pulley 
and  the  light  rim  serving  to  support  the  bobbin  can  be  formed 
in  am-  desired  maimer.  It  may  be  of  paper  or  compressed 
pasteboard,  protected  or  reinforced  with  vegetable  or  animal 
fibres.  In  the  case  where  the  rim  support  does  not  afford  an 
effective  connection  in  the  direction  transverse  to  the  several 
spiral  layers  circular  bands  may  be  disposed  between  conse- 
cutive layers,  forming  a  cylinder  around  the  pulley  which 
bauds  mav  be  formed  of  filaments  of  vegetable  or  animal  fibres 
agglutinated  together. 


INDUSTRIAL  AND  TRADE  NOTES. 

Orders  for  Cruisers. 一 Orders  tor  two  light  annoured  cruisers  have, 
wo  uuderstand,  been  provisionally  placed  l»y  the  Admiralty  with 
Messrs.  V"'kers，  Ltd.,  Barrow-iii-Funiess,  and  two  similar  vessels 
with  Messrs.  W.  Beardmore  &  Co.,  Ltd.,  Dalnmir. 

South  Wales  Miners  and  the  Federation. ― The  anthracite  district  of  the 
South  Walos  Miners'  Federation,  which  has  a  nicnibership  of 
nearly  18,000,  and  is  the  largest  district  in  the  Federation,  decided 
ou  Satu relay  last,  at  a  meeting  held  in  Swansea,  to  break  a、va'v 
from  the  Federation  and  conduct  its  own  affairs. 

Hematite  Iron. — On  ^Monday  last  livmatito  iron  was  quoted  at 
8.3s.  per  ton.  This  is  a  record  price  for  ahoiit  a  dozon  yoiiis,  for 
i，i  1900  tli ore  was  a  ]>rico  quoted  of  80s.  l()d.  per  ton.  It  com- 
pares with  oos.  per  ton  i'or  tlie  saint1  class  of  iron  in  the  year 
1!J09，  and  w  ith  51s.  9d.  in  the  year  1904.  These  fluctuations  in 
price  are  to  some  extent  caused  by  the  activity  or  inactivity  in 
tin*  .shipbuilding  industry. 

The  New  Thames  Tunnel. ― Witln'u  a  few  w ceks  tlie  new  timnol 
under  tl"，  Thames  connecting  north  and  south  Woolwich  will  be 
opened  for  traffic.  Operations  have  hoon  in  ])rogross  ovor  two 
yoars,  and  the  cost  of  the  scheme  is  ahout  £80,000.  Hitherto  the 
only  means  of  crossing  the  river  at  this  point  has  been  by  a  free 
ierry.  This  will  1)o  the  fourth  tunnel  constructed  by  the  London 
County  Couiuil. 

Clyde  Shipbuilding  Activity. —— With  tli"  biggest  September  out- 
put on  rpwrd,  tlio  total  tonnage  luuiulied  from  the  Clyde  y;irds 
for  thr  nine  months  oF  the  yoar  is  also  brought  up  to  a  rt、cor(l， 
； I iid  tli(M*i»  is  soinr  likcliliood  now  of  the  year's  total  being  l;»wr 
tli;"i  rvw  Ik'Ioi*'  in  tlio  history  of  the  industry.  The  output  for 
the  inr>nth  consisted  of  20  vessels,  aggregating  53,81)4  tons,  and 
tl",  tomi:w  for  the  niiK*  montlis  amounted  to  471 ,744  tons,  wliicli 
is  about  1 1  J(0()  tons  over  the  pr<n  ious  lx\st  total  for  the  period. 

New  Destroyer  Depot  Ship. ― The  London  and  Glasgow  Eiigiii<?r 
ing  aiwl  I rr)ii  Sliipltuildin^  C()"i|):ui.v  (Messi-s.  Hailand  it  Wolfl"), 
l;iunclio<l  m，  tlio  2"yth  ult.,  from  tlicir  Al  id<lloton  Shipyard,  (")v:m， 
the  twin  scicu  stt';uiirr  '  Wool、、  icli  ,，'  w  liich  tlicy  ha vv  l>uilt  as  a  (lt*)>ot 
ship  for  torpedo  lioat  (h'stro'v'M's  for  H  is  Majesty's  Na\  y .  Tlio 
vefcw'l  is  320 ft.  in  length  l"'t、v(vii  |"'rpi'ii(li('uliirs,  40ft.  in  hrrndtli, 
； ind  21ft.  in  depth .  Slio  will  Ih>  fitted  with  twin  scrow  rt»cipro- 
(  iiting  (Mi^iiics,  :ui'l  w  ill  li;i、  "  ;i  \  cry  hiv^c  ； i nd  compk'te  outfit 
of  nuichiiH'  tools  f>f  pi  actically  all  descriptions. 

Wages  in  the  Iron  Trade. ― On  Saturday  last  tlie  M  idln  tul  Iron  ； uin 
Steel  Ww's  Hoard,  u  liich  regulates  \vi\ ges  in  Stiiff(jj  (lshiro?  Lanca- 
shire, Vorksiiirc.  ;ni<l  、V;'l(、s,  d(、（l;i，'(、（l  ； m  advance  of  2\  poi-  ccni. 
Tlie  av('r;w  sclliiij^;  pr"('  of  iron  for  the  past  two  months  is 
declared  at  £7.  KJs.  3Jd.  and  the  output  41,200  tons,  against 
L7.  Is.  <Jd.,  and  43/)0(J  tons  in  M;iy  and  Judo.  Tlio  Scottish  M;inu 
t'jK  turec!  Iron  Tr;i(l«'  ( 'oi)ciliati*)n  and  Arlntr ；， tio"  Board  iilso  n'(l 
an  advance  of  2i  percent.  The  a\  (M'ii^e  net  soiling  price  of  iron  ior 
the  past  i\\  o  months  is  (k-clarcrl  at  £0.  17s.  3*47(1.  i>cr  ton.  Iii 
l\w  Nort'i  oC  Eii^hiiul  t'lr  、、； ot  iroiiw  orkers  "  ill  ivniain  tliti 
、： mi"  us  in  the  jji-pvious  two  months. 

Motor  Boats  in  China.—  1 1  is  iiitcrcstin^  to  k';i  rii，  s:i\  s  ' '  rLlio  Motoi 
Sl)i|>  and  Motor  Boat,"  that  nearly  all  the  motoi  -hoats  in  sor\  ice  in 
(,'liinese  watf'is  ;irc  fitted  with  British  oil  *Mi^ines,  a  large  numl>or 
U'ing  Thoinvc'oit  ； uirl  G;i irliicr.  Tlx*  field  for  tlio  sale  of  tnotois 
in  tliis  ]>art  of  tl"、  world  is  r;ij)idly  op(、"ii'g  ("it,  and  firms  in  this 
con u try  nii^lif  rlo  w  ell  to  ('v«'，i  w;",<'r  :itt(、iitimi  to  T':;ist(Tii 

trade  than  ihvy  lia\ c  hitborlo  done.     JiusinosSj  particularly  in 


('liiiia,  is  <j;<«Morally  g()od，  and  thero  ;m，  many  oj)|>oit uiiitios  for 
tlie  eini)]<>yniciit  ol  motor  craft,  hoth  i'or  coninicrcial  ；, i"l  pleasure 
purposes. 

Trades  and  Railway  Agreements.-  Tlie  ； ai'hili  avy  action  ot 
tlui  i';iil、v:i.y  conipanios  serving  Hirmiii^liani  and  distrirt  li;is  led 
tlm  ChamlxH-  of  Co"m】cr('i'  to  issue  an  ior  L I  ;()00  to  pn， 

toct  traders.  It  states  that  it  is  iiittMidcrl  to  ici;nM  :i  ii"l、v;i.v 
(、xp(、i't  for  llu^  assista nee  of  c()iitril)utors  in  cases  ol'  (lisput"，  to 
retain  a  <|unlifi<i(l  ； i(lvist、r，  ； uid  to  ariiin^c  I'or  tin*  coiidiici  of  test 
(•;is<、si  involving  traders.  It  is  ])oiiitod  out  that  ihr  closer 
c<)-()])ui'ation  between  rail 、、;、、'  companies  and  tlie  ii^tcrmcuis 
and     "  m  kiiig     ； u  raugt，in('"ts     (、nter(>d      into      l">t、、<','ii  ilicni 

o  flFt'ctiially  eliminated  competition ，  and  that  :i  trader  is 
unahlo  to  ohtaiii  the  s;uiic  fair  and  cquitu UUi  ttoiitinent  as  w lien 
there  、、  ； is  (  oinj)(、titiou  between  the  ('onip"'ii,'s. 

Palmer's  Shipbuilding  and  Iron  Company. ― Lord  J^urjicss,  i>i  his 
letter  of  resignation  of  the  chairmanship  received  at  the  anniial 
general  meeting  at  Newcastle,  of  Palmer's  Shipbuilding  Company, 
Jari'ow,  said  he  confessed  to  u  feeling  of  disappoiutnient  at  tho 
nioa^ro  response  l)y  the  shareholders  to  the  appeal  lie  made  for 
ra pital  to  carry  out  the  policy  adopted  and  recoiiinicnd*^!  by  the 
hoiud  for  extensions  and  the  consolidation  of  tho  、vliol(，  concci-it . 
Although  he  would  no  longer  have  any  active  participation  in  Uhj 
affairs  of  the  company  he  retained  his  holding  as  a  ； Jiar,、Im】rl('r  so 
that  his  interest  in  its  welfare  would  not  diminish.  The  balance 
shoot  showed  a  deficit  of  £31,500,  and  tho  total  debit  balance  was 
€128,113.  The  coal  strike  cost  the  company  £30,000. 

New  Clyde-built  Oil  Motor  Ship. ― The  new  single  screw  motor  vcwscl 
" Fordoiiian/'  which  has  been  built  1>y  the  Clyde  Shipbuilding  and 
Engineering  Company,  Port  Glasgow,  for  service  on  the  Canadian 
Lal^es,  recently  completed  her  trials,  with  satisfactory  results,  in  id 
will  shortly  leave  Glasgow  for  Sydney,  Cape  Breton.  The  vessel, 
wliich  is  250ft.  in  length,  is  of  about  2,000  tons  gross,  and  has  a 
currying  capacity  of  2,800  tons.  She  has  been  supplied  with 
cD^ines  of  the  Carels-Diesel  type  by  the  huildors,  who  are  liccii.sces 
for  Messrs.  Carels  Freres,  Ghent.  The  niachinory  of  the  "Fordoiiian" 
is  of  the  four-cylinder  2- stroke  type，  driving  one  shaft,  and  it  is 
capable  of  developing  power  equivalent  in  a  steam  engine  to 
950  i.h.p. 

Orders  for  Diesel  Engines. ― Messrs.  Willans  &  Rolnuson,  Ltd., 
of  li  ii^hy,  lia\'o  recently  obtained  orders  for  a  1/iOU  h.p.  】）i<、'scl 
(in^ino  for  the  Midland  Construction  Company  of  Osh;i、va，  Canada, 
and  two  similar  engines  required  by  Messrs.  Dick,  Kerr,  &  Co., 
Ltd.,  for  the  Prince  Rupert  Hydro-Electric  Company  of  Van- 
couver. They  are  also  executing  an  order  from  Messrs.  Strain  aud 
Robertson  for  two  engines  of  this  type  requirc-d  for  the  La  Patria 
Nitrate  Company,  of  Chile,  and  they  are  completing  an  installation 
of  a,  200  h.]>.  engine  for  the  Rugby  Urban  District  Council  AVat^r- 
works,  Avhere  it  will  he  used  to  drive  ； i  high- lift  turbo  pimip.  A 
-lO  li.p.  online  ordered  by  the  London  and  North-Western  Rail- 
w  ay  ('ompaiiy  for  pump  driving  is  also  in  hand. 

Launch  of  a  "Combination"  Steamer. ― Mes.srs.  William  Denny  ami 
HrotluM-s,  Diinibartou,  launched  on  Saturday  lust  the  "  coinbina- 
t  ion  tri])lt'-scro\v  steamor  "  Infanta  Isabel  cle  Boi  bon,'5  wliich 
they  have  built  for  the  C'onipania  Transatliiiitica,  Barcelona.  Tlu? 
vessel  has  been  designed  for  passenger  trade  between  the  South  of 
Kuropc  and  South  America.  She  is  480ft.  in  length  between 
ptTIKMidicuhus,  Gift,  in  breadth  moulded,  and  35ft.  9in.  in  doptli 
niouldtMl.  Tli,'  propelling  liiachimMy  will  consist  oi  two  M'ts  ，,l 
trii)l(^-oxpaiisioii  ("lgiiios  and  an  exhaust  turbiiio,  a  comhiiiation 
first  adupti'd  o，，  tho  "  Ota ki,"  built  by  Messrs.  Denny  in  1008.  aixl 
iollow  t'd  since  with  success  in  -a  mm 山 tn'  oi'  large  stoamcrs.  Tli'' 
u  liole  of  t)w  pi'opelliiifi;  iiiaehinery  is  lieing  m  a  do  h\  3Iessi\s.  Demi  y 
； ind  Co. 

Trans-Australian  Railway. ~ The  Trans- Australian  Railway  connecting 
Western  Australia  with  tlie  Eastern  States  of  the  Commonwealth 3 
of  w  liicli  tl"、  first  socl  was  turned  bv  the  Priim、  Minister  at  Pori- 
Au^usta  rtM  (Mitly,  is  to  he  supi)leuionted  l»y  a  railw  ay  from  Fre- 
niiintlc  to  Kal^ooi  lie,  (l，ipli('atiiig  tho  oxistin^;  railn  ay.  This  ",、、、 
lino,  a\ hicli  will  be  over  380  miles  in  len^tlu  is  to  be  built  bv  tlie 
State  GovtM  nnuMit,  wlio  have  just  introcluctHl  a  Hill  into  tho 
Legislative  AsKemlily  providing  for  the  construction  of  its  largest 
sc^c-tion,  t'roin  Mt'i  rediii  to  C'ool^arclio.  at  a  cost  of  L070.081.  Thv 
State  Govcnimont  an'  ('"U、ring  upon  this  project  early  in  order 
to  (、>q"'dit(、  tin*  work  ol  hiiilding  the  Tr;uis  Australian  nmin  lino. 
Tlio  contrju-t  ior  tlu;  supply  of  the  8<)U>.  rails  to  hv  M.sod  hi\s  hvvw 
placed  u  ith  a  British  firm. 

Iron  and  Steel  Industry  in  Italy.— During  I "11  the  imports  of 
crudo  iron  nud  steel  into  Italy  anion utod  to  191,752  tons,  as 
against  284,432  tons  in  1910.  Manufnctuivs  of  iron  and  steel, 
and  ot  otlicr  motals,  wore  imported  to  tho  valuo  of  £22.' 錢 000， 
； in  increase  of  CS(H),IHK),  wliile  tlu>  exports  r, 、； ； i  total  ol' 
^3/20))/ MJ( )}  ah  increaso  of  £400,000.    The  most  important  events 
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in  the  niotallurgical  industry  were  the  combination  formed  by  the 
Societa  Savona,  Piombino,  Elba,  Ferriare  Italiane,  Ilva,  and 
Metallurgica  di  Sestri,  and  tho  strike  in  the  Elba  iron  mines, 
wliirh  lasted  nearly  five  months  and  caused  tho  imports  of  iron 
ore  to  rise  from  17,673  tons  in  1910  to  5(),.V>;1  tons  in  1911.  During 
tho  latter  year  232,811  tons  of  pig  iron  and  392,703  tons  of 
" scrap  "  were  imported. 

German  Technical  Schools  for  China. ―  At  a  recent  meeting  of  the 
Waketfield  Incorporated  Chamber  of  Commerce  and  Shipping, 
Mr.  G.  E.  Teiinant,  the  president,  called  attention  to  the  fact 
ill  at  tho  Gennan  Government  had  decided  to  build  four  technical 
schools  in  China  for  tho  purpose  of  teaching  Chinese  students 
engineering  in  all  its  branches.  German  firms  had  Ibeen 
a|>proacluHl  with  a  view  to  their  making  gifts  towards  the  fitting 
up  of  the  buildings,  and  the  German  company  in  connection  with 
liis  firm  had  given  one  of  their  fuel  economisers.  He  had  written 
to  the  English  Government,  pointing  out  what  had  been  done, 
and  suggesting  that  the  ultimate  object  was  to  secure  the  Chinese 
niiu'ket  ior  German  firms,  and  he  had  received  a  communication 
from  tho  Foreign  Office  expressing  the  thanks  of  Sir  Edward  Grey 
tor  tho  information. 

High-speed  Wireless  Telegraphy.— On  Monday  last  Marconi's  Wire- 
loss  Telegraph  Company  gave  a  demonstration  of  high-speed 
automatic  transmission  at  their  works  at  Chelmsford,  to  the 
i'cj)rosentatives  of  tho  British  Post  Office,  the  Admiralty,  the  War 
Office,  the  Colonial  Office,  and  Crown  Agents  The  high-speed 
.signals  transmitted  from  Poldlni,  Cornwall,  where  other  repre- 
sentatives of  the  Government  were  present,  were  received  and 
rccoided  at  Chelmsford,  both  by  means  of  a  recorder,  on  the 
principle  of  a  gramoplione,  and  printed  on  tape.  It  was  demon- 
strated that  by  these  means  signals  could  be  received  at  a  high 
rate  of  speed  on  a  recording  cylinder,  the  cylinder  being  after- 
wards caused  to  repeat  the  messages  at  a  rate  of  speed  sufficiently 
low  to  enable  the  operators  to  read  them.  With  the  other 
method  a  printed  tape  left  the  receiver  recording  the  messages  as 
they  were  received. 

The  Canadian  Rail  Industry. ― The  present  annual  output  of  Cana- 
dian rail  mills  reaches  400)000  tons,  which  is  sufficient  to  lay 
3,000  miles  of  line.  Railway  construction  this  year,  however,  has 
boon  so  active  that  heavy  imports  of  steel  rails  from  the  United 
States  have  been  rendered  necessary,  the  above  output  repre- 
senting only  90  per  cent,  of  the  total  consumption.  The  necessity 
of  these  imports  is  not  due  to  the  inability  of  the  Canadian  mills 
to  supply  the  total  requirements,  for  their  capacity  is  fully  50  per 
cont.  greater.  It  is  due  to  the  lack  of  foresight  of  the  railways 
themselves  in  estimating  accurately  their  requirements  in  advance, 
aud  to  the  conditions  that  surround  the  manufacture  of  rails. 
The  Canadian  steel  companies  make  contracts  each  autumn  for 
the  whole  of  the  nest  rail  season' s  needs,  and  then  arrange  con- 
tracts for  the  balance  of  their  steel  output  for  other  lines  of 
mamifacture.  The  unforeseen  demand  in  the  eircumstanceSj  there- 
tore,  had  this  year  to  be  obtained  from  abroad. 

Markets  for  Oil  Engines. ― H.M.  Consul  at  Casablanca  in  a  recent 
report  states  that  in  connection  with  the  farming  industry  in 
Morocco  hea\  y  oil  motors  are  much  more  suitable  than  steam 
乂'' ii'u  ators.  Petroleum  is  cheap,  while  coal  is  expensive.  Mechani- 
cal traction  with  heavy  petroleum  oil  motors  is  considered,  there- 
fore, the  most  suitable.  The  British  Vice-Consul  at  Omsk  states 
that  the  demand  for  oil  engines  is  steadily  increasing  in  Siberia, 
the  majority  in  the  Omsk  district  being  of  Swedish  origin,  although 
those  of  British  and  German  manufacture  have  a  share  of  the 
trade  ；  lately,  Russian  engines  have  made  a  name  and  are  likely  in 
tho  future  to  take  a  leading  position,  as  not  only  is  the  article  a 
Kood  one,  but  the  price  is  competitive  ；  British  firms  wishing  to 
retain  a  share  of  this  business  Avould  do  well  to  Avatch  developments, 
as  competition  is  very  keen.  A  large  number  of  small  Hour  mills 
are  beiug  built  throughout  the  country.  The  largest  mills  are 
worked  by  steam,  but  the  majority  of  the  smaller  ones  are  run  by 
oil  engines. 

Improving  the  Port  of  London.— The  Port  of  London  Authority 
Iihvo  now  lucopted  tenders  amounting  to  £2)350J000  for  dock  ex- 
t"iisi()ii  ;in<I  iniptovements,  covering  the  more  important  works 
immediately  contemplated,  which  form  the  first  portion  of  an 
extensive  ycheino  involving  a  total  expenditure  of  over  £14,000,000. 
Tli"  work  iiou-  placed  with  Messrs.  S.  Pearson  &  Sons,  Ltd.,  com- 
priws  the  Albert  Dock  (Soutli)  extension,  and  improvements  ;it 
Hi"  Kasl  and  West  India,  London,  and  Tillmr.v  Docks.  The  South 
Albert  Dock  will  pos.so.ss  a  water  area  of  65  acres  suid  a  depth  of 
:mt.，  （  ； oi  l"'mg  incroased  to  38ft.  The  plans  also  provide 
loi'  a  dry  dock  050ft.  long,  increasing  when  necessary  to  800ft., 
:m(l  w  ith  a  width  of  100ft.  Pending  its  construction  tho  existing 
WrsU'r"  Dry  Dock  aI  Uic  All,rrl,  Dock  will  U'  ciiln 
sI'm'I  swin^  l.rid-.'  u  ill  ronnccl  tlir  ihmv  Soutli  Alboi  t  Dock,  wliich 
is  oxptH-tcd  to  ho  coniplotod  within  four  ^ears,  with  the  Albeit 


Dock.  Other  features,  bringing  the  port  up  to  modern  require- 
ments, include  extensive  widening  and  deepening  operations,  and 
the  provision  of  new  jetties,  transit  sheds,  and  other  equipuirnl. 

An  Extensive  Waterworks  Filtration  Scheme. ― Situated  between  Ui" 
Wessenden  Valley  Reservoirs  of  the  Huddersfield  Corporation  and 
the  Woodhead  Reservoirs  of  the  Manchester  Corporation  is  the 
watershed  of  the  Ash  ton  3  Stalybridge,  Mossley,  and  Dukinfielr! 
Joint  Waterworks  Board.  In  the  valleys  at  Greenfield,  Chew,  and 
Swineshaw  are  seven  or  eight  huge  reservoirs,  which  supply  water 
to  :i  population  oi  140,000  people,  distributed  over  an  area  of 
52  square  miles.  For  some  years  past  complaints  of  lead  poison 
ing  were  prevalent  in  the  Yorkshire  part  of  the  Board's  area,  and 
to  remedy  this  the  Board  decided  to  undertake  a  scheme  of  filtra- 
tion. This  work  has  been  carried  out，  at  a  cost  of  £30,000,  and 
on  Thursday,  September  19th;  the  filtration  stations  at  Greenfield, 
Sackilewortli,  and  Swineshaw ― amongst  the  largest  of  their  type 
in  the  kingdom ― were  officially  opened.  The  two  installations  com- 
prise 36  pressure  filters,  designed  to  purify  collectively  5,352,000 
gallons  of  water  per  day.  The  filters  and  the  chemical  plant  have 
been  supplied  and  erected  by  Messrs.  Mather  &  Piatt,  Ltd., 
of  Manchester.  Practically  the  whole  of  the  power  in  the  filter 
houses  is  generated  by  water. 

Trade  Unions  and  Overtime. ― A  central  conference  between  the 
Engineering  Employers'  Federation  and  delegates  of  the  Amalga- 
mated Society  of  Engineers,  the  Steam  Engine  Makers'  Society, 
and  the  United  Machine  Makers'  Society  was  held  on  the  28th  ult.， 
at  York,  to  consider  several  questions  that  had  not  been  settled  in 
loral  conferences.  Sir  Benjamin  Browne  presided.  The  main  ques- 
tion came  from  Hull,  and  it  had  to  do  with  the  meaning  and  scopo 
of  the  words  "  urgency  ，，  and  "  emergency  ，，  in  relation  to  overtime 
working  The  agreed  limit  of  the  amount  of  overtime  which  may 
be  worked  is  32  hours  in  any  four  weeks,  but  there  is  a  proviso  in 
tin-  existing  a ^reen^ent  that  in  cases  of  "  urgency  and  emergency  " 
more  liours  may  be  worked.  The  Hull  society  claimed  that  the 
employers  had  abused  this  privilege,  that  they  had  called  upon  tlie 
men  to  work  as  much  as  42  and  50  hours  in  the  period  named,  and 
the  A.S.E.,  in  pursuing  their  policy  of  limiting  overtime  as  much 
as  possible  wished  for  a  definition  of  the  words  "  urgency  "  and 
"emergency."  On  this  question  we  understand  that  a  settlement 
was  arrived  at.  In  any  case  no  alteration  to  the  wording  of  the 
overtime  rule  was  made.  Assurances,  it  is  stated,  were  given  from 
the  omployers'  side  that  no  undue  overtime  was  worked,  that  if  any 
extra  hours  were  put  in,  it  was  due  to  extraordinary  pressure  and 
urgency,  and  the  whole  matter,  after  an  amicable  discussion,  was 
referred  back  to  the  parties  concerned  at  Hull. 

The  Shrewsbury  Mono-rail.-—  A  demonstration  was  recently  given 
at  Cha dwell  Heath  of  a  new  system  for  the  transportation  of 
timber,  stone,  and  other  heavy  articles,  by  the  Shrewsbury  Por- 
table Mono-rail  Syndicate,  of  which  Mr.  T.  W.  How,  of  17, 
Victoria  Street,  S.、V.，  is  the  consulting  engineer.  The  ex  peri 
mental  track  at  Chadwell  Heath  is  one-eight  of  a  mile  in  length. 
It  is  designed  to  carry  four  tons,  is  constructed  with  a  19^1bs.  rail 
mounted  on  timber  placed  longitudinally  and  supported  on  vertical 
posts  at  a  height  of  5ft.  Gin.  above  the  ground.  The  truck  con- 
sists of  a  light  steel  framework,  about  loft,  long,  carried  on  four 
wheels,  of  which  two  are  placed  at  each  end,  one  behind  the  other, 
each  pair  being  fitted  in  a  bogie  frame.  From  cross-arms  on  tho 
truck  are  suspended  two  cradles,  one  on  each  side  of  the  track, 
reaching  to  within  a  few  inches  of  the  ground,  on  which  the  loads 
a  re  placed.  An  efficient  system  of  braking  is  provided  for  which 
it  is  claimed  that  down  gradients  so  steep  as  1  in  5  can  be  nego- 
tiated safely.  The  principal  claim  for  the  system  is  that  it  pro- 
vides a  means  of  transport  at  moderate  speeds  in  places  wl»ore 
an  ordinary  railway  would  be  too  expensive.  The  cost  of  con- 
struction Avith  timber  trestles  is  put  at  £600  per  mile.  The 
tractive  power  is  provided  by  horses,  but  it  is  suggested  that  a 
petrol  motor  could  be  provided  if  desired. 

Amalgamated  Society  of  Engineers'  New  Rules. ― In  a  preface  to 
the  minutes  of  the  Amalgamated  Society  of  Engineers'  recent 
delegate  meeting  at  Manchester,  the  principal  alterations  nliicli 
wore  made  in  the  rules  are  indicated.  According  to  these  tl't' 
((ualification  tor  nionibership  of  the  society  has  been  considerably 
relaxed,  priu  tically  all  the  metal  workers  boin^  hoav  eligible.  The 
entrance  fees  for  full  members  are  reduced,  and  apprentices  are 
to  be  admitted  without  any  entrance  fees.  Tlie  rules  relating  to 
contingent  l>enefit  make  changes  wliich  、、- ill  in  a  tori  ally  im'rew 
the  cost  of  it.  It  is  to  be  paid  to  menibers  who  refuse  to  Avork 
with  men  bolon^iny;  to  other  trades  who  liave  Ittvn  introduced  to 
do  the  work  of  strikers.  It  will  also  be  paid  to  members  who  aro 
iln-own  out  of  einploynient  through  a-  general  ，，  strike  in  another 
iiidustrx .  Tli,、  K\o(uiti\  ^  ('oiincil  <lisa^rt*os  "  ith  tlie  delegates 
r，nliiig  tlu>  abolition  of  tho  nuiclii m'st  section^  and  is  taking 
tho  opinion  oi'  m"" 山，、 rs  upon  thv  (|u'>stimi.  lii  its  Hn;"  iorni  tlio 
rule  relating  to  tho  terms  of  agreoiiient  and  the  premiuui  boium 
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system  reads  ； is  follows :  "The  Executive  Council  shall  within 
three  months  of  these  rules  coming  iuto  force  take  the  votes  of 
the  members  in  favour  of  giving  the  Engineering  Employors' 
Kcth'iation  three  months'  notice  to  end  the  1  terms  of  agnH'iHciit, 
1<H)7/  also  the  '  menioranclum  re  premium  Itomis  system.'  】i  a 
majority  a  re  in  favour  of  ending  them  three  months'  notice  shall 
l»e  «riven  by  the  Executive  Council  to  the  Federation  at  once." 

The  Ghent  International  Exhibition. —— One  of  the  striking  iVaturcs 
at  the  British  section  in  the  Ghent  Exhibition  in  April  next  v»>ar 
will  be  tlie  display  of  British  tools  made  by  British  manufacturers. 
A  large  number  of  the  firms  who  are  exhibiting  at  Olympia  have, 
Ave  understand,  taken  space,  and  there  is  every  indication  of  this 
section  of  British  industry  being  well  represented.  It  will  afford 
British  tool-makers  an  opportunity  of  placing  before  continental 
huyers  an  adequate  idea  of  the  pre-eminence  in  excellence  of 
their  tools  for  every  purpose.  Belgium  itself,  with  its  low 
tariff,  furnishes  an  excellent  market,  and  the  neighbouring  coun- 
tries of  Holland  and  Denmark  are  valuable  customers.  Apart 
from  these,  the  opportunity  of  doing  business  with  Russian , 
Austrian,  Italian,  and  other  foreign  buyers  is  an  excellent  one. 
The  exhibition  will  be  a  large  one,  and  the  site  chosen  for  it  is 
in  a  central  and  accessible  position  on  the  main  line  of  railway 
from  Ostend  to  Brussels.  The  exhibition  as  a  whole  is  under  the 
patronage  of  the  Belgian  Government.  There  are  excellent  pros- 
pects for  a  great  success  being  achieved,  the  more  so  as  no  impor- 
tant international  exhibition  is  likely  to  be  held  ag:"u  in  Belgium 
for  many  vears.  The  British  section,  which  is  being  organised 
officially  by  the  Exhibitions  Branch  of  the  Board  of  Trade,  will 
be  devoted  mainly  to  machinery.  Little  time  now  remains  before 
the  list  of  exhibitors  will  be  closed,  and  British  firms  desirous 
of  availing:  themselves  of  the  opportunity  offered  to  take  pa rt  in 
this  exhibition  should  lose  no  time  in  communicating  with  the 
Exhibitions  Branch  of  the  Board  of  Trade,  Queen  Aime，s  Cha m- 
l>ers,  AVestniinstor,  London,  S.W.，  which  department  is  rospon- 
siMe  ior  all  arrangements. 

Lining  Mine  Shafts  with  Fcrro-concretc  Slabs.  —  In  plate  of  the 
usual  l>riok  lining  segmental  slabs  of  concrete  reinforced  with 
expanded  steel  have  been  used  for  two  new  shafts  at  the  PlenmelltM* 
Collieries.  Haltwhistle,  Northumberland,  by  Mr.  T.  Blandford,  the 
engineer  to  the  colliery.  The  slabs  were  made  of  a  size  (3ft.  lin. 
by  lft.  Gin.)  convenient  for  handling,  and,  after  being  allowed 
to  soasoii,  were  lowered  into  the  shaft  and  fixed  in  position.  They 
a ie  oin.  in  thickness,  and  are  reinforced  near  their  concn vo  face 
with  expanded  stoel,  which  has  a  cross-sectional  area  of  '2n  of  a 
sepia ro  inch  per  foot  of  width  short-way  of  mesh.  The  slabs  are 
ton^uod  and  grooved  on  edges  to  allow  of  their  fitting  and  keying 
into  each  other,  the  joints  being  filled  with  cement  grout  to  make 
tlio  segments  a  monolithic  cylinder  wlien  placod  in  position.  A 
holo  was  left  in  each  slal) ~ about  lin.  in  diameter  on  the  concave1 
face,  and  slightly  larger  on  the  convex  face ― to  allow  of  their 
being  slung  and  lowered  into  position,  as  well  as  to  serve  as  an 
inlet  for  cement  grout  to  be  injected  into  the  concrete  filling 
behind  them  after  the  slabs  had  been  fixed  in  position.  Tho 】i"iiig 
of  the  shafts  was  completed  through  water-bearing  strata  wliicli 
had  l>een  previously  treated  by  the  Francois  method  of  cementa- 
tion, and  the  cavity  between  the  reinforced  concrete  lining  and 
tin'  i;ice  of  tlie  strata,  left  in  the  process  of  sinking  the  sliai'ts, 
was  fillod  、、  ith  ordinary  concrete  to  a  thickness  of  9in.  behind  tho. 
linintr  (hiring  the  course  of  the  ring  of  the  lining  ；  this  concrete 
l»»in*i  finally  filled  up  solid  by  injection  through  the  lining  with 
cement  grout,  thus  making  it  watertight- 

The  Effect  of  Strikes. ―  At  the  recent  an  Jiu;il  meeting  of  I5olcko\\ , 
Viin^han,  <fe  Co.,  the  chairman  said  the  gross  profit  for  tho 

y<»a r,  ； "tor  allowing  for  depreciation,  was  £209，894，  compared  with 
£28(;，D  tho  year  before  and  £286,135  two  years  ago.  This  diminu- 
tion was  wholly  due  to  the  coal  strike  of  last  spring  and  the 
railway  strike*  in  August  of  the  previous  year.  Had  it  not  been 
for  t\w  coal  striko,  lie  had  no  hesitation  ill  saying  tliat  tlieir  profits 
for  tho  y(si r  would  ha v«"  shown  ；)  sul>st;uitial  advnnco  on  tlu*  ,vi';ir 
hvi'ow.  He  u ;is  aware,  he  said,  that  the  result  of  the  year's  work 
was  disappointing.  Their  production  of  iron-stone  during  the 
year  liad  been  l,o83,615  tons,  as  compared  with  2,078,185  tons 
the  yvnr  before.  Their  production  of  coal  bad  fallen  from  2,343,100 
tons  in  1911  to  2,078,924  tons  in  1912.  The  production  of  coke 
had  l>oen  o7o/)28  tons,  as  compared  with  743,849  tons  in  the  pre- 
corling  year,  and  their  production  of  limestone  1 56,538  tons,  as 
comp;i rod  with  1 83,-17o  tons  tlie  previous  yoar.  In  August  last 
yc;ir  tho  u  liolc  of  tlieir  works  wore?  stopped  for  a  week  o、ving  to 
tli"  railway  strike,  und  it  was  <juit<i  one  mo  nth  l)(、for(，  tlx*  blast 
furiKK-cs  recovered  from  the  effect  of  the  stoppage.  The  total 
loss  to  th(}  company  froni  tlu;  railway  and  coal  strikes  was  between 
i;107/K)0  ； nif]  £108,(X)0.  During  the  yoar  they  had  luul  at  each 
of  tlio  f-olliorios  or  roko  ov<、i，s  (、iglit  otlior  minor  strikes,  of 
wliifli  caused  serious  loss  and  dislocation  of  their  plant,  and  Uy 


wliich  the  men  themselves  gained  nothing.  As  a  nssult  of  a  strike 
tlu\v  had  |xM'ni;uiontly  Hos(，d  and  disniantl(^I  "i"  lirusscIU)ri  works. 
This  liad  thrown  a  considoralilo  iimnher  of  men  out  of  cniployiiM'iit. 
Tho  cliairinan  ； i(hl(、d  that  tlir  I  nsuranco  Act  im  olvcd  tl"'  cornjui  n\ 
in  tho  sum  of  l"'tw<、("i  £13/)00  and  £1  1/KK)  :，  xvav.  As  to  tlie 
hitur(»,  orders  \von\  likely  to  !><i  pl("ititul，  m nd  witli  ； m  al>sonc*! 
of  laltoiti'  troui>les  and  hi^licr  prices^  tlioy  mi^ht  look  forward  to 
a  satisfactory  year. 

World's  Petroleum  Production. —— Tlie  following  talde,  ('('mj'ilrfl 
by  the  United  States  Geological  Suivoy,  gives  the  world's  pro- 
duction of  crude  petmlemn  for  the  yoa rs  1910  and  1911 .  Accord 
ing  to  this,  the  total  production  last  yvnv  was  over  345-i  million 
barrels,  as  compared  with  nearly  327^  millions  in  1910.  Of  this 
total  the  United  States  contributed  03-80  per  cent.,  Russia  19-10 
per  cent.,  Mexico  4>07  per  cent.,  and  the  other  countries  in  the 
order  given  in  the  table.  No  other  country  is  likely  to  produce 
more  than  4  per  cent,  of  the  total  sU])ply,  which  prol>al)ly  will  not 
increase  beyond  the  present  total. 


World's  Production  of  Crude  Petroleum  in  1910  and  liJll. 


1911. 

Country. 

1910. 

Per  Cent,  of 

Barrels. 

Metric  tons. 

Total 

Production. 

United  States  ... 

209,557,248 

220,449.391 

29,393,252 

70,336,574 

(>(>, 183,691 

！). 0(i(i,2.",!) 

1916 

3,332,807 

14,051,043 

1,873,552 

407 

■Dutch  East  Indies 

11,030,620 

12,172,949 

1,070,668； 

； V52 

9,723,806 

11,101,878 

1,544,072 

3*21 

Galicia   

12,673,688 

10,485,726 

1,458,275 

3  04 

0,137,990 

6,451,203 

897,184 

1*87 

1,930,661 

1,658,903 

221,187 

0-48 

1,330,105 

], 398,030 

is",4or > 

040 

( Jerniany   

1,032,522 

995,764 

140.000 

029 

Canada   

315,895 

291,09(5 

：}8,813 

0-08 

Italy   

42,388 

71,905 

10,000 

002 

Other   

30,000 

200,000 

20,fi(>7 

000 

327,474,304 

345,512,185 

46,520,334 

10000 

Copper  Alloy  Rails.  ― It  is  reported  that  the  Chicago, 
Milwaukee,  and  St.  Paul  Railway  will  make  a  test  of  steel 
rails  containing  about  six-tenths  of  1  per  cent,  of  copper.  A 
trial  order  has  been  placed  with  the  \j  nited  States  Steel  Cor- 
poration and  a  thorough  experiment  will  be  made  with  the 
rails  along  the  St.  Paul  lines.  These  rails,  which  are  no  more 
expensive  than  the  ordinary  steel  rails,  will,  it  is  thought, 
withstand  the  wear  and  tear  of  hard  usage  better  than  the 
rails  now  in  general  use. 

Wilbur  Wright  -Monument. ― The  Aero  Club  of  France  lias 
opened  subscriptions  for  a  monument  to  the  memory  of  Wilbur 
Wright,  to  whom,  in  conjunction  with  his  brother,  Orville 
Wright,  is  allowed  the  distinction  of  having  been  the  first  of 
the  flying  men .  It  is  proposed  to  erect  the  monument  at 
Auvours,  which  was  the  scene  of  Wilbur  Wright's  memorable 
demonstrations  of  flight  in  France.  It  is  also  intended  to 
present  the  aeroplane  with  which  he  achieved  some  of  his  most 
famous  records  to  the  Conservatoire  of  Arts  and  Trades. 

Defective  Goods  Train  Couplings. 一  In  liis  i'(ii»ort,  issued  a  few  days 
ago,  conceniino;  a  collision  on  tlu*  L.  and  N.-W.  Railway  at  Hest 
Hank  Station,  on  July  22nd  last,  which  was  duo  to  the  breaking  of 
a  coupling,  Col.  Yorke  states  that  a  giv;it  number  of  failures  of 
couplings  are  reported  to  the  Hoard  of  Trade  every  year.  He  says 
that  last  year  the  nunil>er  of  failures  of  coH])lino;s  reported  to  the 
Hoard  was  2,934,  and  prohably  there  wt»re  many  more  of  which 
nothing  was  heard.  Of  the  number  reported  2,270  occurred  on 
goods  trains,  and  an  ； malysis  of  the  returns  showed  tliat  1.777 
were  cases  of  actual  fracture,  while  the  remainder  were  clue  to 
the  couplings  becoming  detached  through  jumping  off  the  draw 
hooks.  Although,  fortunately,  sucli  failures  did  not  often  cause 
accidents  to  passenger  trains,  owing  to  men  being  more  on  the 
alert  than  in  the  case  of  the  accident  at  Hest  Bank,  each  of  them' 
tho  Inspector  remarks,  Mas  a  potential  cause  of  disaster,  and  they 
did,  as  a  fact,  frequently  result  in  injuries  to  men,  damage  to 
goods  trains,  and  delays  to  ami  dislocation  of  traffic.  He,  tlierr- 
fore,  thought  it  would  bo  well  tor  tho  railway  companies  to  look 
into  the  strength  and  design  of  tho  couplings  in  general  use  on 
goods  trains.  The  existing  three-link  coupling  was,  as  far  as  he 
know,  only  used  in  Grout  Britain,  and  ovo»i  it'  a  little  moro  nionoy 
w(mo  spent  on  it,  it  would  still  l>e  the  cluNi^est  coupling  in  the 
world- 
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NEW  PATENTS. 

Specifications  oj  the  following  are  now  published }  and  xve  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  lOd.  Address 
" Mechanical  Engineer^  53,  New  Bailey  Street,  Manchester. 
MECHANICAL,  1911. 

、'： il、  (、： s  lor  uso  in        m;i'iuf:ictm'i"g  appa rains.    CMapbani.    1  13"m. 
Clum^e-speerl  y;o;u-.    Austin  Motor  C'onipanv,  :uhI  Austin.    1  L")73. 
\Vork7im  oi'  »;;is  i  ro(l，，('('rs.   Cli;"hvi(,k  <k  Holliiislusul.  KiKiS. 
('； u'l"ir(、tt(':'s  Cov  ir1tornal-coml)ustion  engines.   B<、r、vick 人' D('  Br(、r. 
19739. 

/vpparatus  tor  producing  gas  for  driving  lifting,  and  otlior  pur 

poses.    HcnduntMi  &  Siniononko.  19781. 
I utiM-iiiil comlnistion  engines.    Krith.  19813. 
Arl)ors  tor  milling  cutters.    Hrow  iiiski.    l!)K(i  I. 
Oil  Imrners.    M;ison  &  Donnelly. 

Two- stroke-c,v('l(、  intiMiial-conihustion  （ 'loiidslcy .  2002"). 

X'alvo    mecha  nism    ot    internal— combustion    cM^inrs.  Lindbl'mi. 
20iU). 

Valvos.    Havers.  20114. 

rroccss  and  t'urnaco  ior  molting  fVn'o- ni;uig:uit、s(>  and  otluM*  iorro 

alloys.    Bronn.  '20121. 
l.icjuid-fuel  sprayers.    Wolff.  20122. 

Moans  for  use  in  promoting  vontilatioit  in  siiliU、rran(、:iii  inincs. 

flavor  &  Coulson,  Ltd.,  and  Mayor.  20188. 
Treatment  or  renovation  of  foundry  sand.    Poulson  and  Poulson's 

Foundry  Specialities,  Ltd.  20204. 
A ppliances  to  pro\  out  overwinding    with    w  indium    or  hoisting 

engines.    Bevei*.  2022fi. 
In  tenia  1-conibustioii  engines.    Roots.  2()2-">(>. 
Luffing  cranes.    Mitchell.  20267. 
Mea ns  for  locking  nuts  on  bolts.    Guest.  20277. 
Kuel  blocks  or  briquettes.    Hoeriug.  20312. 

1  nt<M  n:il-comI)Ustion  engines.    Ijincs      Liiu»s.    2039')  and  2U3!)3. 
Automatic  speod-conti*ol  of  motors.    Holliss  A'  Morcorn,  Ltd.,  ； uhI 

Walshe.  20o47. 
I  iitt'i  nal-combustion  engines.    Hutcliinson.    2<M i  1  二. 
Spanners  nnd  wrenches.   Roots.  21448. 
Cylinders  of  internal-combustion  engines.  Tanner.  22] -V). 
Speed  indicating  and  recording  apparatus.  Baimrucker  A:  Scluich. 

22980. 

I  lock  drills.    Kayner.  23103. 
Furnaces.    Johnson.    23431 . 

Clutch  and  reversing  gear  for  nia rine,  motor,  and  other  shafts. 

Langdon  &  Kellaway.  24324. 
R  Vd  r  o-a  er  op  lanes.    AY  a  kefiekl.  2777(1. 
Unions  or  couplings  for  cocks.    Stephens.  28040. 
Silencers  for  internal-comlmstion  engines.    Houghton.  28392. 
Turret  lathes.    Herbert  &  Ven 應. 28442. 

Gas  burners  for  working  metals.  Continental-Licht-iuid  Appar; 山'- 
l)au-Ges.  28700. 

Steam  supply  valve  with  penduhun  governor  for  ships'  engines. 
Brouquiere.  29276. 


1912. 


21-3. 


Machines  for  butt -、 velding  metallic  tubes.  S;m^.stei 
(Juard  for  circular  saws.  Brookes.  738. 

Control  mechanism  for  the  cage-lifting  devices  of  mining  appa ra- 
tus.  Mansfeld'sche  Kupferschiet'er  Bauende  Gewerkschat't. 
1167. 

Pipe  joints.    Ames.    278G  and  2832. 

(Jcared  die  stocks  for  screwing  tubes,  drilling  and  boi'ing.  Mans- 
field. 3444. 
Aninl  propellciw.    Olmsted.  3498. 
I'  iipI  cconomiser.    ^1  ulby.  4338. 

])oul)lo-actiiiK  tandem  compound  engines  with  &tago  piston.  J ung. 
4078. 

Ii«)t;u*y  cn^inos.    Conill.  4911. 
liock-niits  or  washers.    Norris.  o3ol. 

.Men us  for  uniting  thv  ends  of  shcct-nicial  lubes.    Hall  it  Kay, 

Ltd.,  H;ill,  A-  Kay.  5507. 
Sdt -1  iiltricatiiifj;  l)c;irii)^.    Westlcy.  5835. 
.Macliiiu's  for  slotting  screws.    Monks.  0637. 
Nut  locks.    Garcliey.  7162. 

Starting  ckn  iccs  for  motor-cars.    Heyl,  and  Ges.  f ;ir  AutonioUil- 

K("")vi<、runw、.  9192. 
Kriction-di'iv  infj;  nuH-lianisni  for  motor  vehicles.   Ou on.    10131 . 
Motor  road  vehicles.    Jofeh  &  Moody.  10318. 
ArroplaiH's.    (lemont.    103o8.    (May  2nd,  l'JI  1 .) 
B:il;'"('<'d  cylinfliicitl  slido  valves  for  motor  fluid  on^inos.  Soc. 

A  mom.  (lite  Ktal>.  Piquet  ( 'onstrnctions  Mccani(iues  and  Gr'ittV. 

l()45(i. 

Device  lor  puril'yin^  tl"、  steam  in  steam  ^onoraior.s.  Tiiilm,  1*>577. 
INpr  rmipliiigs.  Mitclioll  i\:  llainor.  J 0788. 


Rock  drills.    Uayner.  130*>7. 

J  tuition  (1(>、  i('(、s  for  i  iitonial  coinhnstion  engines.   Ott，  Fanta,  and 

Ott.  13(588. 
( 'lutein's,    larming.  1379H. 

K(w，i(，i':",i  v<'  gas- generating  i  urnace  with  constant  direction  of 

the   boating   llames.      Stettiner  Chainottc 卜，； il'rik  Akt.-Gcs. 

vnrm.   DkIum".     1  4702. 
Dio|)  IVimI  lubricators.    Stt'rn  Soimchorn  Oil  ('oiii))any.  141)13. 
(Juards  tor  power  presses.     Veritvs,  Ltd.,  and  Ho^rrs.    1  HM)8. 
Joints  toi-  transmitting   fluids  U't、、 tvii  stationary  and  rotating 

Imdios.    IVathei'.  15257. 
Appaijitus  tor  pr"(lm，ing  gas  for  driving,  heating,  and  other  pur 

poses.    Hciulimcn  tV  Simonenko.  19olo. 

ELECTRICAL  1911* 

Kl(  (  t，  ical  terminals  and  fuses.    Aiuu\ss.  17.7)3. 
Tr;ms!nitting  apparatiis  for  wireless  telegraphy.    Rou»et.    19(J  18. 
Klcctrica]ly-o])orat(>d  boat  hoists.   Fielding.  4J)383. 
T('I('}j;i';ipl、ic  reh.vs.    Brown.    20451 . 

I>r<Klii{*ti()ii  of  coppci-  l>y  oloctrolysis.    l)oiivrel("ir.  21o93. 
Sparking  plu^s.    Kletclu^r.    241)41 . 

Dovicos  tor  operating  tra niw  a y   points    or    switclios    from  the 

\eliiclos.    Wcicznor  &  Laczay.  28565. 
Arc  lamps.    Tate.  29035. 

1912. 

Ceding  nu'chanism   tor  tho  ^locirrxles  of  a rc  lamps.     Ste inert. 
1750. 

Ali'tluxl  ot  multiple  control  for  elocti'io  motors.    I^ichtei-  and  MafFoi- 

Sclnvartzkopff-W'erko  Ges.  3117. 
Spivd-ivgiilating  devices  for  electric   motors.     Jac(|net  Frcres. 

Ti 、"卞 lioi"'  (、、（'li;mg(k  circuits.    Sienu'iis  Hies.  A:  Co.  4(598. 

I])sti  uni(Mit  tor  nicasiirinp;  Fre(Hu*ncios,  solt-uiduction  co  officicMits 

:ui(l  capacities,  and  ratios  of  self-induct  ion  co  cfticitMits  and 

(；， piuitirs.    Tl】oi"psoii.  7(i*)7. 
Klcctio-clcpositioji  of  metals,    liouchter.  (J()7o. 
Klcctric  measuring  instruments.    H  u'xM  t.    941  1 . 
Coinhined    telephonic    transmitiors    and    receivers.  Thoiupson. 

12545. 

Selector  tor  automatic    or    -semi-automatic    telephone  systems. 
Siemens  Bros.  &  Co.  18430, 


METAL  QUOTATIONS. 

TUESDAY,  OCTOBER  1st. 

Aluminium  ingot   82/ -  per  cwt. 

，，         wire,  according  to  sizes,  &c  from  】02/-  ，, 

，，         sheets        ，，  ，，   ,  120/-  ,, 

Antimony  £34/—/—  to  £36/ — / 一  per  ton. 

Brass,  rolled    9Jd.  per  lb. 

，，    tubes  (brazed)   ll}d. 

，，       ，，     (solid  drawn)   lOd. 

，，       ，，     wire   9|d. 

Copper,  Standard   £78/15/-  per  ton. 

Iron,  Cleveland   67/—  ,, 

，， Scotch   73/-  ，, 

Lead,  English    €22/-/-  ,, 

，， Foreign  (soft)    £21/5/-  ，， 

Mica  (in  original  cases),  small   6d.  to  3/—  per  lb. 

,，  ，，  ，，       medium   3/6  to  6/- 

，，  ，，  "       large   7/6  to  11/- ，， 

Quicksilver   £8/-/-  per  bottle 

Silver   29|d.  per  oz. 

Spelter    £27/7/6  per  ton. 

Tin,  block   £228/10/- ，， 

Tin  plates   15/4J  ，, 

Zinc  sheets  (Silesian)   £31/2/0 

,,  (Stettin  ；  Vieille  Montagne)   £31/-/-  ,， 


The  Ditton  Railway  Disaster. ― At  the  resumed  inquest  on  14 
of  the  passengers  who  lost  their  lives  in  the  disaster  to  the 
Welsh  express  at  Ditton  Junction  on  the  17th  ult.,  a  verdict 
was  returned  to  the  effect  that  the  derailment  was  due  to  the 
train  being  driven  at  excessive  speed. 

New  Navy  Airship. ― The  new  airship  "  City  of  Cardiff  "  is 
now  practically  ready  for  flight  at  the  aircraft  factory  at  Farn- 
horougli.  The  airship,  which  is  slightly  smaller  than  the 
" lieta,  will  carry  four  passengers,  and  will  be  used,  accord- 
ing to  present  arraiigeinents,  only  for  naval  reconnaissance. 
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Steam,  Highest  Pressures,  OH  Pumping, 
Air,  Oas,  &c. 


THE 

UNITED  FLEXIBLE  METALLIC  TUBING  CO.,  Ltd 
Works  :  PONDERS  END,  MIDDLESEX. 
Head  Office : 

112,  QUEEN  VICTORIA  STREET,  LONDON,  E.C. 


The  man  stood  on  the  boiler  top,  whence  all  but  he  had  flown, 

For  one  and  then  another  of  the  blessed  joints  had  blown  ； 

'Twas  there  we  found  him  swearing,  when  we  took  him  underhand, 

Now  %  smile  he's  always  wearing,  he's  found  "  NONLEAK  "  will  stand. 


WHY  NOT  WEAR  A  SMILEP 

NflNL FAK  Jointing 

llUllLCiMIV  COMPOUND 

Will  Put  a  Stop  to  Leaking  Joints  &  Blow-outs. 


BBITIBB  MAUl 


FBSB  FROM  LEAB1 

IMPROVES  WITH  AGB  I 


TBBTIKa  BAMPLBS. 


WTLIi  MSYEB  BLOW  OUT,  BOAIjE,  OB  BOT- 

J.  E.  TURNER  &  CO.,  Ltd.,         Maker,.  BR^D^BD,RYorl«s. 


Second  and  Greatly  Enlarged  Edition. 

The  Testing  of  Engines, 
Boilers,  &  Auxiliary  Machinery. 

A  Treatise  on  the  Construction  and  Use  of  the  Instruments 
and  Methods  Employed  in  the  Testing  of  Prime  Movers  in 
the  Laboratory  and  Workshop         ::       ::       ::       ::  :: 

By  W.  W.  F.  PULLEN, 

Whitworth  Scholar  ；  Member  of  the  Institution  of  Mechanical  Engineers  ； 
Associate  Member  of  the  Institution  of  Civil  Engineen. 

Price  13/-  post  free. 

CONTENTS.— Tables  and  other  Data.  Mechanical  Aids  to  Calculation.  Measure- 
ment of  Pressure.  Measurement  of  Temperature.  Measurement  of  Speed. 
Measurement  of  Power  Output.  Measurement  of  Power  Input  with  Dynamometer. 
Measurement  of  Power  Iniiut  with  Indicator.  Indicator  Rigs  and  Accessories. 
Hints  on  the  Management  of  Indicators.  Analysis  of  the  Steam  Engine  Indicator 
Diagram.  Other  Features  of  Steam  Engine  Diagrams.  The  Adjustment  of  the 
Slide  Valve.  Intemal-combastion  Engine  Diagrams.  TestinR  Indicator  Springs. 
Measurement  of  the  Quality  of  Steam.  Measurement  of  Quantity  of  Steam  and 
Wat«r.  The  Testing  of  Steam  Enginee.  Fuel  Testing.  The  Analysis  of  Flu© 
Oases.  Boiler  Testing.  The  Testing  of  Auxiliary  Machinery.  The  Testing  of 
Internal-combastion  Engines. 

The  Scientific  Publishing  Co.,  53,  New  Bailey  Street,  Manchester. 
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United  Kingdom :  12/6  per  annum,  post  free. 
Anywhere  Abroad  ： ― 

17/6*  per  annum,  post  free.    Thin  paper  edition 
21/^*  ，，  ，，  Thick  " 

♦Foreign  Remittances  by  International  Money  Order  only. 
Note. ― Direct  annual  subscriptions  include  a  Free  Copy  of 
Fowler's  "  Mechanical  Engineers'  Pocket  Book." 

Cheques  and  Postal  Orders  should  be  made  payable  to  the 
Scientific  Publishing  Company,  and  forwarded  to  our  Manchester 
Office,  .53,  New  Bailey  Street. 

Advertisements,  displayed,  for  insertion  in  current  issue  should 
reach  our  Manchester  office  not  later  than  first  post  Tuesday 
morning,  and  small  prepaid  advertisements  not  later  than  fim 
post  Wednesday  morning. 


The  Town  Transport  Situation. 

There  is  no  more  important  problem  confronting  the  engi- 
neering profession ― and  the  pressure  is  not  confined  merely 
to  that  section  calling  themselves  tramway  engineers ― to-day 
than  that  presented  by  the  transport  situation  in  our  large 
towns.  It  is  not  merely  a  question  of  carrying  capacity,  as  it 
appeared  to  be,  say,  10  years  ago.  It  is  more  than  that. 
The  coming  of  the  high-speed  electric  tramcar  was  such  an 
improvement  on  the  old  horse  car  that  for  a  few  years,  with 
the  exception  of  London,  the  only  serious  problem  was  the 
suburban  steam  railway,  which  found  itself  robbed  of  no  small 
part  of  its  traffic.  The  London  exception  did  not  trouble  non- 
Londoners,  because  it  appeared  as  if  the  London  problem  was 
mainly  explained  by  the  comparative  absence  of  electric  trams 
in  London  and  the  continued  existence  of  the  uncomfortable, 
slow-moving,  aud  low-capacity  horse,  bus.  To-day  the  situa- 
tion is  changed,  and  London  dominates  it.  During  receut 
years  the  motor  'bus  has  found  itself.  This  is  especially  true 
of  Loi-clon,  and  the  last  financial  year  witnessed  a  decrease  in 
the  tramway  traffic  of  the  London  County  Council,  but  a  verv 
marked  increase  in  the  traffic  secured  by  the  motor  'buses. 
This  fact  has  been  discussed  by  the  London  daily  Press  and  by 
the  technical  Press,  and  in  general  welcomed  joyfully  as  au 
indication  that  the  tramway  is  about  to  succumb  before  the 
onslaught  of  the  motor  bus.  At  the  West  Ham  Conference 
of  the  Municipal  Tramways  Association  the  London  situation 
came  up  for  discussion,  and  it  is  evident  from  expressions  of 
opinion  there  and  elsewl^ere  that  there  is  a  large  body  of 
interested  opinion  which  bel  .eves  the  usefulness  of  the  electric 
tram  to  be  past  its  zenith.  Although  many  of  these  opinions 
are  expressions  of  political  faith  rather  than  technical  argu- 
ment, it  would  be  unwise  to  dismiss  the  present  extremely 
difficult  town-transport  situation  as  devoid  of  engineering 
interest. 

It  is  desirable  first  to  point  out  that,  although  not  without 
lessons  of  general  application,  the  London  situation  is  dis- 
tinctly special  at  the  present  moment.    It  is  special  because 
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most  towns  have  no  motor  buses  to  trouble  them  at  present 
and  because  the  London  streets,  with  their  comparatively 
sinoot  li  road  surfaces,  are  relatively  more  favourable  to  the 
bus  than  the  stone  sett  pavements  usual  in  most  large  towns. 
Further,  to  a  large  extent  the  London  struggle  is  for  local  or 
short  journey  traffic,  whereas  the  tramways  of  most  towns 
depend  to  a  murli  larger  extent  upon  the  traffic  between  lionie 
and  business.  It  is  one  of  tlie  grounds  of  complaint-  of  the  bus 
supporters  that  the  trams  are  encouraging  people  to  live  too 
far  out  from  business,  and  the  success  of  the  'bus  is  partly 
to  l>e  measured  by  its  ability  to  hinder  t  his  outward  movement 
by  offering  cheap  facilities  to  those  who  remain.  Then,  too, 
the  iramcar  begins  to  be  at  a  disadvantage  in  a  congested 
street,  and  London  lias  far  more  of  these  than  any  otlier  town. 
A  tramcar  is  tied  to  the  rails  and  is  in  itself  a  serious  obstacle 
to  otlier  traffic.  Further,  it's  passengers  in  passing  to  and  fro 
IxM  ween  the  car  and  footpath  are  also  a  hindrance  io  \  he 
vehicular  traffic,  as  every  town  can  demonstrate.  The  motor 
'bus  is  not  tied  to  rails  and  does  get'  through  dense  t  raffic  more 
readily  than  the  tram.  As  regards  it's  passengers  t'l^ere  is 
also  an  advantage  when,  as  is  usual,  these  are  received  or  dis- 
charged at  the  edge  of  the  footpath.  Under  present  condi- 
tions, then,  in  a  congested  street  the  'bus  seems  to  possess  the 
advantage,  and  for  local  traffic  there  is  a  good  deal  of  justifica- 
tion for  this  point  of  view. 

There  are,  however,  otlier  factors  to  be  taken  into  con- 
sideration. For  the  liome-and-office  traffic  the  demand  for 
accommodation  is  beyond  the  bus,  except,  when  the  distance  is 
small.  Even  the  present  trams  are  too  small  and  a  bus  the 
size  of  the  large  iwo-bogie,  double-decked  tram  is  liardly 
practical.  The  London  County  Council  are  making  the  mis- 
take of  seeking  powers  to  run  trailers,  which  would  increase 
the  obstruction  of  the  traffic,  reduce  the  speed  of  the  cars, 
and  have  other  disadvantages,  offset  only  by  that  of  greater 
carrying  capacity.  Also,  the  bus  is,  except  on  the  best  pave- 
ments, a  very  inferior  vehicle  to  travel  in.  In  London  the 
pavements  are  of  the  best,  but  even  there  the  jolting  is  not  to 
be  laughed  at,  and  the  swerving  is  worse.  Single-truck  trams 
are  about  the  limit  of  barbarism  which  ought  to  be  permitted 
in  a  public  conveyance,  and  any  form  of  bus  at  present  in 
existence  is  well  outside  the  limits  for  all  except  perfect  road 
surfaces  and  a  thin  traffic,  which  eliminates  the  necessity  for 
following  a  cork-screw  path.  One  may,  of  course,  tolerate  a 
barbaric  method  of  travel  for  short  distances,  and  it  may  be 
that  the  motor  'bus,  by  reason  of  its  convenience  and  speed  in 
business  centres,  is  destined  to  establish  itself  for  localised 
services  in  large  towns. 

The  localised  services  of  our-  large  towns  do  not;  however, 
touch  the  main  problem  of  the  town-transport  situation. 
That  problem  is  mainly  that  of  carrying  between  home  and 
business.  There  is  not  a  tramway  system  in  any  of  our  large 
towns  which  has  solved  this  problem,  although  its  solution  is 
as  pressing  as  that  of  the  supply  of  drinking  water  to  the 
inhabitants.  The  railways  are  equally  far  from  solving  the 
problem,  with  the  result  that  the  central  districts  are  steadily 
becoming  more  and  more  congested  and  the  utility  of  the 
trains  less  and  less.  The  remedy  will  not  be  found  until  the 
British  conception  of  a  tram  is  fundamentally  altered.  A 
man  riding  three  or  four  miles  from  his  home  to  the  office  does 
not  waut  to  stop  every  two  or  three  hundred  yards  and,  what 
is  more  important,  lie  cannot  afford  to  stop.  Nor  does  it  pay 
the  tramway  system  to  stop  a  full  car  for  an  odd  passenger  at 
an  intermediate  point.  Intermediate  passengers  must  be 
catered  for  separately.  In  fact,  tlie  tramway  system  must 
approximate  to  that  of  the  railway  in  this  respect,  that  there 
must  be  express  cars  and  intermediates  and  that  the  average 


schedule  speed  must  be  very  much  increased.  On  the  other 
Jiand,  the  frequency  of  service  must  be  maintained.  What  is 
wanted  is  something  between  the  present  suburban  railway, 
with  its  great  distance  between  stations  and  its  infrequent 
service,  and  the  impossibly-slow  tramway.  The  public  wel- 
fare demands  this  change ；  not  in  order  to  pass  profits  into 
the  pockets  of  the  tramway  company's  shareholders  or  the 
ratepayers'  pockets,  but  because  modern  ideas  will  not  tolerate 
much  longer  the  unhealthy  congestion ^  which  can  only  )>o 
avoided  if  there  is  a  first-class  town-transport  service  such  as 
no  town  yet  has  and  because  the  commercial  needs  of  large 
modern  cities  are  every  day  demanding  larger  aggregations  of 
population,  greater  efficiency,  and  therefore  better  liealt  h 
the  workers  and  a  much  more  complete  and  rapid  system  of 
intercommunication  between  the  several  parts  of  the  town 
area.  These  things  all  mean  that  the  town  must  grow  in  area 
and  population  and  that  its  transport  service  must  be  speeded 
up  and  added  to  in  many  ways.  Our  tramways  and  our  rail- 
ways fail  to  grasp  the  significance  of  tliese  things.  The  rail- 
ways do  not  yet  realise  that  the  true  measure  of  the  clist  a  ik-p 
between  home  and  office  is  the  average  time  taken  from  leav- 
ing the  one  doorstep  to  arriving  at  the  other  and  that  a  rule 
the  walking  time  at  the  two  ends  and  the  waiting  time  at' 
stations  are  important  items  in  this  figure.  On  the  other 
hand,  the  tramway  seems  to  have  no  idea  of  creating  traffic, 
but  only  of  providing  carrying  capacity  when  the  dema ml 
makes  itself  felt .  As  a  result  all  big  towns  are  being  fettered 
in  1  heir  growth  by  a  tramway  policy  which  would  have  been 
passable  in  the  days  before  steam  had  created  the  factory  and 
brought  into  being  the  railway,  the  steamship,  and  tlie  tele- 
graph, but  which  is  as  useful  under  present,  conditions  as  the 
hand  loom  and  the  treadle-driven  spinning  wheel -  What'  is 
wrong  with  town  transport  are  the  fund amental  axioms  of 
British  tramway  policy.  These  were  born  in  tlie  days  of  the 
horse  car  and  should  have  no  place  in  the  present. 

EFFECTS  OF  SUPERHEATED  STEAM  ON  CAST-IRON  PIPE, : 

BY  W.  CAMPBELL  AND  J.  GLASSFORD. 

It  has  been  repeatedly  observed  that  cast-iron  fittings  in 
superheated  sieam  pipe  lines  have  been  subject  to  a  lorm  of 
corrosion  which  causes  them  to  swell ，  become  brittle,  and  fail. 
Tlie  worst  specimens  completely  disintegrate,  breaking  down 
to  a  friable  mass  which  may  be  crumbled  in  the  fingers.  It 
is  also  known  that  other  cast-iron  fittings  have  beeu  used  in 
superheated  steam  pipe  lines  for  years  without  showing  signs 
of  corrosion.  It  was  the  object  of  this  investigation  to  deter- 
mine : (1)  The  nature  of  the  corrosion.  (2)  Why  some  cast 
irons  corrode,  while  others  do  not.  (3)  How  the  corrosion 
can  be  minimised. 

The  effect  of  superheated  steam  on  cast-iron  and  cast-steel 
fittings  was  made  the  subject  of  a  symposium  at  the  Boston 
meeting  of  tlie  American  Society  of  Mechanical  Engineers  in 
December,  1909.  At  this  meeting  Ira  N.  Hollis  stated  ： 
" Fittings  have  developed  cracks  and  small  changes  of  shape 
after  a  few  months  of  actual  service.  Fittings  exposed  sepa- 
rately to  superheated  steam  at  a  temperature  exceeding  500° 
Fah.,  have  shown  a  permanent-  increase  of  some  dimensions. 
The  tensile  tests  of  pieces  cut  from  fittings  that  have  failed  in 
service  indicate  in  some  cases  the  possibility  of  permanent  loss 
of  strength." 

He  does  not  consider  the  deinonsiration  of  loss  of  strengtli 
of  fittings  after  long  service  with  superheated  steam  ； is  Ht  hen- 
complete  or  conclusive  evidence  that  the  superheated  steam 
caused  the  loss.  An  8in.  x  6in.  x  6in.  tee  carrying  steam  at 
1751bs.  pressure  and  500°  to  580°  Fah . ,  began  to  fail  in  14 
months.  A  chemical  analysis  gave  carbon,  3 '4 7  per  cent. ； 
manganese,  010  per  cent.  ；  phosphorus,  0'366  per  cent.  ；  sul- 
phur, 0.062  per  cent.;  silicon,  1*41  per  cent.  The  tensile 
strengths  of  six  pieces  taken  from  different  parts  of  the  tee 
were  found  to  be  12,6461bs.,  14，2951bs"  26，0801bs.，  27，2701bs.， 
and  28/2801hs.  per  square  inch.  It  was  supposed  to  be  ;vir 
*  Presented  at  the  International  Congress  for  Testing  Materials. 
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furnace,  guu  iron.  Samples  cut  from  au other  fittiug  that  had 
failed  showed  no  loss  of  strength.  Hollis  concludes  that  the 
failures  were  due  to  the  strains  caused  in  the  fittings  by  the 
expansion  and  contractiou  of  the  long  pipe  lines  in  which  they 
were  placed,  and  that  the  superheated  steam  had  nothing  to 
do  with  it. 

Arthur  S.  Mauu，  at  the  same  meeting,  stated  that  "  extra 
heavy  fittings  aud  valves"  have  beeu  used  in  a  number  of 
instances  for  superheated  work.  After  a  short  time,  six 
mouths  or  even  less  perhaps,  cracks  make  their  appearauce, 
valves  leak,  seats  become  loose,  castings  grow  in  length  and 
surface  cracks  become  so  large  in  size  and  in  number  that  the 
casting  is  removed  from  the  line.  An  ordinary,  commercial 
extra  heavy  flanged  tee,  8iu.  inside  diameter,  with  a  body 
|iu.  and  flanges  fin.  thick,  made  of  common  iron  having  a 
tensile  strength  of  18，0001bs.，  will  fail  with  superheated  steam 
at  1751bs.  pressure  and  577°  Fah.  temperature  (200°  super- 
heat). Within  a  year  the  iuuer  surface  will  have  a  network  of 
cracks,  some  of  which  will  increase  in  depth  until  they  extend 
through  the  body.  The  flanges  will  crack  outward  from  the 
bolt  holes  and  the  fitting  will  become  dangerous.  He  has 
found  even  steel  fittings  have  failed  with  superheated  steam. 
Out  of  25  steel  gate  valves  not  more  than  four  were  fairly 
tight  after  one  year's  service.  Some  defects  in  the  castings 
developed,  allowing  steam  to  pass  straight  through  the  walls. 

Maun  concludes  that  superheated  steam  does  not  of  itself 
initiate  defects  and  it  is  not  supposed  that  the  souud  metal 
undergoes  a  change,  either  chemically  or  structurally,  but, 
if  there  is  au  initial  defect,  superheated  steam  is  active  iu 
developing  it.  It  is  his  opiuiou  that  silicon  is  the  most 
injurious  element  present  in  the  iron  and  that,  though  it  is  at 
present  going  too  far  to  say  that  every  high  silicon  iron  will 
fail  and  that  every  low  silicon  iron  will  prove  successful,  there 
is  】nucli  evidence  pointing  toward  the  correctness  of  such  a 
surmise.  He  concludes  that  the  remedy  for  the  trouble  is  in 
the  use  of  a  high  quality  of  cast  iron . 

Figs.  1  and  2  show  two  cast-iron  fittings,  a  plug  cock  and  a 
flange,  which  failed.  They  had  been  in  use  on  the  outlet  side 
of  a  separately-fired  superheater  for  about  two  years  and 
carried  steam  at  501bs.  to  751bs.  pressure  and  at  a  temperature 
of  800°  to  900°  Fah.  The  superheater  was  iu  use  for  six  days 
a  week  and  cooled  down  over  Sunday.  The  cock  was  the  most 
seriously  affected.  It  had  swelled,  cracked,  aud  broken  open 
as  if  by  pressure  from  within.  The  metal  at  the  point  A  was 
so  friable  that  it  could  be  crumbled  in  the  fingers.  It  was 
black  in  colour,  with  little  metallic  lustre,  and  was  readily 
attracted  by  a  magnet.  Strangely,  the  metal  on  the  opposite 
side  of  the  cock  was  apparently  unaffected.  The  mould  mark 
was  parallel  to  the  sides,  but  which  side  was  uppermost  when 
the  cock  was  cast  could  not  be  determined.  The  flange,  Fig. 
2，  was  corroded  on  the  steam  side  as  shown,  but  instead  of 
expanding  it  showed  an  erosion  of  material  of  16iu.  on  the 
inside  and  diminishing  from  this  to  nothing  at  the  circle  where 
flange  was  protected  by  packing.  The  thread  on  tlie 
msi(le  of  the  flange  was  corroded  tli rough,  and  was  almost  as 
friable  as  the  centre  of  the  cock. 

In  order  to  follow  the  changes  which  occur  and  the  effect 
of  composition  and  structure  when  cast  iron  is  submitted  to 
superheated  steam,  a  number  of  specimens  were  heated  in 
superheated  steam  at  425。  C.  (800。  Fah.)  and  951bs.  pressure, 
for  30  and  then  90  days,  and  their  increase  in  size  and  weight 
and  their  microstructure  recorded.  Another  set  was  heated 
n}  air  to  425°  C.  and  cooled  down  to  room  temperature  72 
times  and  examined.  Tlie  specimens  treated  are  given  in  the 
accompanying  table. 

The  first  lot,  heated  for  30  days,  consisted  of  samples  1,  2, 
4，  18，  19，  20,  22,  23.  No  distinct  measurable  growth  was 
observed  except  in  the  case  of  sample  20,  which  increased  in 
Ieiigt，li  3-7  per  cent.  It  also  showed  the  maximum  increase  in 
weight  of  1*4  per  cent.  The  second  lot,  heated  for  90  days, 
('ons,sted  of  ^mplefc3,  5  to  17,  and  21，  on  which  measurements 
fere  made.  In  addition  specimens  of  the  first  lot  which  had 
m,tecl.  30  days  were  included  for  microscopic  study 
os}]y.  The  mcrease  in  length  was  irregular,  with  a  maxiinum 
ot  about'  2  Per  cent"  while  tlie  increase  in  weight  was  more 
,rr^ular/nd  reached  a  maximum  of  195  per  cent,  in  the  case 
()t  No.  14.  These  results,  while  indicating  that  some  cliange 
had  takra  place,  were  not  enough  to  draw  any  conclusions. 
Under  the  microscope  it  was  seen  that  the  changes  were 


mainly  superficial.  Therefore,  the  main  stress  must  be  laid 
on  the  microscopical  study  of  the  specimens. 

Specimens  Treated. 

Silicon 
Per  Cent- 

1.  ― Washed  metal   

2.  ― White  cast  iron  for  inalleabilising    0*64 

3.  — No.  264,  sieel  as  cast,  0'35  C.  and  0  66  Mn. …  

4.  ― No.  644,  malleable  cast  iron    0  88 

5.  ― No.  800，  l^in.  diam.  sand  cast   0'35 

6.  ― No.  801，  lin.  square  sand  cast   0*45 

7.  — No.  802,  l^in.  diam.  sand  cast   070 

8.  ― No.  803，  l^in.  diam.  sand  cast   0*95 

9.  ― No.  804，  lin.  square  sand  cast   1*25 

10.  ― No.  805，  l|in.  diam.  sand  cast   135 

11.  ― No.  806,  lin.  square  sand  cast   1*95 

12.  — No.  807，  l|in.  diam.  sand  cast   ■   2*00 

13.  ― No.  808，  lin.  square  sand  cast   219 

14.  ― No.  809，  lin.  square  sand  cast   2'5 

15.  ― No.  795，  lin.  square  sand  cast   1*48 

16.  ― No.  796，  lin.  square  sand  cast    1*70 

17.  ― No.  797，  lin.  square  sand  cast   1*89 

18.  ― No.  644，  lin.  square  pipe  iron    1*75 

19.  — No.  657,  No.  3  foundry  pig    2'0 

20.  ― No.  660，  silvery  pig   5  5 

21.  ― No.  799，  gun  iron   

22.  ― No.  784，  cock  superheater    213 

23.  — No.  784,  flange  superheater   2  29 

Washed  Mtt<tl . —— The  normal  structure  shows  the  usual 

coarse  eutectic-like  mixture  of  cementite  and  pearlite.  Being 


Fig.  1.— Caht-jbon  Plug  Cock  which 
failed  in  supebheatkd  steam 
at  800°  to  900°  Fah. 


Fig.  *2.— Cast-iron  Flange  cokkodei> 
in  Superheated  Steam. 


treated  for  30  and  90  days  causes  oxidation  of  the  surface. 
Cracks  caused  in  breaking  off  tlie  specimens  from  the  original 
piece  are  found  to  be  filled  with  oxide  also. 

White  Cast  Iron  for  Malleabilishuj. ― Treated  30  and  90 
days  iii  superheated  steam  and  by  alternate  heating  and  cool- 
ing in  air  gave  similar  results  to  the  above.  The  only  change 
is  normal  oxidation  of  surface. 

No.  264. ― Steel.    Similar  results,  surface  oxidation  only. 

No.  644. ― Malleable  cast  iron,  surface  oxidation  only. 

No.  800. ― The  normal  structure  consists  of  fairly  large, 
thin  flakes  of  graphite,  a  little  cementite,  the  whole  in  a 
ground  mass  of  pearlite. 

The  90-day  treatment  caused  the  usual  surface  oxidation, 
but  in  addition  parts  of  the  surface  were  swollen  up  and 
blistered  by  oxidation  which  lias  followed  the  coarsest  graphite 
flakes.  The  alternate  heating  and  cooling  in  air  also  gave 
some  oxidation  at  the  outside  following  the  coarsest  graphite. 

No.  804. ― The  treatment  in  air  mainly  results  in  surface 
oxidation.  Being  heated  for  90  days  in  superheated  6 team 
produces  a  new  structure  at  tlie  outside  in  addition  to  the 
normal  oxidation.  The  oxidation  follows  the  coarsest  of  the 
graphite  flakes,  but  around  this  we  find  a  white  border  (pre- 
sumably ferrite)  forming  an  envelope  to  the  whole.  This  new 
constituent  must  be  produced  from  the  pearlite. 

Nos.  805，  806，  and  807  show  a  similar  structure  at-  the 
outside,  increasing  in  intensity  with  the  silicon  content.  De- 
composition very  marked  ；  white  borders  to  the  oxidised- 
graphite  flakes  very  pronounced. 

Nos.  795，  796，  797,  and  644  are  fine-grained  irons.  All 
show  the  regular  surface  oxidation  after  90  days'  treatment, 
but  no  white  envelope.  No.  660  sliows  long  graphite  plates 
set  iu  a  ground  mass  of  silico-ferrite  with  dots  of  cementite. 

The  30-day  treatment  caused  a  marked  change,  while  90 
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days  caus&d  the  mass  to  become  split  up  with  planes  of  oxida- 
tion following  the  original  graphite.  The  ground  mass  has 
altered  and  has  precipitated  a  new  constituent  as  a  border  to 
the  oxidation  planes.  The  whole  has  undergone  a  profound 
change. 

No.  779，  gun  iron.- ~ Normal  surface  oxidation  with  occa- 
sional penetration  following  some  coarse  graphite  flake. 

Nos.  784  and  785. ― Cock  and  flange  previously  referred  to. 
Marked  change  after  30  days  and  more  after  90  days'  treat- 
ment. Around  sides  and  especially  at  the  corners,  oxidation 
follows  graphite.  The  treatment  in  air  resulted  in  the  usual 
surface  oxidation. 

Co?irl ttsio/f . ― White  cast  iron,  steel,  malleable  cast  iron,  all 
show  the  same  type  of  oxidation  on  treatment  with  super- 
heated steam.  The  specimens  have  a  regular  skin  of  oxide 
which  also  fills  any  cracks  tliat  may  be  present. 

The  grey  cast  irons,  up  to  0"95  per  cent,  silicon,  show  a 
similar  surface  oxidation,  but,  in  addition,  there  is  a  slight 
penetration  of  oxide  following  tlie  coarsest  of  tlie  graphite 
flakes. 

Specimens  795  to  657，  containing  silicon  1*48  to  2  per 
cent.,  show  the  same  change.  The  other  lot,  804  to  809,  con- 
taining silicon  1'25  to  2  50  per  cent.,  show  the  above,  the  pene- 
tration increasing  witli  the  silicon  content,  and  a  new  white 
constituent  is  precipitated  around  the  oxidation  planes.  This 
is  extreme  in  the  case  of  the  silvery  pig,  No.  660，  with  5*5  per 
cent,  silicon.  , 

It  is  natural  to  conclude,  therefore,  in  the  case  of  the  cast 
irons,  the  increase  in  silicon  is  attended  by  increase  in  corro- 
sion. Were  it  not  a  fact  that  No.  657  with  2  per  cent,  silicon 
stood  so  well,  a  further  conclusion  that  the  finer  the  graphite 
plates  the  less  the  corrosion  would  be  justifiable,  and  this 
would  fit  in  with  practical  experience  that  good  gun  iron 
stands  up  under  superheated  steam  exceedingly  well  in 
practice. 

WESTINGHOUSE  GEARED  TURBINES  FOR  BATTLE-SHIPS. 

In  the  course  of  a  communication  to  "  The  Times  •' 
on  the  subject  of  the  Melville  and  Macalpine  and 
Westinghouse  turbines  and  gears,  Mr.  George  West- 
inghouse  states  that  he  now  has  designs  under  pre- 
paration for  turbines  and  gears  for  battle-ships  of  the  Dread- 
nought class  for  the  American  navy,  and  it  has  been  found 
that,  by  properly  constructing  a  high-speed  turbine  with  a 
novel  governing  apparatus  for  admitting  steam  to  the  nozzles 
of  the  impulse  part,  a  water-rate  economy  at  low  powers  for 
cruising  speeds  can  be  attained  vastly  superior  to  that  of  any 
other  type  of  marine  engine,  either  turbine  or  reciprocating, 
accounts  of  which  have  so  far  beeu  published.  As  an  illus- 
tration, he  gives  the  following  comparison  :  A  battle-ship  of 
the  Utah  or  Florida  class  of  the  United  States  Navy  as  now 
fitted  lias  eight  Parsons  turbines  requiring  together  850,000 
blades.  With  his  new  type  of  turbiue,  with  reduction  gears, 
there  will  be  required  four  turbines  having  less  than  60,000 
blades.  The  weight  of  the  Parsons  turbine  machinery  is  over 
two  and  a  half  times  that  of  the  new  high-speed  turbines  and 
gears  performing  the  same  amount  of  work  with  a  saving  of  a 
very  good  percentage  of  steam  at  full  speed  and  a  very  large 
one  at  low  speed.  The  size,  weight,  and  form  of  these  tur- 
bines, which  can  be  started  when  cold,  admit  of  their  quick 
inspection  and  of  the  making  of  ordinary  repairs  aboard  ship, 
while  the  saving  in  weight  of  the  machinery  and  boilers  of  a 
battle-ship  is  estimated  to  be  sufficient  to  provide  for  two  more 
large  guns  with  additional  armour  protection  and  store  of 
ammunition.  It  is  estimated  that  the  saving  in  fuel  when  run 
at  cruising  speeds  would  increase  the  cruising  radius  of  any 
battle-ship  compared  with  another  vessel  fitted  with  Parsons 
turbines  by  at  least  30  per  cent.  He  has  now  under  construc- 
tion a  small  turbine  intended  for  use  as  an  auxiliary  on  a 
sailing  vessel .  It  will  have  a  maximum  of  750  h.p.  with 
2001bs.  of  steam,  and  its  weight  will  be  less  than  Hlbs.  per 
horse-power,  while  that  of  the  gearing  of  a  double-reduction 
type  required  for  a  very  low-speed  propeller  will  not  exceed 
51bs.  per  horse-power. 

Submarine  Disaster. ― Another  British  submarine  disaster, 
involving  the  loss  of  15  lives,  occurred  in  the  early  hours  of 
卜， t  i(lav  morning  last  off  Dover.  The  "  B  2，"  while  engaged 
with  other  vessels,  was  run  into  by  tlie  Hamburg- American 
liner  "  Amerika，"  and  sunk.  Only  one  member  of  the  crew 
was  saved. 


METHOD  OF  PRODUCING  SOUND  INGOTS.* 

BY  SIR  EOBKRT  HADPIELD,  F.K.S. 

Owing  to  the  trouble  which  has  been  experienced  by  rail- 
roads, especially  in  countries  where  low  temperatures  prevail 
in  winter  time,  it  has  become  a  necessity  to  look  more  care- 
fully into  the  matter  of  obtaining  sound  rails,  free  from 
piping,  blowholes,  and  other  defects.  This  in  its  turn  means 
that  the  ingots  from  which  the  rails  are  made  should  also 
be  quite  sound  and  free  from  piping,  segregation,  or  other 
defects.  The  improved  method  is  applicable  to  ingots  for 
other  purposes,  whether  of  the  ordinary  square,  oblong,  round, 
or  other  form. 

In  view  of  the  rapid  production  of  the  large  quantities  of 
steel  ingots  required  for  a  modern  rail  mill,  whilst  the  pro- 
duction of  a  "  sound  "  ingot  may  not  be  so  easy  as  it  seems  at 
first  sight,  yet  attention  may  be  drawn  to  the  subject  with 
advantage.  Perhaps  tlie  question  has  not  received  as  full 
investigation  as  should  have  been  the  case.  Moreover,  apart 
from  the  question  of  soundness,  tlie  waste  experienced  under 
the  present  condition  of  manufacture  is  very  considerable. 
Therefore,  any  system  which  shows  how  to  reduce  the  loss  by 
waste  and  scrap  is  one  of  more  than  ordinary  interest  to  the 
steel  maker,  as  this  means  not  only  a  better  product  but  a 
more  economical  one. 

The  question  of  producing  sound  steel  is  as  important 
a  factor  in  meeting  the  requirements  of  the  times  as  ever  it 
was.  By  sound  steel  is  generally  meant  material  free  from 
(a)  segregation,  (b)  blowholes,  and  (c)  piping.  Unless  these 
requisites  are  fulfilled,  trouble  and  breakdown  of  the  rolled 
or  forged  material  produced  from  the  ingots  may  occur  in 
some  stage  of  its  history.  Fortunately,  as  a  rule,  the  remedy 
which  obviates  or  overcomes  any  one  of  the  difficulties  tends 
to  improve  all.  For  example,  steel  which  is  sound  and  free 
from  blowholes  is  less  liable  to  segregation  or  intermingled 
slag,  and  the  ingots  made  therefrom,  if  properly  fed,  will  have 
the  defects  under  (r),  that  is,  piping,  largely  reduced. 

Many  simple  devices  as  well  as  complicated  arrangements 
have  been  suggested  and  tried  to  overcome  the  difficulties  in 
question ― as,  for  example,  fluid  compression  from  the  top,  also 
from  the  bottom  ；  feeding  the  settling  by  gas-generated  heat  ； 
compressing  or  squeezing  from  the  sides,  and  many  other 
devices  which  have  given  more  or  less  satisfactory  results. 
There  are,  however,  some  disadvantages  in  these  systems, 
amongst  others,  the  expense  of  application  owing  to  the  heavy 
cost  of  apparatus. 

For  some  years  the  author  has  been  working  at  methods 
which  appear  to  him  to  be  simple  yet  efficient.  In  view  of 
the  great  importance  of  obtaining  sound  material,  a  general 
description  of  these  methods  may  be  of  interest.  A  system 
of  this  kind,  with  suitable  modifications,  is  applicable  to  the 
manufacture  of  sound  ingots  from  which  to  make  rails  and 
other  products. 

The  production  of  ingots  of  sound  steel,  whatever  may  be 
the  temper  or  hardness  of  the  steel,  that  is,  mild,  medium,  or 
hard  or  special  steels,  is  important.  This  point  has  long 
been  recognised  in  Sheffield  in  the  manufacture  of  special 
steels,  both  for  small  and  large  ingots  of  crucible  cast  steel , 
in  which  the  upper  or  top  portion  is  provided  with  a  fireclay 
top  or  ' '  dozzler  "；  in  other  words,  the  ingot  is  il  dozzled." 
The  ingots  dealt  with  in  the  present  paper  are  chiefly  those 
of  medium  size,  such  as  used  for  rail  production.  They  may 
be  termed  neither  small  nor  large  ；  that  is,  they  are  medium 
sizes  and  weights,  varying  from,  say,  half  a  ton  to,  say,  two 
and  a  half  or  three  tons  each,  and  from,  say,  8in.  or  lOin.  to 
20in.  or  24in.  square.  The  chief  object  of  this  paper  is  to 
deal  with  this  special  method,  as  full  descriptions  of  various 
other  processes  have  already  appeared  in  technical  literature 
- ~ that  is,  relating  to  the  Whitwortb,  Harmet,  Riemer,  Uling- 
worth,  Robinson,  and  other  processes.  ■■ 

Tn  confirmation  of  the  author's  views  as  to  the  desirability 
of  obtaining  absolutely  sound  steel,  free  from  blowholes,  pip- 
ing, and  segregation,  he  quotes  the  following  from  Mr.  B. 
Talbot's  excellent  paper,  "  Segregation  in  Steel  Ingots. "卞  At 
the  end  of  this  paper  Mr.  Talbot  says :  "In  my  opinion  it 

*  Abstract  of  paper  read  before  the  Iron  and  Steel  Institute,  October,  1912. 
t  "  Journal  of  tho  Iron  and  Steel  Institute,"  1905,  No.  II.,  pp.  204,  &c. 
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would  be  well  worth  while  for  other  investigators  interested 
in  the  manufacture  of  higher  carbon  steel,  such  as  for  rail, 
tyre,  aud  similar  purposes,  to  follow  up  these  results  with  a 
view  to  proving  whether  a  more  uniform  and  regular  steel  is 
not  thereby  obtained,  a  result  well  worth  the  few  pence  per 
ton  the  aluminium  would  cost.  Perhaps  the  chief  result  to 
be  looked  for  would  be  the  decreased  amount  of  crop  end 
that  it  would  be  necessary  to  cut  off  from  the  top  of  the  ingot, 
due  to  the  greater  solidity  of  the  top  and  the  lessened  amount 
of  segregation  in  this  top  part  of  the  ingot.  This  alone  would 
undoubtedly  pay  for  the  cost  of  the  aluminium  added,  with- 
out considering  the  more  regular  quality  of  the  finished  pro- 
duct as  a  whole." 

This  is  exactly  the  point  so  strongly  insisted  upon  by  the 
author  of  this  paper,  namely,  that  with  piping  steel  the  quality 
is  raised  as  regards  greater  soundness  and  less  segregation. 
To  get  these  full  advantages  it  is  necessary  to  have  a  method 
of  properly  feeding  or  filling  up  the  settling  which  would  other- 
wise be  produced  by  steel  having  such  piping  tendencies.  The 
author  believes  the  method  now  described  satisfactorily  meets 
these  requirements,  both 
as  regards  improving  the 
quality  of  the  material 
and  also  cheapening  pro- 
duction, by  making  an 
ingot  which,  by  being 
sound,  offers  less  waste. 

Amongst  others,  Prof. 
Henry  M.  Howe  has  dealt 
with  this  question  of  seg- 
regation and  piping  in 
some  interesting  papers, 
including  those  on  "Piping 
and  Segregation  in  Steel 
Ingots/'*  and  "  The  In- 
fluence of  the  Conditions 
of  Casting  on  Piping  and 
Segregation  as  shown  by 
means  of  Wax  Ingots. "t 
The  author  will  not  go 
into  these  in  detail,  but 
would  call  attention  to  the 
interesting  results  ob- 
tained by  Prof.  Howe 
with  regard  to  studying 
the  condition  of  piping 
and  segregation  occurring 
in  wax  ingots,  made  with 
a  view  to  show  that  in 
the  cooling  of  fluid  steel 
poured  into  ingot  moulds 
their  behaviour  is 
similar. 

At  the  Hecla  works, 
Sheffield,  of  the  author's 
firm,  large  quantities  of 
special  steels  are  made, 
ia  which  it  is  essential 

to  have  perfectly  sound  material,  free  from  the  segregations 
previously  referred  to  (a),  (b)f  and  (c).  The  methods  now 
described  have  enabled  the  desired  object  to  be  fulfilled, 
both  cheaply  and  efficiently.  Moreover,  it  has  the  important 
advantage  of  enabling  not  only  soundness  to  be  obtained,  but 
also  a  much  larger  percentage  of  the  ingot  to  be  safely  used. 
As  will  be  seen  from  the  results  of  the  experiments  described, 
in  many  cases  no  】ess  than  92  per  cent,  of  the  fluid  steel  in 
the  mould  is  made  utilisable,  and  this  at  small  expense. 

Granted  in  the  first  instance,  therefore,  that  we  are  dealing 
with  sound  piping  or  settling  steel,  which  is  easily  obtainable 
by  ordinary  care  in  manufacture,  there  seems  to  be  no  reason 
why  the  ingots  should  not  be  sound,  free  from  blowholes, 
piping,  and  segregation.  This  being  so,  rails  or  other  articles 
rolled  from  such  ingots  should  be  of  the  highest  grade.  It 
is  true  that  large  quantities  of  rails  as  now  made  are  of 
excellent  quality,  but  it  is  just  the  "  tenth  ，，  case  which  it  is 

Preliminary  paper  read  at  the  London  meeting  of  the  Iron  and  Steel  Institute, 
1906. 

at  the  New  York  meeting  of  the  American  Institute  of  Mining  Engineers. 


important  to  improve.  It  is  the  bad  heat  here  and  there,  the 
bad  ingot  now  and  then,  which  give  the  fatal  rail  which  in 
service  fails,  involving  catastrophe  and  all  the  troubles  con- 
sequent upon  such  disasters.  The  methods  described  in  this 
paper  appear  to  offer  a  solution  of  this  serious  problem. 

Fig.  1  shows  the  upper  portion  of  four  sin  ill  ingots,  each 
about  4in.  square  and  30in.  in  len^tli,  which  were  made  to 
illustrate  and  test  the  question  of  soundness  atul  piping.  No. 
1  shows  the  steel  as  poured  into  the  mould  without  any  solidi- 
fying addition.  This  probably  represents  mucli  current  prac- 
tice, for  the  reason  that  at  present  niotliods  to  take  away  the 
piping  are  not  used,  therefore  piping  steel  is  avoided.  Tlie 
author  has  been  told  by  a  rail  maker  abroad  that  he  required 
steel  which  neither  rose  in  the  moulds  nor  piped,  a  most  diffi- 
cult matter  to  accomplish  in  practice,  besides  theoretically  in- 
correct. No.  2  shows  the  same  steel  as  used  in  No.  1  quietened 
by  the  addition  of  0*036  per  cent,  of  aluininiu w.  This  is  still 
not  altogether  sound.  No.  3  ；  to  this  was  added  more 
dluminium,  namely,  0*09  per  cent.  -  The  steel  here  is  quite 
sound,  but  pipes  deeply. 


Fig. 


July 
April 


No.  1.  No.  2.  No.  3.  No.  4. 

-Upper  Portions  of  Four  Small  Ingots  (4  Inches  Square)  madk  to  Illustrate  and  Test  the  Question  of 

Soundness  and  Piping. 

The  ingot  maker  appears,  therefore,  to  be  in  a  dilemma. 
If  he  makes  his  steel  so  that  it  will  not  settle,  tlien  it  is  un- 
sound, like  No.  1.  If  he  makes  it  sounder,  like  No.  2,  this 
pipes,  and  so  is  still  not  satisfactory,  and  there  is  much  waste. 
No.  3  is  quite  sound,  but  the  piping  is  almost  as  bad  an  evil 
as  the  unsoundness  shown  in  No.  1. 

To  overcome  this  difficulty,  the  methods  described  in  this 
paper  seem  to  be  those  best  suited  to  give  the  desideratum  of 
sound  material  from  piping  steel.  Ingot  No.  4  represents  the 
same  steel  of  the  sound  type  used  for  ingot  No.  3，  but  fur- 
nished with  the  proper  feeding  top  referred  to  in  this  paper. 
It  will  be  noticed  that  the  ingot  is  not  only  sound  but  free 
from  piping.  The  object  in  many  steelworks  seems  to  be  to 
try  and  avoid  a  steel  which  pipes  or  settles.  This  really  arises 
from  the  natural  desire  to  avoid  the  trouble  and  expense  of 
making  preparations  for  dealing  with  piping  steel.  The  de- 
sideratum in  the  author's  opinion  is  "piping  steel"  which 
should  be  properly  fed. 

The  following  is  a  description  of  the  author's  method  of 
casting  steel  ingots,  castings,  &c.，  which  ensures  soundness, 
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Fig.  4. 


-Pouring  the  Ingots,    Either  Top:or:Botto》i  Pouring  mat  be 
.Employed. 


it  joined  the  ingot,  tapering  to  9in.  square  in  a  length  of  16in. 
The  steel  was  filled  up  in  the  sinking  head  to  a  depth  of  14in., 
the  remaining  2in.  of  sand  head  being  filled  with:  a  layer  of 
ground  slag,  having  a  thickness  of  about  l  Mn.    The  slag  was 

Table  I. 


Total  Weight  of  Ingot. 


Cwts.   Qrs.  Lbs. 
38       3  0 
(4,3001bs.) 


Weight  of  Sound  Ingot. 


Cwts.     Qrs.  Lbs. 
36        0  18 
(4,05011>s.) 


This  is  equal  to  a  waste  of  a)>out  "  7  per  cent, 
put.  on  the  molten  steel,  then  t'he  heating  carried  out  by  means 
of  the  charcoal  and  blast'  in  the  manner  described  in  the 


Fig.  3.— Method  op  Making  thk  Ingots.  15in.  Mould. 
have  been  made,  weighing  about  5,0001bs.  each,  in  which  the 
piping  and  discard  do  not  amount  to  more  than  about  7  per 
cent.  This  small  loss  is  not  the  only  advantage,  the  chief  one 
being  that  material  is  obtained  which  is  quite  sound  and  free 
fi  om  hidden  pipes  or  other  defects  on  the  whole  length  of  the 
ingot.      The  system  can  be  applied  equally  well  to  either 


freedom  from  piping,  and  absence  of  segregation  ：  The  method 
of  carrying  out  the  process  is  shown  in  Figs.  2  and  3.  As 
will  be  seen,  this  consists  in  heating  the  fluid  steel  in  the 
upper  part  of  the  ingot  or  other  mould  and  maintaining  it 
in  a  liquid  condition  by  the  combustion,  in  contact  therewith, 
or  in  close  proximity  thereto,  during  the  cooling  and  shrinkage 
of  the  metal  in  th©  lower  part  of  the  mould,  of  solid  fuel — 

for  example,  charcoal— by 
means  of  a  blast  of  compressed 
air  which  is  caused  to  impinge 
on  the  fuel  while  this  is 
(lirectly  or  indirectly  supported 
by  the  metal  below  ；  and  tlie 
interposition  of  a  layer  of 
fusible  material,  such  as  cupola 
slag,  which  has  little  or  no 
injurious  action  on  the  metal, 
l>et  ween  the  metal  and  tlie 
fuel.  This  slag  largely  pre- 
vents radiation  of  heat,  the 
loss  by  which  is  much  greater 
than  ordinarily  supposed  to  be 
the  case.  Fig,  4  shows  the 
ingots  being  poured,  with  the 
feeding  apparatus,  blast,  &c.， 
in  operation.  Suitable  modi- 
fications of  the  process  can  also 
be  employed. 

In  Fig.  3  the  upper  portion 
shows  the  charcoal.  Then 
comes  the  layer  of  slag  about 
]\'n\.  in  thickness.  The  blank 
and  dotted  portion  represents 
the  fluid  steel  in  a  15in.  ingot 
mould.  The  sand  or  other  suit- 
able top  to  provide  the  feeding 
head  portion  is  inserted  in  the  moulding  box  fixed  on  to  the 
top  of  the  ingot  mould  itself.  Whilst  the  ingots  can  be  cast 
as  at  present,  that  is,  large  end  down,  this  particular  design 
shows  the  small  end  of  the  ingot  downwards.  There  is  no 
doubt  this  is  the  better  method,  as  by  the  smaU  end  forming 
the  bottom  portion,  cooling  takes  place  more  quickly,  causing 
the  steel  to  congeal  there  and  thus  reduce  the  amount  of  feed- 
ing required  later  on  from  the  upper  portion  of  the  mould. 
Fig.  5  shows  how  the  same  method  is  applied  to  ingots  with 
the  larger  end  at  the  bottom. 

The  cost  of  carrying  out  the  method  is  trifling  compared 
with  the  large  saving  effected  by  reducing  loss  and  waste  of 
material.  Moreover,  the  quality  of  the  product  is  improved  ； 
for  example,  in  making  rails  produced  from  such  ingots,  not 
only  is  there  less  discard,  but  the  material  is  sounder.  During 
the  last  few  years  many  thousand  tons  of  ingots  have  been 
made  by  this  patented  process,  which  has  been  found  of  great 
advantage. 

As  a  specific  example,  it  may  be  mentioned  that  ingots 


thr  Blast  Blowing  Downwards  on 
the  Chabcoal. 


smaller  or  larger  ingots,  for  all  kinds  of  purposes,  and  for 
ordinary  or  special  steels. 

It  is  estimated  that  on  a  large  output  the  saving  by  this 
method  is  from  about  8s.  to  12s.  per  ton.  Thus,  on  a  large 
tonnage  of  hundreds  of  thousands  of  tons  annually,  there 
would  be  a  very  considerable  saving  each  year,  as  well  as 
obtaining  sound  ingots  free  from  V>lowho】es，  piping,  and  segre- 
gation. 

In  this  experiment  even  the  segregation  usually  noticed 
was  almost  entirely  absent,  only  a  few  inches  below  the  feed- 
ing head  placed  on  the  top  of  the  ingot-.  At  about  4in.  below 
the  surface  of  the  sinking  head  the  percentages  of  sulphur  and 
pliospliorus  were  practically  the  same  as  in  the  original  steel, 
namely,  about'  0*03  per  cent.  each. 

The  following  is  a  description  of  the  ingots  made  from  heat' 
No.  9376 — 2185  steel :  The  sand  head  was  14in.  square  where 


Fig.  2.— Apparatus    Employed  in 

PltODUriNG   SOTTND   INGOTS.  SHOWING 
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patent  specifications.  The  head  was  afterwards  cut  off  the 
ingot,  and  was  found  to  be  free  from  piping  or  segregation. 

The  steel  "  fed  "  well,  practically  the  whole  of  the  molten 
steel  in  the  head  having  descended  bodily  to  feed  the  cooling 
shrinkage  of  the  ingot.    The  head  was  drilled  and  analysed 


Secr/on  THROUGH  C£NTfiE 
OF  18  "  INGOT 
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Fig.  5. ― Showing  Method  as  Applied  to  Ingots  with  the  Larger  End  at  Bottom 


in  order  to  find  out  if  there  was  segregation.  The  results 
are  shown  in  the  following  table.    It  will  be  seen  that  even 


Table  II. 

Position  of  Test-piece  below  Surface  of 
Feeding  Head. 

Analysis. 

Carbon 
Per  Cent. 

Sulphur 
Per  Cent. 

Phosphorus 
Per  Cent. 

"C，，，  3J  inches  below  

"D，"  where  ingot  itself  commences... 

1*41 
120 

059 
0-50 

卜 <N 寸 CO 

o  o  6  c: 

0  135 

o-io 

0-041 

" C  ，，  is  almost  normal  in  its  composition,  and  "  D,"  a  little 
lower  down,  has  practically  the  same  analysis  as  the  bulk  of 
the  ingot.  The  original 
analysis  in  this  heat,  as 
shown  by  the  test  ingot, 
was :  Carbon  0'50  per 
cent.  ；  silicon  0*16  per 
cent  ；  sulphur  0*033  per 
cent.  ；  phosphorus  0-037 
percent.  ；  maDganese  0*80 
per  cent. 

This  ingot  with  the 
sinking  head  described  is 
a-  still  further  advance  in 
the  improvements  effected 
in  this  matter,  the  segre- 
gation being  very  slight. 
It  would  appear  that  93 
per  cent,  of  this  ingot 
may  be  utilised  for  com- 
mercial purposes. 

The  following  further 
experiments  with  this 
method  were  carried  out. 
Two  beats  were  made  of 
mild  and  ordinary  steel. 
In  the  former  the  carbon 
was  0*20  per  cent.,  silicon 


0'40  per  cent.,  and  manganese  0'60  per  cent.  ；  in  the  latter,  car- 
bon was  0*45  per  cent.,  silicon  0*50  per  cent"  and  nian^anese 
0'80  per  cent.  The  ingots  were  prepared  in  themanner  described, 
that  is,  sufficient  cupola  or  similar  slag  was  placed  upon  the 
upper  portion  of  the  molten  steel  in  the  ingot  mould,  then 

charcoal  and  blast  applied. 
Kach  ingot  was  provided  with 
a  sand  top,  placed  at  the  top 
of  its  ordinary  length  of  the 
cast-iron  mould.  The  following 
were  the  results  obtained  ： ― 

Mil  (I  Sfe.e/. 一 Seven  ingots 
were  cast  from  】ieat  X9428— 
1843,  and  seven  cast  from  heat, 
X9438— 1843.  Total  weight, 
6  tons,  17  cwts.,  2  qrs. 
Forged  March  25th,  1908. 

OrdiiHtrif  Sf/^L  ―  Seven 
ingots  were  cast  from  heat 
X9387 ― 6,  and  seven  cast  from 
heat  X9396— 6.  Total  weight, 
6  tons,  17  cwts.  Forged 
March  24th,  1908. 

These  ingots  forged  well  in 
each  case,  and  the  billets  pro- 
duced therefrom  were  sound 
and  satisfactory  in  other 
respects. 

In  the  experiments  made 
it  was  found  that,  with,  the 
exception  of  8*8  and  7  9  per 
gent,  waste,  respectively,  prac- 
tically the  whole  of  the  remain- 
ing portion  of  the  ingots  repre- 
sented saleable  and  serviceable 
billets.  The  same  results  may 
be  obtained  with  either  smallor  large  ingots. 

From  the  results  obtained  in  the  finished  product  great  im- 
provement was  found  over  the  methods  ordinarily  practised, 
whether  as  regards  saving  in  waste  or  improving  the  quality 
of  the  material.  These  ingots  were  heated  aud  rolled  into 
rails  in  the  ordinary  manner  without  any  trouble. 

To  bring  the  whole  of  the  work  briefly  before  the  members, 
the  author  has  prepared  Fig.  6，  on  which  are  shown ― 

(a)  The  head  cut  off  a  15in.  ingot,  showing  sound  fracture 
and  practically  no  segregation.  The  head  portion  re- 
presents only  8  per  cent,  of  the  total  weight  of  the 
ingot. 

(h)  The  rail  rolled  from  the  ingot  a — 
Total  length  of  rail,  64ft. 

Total  length  of  rail  free  from  piping  and  segregation, 
62ft.  7in. 


Fig-  ti. 
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(c)  Rail  discard,  weighing  241bs.,  from  the  portion  im- 
mediately under  the  machined  surface  of  the  head , 
shown  in  Fig.  (c),  that  is,  from  the  most  unfavourable 
portion.    It  will  be  seen  that  the  rail  is  quite  sound. 

(/7)  This  soundness  is  further  proved  by  the  etched  section 
taken  from  the  top  of  tIi-3  rail  shown  in  Fig.  (V). 

Table  III. 


Tons. 

Cwts. 

Qrs. 

Lbs. 

Per  Cent. 

Head  scrap   

0 

8 

0 

0 

6-0 

0 

1 

2 

0 

1-0 

Forge  waste 

0 

2 

2 

0 

1-8 

125  billets 

6 

5 

2 

0 

91-2 

Total  waste, 

6 

17 

2 

0 

8-8  per  cent. 

Table  TV. 

Tons. 

Ql-B. 

Lbs. 

Ver  Cent. 

Head  scrap   

0 

7 

3 

0 

5-6 

0 

1 

0 

0 

0-7 

Forge  waste    , . . 

0 

2 

0 

0 

1-6 

126  billets 

6 

6 

1 

0 

92-1 

Total  waste, 

6 

17 

0 

0 

7-9  per  cent. 

Although  most  of  the  results  shown  in  this  paper  relate  to 
ingots  cast  with  the  small  end  at  the  bottom  of  the  ingot 
mould,  there  is  no  difficulty  in  applying  the  system  to  ingots 
cast  in  the  manner  generally  practised,  that  is,  with  the  larger 
end  at  the  bottom  and  the  smaller  end  at  the  top  of  the  mould. 

A  further  experiment  was  made  in  which  an  ingot  was  cast 
generally  in  the  manner  described  in  this  paper,  but  nine 
minutes  after  casting  the  head  portion  was  filled  up  with 
molten  steel,  and  no  air  blast  or  charcoal  used.  The  result 
was  unsatisfactory,  shewing  that  this  method  would  not  take 
the  place  of  the  one  described  in  this  paper. 

Another  experiment  was  also  made  in  order  to  ascertain 
the  nature  of  an  ingot  using  slag,  but  without  the  feeding 
device  mentioned  in  this  paper.  The  ingot  was  poured  in  the 
ordinary  way,  and  a  layer  of  fine  ground  slag  put  on  the  top. 
No  charcoal,  and  therefore  no  blast,  was  used-  The  ingot 
piped  and  was  excellent  for  soundness.  The  weight  of  the 
discard  was,  however,  considerably  greater,  being  about  12  per 
cent,  to  14  per  cent.  Moreover,  and  this  is  an  important 
point,  the  segregated  portions  of  the  steel  did  not  rise  to  the 
top  of  the  ingot  so  freely.  The  material  was  impure,  and 
segregated  down  to  a  much  lower  point. 

As  regards  the  time  required  for  ingots  to  become  set,  it 
may  be  interesting  to  describe  the  following  experiment  car- 
ried out  at  the  Hecla  Works :  Ingots  9in.  and  18in.  square 
were  cast.  In  the  former  case,  No.  1515C  material,  having  a 
composition  of  0*20  per  cent,  carbon,  and  1*25  manganese,  was 
used;  in  the  latter  case,  No.  1978A  material,  0*40  per  cent, 
carbon,  and  1'34  per  cent,  manganese. 

To  determine  the  condition  of  the  interior  mass,  a  thin 
iron  rod  was  inserted  in  the  casting  at  short  intervals  after 
casting.  The  following  data  is  interesting,  showing  the  time 
required  for  fluid  steel  in  ingots  of  this  particular  size  to 
become  "  set  " : —— 


Table  V. 


9-inch  Ingot. 

18-inch  Ingot. 

Time  after 
Casting. 

Distance  set  up  the 
In^ot  from  the 
liottoui. 

Time  after 
Casting. 

Distance  f  et  u)>  the 
Ingot  from  the 
Bottom. 

Minutes. 
-、 5 
10 
18 

2> 

Inches. 

4 

6 
40 
45 

( 'oniplete 
Solidilication. 

Minutes. 
25 
40 
55 

m 

Inches. 
6 
13 
55 
58 
Complete 
Solidification. 

The  author  takes  this  opportunity  of  thanking  Messrs. 
I.  B.  Milne,  T.  G.  Elliot,  W.  J.  Dawson,  and  others,  for  the 
assistance  they  have  given  in  carrying  out  this  research,  the 
l;il)ours  of  which  have  been  considerable  ；  also  Mr.  H.  Steel 
； uh!  Mr.  E.  H.  Saniter,  of  Messrs.  Steel,  Peech,  &  Tozer,  Ltd., 
The  Ickles,  Sheffield,  for  their  assistance  in  connection  with 
the  rolling  of  most  of  the  rails  referred  to  in  this  paper. 


In  conclusion,  to  sum  up  briefly  the  results  of  this  research, 
it  may  be  said  that  in  order  to  obtain  sound  rolled  or  forged 
products,  for  example  sound  rails,  there  must  first  be  sound 
steel  in  the  ingots  themselves.  This  means  that  it  is  neces- 
sary to  use  steel  of  piping  nature,  consequently  the  ingots  i'rmn 
such  piping  steel  must  be  properly  fed.  No  doubt  there  are 
other  suitable  methods  besides  those  described  in  this  paper  for 
obtaining  such  sound  ingots,  but  it  is  doubtful  whether  these 
can  favourably  compare  in  simplicity,  cheapness  of  operation, 
and  in  other  respects.  The  author  trusts,  however,  by  means 
of  the  information  now  set  forth,  it  will  be  seen  that  an 
attempt  lias  been  made  to  arrive  at  and  place  upon  a  scientific 
basis  the  underlying  principles  concerning  the  casting  of 
sound  steel,  the  】riamier  in  which  it  cools,  segregates,  and  pipes. 


COAL  DUST  EXPLOSIONS. 

The  Home  Office  committee  of  experts  which  is  conducting 
experimental  investigations  into  tlie  properties  of  coal  dust, 
with  special  referem'e  to  its  danger  as  an  explosive  element, 
has  issued  a  second  report,  which  starts  with  the  acceptance 
of  the  axiom  that'  "  the  finer  the  dust  from  any  particular 
coal  tlie  greater  its  inflammability/?  Though  the  true 
chemical  nature  of  coal  is  not  yet  properly  understood,  and 
the  researches  have  not  been  completed,  some  insight  has 
been  gained  into  the  general  character  of  the  compounds 
forming  the  coal  substance.  Experiments  have  led  to  the 
conclusion  that  ； ill  coals  contain  at  least  two  different  types 
of  coni])ounds  of  different  degrees  of  ease  of  decomposition  ； 
they  are,  in  fact,  a  mixture  of  compounds,  of  which  one 
readily  yields  inflammable  gases  on  heating  to  a  compara- 
tively low  temperature — with  bituminous  coals  gases  are 
evolved  on  heating  to  a  temperature  well  below  600°  C. ― 
and  ttie  other  requiring  a  higher  and  more  prolonged  dura- 
tion of  temperature  to  produce  decomposition.  Hence  the 
inflammability  of  coal  dust  will  depend  largely  upon  the 
proportion  in  which  the  readily  decomposer!  constitueuts  are 
present,  and  the  question  arises,  "  Can  this  hypothesis  be 
utilised  to  form  a  criterion  of  inflammability  ？"  Tests  wliicli 
are  lucidly  and  interestingly  detailed,  and  their  results 
carefully  tabulated,  have'  been  made  with  more  than  50 
different  coal  dusts,  all  obtained  by  pulverising  nut  coal, 
and  varying  in  their  ash  content  between  2  and  10  per  cent. 
The  tests  have  showu  that  the  presence  of  varying  quantities 
of  incombustible  dust  added  to  pure  coal  dust  alters  its 
ignition  temperature  to  an  appreciable  extent,  although 
natural  ash  does  not  exert  the  same  influence  as  added  ash. 
At  this  stage  of  their  investigations,  which  are  not  yet 
ended,  the  cominittee  feel  that  they  have  found  a  valuable 
means  of  discriminating  between  different  coals  in  regard  to 
the  sensitiveness  of  their  dusts  to  ignition.  Though  pointing 
out  that  the  tested  dusts  have  been  ground  and  sieved  to 
equal  degrees  of  fineness,  they  are  careful  to  indicate  that 
the  friability  and  porosity  of  coal  and  the  shape  of  its  dust 
particles  must  be  taken  into  account  as  factors  affecting  its 
inflammability. 


Report  on  Recent  Aeroplane  Accidents. 一 The  Public  Safety 
and  Accidents  Investigation  Committee  of  the  Royal  Aero 
Club,  after  having  exhaustively  enquired  into  the  circum- 
stances of  the  fatal  accident  which  occurred  to  Mr.  ~R.  C. 
Fenwick  whilst  flying  a  Mersey  monoplane  on  August  20th  at 
Salisbury  Plain  during  the  progress  of  the  War  Office  trials, 
reports  that  it  is  of  opinion  that  the  accident  was  primarily 
due  to  the  instability  of  the  aircraft,  which  made  it-difficult  to 
control  in  a  disturbed  atmosphere.  Moreover,  the  point  where 
the  accident  occurred  is  well  known  to  be  one  where  irregular 
disturbances  of  the  air  are  prevalent  under  certain  wind  con- 
ditions. One  of  these  disturbances,  says  the  Committee,  must 
have  struck  the  aircraft,  and  the  aviator  eventually  lost  con- 
trol. Concerning  the  circumstances  attending  the  death  of 
Mr.  C.  Lindsay  Campbell,  which  occurred  on  August  3rd, 
whilst,  ilying  a  Bristol  monoplane  at  Brooklands,  the  Commit- 
tee considers  that  the  accident  was  due  to  the  aviator  failing  to 
appreciate  tlie  danger  of  keeping  the  aircraft  in  a  horizontal 
position  after  the  engine  had  stopped ,  thereby  losing  flying 
speed  and  control  of  the  machine.  The  Committee  is  also  of 
opinion  tli at  since  that  portion  of  the  aeroplane  in  which  the 
aviator  was  seated  was  inulamaged  his  life  Tniglit  have  perhaps 
been  saved  liad  he  used  a  helmet  and  belt. 
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INTERNATIONAL  ENGINEERING  AND  MACHINERY  EXHIBITION, 
OLYMPIA,  LONDON.— I. 

An  International  Engineering  and  Machinery  Exhibition, 
under  the  auspices  and  direct-  control  of  the  Machine  Tool 
and  Engineering  Association,  Ltd.,  was  opened  on  Friday 
last,  the  4th  iust.,  by  the  Rt.  Hon.  the  Earl  of  Selborne,  and 
promises  to  be  a  success  from  every  point  of  view.  It  is  the 
largest  exhibition  of  its  kind  ever  held  in  Great  Britain,  and 
has  been  in  course  of  preparation  for  tlie  last  18  months.  It 
mav  be  explained  that  the  Machine  Tool  and  Engineering 
Association,  of  which  Mr.  H.  G.  Mackinder,  M.P.，  is  presi- 
dent, and  Mr.  Walter  Deakin  chairman,  was  formed  two 
vears  ago,  its  object  being  to  promote  the  general  interest  of 
the  engineering  trades  in  connection  with  exhibitions  both 
at  home  and  abroad,  by  assuming  direct  control  over  the  dates 
of  displays  in  Great  Britain,  and  by  arranging  for  united 
exhibitions,  as  far  as  possible,  in  connection  with  the  great 
international  efforts  in  various  parts  of  the  world.  The  scope 
of  the  association  is  very  wide,  as  it  embraces  all  the  varied 
interests  which  affect  the  industry,  and  the  assured  success  of 
this  exhibition,  its  first  important  work,  justifies  the  forma- 
tion of  such  au  association. 

Altogether,  there  are  some  293  exhibitors,  and  the  weight 
of  their  exhibits  is  estimated  at  4,000  tons,  with  a  value  of 
about  a  quarter  of  a  million  of  money.  No  previous  exhibi- 
tion, we  are  given  to  understand,  has  contained  such  a  weight 
of  material,  and  the  management  are  to  be  congratulated  on 
having  excluded  the  "  side-show  •，  element,  a  feature  which 
has  beeu  too  prominent  at  previous  exhibitions.  Stands 
devoted  to  the  exhibit  and  sale  of  fountain  pens,  rubber 
stamps,  and  "  your  photograph  while  you  wait,"  are  all  very 
well  in  their  way,  but  one  hardly  goes  to  an  engineering  exhi- 
bition with  the  primary  object  of  inspecting  or  purchasing 
such  goods. 

It  is  safe  to  say  that  the  collection  of  machine  tools  now 
gathered  together  at  Olympia  represents  the  finest  specialised 
machinery  display  ever  held  in  this  country,  and  we  advise 
all  our  readers,  who  conveniently  can  do  so,  to  pay  a  visit  to 
the  exhibition .  Not  that  it  contains  many  surprises  ； 
developments  in  design  are  matters  of  relatively  small  grada- 
tions, and  to  estimate  progress  we  must  pay  attention  to  the 
details  of  the  machines  on  view.  The  most  straightforward 
development  has,  of  course,  taken  place  in  the  case  of  the 
ordinary  lathe,  the  marvellous  increase  in  the  power  of  which 
has  been. due  to  the  adoption  of  high-speed  steel  and  cutting 
tools,  and  this  also  has  led  to  the  supersession  of  the  cone 
pulley  and  belt  shifting,  by  the  all-gear  head,  enabling  full 
belt  speed  to  be  employed  for  all  diameters  of  work.  More 
complex,  perhaps,  are  the  developments  that  have  taken  place 
in  the  turret  lathe  ；  for  example,  there  are  turrets  admitting 
turners,  drills,  taps,  and  taper  turners,  while  the  automatic 
chuck  and  roller  feed  of  the  lathe  permits  of  the  handling  of 
rough  stock,  and  of  presenting  new  lengths  and  gripping  while 
the  machine  is  running.  Planing  machines  continue  to  grow 
in  size  and  speed  of  cutting,  boring  and  turning  mills  find 
increasing  application  ；  and,  with  bobbing  and  milling  ma- 
chines, ever-growing  accuracy  is  being  obtained  in  gear  cut- 
ting, which  in  turn  enables  the  accuracy  of  other  machine  tools 
to  be  increased.  Besides  machine  tools,  many  productions 
from  other  departments  of  mechanical  engineering  are  in 
evidence ；  for  example,  woodworking  machinery  and  foundry 
equipment  are  well  represented,  together  with  power,  com- 
pressed air,  and  hardening  and  tempering  plants  ；  bolt,  jiut, 
and  screwing  machines  and  tackle,  power  transmission  appara- 
tus, bearing  metals,  packings,  and  lubricants,  as  well  as  some 
electrical  plant  and  numerous  small  tools.  In  short,  every- 
tliiiig  which  is  adapted  to  fill  the  requirements  of  mill  and 
workshop  generally  is  on  view  at  Olympia,  which  building, 
when  we  take  into  account  that  192  oftlie  exhibitors  are  power 
users,  is  virtually  a  huge  workshop  for  the  time  being. 

The  exliit)ition  remains  open  until  the  26th  insi.,  and  it 
is  our  intention  to  notice  many  of  the  more  interesting  features 
in  succeeding  issues  of  this  journal. 


Fatal  Colliery  Winding  Accident. ― A  cage  accident  wliich 
])l;iced  the  lives  of  eight  men  in  jeopardy  and  resulted  in  a  lad 
being  killed,  occurred  on  the  1st  insfc.  at  the  】》rit」s】i  Top  Pits, 
Ahersyt-lian,  near  Pontypool.  The  cage  was  being  lowered, 
、、- 1"'"  ii  caught  t  he  side.  All  its  occupants  were  much  sliaken, 
the  lad  being  thrown  to  the  bottom  of  the  shaft. 


MINE  EXPLOSIONS. 

At  a  meeting  of  the  Midland  Institute  of  Alining,  Civil,  and 
Mechanical  Engineers,  lield  at  Doncaster,  some  interest in^ 
remarks  were  made  with  regard  to  the  paper  on  the  pre- 
vention of  explosions  in  mines,  whicli  Dr.  Jolni  J  larger,  of 
Liverpool,  recently  read  at  Manchester.  It  will  he  remem- 
bered that  Dr.  Harger  advocated  the  lowering  of  the  quantity 
of  oxygen  in  the  air  and  the  adding  of  a  small  percentage 
of  carbon  dioxide.  Prof.  Hardwick,  wlio  presided,  said  Dr. 
Harger's  paper,  showing  that  the  oxygen  in  the  atmospli("(' 
had  so  much  to  do  with  the  propagation  of  explosions,  threw 
considerable  light  upon  the  fact  that,  while  ventilation  li.-ul 
improved  considerably,  unfortunately  there  liad  been  little 
or  no  diminution  in  the  number  and  magnitude  of  explosions 
that  had  taken  place .  Tlie  point  raised  as  to  the  quantity 
of  oxygen  in  the  atmosphere  for  working  was  interesting. 
It  seemed  to  him  that  the  tendency  of  physiologists  now  was 
rather  to  lower  the  percentage.  Whereas  in  his  young  days 
he  was  taught  that  21  per  cent,  was  necessary,  apparently 
tliey  were  getting  down  to  something  like  171,  or  less  than 
that.  Prof.  L.  T.  O'Shea  agreed  that  if  they  could 
reduce  the  oxygen  in  the  atmosphere  to  below  a  certain 
amount,  ordinary  combustion  would  cease.  Tliat  was  a  point 
which  should  appeal  to  them  all,  especially  in  districts  wliich 
were  subject  to  gob  fires,  because  if  they  rould  bring  the 
oxygen  down  to  a  reasonable  amount  perhaps  they  would 
be  able  to  control  the  spontaneous  ignition  of  coal,  and  so 
render  tlie  occurrence  of  these  fires  less  frequent.  But 
he  thought  the  question  of  explosions  was  not  on  all 
fours  witli  that  of  ordinary  combustion.  They  wanted  to 
know  more  about  the  relation  between  the  quantity  of  oxygen 
present  in  the  air  and  ignition  under  pressure.  Prof. 
Dixon,  in  the  discussion  on  Dr.  Harger's  paper,  pointed  out 
that  he  had,  under  certain  circumstances,  been  able  to 
bring  about  the  ignition  of  coal  dust  with  only  13  or  14  per 
cent,  of  oxygen,  by  means  of  electric  sparks  ；  and  the 
apparatus  which  Dr.  Harger  used  was  not  quite  the  same  as 
ignition  under  the  influence  of  a  hot  flame  from  a  blown-out 
shot.  It  had  been  pointed  out  that  in  a  large  number  of  coal 
mines  there  was  only,  perhaps,  19  per  cent,  of  oxygen  at  tlie 
coal  face.  The  air  which  went  into  the  mine  contained  21 
per  cent.,  but  it  lost  some  in  passing  to  the  coal  face.  If 
they  were  going  to  start  with  air  containing  19  per  cent., 
what  was  going  to  be  the  quantity  when  it  got  to  the  face  ？ 
That  was  a  practical  point  which  needed  to  be  very 
carefully  considered  before  they  began  to  play  with  tlie 
quantity  of  oxygen  going  down  the  downcast  shaft. 
Mr.  W.  D.  Lloyd  said  Dr.  Harger  seemed  to  found 
his  conclusions  to  a  large  extent  on  the  fact  that  ex- 
plosions, as  a  rule,  did  not  travel  the  coal  face  or  the  return 
airway,  where  the  air  was  more  deficient  in  oxygen  than  in 
the  intakes.  But  he  did  not  seem  to  give  full  weight  to 
another  fact — that  as  a  general  rule  there  was  not,  on  the 
faces  and  in  the  return  airways,  the  same  quantity  of  coal 
dust  that  tli ere  was  in  the  intake.  He  emphasized  Prof. 
O'Sliea's  point  as  to  tlie  possibility  of  igniting  coal  dust  under 
pressure,  even  in  a  deficiency  of  oxygen .  As  regarded  the 
amount  of  oxygen  necessary  for  working,  he  said  he  had  seen 
an  analysis  showing  that  a  man  with  a  breathing  apparatus 
could  breathe  quite  comfortably  with  only  12  per  cent,  of 
oxygen.  In  tliat  particular  case,  however,  the  man  was  not- 
doing  any  work.  Whether  he  could  have  done  anv,  without 
distress,  was  another  question. 


Electric  Trolley  'Buses  at  Rotherham. 一 A  new  rail  I  ess  elect  n<: 
trolley  oinuibus  system,  connecting  the  villages  of 
Wickersley,  Bramley,  and  Maltby,  with  tlie  Borough 
of  Rotlierliam,  was  formally  opened  on  the  3rd  iust. 
The  necessary  overhead  equipment  has  been  provided 
at  a  cost  of  something  like  £1,000  a  mile,  as  against- 
£5,000  per  mile  for  ordinary  tramways.  There  are  only  three 
other  trolley  omnibus  routes  in  Great  Britain,  namelv,  at 
Leeds  and  at  Bradford,  botli  of  wliich  were  opened  on  the 
same  day,  June  20th,  1911，  and  at  Dundee,  which  was  opened 
last  month.  Rotlierliam  Borough  Council  is  the  first  local 
authority  to  obtain  powers  to  run  trolley  vehicles  outside  the 
iTiuni(uj>al  boundary,  and  in  this  respect  the  system  is  unique. 
The  vehicles  are  of  the  single-deck  type  and  have  each 
cost  £725. 
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MILLING  AND  BORING  MACHINE. 

The  accompanying  illustrations  show  a  design  of  milling  and 
boring  machine,  particularly  applicable  for  milling  and 
boring  turbine  casings,  the  invention  of  C.  F.  Shanks,  of 
Messrs.  Thomas  Shanks  &  Co"  Union  Ironworks,  Johnstone. 
The  machine  is  of  the  type  in  which  the  framework  is  liori- 
zontally  movable  and  includes    end    standards,  extending 


mounted  on  the  frame  N，  and  this  frame  is  adapted  to  be 
adjusted  vertically  by  means  of  screw-threaded  spindles  U 
rotatably  mounted  on  the  standards  O  and  operated  by  worm 
gearing  from  a  shaft  V,  provided  with  a  spur  wheel  adapted 
to  be  engaged  by  a  sliding  pinion  driven  from  the  electric 
motor  F.  The  standards  O  and  parts  connected  thereto  are 
adapted  to  be  moved  relatively  to  stationary  supports  on  the 
base  of  the  machine  by  means  of  screw-threaded  spindles  W， 


Fig.  2.— MiLLiN(i  and  BoitiK(;  Machine. 

drills  as  above  described  it  is  possible  to  mill  casings  for 
turbines  during  the  travel  of  the  tool  in  one  direction,  and 
on  the  return  motion  to  bore  the  milled  surfaces. 


New  Great  Northern  Goods  Locomotive. ―  A  new  goods  loco- 
motive, from  the  designs  of  Mr.  H.  N.  Gresley,  who  succeeded 
Mr.  H.  A.  Ivatt  about  a  year  ago  as  chief  locomotive  engineer 
to  the  Great  Northern  Company,  has  just  been  constructed  at 
the  Plant  Works,  at  Doncaster.  It  is  the  first  engine  designed 
by  Mr.  Gresley  since  he  took  office,  and  is  one  of  10  of  the  same 
type  which  are  being  built  at  Doncaster.  It  is  expected  that 
the  new  engine  will  have  a  more  powerful  haulage  capacity 
and  a  higher  rate  of  speed  than  the  engines  now  used  in  the 
goods  service.  The  cylinders  are  20in.  diam.  by  26in.  stroke, 
the  coupled  wheels  being  5ft.  8in.  diam.  It,  is  fitted  with 
Sclunidt/s  superheater,  which  is  being  used  on  pnicticallv  all 
the  modern  engines  of  the  company.  The  total  weight  of  the 
engine  is  61  tons  14  cwts"  and  the  tender  is  43  tons  2  cwts. 


Fig.  1.— Milling  and  Boiun (；  Machink. 


transversely  of  which  is  a,  frame  adjustable  vertically  rela- 
tively thereto,  to  which  frame  are  adjustably  connected 
bracket  members  supporting  the  operating  tools.  Referring 
to  the  illustrations,  the  machine  is  equipped  with  two  milling 
cutter  wheels  A  disposed  in  a  line  at  right  angles  to  the 
direction  of  travel  and  adjustable  relatively  to  one  another, 
these  cutter  wheels  being  driven  by  gear  wheels  from  a 
common  shaft.  As  shown,  the  cutter  wheels  are  mounted  on 
bracket  members  M  slidably  connected  to  a  supporting 
frame  N  disposed  transversely  of  and  adjustable  vertically 
in  relation  to  a  framework  which  includes  end  standards  0， 
and  is  adapted  to  be  moved  in  a  horizontal  plane  Each 
cutter  wheel  is  provided  with  a  spur  wheel  B  connected  to 
a  sleeve  supported  at  its  upper  end  by  ball  bearings  in  the 
bracket  member  M，  and  is  engaged  by  a  pinion  C  adapted 
to  be  rotated  by  clutch-controlled  bevel  gearing  D  from  a 
shaft  E  which  is  supported  on  the  frame  N  and  is  driven 
from  an  electric  motor  F,  supported  by  a  cross  beam  con- 
necting the  standards  0，  through  spur  gearing  G,  bevel 
gearing  H，  and  spur  gearing  Z  mounted  on  one  of  the  stan- 
dards 0，  and  through:  bevel  gearing  J  and  spur  gearing  K 
mounted  on  the  frame  N，  the  bevel  wheel  J  on  the  driving 
shaft  P  being  slidable  relatively  to  shift  P  so  as  to  permit 
of  vertical  adjustment  of  the  frame  N. 

Coaxially  with  each  cutter  wheel  A  or  one  of  each  set 
of  cutter  wheels  is  a  spindle  L  carrying  a  drill  movable 
axially  so  as  to  project  beyond  the  face-  of  the  corresponding 
cutter  wheel,  each  drill  spindle  being  adapted  to  be  driven 
through  gearing  at  a  higher  speed  than  the  corresponding 
cutter  wheel  A,  and  being  fitted  relatively  to  the  cutter 
wheel  in  such  manner  as  to  permit  of  proper  feed  of  the  drill 
spindle.  As  shown  particularly  in  Fig.  *2,  the  drill  spindle 
L  passes  coaxially  through  a  sleeve,  and  is  adapted  to  be 
rotated  by  means  of  the  spur  and  bevel  gearing  shown.  The 
bevel  wheels  are  freely  mounted  on  the  shaft  E,  and  have 
clutch  faces  adapted  to  be  engaged  one  at  a  time  by  a  sliding 
clutch  Q,  rotatable  with  shaft  E，  according  to  the  direction 
in  which  it  is  desired  to  rotate  the  drill  spindle  L.  The 
feed  mechanism  for  the  drill  spindle  consists,  as  shown,  of  a 
rack  R  formed  thereon  and  a  pinion  S  operated  by  worm 
gearing  and  manually-controlled  bevel  gearing. 

The  bracket  members  M  are  adapted  to  be  adjusted  hori- 
zontally by  means  of  screw-threaded  spindles  T  rotatably 


which  are  rotated  by  means  of  bevel  gearing  operated  by  a 
shaft  X  which  is  driven  by  gearing  from  an  electric  motor  Y. 
With  a  machine  equipped  with  milling  cutters  and  boring 
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THE  INFLUENCE  OF  OXYGEN  ON  THE  PROPERTIES  OF 
METALS  AND  ALLOYS.* 

BY  K.  F.  LAW,  A.R.S.M.  (LONDON). 

For  some  years  the  author  has  been  urging  the  necessity  of  a 
fuller  recognition  and  appreciation  of  the  influence  exerted 
by  oxygen  when  present  in  metals  and  alloys  ；  but  that  the 
subject  has  not  received  the  attention  which  it  deserves  is 
evident  from  some  remarks  recently  mad©  by  Sir  Gerard 
Muntz.  During  the  discussion  on  a  paper  by  liughes 十 before 
the  Institute  of  Metals,  Sir  Gerard  Muntz  said  :  "  There  was 
one  other  point  which  must  not  be  lost  sight  of  in  the  study 
of  the  question ― unfortunately  it  was  generally  lost  sicrht  of 


Fig.  1.— Bkauing  Bronzk.  ^I  vgnifikd 
joo  diametkrs.  vertical  illumination. 
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Kl«..  1.  — OXIDISKD  (」OPI'KR      DliNDltlTKS  OF  C'UPItOUB 

Oxide  in  Eutk^tic.    Magmfikd  100  dxametehs. 
Vertical  Illumination. 

― namely,  the  question  of  oxygen.  As  far  as  his  experience 
went  he  did  not  think  the  importance  of  that  point  had 
sufficiently,  or  at  all,  come  home  to  the  practical  man -— lie 
would  not  include  his  scientific  brethren,  because  one  never 
quite  knew  what  was  in  their  minds  ；  but  the  practical  maker 
of  metals,  and  more  especially  the  practical  users,  had  not 
given  half  enough  consideration  to  the  value  of  the  com- 
paiison  of  the  proportionate  amount  of  oxygen  to  the  other 
ingredients." 

And  again,  during  tlie  discussion  on  a  paper  by  Greaves | 
on  the  copper-arsenic  alloys,  the  same  gentleman  said  that 
" he  desired  to  impress  upon  the  engineering  world,  especially 
his  friends  in  the  railway  world,  the  great  importance  of  the 
question  of  arranging  the  oxygen  content  when  they  specified 

*  Paper  rca<3  bo  fore  Die  Institute  of  Metals,  September,  1912. 
t  "  Non-fcrrouB  Metals  in  Jiailway  Work,"  '*  Journal  of  the  InsUtuki  of  Metals," 
No.  2.  1911.  Vol.  VI. 

X  "  Tin;  inrtiiencti  of  Oxy^'ftn  on  Copper  conlaininfi  Arsenic  or  Antimony."  ■'  Jour- 
nal of  the  Institute  of  Metals,"  No.  1,  1912,  Vol.  VII. 


the  arsenic  content,  because  if  they  did  not  take  any  notice 
of  the  oxygen,  it  was  not  much  gpod  their  taking  any  notice 
of  the  arsenic. M 

I"  view  of  the  importance  attached  to  t  ho  influence  of 
？ xyg'en  by  so  eminent  a"  authority  on  copper  and  its  alloys, 
it  occurred  to  the  author  that  a  useful  purpose  might  be 
served  by  bringing  forward  the  question  before  the  Institute 
of  Metals,  with  the  object  of  raising  a  discussion  which  mi^ht 
lead  to  further  study  and  a  more  complete  understanding  of 
the  subject.  It  must  be  clearly  stated  at  the  outset,  how- 
ever, that  the  present  paper  does  not  claim  to  be  in  any  way 
a  complete  study  of  any  particular  metal,  hut  is  written 
r^ther  with  the  object  of  reviewing  the  relations  of  metals 
with  their  oxides  from  a  broad  and  general  standpoint . 


Fig.  3  — Locomotxyp;  Fikebox.  Magnu-  ied  1,000 

DIAMETERS.      VKBTU  AL  ILLUMINATION- 


i\    '      \     -  '  、：  ：声 ； ^T》 


、d    k'  _  v 

Fig.  6. ― Same  as  FiG.  4,  hut  containing  0  078 
peh  cent.  Arsenic    Magnifiei>  100  diamktei^. 
Vertical  Illumination. 

Metallic  oxides  may  be  regarded  as  the  natural  or  stable 
condition  of  existence  of  nearly  all  the  metals.  From  these 
oxides  the  metals  are  won  by  the  expenditure  of  energy,  and 
they  are  themselves,  therefore,  in  the  nature  of  combustibles, 
and  will  tend  to  revert  to  their  former  condition  with  the 
liberation  of  energy.  Both  in  the  winning  and  working  of 
metals,  unceasing  care  has  to  be  exercised  in  order  to  prevent 
oxidation,  and  the  difficulties  attending  the  successful  accom- 
plishment of  this  object  have  been  overcome  by  the  practical 
man  with  little  assistance,  it  must  be  admitted,  from  the 
scientist.  As  the  result  of  experiment,  he  has  found  that  the 
addition  of  certain  substances  improves  the  quality  of  the 
resulting  metal,  and  without  fully  understanding  the  true 
reason  of  the  improvement,  he  has  succeeded  in  presenting 
us  with  a  formidable  list  of  deoxidisers.  Following  the 
introduction  of  phosphorus  in  1853  came  manganese  and 
aluminium,  and  within  the  last  few  years,  silicon,  magnesium, 
cadmium,  vanadium,  titanium,  and  boron,  both  singly  and 


Fu;.  -2.— Locomotive  Kiukbox.  Magnified  100 
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i.  5.— Oxidised  Coppku.  IOl'tkctic.  M\(iMFiiou 
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Vm. 】0  — Saaie  am  Fig.  9.    Ma (； nikij':d  1,000 

DIAMETKItH.     VEUTIOAL  ILLUMINATION. 

overcome  difficulties,  and  if  it  can  be  proved  (as  it  certainly 
can)  that  oxygen  exerts  a  powerful  influence  on  the  properties 
of  metals,  then  he  must  be  prepared  to  give  the  subject  his 
serious  attention.  A  chemical  analysis  of  copper,  for 
example,  which  failed  to  report  0'1  per  cent,  of  lead  would 
be  regarded  as,  to  say  the  least  of  it,  unsatisfactory,  and  yet 
it  not  infrequently  happens  tliat  ten  times  this  quantity  of 
cuprous  oxide,  which  is  in  many  cases  a  much  more  injurious 
constituent  tlian  lead,  is  passed  over  without  notice  in  tlie 
reported  analysis.  Tliis  is  surely  unscientific  and  illogical. 
Moreover,  the  omission  is  more  serious  than  it  appears  at 
first  sight,  because  the  oxides,  having  lower  specific  gravities 
than  the  metals,  occupy  a  larger  volume,  and  it  must  not 
be  forgotten  tliat  the  influence  exerted  by  an  im]>urity 
depends  upon  its  volume  and  not  upon  its  weight.  Those 


portion  of  a  bearing  bronze  taken  from  a  rolliiig-mill.  The 
photograph  is  not  taken  of  a  specially  selected  portion,  but 
represents  a  fair  average  sample  of  the  alloy.  To  all  outward 
appearance  the  metal  was  satisfactory  and  was  put  into  ser- 
vice, but  it  is  not  surprising  that  it  had  to  be  removed  after 
only  two  hours '  work,  owing  to  excessive  heating.  Whether 
in  bronze  or  white  metal  bearings,  the  presence  of  oxide  will 
iiivarial)ly  cause  trouble. 

Figs.  2  and  3  ar&  taken  from  a  section  of  a  locomotive 
firebox  which  fractured  in  service.  This  fracturing  of 
oxidised  arsenical  copper  has  liad  attention  drawn  to  it  by 
Bengougli  and  Hill*  in  their  very  valuable  paper  on  the 
copper-arsenic  alloys.  The  complete  analysis  of  this  sample 
showed  the  following  results  : —— 

*  "  Journal  of  tho  lusUlutc  yf  Metals,"  No.  1,  19J0,  Vol.  III. 


in  combination  with  one  another.  It  is  true  that  some  of  the 
metals  mentioned  form  useful  alloys,  but  in  many  cases  their 
sole  function  is  to  deoxidise  the  metal  to  which  they  are 
added.  So  important  is  the  cleoxidation  of  metals  and  alloys 
that  it  would  probably  be  no  exaggeration  to  say  that  when 
the  history  of  the  alloy  industry  comes  to  be  written  the 
rrcord  of  progress  during  the  last  20  years  will  be  summed 
up  in  the  words,  "  the  use  of  deoxidisers." 

Ii】 spite  of  its  importaiK'e,  however,  the  scientific  side  of 
the  question  has  been  almost  entirely  neglected .  No  d oubi 
this  is  partly  due  to  the  experimental  difficulties  atteiuling 
the  determination  of  oxygen,  and  it  is  true  tliat  one's  sym- 
pathies would  naturally  be  extended  to  tlie  unfortunate 
metallurgist  who  was  asked  to  determine  the  oxygen  in  an 
aluniinium  alloy  ；  but  it  is  the  business  of  the  scientist  to 


who  are  unaccustomed  to  the  examination  of  commercial 
metals  and  alloys  would  l)e  ast oniphed  at  the  large  volume 
of  non-metallic  matter  which  frequently  finds  its  way  into 
their  composition  without  being  indicated  in  any  way  by  t  he 
chemical  analysis. 

Judging  from  those  cases  which  have  been  examined,  it 
would  appear  that  metallic  oxides  (and  we  are  not  concerned 
here  with  occluded  oxygen,  but  only  with  combined  oxygen) 
are  insoluble,  or  practically  insoluble,  in  metals  and  alloys. 
They  occur  as  particles,  varying  in  size  and  distribution, 
ent angled  and  embedded  in  tlie  metal,  and  it  is  obvious  that 
tlie  existence  of  these  non-metallic  particles  scattered  through- 
out, the  metal  must  seriously  affect  its  properties.  One  or 
two  examples  will  perhaps  s&rve  to  illustrate  these  points. 
F i u; -  1，  for  example,  is  a  polished  and  unetched  section  of  a 
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Copper    99*349  author  have  shown*  that  in  the  case  of  phosphor-copper  the 

Arsenic    0.433  eutectic  structure  completely  disappears  if  the  copper  contains 

  0*009  a  small  quantity  of  tin  in  solution.    It  is  obvious,  however, 

Nickel    0*056  that  tlie  physical  and  mechanical  properties  of  the  alloys  are 

Oxygen    0'115  materially  affected  by  this  change  in  structure. 

Bismuth    trace.  A  series  of  alloys  has  been  prepared,  showing  tlie  effect  of 

Antimony  and  sulphur    nil.  increasing  additions  of  arsenic  to  oxidised  copper,  and  some 

  of  the  more  interesting  of  the  photographs  which  have  been 

99.962  taken  of  these  alloys  are  reproduced,  anrl  will  serve  to  illus- 

This  is  an  excellent  example,  both  of  the  excessive  amount     trate  tlve  changes  taking  place  in  the  structure.    In  making 

of  oxide  which  is  sometimes  found  in  commercial  alloys,  and     tliese  alloys,  best  electrolytu-  copper  was  used,  and  was  «xi- 

also  of  the  large  quantity  of  oxide   represented  by  a  rela^     dise<l  m  the  (Tiinble--no  addition  of  oxide  bein^  made  The 
,  ^  c         -    "、a  o^oUrfw^l  t-oohHq  requisite  quantity  of  arsenic  was  added  in  the  usual  way 

tivelv  small  figure  in  tlie  analytical  results.  ^  ^   .      /      ,    -,  ,  t?-     a    u  *u 

While  dealing  with  the  copper  alloys  of  this  type,  it  must     and  a  small  ingot  cast  after  each  addition     Fig.  4  shows  the 

be  pointed  out  that  they  occupy  a  somewhat  unique  position     oxidised  copper.      The  eutectic  composition  has  purposely 

in  regard  to  their  relations  with  oxygen,  and  in  view  of  their     been  exceeded,  and  dendrites  of  cuprous  oxide  are  seen  em- 
great  industrial  importance  it  may  not  be  out  of  place  to     bedded  in  the  eutectic.    Fig.  5  is  the  same  sample  at  a  higher 
'd      them  briefly  magnincation,  and  shows  the  characteristic  eutectic  structure 

t0nSThree  pa^rs  hive  recently  been  read  before  the  Institute     of  copper  and  cuprous  oxide     Fig.  6  si 隱 s  the  appearance 

of  Metals  dealing  more  or  less  with  the  properties  of  these     of  the  alloy  after  a  sma     addition  of  arsenic     A  breaking 

alloys   and  while  in  no  way  wishing  to  minimise  the  impor-     up  m  the  continuity  of  the  ground  mass  of  eutectic  will  be 

tance  of  the  valuable  work  contained  in  these  papers,  it  must     observed  ；  and  Fig   7   at  a  higher  magnification,  shows  the 

be  confessed  that  a  perusal  of  them,  together  with  the  dis-     way  in  winch  this  takes  place  by  the     balling  up     of  the 

cussions  which  took  place  at  the  time  of  their  -^m^Mimmammrmmm  ^mm 

reading,  leaves  the  mind  of  the  reader  in  a        ^  ,  '  f 

state  of  considerable  confusion  as  to  the  real  T  ^oj 

nature  of  the  alloys  and  the  impurities  which       ^^f^  vc.^*  W  *        -  K'  v'^ 

exert  such  a  prejudicial  influence.    Bengough       PS^ar^^^^^.  ^a^BW 

au.l  Hill,  for  example,  .onsnler  that  the  oxygen  ^^S^j^^^^jS^^KHi 

in    co]>])er-arsenic    alloys    occurs    as    ar^Mimus        *；.  ^  r  " 

oxide,  while  Huntington  suggests  that  it  exists  -Af^ 

in  the  form  of  a  copper-arsenite.    On  the  other       r-'^AW^r  ^^jt^'''t  j 

hand,    Johnson*    declares    that    it   exists   as       '》4^^^:^i^^B5*i :      \1  U 

cuprous  oxide,  and  goes  so  far  as  to  state  that       ^  '\  tpT  '  Jft^cf^^' 

arsenious  oxide  is  reduced  by  metallic  copper       Al^^^^     *V  . "  .4  ^^^K 

with  the  formation  of  cuprous  oxide.      Fre-        [J^^J^f,     ^  »  ^^B^ 

quent  reference  is  made  to  the  eutectic  of  copper  丄  '  .      *    - " 

and   cuprous   oxide,  which,  in  all  the  photo-       ^jpf ' ^  v  ；  ^  *  ^/jgj^^  " 《 

graphs    reproduced,     is    conspicuous    by    its  J^^HL  ,  ' 

absence  ；  and  even  as  regards  the  manufacture  、  顯 

of  the   alloys,  the   old    theory   that    arsenic       ^^^^^^i^5HSS^^^  ' 

behaved  as  a  deoxidiser  has  been  abandoned,        ^^^SelKt^  vr^'#3^wJSSBsrt^SS 

and  some  declare  that  it  is  immaterial  whether 

the  arsenic  is  added  in  the  form  of  arsenious  Fig.  13.— Firebox  Copper.    Etched.   Magnified     Fig  14.-Oxtdised  Buonze.   Magnified  1,0C0 

- ,  L  x,     -  ^1_      y  1,000  DIAMF.TKUS.     VKUTICAI,  ILLUMINATION.  DIA.METKRS.      、  KKTK'AL  ILU'MINATION. 

oxide  or  metallic  arsenic.  It  is  dimcult,  how- 
ever, to  find  any  justification  for  a  method  of  procedure  which  particles  of  oxide.  In  making  up  this  sample  a  content  of 
deliberately  adds  an  element  which  is  not  wanted,  and  must  0.075  per  cent,  arsenic  was  aimed  at,  and  the  analysis 
be  subsequently  removed  if  the  quality  of  the  metal  is  not  showed  0*078  per  cent.  It  will  be  noticed  that  even  in  the 
to  suffer.  An  additional  difficulty  in  the  way  of  a  clear  presence  of  an  excess  of  cuprous  oxide  this  small  quantity 
understanding  of  these  alloys  is  due  to  the  fact  that  pub-  of  arsenic  enters  into  solution  as  arsenide.  Fig.  8  shows  an 
lished  determinations  of  oxygen  i  re  in  most  cases  altogether  intermediate  stage  in  the  process  of  gradual  coalescence  of 
unreliable.  Errors  of  two  and  three  hundred  per  cent,  are  oxide  particles,  with  increase  of  arsenic,  until  in  the  sample 
by  no  means  uncommon.  represented  by  Figs.  9  and  10  the  eutectic  structure  has  cora- 
The  peculiarities  which  have  placed  these  alloys  in  a  pletely  disappeared.  In  this  case  the  saturation  point  of 
unique  position  and  have  been  the  cause  of  so  many  conflict-  arsenide  in  copper  has  just  been  exceeded,  and  free  arsenide 
ing  views  are,  firstly,  the  fact  that  copper  forms  a  simple  is  beginning  to  separate  out.  Fig.  11  shows  the  same  sample 
series  of  alloys  with  its  oxide  ；  and  secondly,  that  the  heats  after  etching,  the  free  arsenide  occurring  as  minute  dark 
of  formation  of  cuprous  and  arsenious  oxides  are  both  low,  particles  in  the  lighter-coloured  solid  solution, 
and  do  not  differ  widely  from  one  another.  Hence  the  oxide3  It  will  be  seen,  therefore,  that  although  there  are  certain 
do  not  form  very  strong  combinations,  but  are  easily  reduced  peculiarities  connected  with  the  occurrence  of  oxide  in 
to  the  metallic  state  ；  whereas  copper  and  arsenic  combine  arsenical  copper,  it  does  not  differ  from  other  alloys  in  its 
to  form  one  of  the  strongest  and  most  clearly  defined  of  the  susceptibility  to  oxidation  or  in  the  mode  of  occurrence  of 
intermetallic  compounds.  The  result  of  this  is  that  not  only  the  oxide.  Tlie  presence  of  the  arsenic  in  no  way  hinders  the 
is  the  arsenic  incapable  of  acting-  as  a  deoxidiser,  but,  even  oxidation  of  the  copper. 

if  present  in  an  oxidised  condition,  is  actually  reduced  more  The  mode  of  occurrence  of  oxides  in  metals  is  naturally  of 

or  l©ss  completely,  and  combines  to  form  arsenide  of  copper,  g!'eat  importance.    As  regards  mechanical  tests  the  minimum 

which  passes  into  solid  solution.      If  copper-arsenite  were  effect  is  produced  when  the  oxide  occurs  in  massive  form,  as 

formed  it  would  immediately  rise  to  the  surface,  as  it  is  an  [n  ^\ie  case  Gf  the  arsenical  coppers  just  considered.    Figs.  12 

easily  fusible  compound.     There  is  as  little  likelihood  of  an(j  13    taken  from  an  etched  sample  of  a  locomotive  fire- 

oopper-arsenite  being  entangled  in  an   arsenical  copper  as  box  show  that  the  oxide  does  not  necessarily  occur  between 

there  is  of  phospliate  of  copper    occurring  in  a  phosphor-  tlie  crystals  although  it  sometimes  happens  that  they  lie  on 

bronze.              .  the  boundary  of  two  crystals. 

It  is  interesting  to  note  that  copper  containing  arsenide  in  The  maximum  effect  is  produced  when  the  oxide  occurs  as 

solution  does  not  form  the  characteristic  eutectic  structure  of  a  network  between  the  crystals,  as  shown  in  Fig.  14,  which 

copper  and  cuprous  oxide.    The  oxide  occurs  in  the  massive  jg  taken  from  an  oxidised  sample  of  a  "  special"  bronze.  In 

form.    This  is  not  an  isolated  instance,  as  Hudson  and  the   

' '•  Journal  of  the  Institute  of  Metuls,"  No.  2. 】910,  Vol.  IV  '  "  Jom'nal  of  tbe  Institute  of  Metals."  No.  1.  1910.  Vol  III 
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reality,  however,  this  is  not  nearly  so  serious  (at  any  rate, 
from  the  user's  point  of  view)  as  the  previous  example, 
because  the  defect  is  usually  made  apparent  by  the  poor 
mechanical  tests  ；  whereas  the  whole  trouble  with  oxidised 
metals  is  that  they  frequently  pass  the  mechanical  tests,  and 
only  when  they  are  put  into  service  does  the  real  trouble 
begin. 

The  work  of  Bengough  and  Hill  with  reference  to  the  frac- 
ture of  oxidised  copper-arsenic  alloys  by  reducing  gases  has 
already  been  referred  to,  and  the  author  has  shown*  that  the 
blisters  produced  in  the  pickling  of  thin  steel  sheets  previous 
to  tinning,  and  the  fracture  of  hard  steel  under  similar  con- 
ditions, are  both  due  to  the  reduction  of  oxide  in  the  steel. 
Doubtless  there  are  other  cases  which  might  be  mentioned, 
but  it  is  in  connection  with  the  subject  of  corrosion  that  the 
question  is  of  tlie  most  vital  importance. 

During  the  last  few  years  innumerable  papers  have  been 
written  on  the  subject  of  corrosion,  and  every  imaginable 
influence  assisting  the  rate  of  corrosion  (even  to  the  action  of 
sunlight)  has  been  pressed  into  the  service  of  the  enthusiastic 
investigator,  until  the  unfortunate  user,  if  he  were  ever 
inclined  to  take  these  papers  seriously,  must  have  given  up 
the  problem  in  despair  long  ago.  Interesting  as  all  these 
scientific  investigations  may  be,  there  is  a  tendency  to  over- 
look one  point  of  view,  and  that  happens  to  be  the  point  of 
view  of  the  practical  man.  It  cannot  be  too  strongly  urged 
that  the  difficulties  which  beset  the  users  of  metals  and  alloys 
are  not  so  much  those  of  uniform  and  normal  corrosion  - 
These  are  more  or  less  in  the  nature  of  known  factors,  and 
can  be  made  the  basis  of  calculations.  It  is  the  cases  of 
abnormal  corrosion —— pitting  and  local  deterioration,  in  most 
cases  due  to  the  presence  of  non-metallic  impurities ― which 
upset  all  calculations  and  cause  so  much  trouble.  Whereas 
theories  regarding  the  nature  of  electrolytes  and  the  diffe- 
rences of  potential  between  the  constituents  of  alloys  have 
been  discussed  at  great  length,  the  author  cannot  recall  a 
single  instance  in  which  an  analysis  of  the  material  inves- 
tigated has  included  a  figure  for  oxygen,  or  even  suggested 
its  presence.  Nor  do  there  appear  to  be  any  determinations 
of,  or  even  references  to,  the  differences  of  potential  between 
metals  and  oxides,  in  spite  of  the  fact  that  they  far  out- 
weigh the  relatively  small  differences  existing  between  the 
separate  metallic  constituents  of  alloys.  Here  we  are  not 
dealing  with  millivolts,  but  with  measurements  of  far 
greater  magnitude,  and  as  an  illustration  of  the  practical 
utility  of  the  difference  of  potential  between  a  metal  and  its 
oxide  we  need  go  no  further  than  the'  ordinary  electric  accu- 
mulator. It  is  the  more  surprising  that  this  subject  has  not 
received  more  attention,  considering  that  the  injurious  effect 
of  imperfect  protective  oxide  coatings  is  well  known  and  has 
been  studied  at  some  length.  In  the  case  of  steel  the  influ- 
ence of  oxide  has  received  slightly  more  attention  ；  but  by  no 
one  has  it  been  more  fully  realised  than  by  Mr.  C.  P.  Sand- 
berg,  for  whom  the  author  has  carried  out  a  number  of  tests. 
Plates  of  ordinary  steel,  and  plates'  of  the  same  steel  rolled 
from  ingots  which  have  been  deoxidised  by  the  addition  of 
silicon,  have  been  exposed  to  the  London  atmosphere  for 
more  than  three  years,  and  have  been  carefully  cleaned, 
examined,  and  weighed  at  intervals  of  six  months.  The 
results  have  shown  that  the  rate  of  corrosion  of  the  ordinary 
plates  is  24  per  cent,  greater  than  that  of  the  deoxidised 
plates  ；  or,  in  other  words,  the  life  of  the  deoxidised  steel  as 
shown  By  these  tests  is  24  per  cent .  longer  than  that  of  the 
ordinary  steel -  Under  normal  conditions  of  service  this 
figure  would  be  exceeded,  because  the  artificial  removal  of 
the  oxide  every  six  months  -exposes  a  fresh  surface,  and  the 
plates  start  corroding  under  the  same  conditions.  Under 
ordinary  circumstances  the  more  corrodible  plates  would  scale 
more  frequently  than  the  less  corrodible  ones,  a  fresh  surface 
being  exposed  each  time  to  the  full  action  of  the  corroding 
agents.  This  effect  has  been  observed  in  the  ca&e  of  experi- 
mental plates,  which  have  been  exposed  for  more  than  six 
months  without  cleaning,  and  in  which  automatic  scaling  has 
taken  place.  Another  example  which  may  be  mentioned  of 
abnormal  corrosion  due  to  oxide  is  to'  be  found  in  the  case  of 
oxidised  welds,  which  have  been  described  in  some  detail  by 
Merrett,  Dighy,  and  the  author. 卞 

•"Journal  of  the  Iron  and  Steel  Institute,"  No.  1,  ]906,  Vol.  LXXIII.  ；  ami 
No.  2, 】907,  Vol.  IjXXVI. 

t  '■  Journal  of  the  Iron  and  Steel  EnBtltnte/'  No.  1，  19X1,  Vol.  LXXXIII. 


From  the  evidence  which  is  constantly  coming  under  his 
notice,  and  of  which  this  paper  is  an  attempt  at  a  brief  sum- 
mary, the  author  is  firmly  convinced  that  experiments  on 
corrosion  wliich  omit  to  take  into  account  the  presence  of 
oxides  in  the  metals  experimented  upon  are  of  little  value  ； 
and  that  in  practical  work  it  is  equally  important  that  the 
presence  of  oxides,  whether  introduced  during  the  manu- 
facture or  subsequent  treatment  of  the  metal,  should  be  con- 
sidered. The  manufacturer  lias  found  that  the  greater 
fluidity  and  superior  qualities  due  to  freedom  from  oxide  are 
matters  of  great  moment  both  in  the  casting  and  after  treat- 
ment of  the  metal  ；  but  the  user  has  not  yet  realised  that 
from  his  point,  of  view  a  perfectly  deoxidised  metal  is  of  equal, 
if  not  greater,  importance. 


KRUPPS  TWO  STROKE  CYCLE  INTERNAL-COMBUSTION 
ENGINE. 

In  2-stroke  cycle  internal -combustion  engines  used  for  the 
propulsion  of  vehicles,  ships,  &c.，  in  which  the  ignition  of  the 
fuel  is  effected  by  the  heat  of  compression  (Diesel  type),  and 
which  have  exhaust  ports  governed  by  the  piston  of  the 
engine,  it  is  necessary  that  the  speed  of  the  engine  sliaft 
shall  be  capable  of  being  regulated  within  wide  limits.  The 
known   2-stroke  cycle  internal-coinbustion  engines  do  not, 


Figs.  1  and  2.— Krupp's  Two-stroke  Cycle  Tnteunal-combustion  Engine. 

however,  comply  in  general  with  this  indispensable  require- 
ment for  marine  engines.  On  the  contrary,  it  is  found  in  the 
case  of  these  engines  that  for  the  reason  set  forth  below,  the 
necessary  final  pressure  at  the  end  of  the  compression  stroke 
and  consequently  also  the  final  temperature  at  the  end  of  the 
compression  stroke  necessary  for  the  ignition  of  the  fuel,  can 
no  longer  be  obtained  in  the  cylinders  when  the  speed  of  the 
engine  shaft  is  reduced,  so  that  some  of  the  ignitions  fail  to 
take  place,  and  serious  breakdowns  in  the  working  of  the 
engine  occur.  The  reason  for  this  disadvantage  is,  that  in  the 
known  2-stroke  cycle  internal-combustion  engines  the  opera- 
tion of  the  air  valves  is  effected  by  one  and  the  same  control- 
ling cam,  while  the  engine  shaft  is  running  at  different  speeds. 

When  an  engine  of  this  class  runs  at  a  high  speed,  a  definite 
uniform  compression  of  the  scavenging  and  charging  air  is 
produced  at  the  instant  in  which  the  engine  piston  just  shuts 
off  the  exhaust  slots  in  the  wall  of  the  cylinder.  If，  on  the 
other  hand,  the  engine  runs  at  a  low  speed,  the  pressure  of  the 
scavenging  and  charging  air  in  the  supply  pipe  to  the  air  valve 
drops,  since  the  air  pumps  attached  to  the  engine  shaft  now 
supplies  a  smaller  quantity  of  air  for  a  certain  time;  in  addi- 
tion thereto ^  the  air  valves  for  scavenging  and  charging  air 
and  the  exhaust  ports  remain  open  for  a  longer  time  during 
one  revolution.  On  account  of  this,  the'  initial  compression 
pressure  falls,  that  means  the  pressure  of  the  charging  air  in 
the  cylinder  at  the  instant  in  which  the  engine  piston  just 
shuts  off  tlio  exliaust  ports,  and  consequently  the  final  com- 
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pression  pressure  falls,  when  the  engine  is  running  at  a  lower 
speed  than  that  for  which  the  air  valves  are  constructed.  To 
obviate  this  disadvantage  the  arrangement  illustrated  here- 
with has  been  designed  and  patented  by  the  Krupp  Company, 
of  Kiel-Gaarden,  Germany,  in  which  means  are  provided  for 
varying  the  opening  of  the  air  valves  to  correspond  to  the 
different  speeds  of  the  engine  shaft. 

Fig.  1  is  a  side  elevation,  partially  in  section,  of  a  2-stroke 
cycle  internal-combustion  engine  intended  for  the  propulsion 
of  ships,  and  Fig.  2  is  the  plan  view  corresponding  thereto. 
A  is  the  cylinder  and  B  is  the  piston  of  the  engine.  The 
exhaust  ports  which  are  arranged  in  the  cylinder  wall  are 
denoted  by  a1.  C  is  the  valve  for  spraying  in  the  fuel,  and  D 
are  two  valves  for  the  supply  of  scavenging  and  charging  air. 
The  fuel  valve  C  is  attached  to  a  fuel  supply  pipe  cl,  and  is 
connected  by  a  second  pipe  c2  to  a  compressed  air  reservoir  c3 
which  contains  the  air  for  spraying  the  fuel.  The  air  valves 
D  are  connected  by  a  pipe  dl  to  an  air  pump  which  is  driven 
directly  off  the  engine  shaft.  The  valves  C，  D  are  operated 
through  valve  levers  from  cams  F，  G,  H  on  a  special  regulat- 
ing shaft  E.  The  cams  F  and  H  are  similarly  constructed  and 
are  each  provided  with  large  cam  faces  f1  and  h1  which  are 
intended  to  operate  the  air  valves  D  at  high  speeds,  and  also 
with  smaller  cam  faces  f-  and  h2  which  are  intended  to  operate 
the  air  valves  D  at  low  speeds.  In  a  similar  manner  the  cam 
G  for  the  valve  for  spraying  in  the  fuel  is  also  provided  with 
two  differently-sized  cam  faces  g1  and  g2  (which  for  the  sake  of 
clearness  are  not  drawn  in  the  correct  position  in  Fig.  2)  and 
of  which  the  larger  one  gl  and  the  smaller  one  (j~  operates  the 
fuel  valve  when  the  engine  is  running  at  high  speed  and  at  low 
speed  respectively-  The  cams  are  mounted  upon  a  common 
sleeve  K,  which  latter  is  connected  to  the  regulating  shaft  E 
by  a  key  and  key -way  so  that  it  rotates  with  the  shaft,  but  can 
be  moved  in  an  axial  direction  thereon,  this  sleeve  being 
capable  of  being  locked  in  one  of  two  positions  on  the  shaft  by 
means  of  an  operating  lever  M  pivoted  to  the  frame  of  the 
engine.  Notches  m1  and  m2  for  engaging  the  operating  lever 
which  locks  the  cam  sleeve  K  are  so  arranged  that  when  the 
pawl  of  the  operating  lever  is  in  engagement  with  the  notch 
ml  the  large  cam  faces  f1,  gl ,  hl  ar&  brought  into  operation, 
and  when  the  pawl  is  in  engagement  with  the  notch  m2  the 
small  cam  faces  f2 ,  g~,  h2  are  brought  into  operation. 

The  action  of  a  2-stroke  cycle  engine  in  general  is  well 
known,  and  need  not  therefore  be  explained.  It  will  suffice 
therefore  to  point  out  the  conditions  which  arise  when  the  cam 
sleeve  K  is  adjusted  for  low  or  high  speeds.  When  the  engine 
is  running  at  high  speeds,  the  sleeve  K  will  be  brought,  by 
operating  the  hand  lever  M，  into  such  a  position  that  the  cam 
faces  f1,  f/1,  and  hl  operate  the  valves  corresponding  to  them. 
Assuming  that  the  length  and  arrangement  of  the  cam  faces 
f\  J71,  hl  be  suitably  chosen  for  a  certain  (high)  speed,  the 
engine  will  run  in  a  reliable  manner  at  this  speed  without 
breaking  down.  If,  on  the  other  hand,  the  speed  of  the 
engine  shaft  be  reduced,  the  disadvantage  previously  described 
will  take  place,  so  long  as  the  same  cams  fl  and  hx  be  used  for 
the  operation  of  the  air  valves.  This  disadvantage  can  be 
avoided  with  certainty  by  the  arrangement  of  the  smaller 
cams  f2  and  h2,  which,  when  the  engine  is  running  at  low 
speeds,  are  brought  into  their  operative  position  by  moving  the 
cam  sleeve  K  by  means  of  the  lever  M.  Similar  reasons  also 
determined  the  use  of  a  second  cam  g2  for  the  operation  of  the 
fuel  valve,  since  if  only  one  cam  gl  be  provided  the  fuel 
valve  C  would  always  remain  open  a  long  time,  a  compara- 
tively large  quantity  of  compressed  air  would  pass  out  of  tlie 
reservoir  c3  into  the  cylinder,  and  cause  a  strong  cooling  down 
of  the  contents  thereof.  By  the  provision  on  the  fuel  valve 
gear  of  a  second  cam  g2,  which  can  be  brought  into  its  opera- 
tive position  at  low  speeds,  the  additional  advantage  is 
secured  that  an  economy  in  the  compressed  air  used  for  spray- 
ing in  the  fuel  is  effecied,  and  that  only  a  slight  cooling  down 
of  the  contents  of  the  cylinder  takes  place. 

In  the  engine  under  notice  the  conditions  are  so  arranged 
as  to  secure  as  favourable  an  action  as  possible  both  at  high 
and  low  speeds,  that  is  to  say,  under  those  working  conditions 
which  occur  most  frequently  and  continue  longest,  ihe  inter- 
mediate stages  not  being  taken  into  consideration.  If  it  be 
desired  to  also  take  account  of  tlie  intermediate  stages  between 
full  speed  and  slow  speed  tliis  may  be  accomplished  by  pro- 
viding, in  addition  to  the  controlling  cams  for  full  and  slow 
speeds  and  between  them,  one  or  more  controlling  cams  for 
mean  speeds.  - 


八 NEW  MACHINE  FOR  ALTERNATING  LOAD  TESTS.* 

IiY  li.  V.  HAIC;H,  B  SC. 

Before,  and  especially  since,  the  date  of  Wohler's  classical 
tests,  it  has  been  widely  recognised  that  the  endurance  of 
metals  and  other  materials  under  repeated  stress  differs  from 
that  which  they  exhibit  when  the  load  is  steadily  applied. 
In  many  casss,  parts  of  machines  made  of  ductile  metal  have 
be'sn  found  to  fail  in  a  brittle  manlier  after  repeated  load- 
ing, and  the  apparent  change  in  the  nature  of  the  material 
has  been  attributed  to  fatigue.  It  is  extremely  difficult  to 
design  a  machine  in  which  the  load  is  applied  by  mechanical 
means  with  a  high  frequency,  since  the  masses  of  the  various 
parts  in  combination  with  their  unavoidable  springiness 
introduce  inertia  stresses  which  affect  the  load.  The  actual 
stress  may  thus  be  considerably  more,  or  generally  less,  than 
the  calculated  value.  Nevertheless,  several  machines  work- 
ing with  comparatively  high  frequencies  have  been  con- 
structed, some  of  these  being  arranged  for  rotary  bending 
tests  and  others  for  direct  pull. 

During  the  discussion  that  followed  Mr.  Eden  s  recent 
paper  on  tlie  endurance  of  metals,  references  were  made  to 
the  use  of  an  alternating  magnetic  flux  for  producing  a 
pulsating  pull  in  a  specimen,  and  some  brief  notes  were  also 
contributed  by  the  author  describing  a  machine  of  this  class 
which  had  been  in  use  in  the  James  Watt  Engineering 
Laboratories  of  the  University  of  Glasgow  (where  it  was 


constructed)  for  some  months.  The  present  machine  is  of 
small  size,  being  intended  primarily  for  testing  wire  with 
direct  pulls  varying  up  to  about  1  cwt. 

The  construction  of  the  machine  is  shown  in  detail  in 
Fig.  1，  and  its  principle  is  illustrated  diagrammatically  in 
Fig.  2.  The  lower  end  of  the  specimen  W  is  attached  to 
the  armature  A.  This  is  a  laminated  block  of  iron,  supported 
on  flat  springs  giving  freedom  for  vertical  motion  in  a  small 
range,  directly  over  the  pole  Pl  of  the  magnet.  A  magnetic 
flux  (indicated  by  chain  lines)  is  produced  by  the  large  coil 
C，  and  passes  across  from  the  armature  to  the  main  pole  P,, 
thence  back  to  the  subsidiary  poles  P2  and  P3  by  means  of 
the  laminated  yoke.  The  total  air  gap  in  the  circuit  is  made 
small,  so  that  a  coil  of  moderate  size  is  sufficient  to  produce 
a  very  strong  flux  in  the  air  gap,  developing  a  strong  pull 
between  the  pole  face  and  armature. 

When  the  density  of  the  flux  on  the  pole  face  is  B  lines 
per  square  centimetre,  the  magnetic  pull  per  square  centi- 
metre is  given  by  the  expression  (Maxwell's  law) ― 
F  =  B2/8  7r  dynes  per  centimetre2. 

Taking  tlie  area  of  the  pole  face  as  A  sq.  cm"  the  total 
magnetic  flux  is  (A  x  B)  lines,  and  the  electromotive  force 
induced  in  each  turn  of  the  magnetising  coil  is ― 

E  =  4-44  c  (AxB)  10- s  volts, 
where  r  is  the  frequency  of  the  alternating  current  supplied, 
measured  in  complete  cycles  per  second.    The  magnetic  pull 

*  Abstract  of  paper  read  before  Section  G  of  the  British  Association  at  Dundee, 
September,  191'2. 
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F  is  therefore  proportional  to  the  square  of  the  ratio  of  volts 
to  cycles ~ i.e., 

F=k  (E/c)2. 

This  holds  good  so  long  as  a  constant  proportion  of  the 
total  magnetic  flux  passes  across  the'  gap ~ i.e.,  so  long  as  the 
hiakage  Hux  which  passes  between  the  sides  of  the  armature 
and  the  pole  Px  is  a  constant  proportion  of  the  whole.  If 
t  his  were  strictly  the  case,  the  pull  would  depend  only  on 
the  ratio  volts  to  cycles,  and  it  would  be  iriimaterial  whether 
tlie  air  gap  varied  or  not.  In  practice,  however,  the  leakage 
flux  varies  with  the  gap,  and  it  is  therefore  important  to 
keep  the  leakage  as  small  as  possible.  The  leakage  flux  is 
proportional  to  the  width  of  the  gap  and  to  the  periphery 
of  the  vibrator,  while  the  useful  flux  is  proportional  to  its 
area;  hence  it  follows  that  it  is  important  to  work  with 
approximately  constant  gap  ；  and,  further,  that  a  large 
machine  (in  which  the  "  ratio  ，，  of  the  periphery  to  the  area 
is  small)  is  easier  to  design  than  a  small  one,  such  as  that 
whicli  lias  been  built.  Even  in  this  small  machine,  however, 
the  pulsating  pull  is  fairly  constant  with  respect  to  variations 
in  the  air  gap.  The  pull  increases  somewhat  as  the  gap  is 
reduced,  and  it  is  sometimes  necessary  to  manipulate  the 
machine  skilfully  so  as  to  keep  the  gap  constant  in  spite  of 
slight  instability.  In  a  larger  machine  this  would  be  un- 
necessary, as  the  "  leakage  factor  ，,  would  be  constant. 

The  small  coil  C1  is  connected  directly  to  a  sensitive  volt- 
meter, and  acts  like  the  secondary  winding  of  a  transformer. 
It  is  introduced  so  that  the  voltmeter  readings  from  which 
the  load  is  deduced  may  be  as  far  as  possible  free  from 
leakage  errors.  The  coil  is  therefore  wound  with  fine  wire 
very  close  to  the  edges  of  the  pole  face,  so  that  the  greater 
part  of  the  leakage  flux  passes  outside  the  coil.  In  this 
way  the  constant  k  in  the  equation  for  the  pull  becomes 
almost  independent  of  the  size  of  the  gap. 

It  is  not  difficult  to  control  the  air  gap  within  the 
desirable  limits  when  the  specimen  is  not  too  long.  A  low- 
power  microscope  fitted  with  a  graduated  scale  in  the  eye- 
pieces is  handy  for  the  purpose,  and  allows  the  range  of 
vibration  under  any  given  load  to  be  read  off  at  the  same 
time  that  any  adjustment  is  being  made.  When  a  test  of 
long  duration  at  a  given  pull  is  being  carried  out,  it  is  more 
convenient  to  employ  an  ammeter  to  measure  the  magnetising 
current.  As  this  current  is  directly  proportional  to  the 
mean  length  of  the  air  gap  (for  a  given  flux  density),  it  is  a 
very  simple  matter  to  keep  the  two  constant. 

If  it  were  possible  to  avoid  eddy  currents  in  the  pole 
piece  Px  and  armature,  the  strength  of  the  magnetic  pull 
would  not  depend  upon  the  frequency,  but  only  on  the  ratio 
voltage  to  frequency.  In  practice,  however,  the  laminations 
are  more  or  less  short-circuited,  and  eddy  currents  are 
induced  which  drive  the  flux  to  the  outside  of  the  pole, 
increasing  the  leakage  and  reducing  the  pull.  It  is  necessary 
to  use  fairly  thin  stampings,  effectively  insulated  from  one 
another,  in  order  that  the  flux  may  be  uniformly  distributed 
over  the  pole  face. 

Before  proceeding  to  describe  the  method  of  standardising 
the  machine,  by  which  the  results  are  obtained  accurately 
without  the  need  of  tedious  calculations  of  the  leakage  factor, 
it  may  be  well  to  point  out  the  double  purpose  of  the  flat 
springs  SL  which  carry  the  armature.  The  springs  are 
primarily  arranged  so  as  to  guide  the  armature  A  between 
the  poles  P2  and  P3,  keeping  its  lower  face  parallel  to  that 
of  the  pole  piece  P, .  By  using  springs  instead  of  lubricated 
guides  one  ensures  the  absence  of  friction,  whicli  might 
easily  become  a  large  (and  variable)  quantity.  When  work- 
ing with  high  frequencies,  even  the-  air  resistance  of  the 
armature  and  its  attachments  becomes  a  measurable  quantity, 
altliough  generally  so  small  as  to  be  negligible.  To  hold 
tlie  armature  in  position  only  requires  tlie  use  of  very  light 
springs,  as  the  lateral  stresses  are  small  so  long  as  tlie  air 
^aps  on  the  two  side  poles  P2  and  P3  are  equal.  Thus  the 
lower  spring  S{  is  of  quite  light  material,  similar  to  that 
used  in  clock  springs,  and  serves  only  to  keep  the  armature 
central.  It  is  attached  to  the  armature  by  the  side  plates, 
wliirh  pass  on  either  side  of  the  main  pole  P，，  and  is  held 
the  ends  by  clips  D，  D  attached  to  the  frame  holding  tlie 
yoke.  The  upper  spring  S2  is  made  of  mucli  heavier 
material,  however,  as  it  serves  the  extra  purpose  of  com - 
peinsatin^  ihe  inertia  forces  required  for  acoeleratiivg  and 
(lecolfM-ai in^  the  mass  of  tlie  armature.    Altliough  the  mass 


and  amplitude  are  both  small,  tlie  force  required  is  consider- 
able, as  the  frequency  may  be  high.  The  stiffness  of  the 
springs  may  be  adjusted  to  suit  the  frequency  of  the  test  by 
moving  the  clamping  saddles  E  E  inwards  or  outwards  on  the 
upper  part  of  the  frame. 

It  appears  desirable  to  work  with  a  wave  of  sine  shape, 
as  this  means  that  the  test  is  being  carried  out  at  one  definite 
frequency,  and  not  with  a  combination  of  several  frequencies 
corresponding  respectively  to  those  of  the  fundamental  and 
several  harmonics.  When  current  is  supplied  from  an 
alternator  having  star-connected  3-phase  windings,  no  third 
liarnionic  is  present  in  the  electromotive  force  wave  ；  and, 
as  even  harmonics  are  very  seldom  met  with  in  machines  of 
ordinary  design,  we  need  only  consider  the  effect  of  fifth  and 
seventh  harmonics.  If  ihe  electromotive  force  wave  has  a 
fifth  harmonic  having,  say,  5  per  cent,  of  the  pressure  of  the 
fundamental,  and  a  seventh  harmonic  having,  say,  7  per 
cent.,  then  tlie  wave  of  flux  will  have  corresponding  har- 
monics of  reduced  amplitude.  Tlie  flux  produced  by  a  given 
electromotive  force  is  inversely  proportional  to  its  frequency, 
and  in  the  case  assumed  the  fifth  and  seventh  harmonics 
will  each  have  only  1  per  cent,  of  the  amplitude  of  the  funda- 
mental. If  the  maxima  of  the  fluxes  of  different  frequencies 
occur  at  the  same  instant  (due  to  a  flat-topped  electromotive 
force  wave),  the  increase  in  the  pull  due  to  the  presence  of 
each  harmonic  is  only  2  per  cent,  of  that  of  the  fundamental, 
while  other  relative  positions  of  the  waves  give  still  smaller 
effects.  As  the  real  values  of  the  electromotive  force  har- 
monics may  be  kept  much  smaller  tlian  those  assumed  above, 
their  effect  may  be  taken  as  almost  negligible,  hardly 
influencing  the  maximum  value  of  the  pull  and  producing 
only  a  slight  unevenness  in  the  steeper  parts  of  the  curve. 
A  small  searcli  coil  for  checking  the  wave-form  by  means  of 
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an  oscillograph  is  wound  round  the  pole  piece  Px  (Fig.  2) 
as  closely  as  possible  to  the  coil  used  for  determining  the 
useful  flux.  As  shown  in  the  drawing,  the  spring  S2  (which 
is,  in  reality,  in  two  parts)  is  clipped  between  nuts  on  a 
screwed  spindle  secured  to  the  top  of  the  armature.  By 
adjusting  the  two  nuts  together,  the  rest  position  of  the 
armature  is  moved  upwards  or  downwards  as  required.  The 
armature  may  be  held  in  its  central  position  while  this 
adjustment  is  made  by  means  of  the  pin  p  passing  through 
the  frames  ；  and  in  the  same  way  the  saddles  may  be  adjusted 
sideways  without  any  chance  of  the  armature  being  drawn 
against  either  of  the  lateral  poles  P0  or  P3. 

The  method  of  standardising  the  machine  consists  essen- 
tially in  determining  the  mean  value  of  the  pull  of  the 
magnet.  When  this  is  known,  together  with  the  wave  shape 
of  the  magnetic  flux,  the  maximum  value  of  the  pull  is 
readily  deduced.  Thus,  when  the  flux  follows  a  sine  wave, 
the  pull  follows  a  sine  wave  of  double  frequency,  and  the 
mean  value  is  exactly  one-half  of  the  maximum-.  The  ratio 
is  easily  calculated  for  other  waves  when  the  wave-form  has 
been  determined  by  the  oscillograph.  In  general,  there  are 
six  farces  acting  on  the  armature  under  working  conditions 
and  also  when  standardising.  These  forces  are  (1)  the 
magnetic  pull,  (2)  the  pull  of  the  specimen  (or  standard 
spring),  (3)  the  inertia  forces,  (4)  the  force  of  the  control 
spring,  (5)  tlie  weight  of  the  vibrator  and  its  fittings,  and 
(6)  the  air  resistance.  *  Under  working  conditions  we  can 
equate  No.  (4)  to  No.  (3)  and  No.  (5),  and  may  neglect  No. 
(6)  ；  tlie  pull  in  tlie  specimen  is  then  equal  to  the  magnetic 
pull.  When  standardising  tlie  machine  the  specimen  is 
replaced  by  a  standard  spring,  and  the  inertia  of  the  system 
is  increased  by  attaching  a  comparatively  heavy  mass  to  the 
armature.  The  standard  spring  is  extended  until  the  heavy 
wei^lit  is  lifted  and  the  arm ature  "  floats  "  at  its  normal 
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level,  vibrating  in  only  a  very  small  range,  as  the  extra  mass 
is  so  great  in  comparison  with  the  pull  of  the  magnet. 
We  may  now  apply  a  modified  form  of  Newton's  】aw，  which 
states  that  when  a  body  is  vibrating  in  a  constant  range  with 
any  one  or  more  frequencies,  the  sum  of  all  the  constant 
forces  applied  must  be  zero.  The  pulsating  unidirectional 
pull  of  the  magnet  may  be  regarded  as  made  up  of  two  com- 
ponents― firstly,  a  constant  pull  equal  to  the  mean  value  ； 
and,  secondly,  an  alternating  pull  varying  in  a  sine  wave. 
In  the  case  of  the  armature,  the  four  constant  forces  acting 
upon  its  mass,  together  with  the  heavy  mass  attached,  are  : 
The  mean  value  of  the  magnetic  pull,  the  pull  of  the  standard 
spring,  the  force  of  the  control  spring  (uil),  and  the  weight 
of  the  armature  and  the  mass  attached.  Equating  the 
sum  of  these  four  to  zero,  we  deduce  that  the  mean  value'  of 
the  magnetic  pull  is  equal  to  the  pull  in  the  spring  less  the 
total  weight,  wliile  standardising  the  voltage  and  frequency 
are  noted,  and  also  the  extension  of  the  standard  spring 
necessary  to  overcome  the  mean  value  of  the  magnetic  pull. 
The  mean  value  of  the  pull  is  thus  directly  comparable  with 
the  standard  weight,  the  values  being  proportional  to  the 
extensions  produced.  It  is,  of  course,  necessary  to  use  a 
number  of  standard  weights,  so  as  to  verify  the  propor- 
tionality of  the  extension  of  the  standard  spring  to  its  load 
within  the  working  range.  By  repeating  the  process  with 
different  values  of  the  air  gap,  it  is  possible  to  check  the 
increase  of  pull  when  the  gap  is  reduced.  The  pull  appears 
to  vary  about  2  per  cent,  over  a  range  of  h  mm. ,  but  it  is 
difficult  to  determine  the  figure  exactly,  as  the  measurenieut' 
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of  tlie  pull  is  subject  to  an  error  of  about  \  per  cent,  either 
way. 

Up  to  the  present  only  a  limited  number  of  materials  have 
been  tested  under  pulsating  load  in  the  machine,  and  it  may 
suffice  to  give  some  preliminary  results  obtained  from  two 
materials  standing  at  almost  opposite  extremes  of  the  long 
range  of  carbon  steels  used  in  the  form  of  wire.  The  first  of 
these  is  a  low  carbon  (0*15  per  cent.)  annealed  wire,  breaking 
under  a  steady  stress  of  about  24  tons  per  square  inch,  with 
20  per  cent,  extension,  while  the  second  is  a  hard-drawn  steel 
of  higher  carbon  (0'47  per  cent.),  breaking  at  about  160  tons 
per  square  inch  with  1'7  per  cent,  extension. 

The  results  obtained  from  the  ductile  material  are  shown  in 
Fig.  3，  in  which  curve  "  represents  the  autographic  stress- 
strain  diagram  obtained  with  a  steady  load.  This  test  was 
made  with  Dr.  Barr's  wire -testing  machine,  adjusted  so  that 
the  duration  of  loading  was  15  minutes.  Curve  h  represents 
the  extension  of  the  same  material  under  a  pulsating  load 
applied  with  a  frequency  of  62  per  second.  It  is  clear  that 
extension  begins  at  a  much  earlier  stress,  and  that  the  maxi- 
mum load  does  not  exceed  16  tons  per  square  inch,  which  is 
very  close  to  the  yield  point  under  steady  load.  It  is  also  re- 
markable that  the  percentage  extension,  which  is  w corrected," 
as  already  described,  so  as  to  be  expressed  in  the  usual  manner, 
is  very  approximately  the  same  for  the  two  curves.  Curve  h  re- 
presents the  greatest  extension  that  has  been  obtained  from  a 
number  of  specimens.  Many  of  these  broke  earlier,  but  this 
may  be  attributed  to  lack  of  skill  in  manipulation.  It  will 
be  underatood  that  it  is  not  easy  to  maintain  a  constant  air- 


gap  when  extension  vis  so  rapid  as  iiulicated  l)y  the  flat  curve 
The  fractures  were  carefully  examined,  aiul  do  not  appear 
to  differ  noticeably  from  those  obtained  with  steady  load  ；  in 
both  cases  the  characteristic  local  extension  oi'  a  ductile 
material  was  formed.  Curves  r  and  d  represent  the  stress- 
strain  diagrams  obtained  with  pulsating  load  when  the  speci- 
men liad  been  previously  strained  with  steady  pull  and  re- 
leased, leaving  respectively  3  per  cent,  and  5  per  cent,  per- 
manent extension.  The  curves  rise  steeply,  and  afterwards 
follow  curve  h  ；  the  total  extension  was  again  20  per  cent.  It 
is  noticeable  that  curves  c  and  d  are  rounded  off  as  they  join 
and  that  the  rounding  appears  less  with  5  per  cent,  than 
with  3  per  cent,  initial  extension.  When  part  of  the  exten- 
sion has  been  carried  out  with  pulsating  load,  and  then  subse- 
quently continued,  curve  e  is  obtained.  There  is  no  apparent 
rounding  off  at  the  junction  of  curves  t  and  ht  but  extension 
recommences  sharply  when  the  load  reaches  its  former  value. 
An  interval  of  rest  of  24  hours  does  not  appear  to  alter  this 
result.  When  the  specimen  has  been  extended  by  pulsat iii*/ 
lead,  and  the  load  is  then  somewhat  released,  say  10  per  cent., 
to  the  point  represented  by  p,  it  does  not  appear  that  any  fur- 
ther extension  occurs ― at  any  rate,  after  a  very  short  period 
has  elapsed.  The  reduced  load  may  be  re-applied  at  least 
2,000,000  times  without  further  extension,  and  when  fracture 
occurs  it  is  at  the  grips,  probably  due  to  liairuriering. 

Hard-drawn  metals  are  still  more  difficult  to  grip,  as  the 
stresses  are  so  higli  that  slipping,  on  the  one  hand,  and  frac- 
ture by  hammering,  on  the  other,  are  very  difficult  to  avoid. 
This  will  be  understood  when  it  is  considered  that  the  strength 
of  such  hard-drawn  steel  wire  is  four  to  five  times  as  great  as 
that  of  ordinary  steels.  In  many  cases  specimens,  therefore, 
fracture  at  the  grips  ；  but,  on  the  other  hand,  a  number  frac- 
ture in  the  middle,  and  it  appears  that  the  strength  with  a 
pulsating  load  is  not  greatly  less  than  that  with  a  steady  load. 
Thus,  the  better  specimens  broke  with  a  stress  of  about  120 
tons  per  square  inch  pulsating,  combined  with  20  tons  per 
square  inch  steady  (applied  with  the  object  of  minimising 
vibration),  giving  a  total  stress  of  about  140  tons  per  square 
inch,  as  compared  with  about  160  tons  per  square  inch 
obtained  in  tests  with  steady  load.  Up  to  the  present,  no 
clear  evidence  of  fatigue  has  been  found  either  in  ductile  or 
hard-drawn  materials,  but  this  may  be  due  tc  several  failures 
having  been  attributed  to  accidental  causes.  It  appears  that 
hard-drawn  wire  should  be  suitable  for  investigating  this 
phenomenon,  and  it  is  hoped  to  carry  out  tests  shortly.  It  is 
clear  that  fatigue  tests  are  in  many  cases  as  much  dependent 
on  the  form  of  the  specimen  as  on  the  material.  Thus  a  large 
specimen  of  weak  material  may  stand  a  greater  number  of 
repetitions  of  a  given  maximum  stress  than  a  smaller  specimen 
of  stronger  material.  The  duration  of  the  test  is  dependent 
on  the  rate  of  growth  of  a  crack,  rather  than  on  any  change 
in  the  nature  of  the  material.  By  the  use  of  wire  of  moderate 
diameter  the  time  taken  for  the  growth  of  a  crack  should  be 
very  much  reduced,  and  any  real  change  in  the  nature  of  the 
metal  would  be  more  able  to  make  itself  evident.  In  the 
absence  of  comparative  data  regarding  fatigue,  it  would 
appear  that  ductility  is  not  advantageous  in  wire  subjected  to 
a  rapidly -pulsating  load.  On  the  other  hand,  the  hard-drawn 
material  appears  to  retain  a  greater  proportion  of  its  strength 
when  tested  under  a  pulsating  load. 


FAILURE  OF  A  CAST-IRON  STEAM  SEPARATOR. 

In  the  course  of  a  paper  on  '  (  The  Growth  of  Cast  Irons  after 
Repeated  Heatings,"  read  by  Prof.  H.  F.  Rugan  at  the  recent- 
meeting  of  the  Iron  and  Steel  Institute,  the  author  gave  the 
results  of  an  investigation  made  in  order  to  discover  the  cause 
of  the  failure  of  a  steam  separator  in  one  of  the  large  power 
plants  in  the  City  of  New  Orleans,  La.,  while  in  service.  The 
conditions  it  had  been  under  while  in  service  were  as  follows  ： 
When  the  plant  was  started  saturated  steam  had  been  used 
in  the  pipe  system,  later  this  was  changed  to  superheated 
steam  with  temperatures,  as  observed,  varying  from  370°  Fah. 
to  470°  Fah.  ；  these  temperatures  fluctuated  frequently.  All 
fittings  used  in  the  pipe  line  were  tested  before  being  installed 
to  a  pressure  of  3001bs.  per  square  inch. 

In  order  to  obtain    definite   information   regarding  the 
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material  used  in  the  separator,  seven  sjjeciniens  were  】nade 
from  the  broken  pieces.  Three  of  these  were  from  parts  Jin. 
in  thickness,  and  four  from  pai'ts  1  in.  in  thickness.  These 
specimens  were  turned  to  I'm .  diain .  at  tlie  centre  and 
threaded  to  JJin.  —10  threads  on  the  ends,  and  broken,  vvil  h  the 
results  given  in  Table  I. 

rr.\ni(R  f. 


Tensile  Test  of  ^in.  Metal. 


Tensile  Tc: 


Mark. 

Dia- 

llli'ti'l'. 

Area. 

Break- 
ing 
Load. 

Stress. 

Mark. 

Area. 

ing 
Load. 

Stress, 

V. 

0*4982 

01 940 

2.750 

14,100 

1,  0-4905 

0-1888 

2,220 

11,750 

VI. 

0T>(KK) 

0.1 

2,930 

14,900 

11.  o-4!»sr> 

li.OSO 

10. IWiO 

VTI. 

0M)4r> 

0-1920 

2.770 

14,420 

III.  ()：)0(»1> 

1>.1!IU 

1  1,14(1 

IV.  0-4940 

0'191" 

2,300 

Moan  average  . 

14,473 

Mean 

a  vcim^c. 

11,387 

The  thinner  metal  cooling  sooner  shows  a  higher  strength 
than  the  parts  that  were  thicker,  and  therefore  more  slowly 
cooled.  This  difference  in  strength  almost  (，om!)ene:ites  for 
the  difference  in  the  thickness  of  the  metal. 
•  Classing  the  separator  as  a  medium  casting,  and  assuming 
that  a  test  specimen  taken  from  such  a  casting  would  about 


IV 


Inside. 


Outside. 


equal  90  per  cent,  of  the  strength  of  a  test-bar  cast  at  the 
time  of  casting,  it  will  be  seen  that  these  samples  were  much 
lower  than  the  strength  required  for  medium  castings  in  the 
standard  specifications  for  cast  iron,  adopted  by  the  American 
Society  for  Testing  Materials,  which  is  21,0001bs.  per  square 
inch  in  a  bar  l^in.  square  and  15in.  long. 

In  order  to  determine  if  any  deterioration  had  taken  place 
in  the  casting,  due  to  the  heat  treatment  it  had  received  while 
in  service,  three  specimens  were  cut  from  various  parts  of  the 
broken  pieces  of  the  separator  for  microsections.  These  speci- 
mens were  prepared  with  great  care,  every  effort  being  made 
to  ensure  a  good  surface  at  the  extreme  edges  where  they 
joined  the  scale  surface  of  the  casting.  Upon  examination 
under  the  microscope,  it  was  found  that  the  broken-down 
appearance  observed  in  previous  experiments  was  to  be  seen 
in  the  casting  a  certain  distance  in  from  each  surface.  This 
change  had  permeated  0*0781in.  in  from  the  outer  surface  of 
the  casting,  but  had  not  affected  the  metal  nearly  as  much  as 
it  had  upon  the  inner  surface,  where  it  had  permeated  to  a 
distance  of  0*1093in. 

These  changes  were  easily  observed,  and  were  compared 
by  inspection  with  similar  specimens  in  the  author's  posses- 
sion. In  order  to  check  up  these  observations,  the  author 
decided  to  test  the  strength  of  the  outer  fibre  of  the  surfaces 
of  1  lie  casting,  and  compare  tliem  with  the  fibre  stresses  of 
samples  cul  from  the  same  metal,  but  immediately  behind 
t  hose  cut  from  the  surface.  The  iiuunier  i  liese  cuts  were  made 


are  shown  in  Fig.  1.  Pieces  Nos.  T.  and  IV.  represent  the 
inner  surface  of  the  separator,  while  Nos.  I'.，  IV7.,  and  IV". 
are  samples  cut  from  immediately  behind  those,  and  between 
them  and  the  centre  of  the  casting.  Nos.  IT.  and  II T.  repre- 
sent the  outer  surface  of  tlie  separator,  while  1  P.,  III'.,  and 
U  I〃.  are  samples  cut  in  a  like  maimer  hehiiul  these  nientioned 
above. 

No  data  could  be  found  of  any  tests  made  and  reported 
showing  the  relative  differences  of  strength  between  the  fibres 
forming  the  scale  surface  of  a  casting  and  parts  taken  from 
the  inner  portion  of  the  same  casting.  Comparisons  are  made, 
therefore,  between  the  fibre  strength  of  the  outer  surface  of 
the  separator  (II.  and  Til.)  and  the  strength  of  the  fibre  form- 
iiitr  the  inner  surface  (1.  and  IV.).  These  values  were  also 
compared  with  the  results  obtained  from  the  various  samples 
cut  from  the  central  portions  of  the  casting. 

All  samples  were  approximately  5^in.  long  by  §in.  wide, 
and  ^,  in.  thick.  The  knife-edged  supports  used  for  the 
breaking  tests  were  4  .lin.  apart,  with  the  load  placed  at  the 
centre.  Tli(>s('  samples  were  broken  with  tlie  results  showii 
in  Table  II. 

Table  II. 


M  iirk. 

Breaking  Load. 

Dimensions. 

Maxiimmi 
Stress  on 
( )u"'r 
Fibre. 

L))S. 

O/.. 

Lbs. 

B. 

H. 

11 

12 

1175 

(►•fi.'iS 

0  0745 

22.4(H) 

II  

15 

20f)4 

0041 

()()77() 

；(()() 

Til  

22 

2 

22-12 

0-(i4(i 

0-OHOIi 

:ir》,(H)o 

IV  

15 

04 

o-(»r>9 

("11  "2 

28,1(10 

17 

17 

0  73" 

0-0785 

2(i,:i00 

II.'  

10 

]9(i2 

0-0870 

27,200 

III.'  

1(> 

Hi-OO 

0-(i5l 

O  0784 

27,2(M) 

in."  

1!, 

5 

19-31 

OdSf)") 

IV.'  

:u 

n 

:"•"!» 

0G57 

01107 

29,100 

IV."  

31 

0 

3100 

0055 

01085 

27,100 

In  order  that  comparisons  may  be  made  easily  the  results 
shown  in  Table  II. ，  are  rearranged,  and  averages  are  shown, 
from  which  deductions  may  be  made,  in  Table  III. 

Table  III. 


Marks 

TI.  and  III  

II/  and  III.'  

III."  

IV/   

I.'  and  IV.'  

I.  and  IV  


Outside  of  Casting. 


3(;,： 鶴. 35, 睡 
27,200,  27,200 
27.^0(1 
27,100 

26,300,  29,100 
22,400,  28,100 


Inside  of  separator. 


Mean . 


3：>, !♦.">(> 
27,200 
27,: 则 
27,100 
27,700 
25,250 


By  comparing  samples  II.  and  III.,  representing  the  outer 
surface  of  the  separator  with  an  average  strength  of  35，9501bs.， 
with  the  average  of  I.  and  IV.,  the  inner  surface,  of  25,250*3, 
it  will  be  seen  that  the  fibre  strength  of  the  outer  surface 
is  about  29  per  cent,  more  than  the  inner  surface.  It  is  safe 
to  assume  that  a  large  part  of  this  difference  is  due  to  the 
deterioration  of  the  casting  due  to  its  heat  treatment/.  It 
may  be  assumed  that  in  making  the  casting  the  inner  surface 
coming  in  contact  with  the  face  of  the  core  was  cooled  more 
slowly  than  the  outer  surface  that  was  cooled  by  the  larger 
mass  of  the  walls  of  the  mould,  and  therefore  the  outer  surface 
may  be  somewhat  stronger.  This  consideration  has  been  neg- 
lected, however,  in  the  consideration  of  this  matter. 

The  loss  of  29  per  cent,  of  the  strength  of  the  inner  sur- 
face of  the  casting  that  was  affected  to  a  depth  of  O'lin.  would 
indicate  that  the  total  strength  of  the  casting  lin.  thick  had 
been  lowered  about  2'9  per  cent,  from  the  original  from  tliis 
cause. 

The  author  summarises  the  results  of  his  investigations  as 
follows :  (1)  Tli at  the  strength  of  the  outer  fibre  of  the  scale 
sui^l'iices  of  a  casting  is  greater  than  those  of  tlie  metal  taken 
I'm 出 other  port  ions  a  cast  ing.  (2)  That  the  temperature 
oiicoiuitered  in  pipe  lines  using  superheated  steam  is  suffi- 
ciently high  to  produce  disintegration  in  a  casting,  causing  it 
to  grow  and  become  correspondingly  weak.  (3)  That  grey 
cast-iron  fittings  of  ordinary  mixtures  are  unfit  for  use  in  ]>ipe 
lines  designed  for  superlieated  steam, 
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THE  JOINING   OF  METALS.- 

UV   ALEX.    K.    TUCKKK,  F.I.C. 

{Contimied  from  page  4^4.) 

Autogenous  Fusion.  ―  The  second  method  of  joining  metals 
referred  to  is  that  of  autogenous  fusion,  or  running  liquid 
metal  of  similar  character  on  to  the  surfaces  to  be  joined, 
and  in  its  simplest  form  is  very  old.  It  is  illustrated  in  the 
case  of  repairing  broken  rolls  and  in  lead-burning.  It  has 
beeu  a  practice  for  the  broken  surfaces  of  rolls  to  be  cut 
away  to  give  room  for  the  new  metal.  The  whole  roll  is 
then  heated,  and  hottest  possible  metal  run  into  the  inter- 
vening space,  with  suitable  headers  to  allow  of  escaping 
gases.  I  have  seen  very  successful  jobs  made  under  these 
circumstances,  and  the  system  is  obviously  applicable  to  many 
other  cases. 

In  the  wiping  of  lead  joints  for  water  services  we  have  an 
example  of  semi-fusion  welding,  for,  as  is  well  known,  the 
metal  used,  invariably  a  mixture  containing  a  higli  percentage 
of  tin  (lead  33，  and  tin  67),  is  always  in  the  plastic  state 
during  the  operation.  Great  skill  is  shown  by  the  workman 
who  frequently  makes  his  own  metal,  not  only  in  so  adjusting 
the  addition  of  the  tin  that  he  can  tell  by  it's  appearance 
whether  he  is  right  or  wrong,  but  also  in  his  use  of  it，  because 
the  heat  at  which  he  applies  it  has  to  be  adapted  to  the  work 
in  hand,  and  judgment  must  be  further  exercised  in  seeing 
that  the  successive  layers  he  applies  are  really  melted  or 
crystallised  on  to  the  preceding  chilled  ones  without  any 
" cold  shutting."  This  process  of  wiping  a  joint  looks  very 
simple,  but  undoubtedly  it  requires  a  great  deal  of  experience 
and  observation  for  its  successful  practice,  and  many  branches 
of  plumbing  in  which  the  various  pieces  of  lead  are  joined 
show  a  very  high  order  of  technical  and  manipulative  skill. 
On  the  other  hand,  I  am  told  by  good  practical  men  that 
if  they  had  their  choice,  there  are  mauy  cases  where  they 
would  not  wipe  the  joints.  Thus,  if  a  union  or  cock  has  to 
be  fixed  in  a  lead  pipe,  the  pip©  can  be  coned  or  socketed 
and  tinned  inside,  and  if  tlie  union  or  cock  to  be  fixed  is  also 
tinned  and  driven  in  the  pipe,  and  tinman's  solder  with 
extra  tin  be  melted  in  the  annular  space  with  a  soldering- 
iron  and  finished  with  a  blowpipe,  a  perfectly  satisfactory 
join  results.  I  think  that  this  is  so  is  obvious,  as  the  burst- 
ing strength  is  clearly  greater  at  such  a  point  than  that 
of  the  pipe  itself.  It  is  also  obvious  that  the  bursting 
strength  of  most  of  the  wiped  joints  is  unnecessarily  greater 
t  han  that  of  the  pipe  on  which  tliey  are  made,  and  so  expen- 
sive metal  is  correspondingly  wasted.  Two  ends  of  lead  pipe 
may  be  joined  perfectly  by  fitting  one  into  the  other  and 
tinning  both  surfaces  and  using  solder,  as  above  mentioned. 
Such  joints,  however,  are  not  recognised  in  England  by  public 
authorities,  though  I  have  often  seen  them,  with  variations 
of  detail,  on  tlie  Continent.  Thus  I  have  seen  a  tinned  brass 
tube  inserted  in  the-  two  ends  and  the,  whole  soldered  up — 
this  makes  a  very  neat  and  cheap  joint. 

The  application  of  autogenous  welding  by  acetylene, 
hydrogen,  benzol,  petrol ,  or  other  hydrocarbon  vapour  to 
(•oniinercial  purposes  lias  extended  enormously  during  the  past 
few  years,  and  constructions  and  work  are  now  possible  .by 
the  use  of  such  methods  which  could  not  be  carried  out  by 
any  other  means  ；  thus  repair  work  of  ferrous  and  non-ferrous 
mot als  is  now  done  in  every  town  of  importance,  anrl  tubes  of 
all  sizes  are  made  on  a  very  large  scale.  For  branch  pipe 
construction  the  process  is  quite  unrivalled.  For  high- 
pressure  steata  pipes  tlie  joints  after  screwing  are  often 
welded  up,  and  metal  vessels,  instead  of  being  made  with 
folrled  joints,  are  now  made  with  the  blowpipe  more  cheaply 
； far  more  efficiently.  Lead-burning  forms  an  excellent 
practice  for  acetylene  welding,  as  it  is  fusion  welding  in  tho 
simplest  form.  It  is  usually  carried  out  with  liydro^pn  aiwt 
air,  and  if  the  workman  can  make  a  good  joint  witli  n  nd 
without  a  stick  of  lead,  it  is  a  very  easy  step  for  liiin  io 
julvance  to  making  one  of  aluniinium  or  steel,  or  any  metal. 
Lead-burning  wliicli  at  that  time  seems  to  have  been  also 
known  as  "autogenous  soldering/'  was  first  introduced 
al)oui  1833  by  Mr.  Mallet,  although  the  invention  was  also 
claimed  by  Prof.  Daniel,  of  King's  College,  atul  Mr.  Thomas 
Spciicor,  of   Liverpool,  read  a  paper  <£  On  the  Theory  ami 

*  Paper  reud  before  the  Inslitutu  of  Metals,  Sci>tcuiber,  1912. 


Practice  of  Soldering  Metals/'  before  the  Liverpool  Poly- 
tfH'lunc  Society  in  】840，  in  wliicli  lie  also  claimed  llie  dis- 
covery of  the  process.  The  advantages  of  such  soldering 
were  at  once  appreciated,  especially  for  chemical  works.  Tlie 
objections  to  ordinary  tinman's  solder  were  the  great  local 
Bdion  set  up  by  varied  metals  used  ；  and  further,  the  con- 
traction and  expansion  of  the  solder  under  the  influence  of 
heat  is  different  to  that  of  the  lead  which  it  joins,  and  so 
leaks  are  much  more  likely  to  develop. 

Fletcher,  of  Warrington,  was  the  first  to  introduce  auto- 
genous welding.  This  was  in  1888,  but  he  had  no  commercial 
success,  partly  on  account  of  the  low  heating  power  of  the 
oxygen  and  coal  gas  wtiic  h  lie  employed,  and,  secondly,  on 
account  of  the  poor  quality  of  the  oxygen  at  his  disposal. 
Further,  the  blowpipe  used  was  very  imperfect  ；  there  was 
great  difficulty  in  maintaining  a  uniformly  reducing  flame. 
The  first  practical  success  with  fusion  welding  was  obtained 
by  the  late  Felix  Jottrand,  of  the  Oxyhydric  Company,  of 
Brussels,  who  also  introduced  the  first  commercially  success- 
ful application  of  oxygen  for  tlie  opposite  purpose,  namely, 
the  cutting  of  iron  with  oxygen,  a  process  also  previously 
demonstrated  by  Fletcher.  Jottrand，s  success  was  un- 
doubtedly due  to  the  fact  that  the  gas  employed  by  him  was 
made  by  the  electrolysis  of  water,  and  so  was  of  high  quality, 
and  fiis  blowpipe,  though  complicated,  was  very  efficient. 
It  is  still  a  disputed  point  whether  under  some  conditions 
his  method  with  oxy-hydrogen  is  not  better  than  oxy- 
acetylene.  In  either  case  it  is  important  that  the  oxygen 
used  be  considerably  less  than  the  theoretical  amount 
required,  in  order  that,  although  only  a  lower  flame  tempera- 
ture is  available,  the  flame  will  always  be  reducing  in  charac- 
ter. Benzol,  petrol,  and  other  hydrocarbons  have  been 
recently  used  in  place  of  hydrogen  and  acetylene  for  auto- 
genous welding,  and  their  use  would,  under  certain  con- 
ditions, have  advantages. 

The  Oxy-acctylcnc  Process. ― In  practice  I  have  found  that  a 
proportion  of  four  volumes  of  acetylene  to  five  of  oxygen 
gives  much  better  results  than  the  theoretical  two  volumes  of 
acetylene  to  five  of  oxygen.  So  important  is  this  detail  that 
blowpipes  are  now  generally  constructed  to  consistently 
maintain  a  reducing  flame.  Such  a  blowpipe  is  that  of  the 
Drager-Greishiem.  In  this  blowpipe  the  automatic  reducing 
valves  on  the  cylinders  are  fitted  with  gauges,  which  instead 
of  being  graduated  to  pressure  are  marked  with  the  thick- 
ness of  the  material  to  be  welded ― all,  therefore,  that  is 
necessary  is  for  the  workman  to  adjust  the  springs  on  both 
regulators,  so  that  both  gases  indicate  the  same  thickness. 
A  simple  mechanical  mixture  is  arranged  on  the  blowpipe, 
making  the  whole  apparatus  very  practical  and  convenient. 
A  characteristic  of  the  oxy-acetylene  flame  is  that  it  indicates 
the  correct  mixture,  for  when  the  acetylene  is  in  excess  a 
small  green  cap  appears  over  the  inner  cone  of  the  flame.  On 
reducing  the  oxygen  therei  is  a  point  at  which  the  cap  dis- 
appears. The  right  mixture  is  just  at  this  point,  and  the 
effect  is  so  distinct  that  when  working  with  acetylene  the 
workman  has  no  excuse  for  not'  getting  the  right  proportion. 

If  'cmperature  were  the  only  consideration,  the  oxv-acefcy- 
lene  process  would  be  used  in  all  cases  in  the  working  of  thin 
metal,  but  its  use  requires  much  greater  skill  than  the  lower 
heat  of  the  oxy-hydrogen  flame.  Then  again y  when  a  fixed 
acetylene  generator  is  not  available,  the  risk  and  danger  of  a 
portable  generator  is  considerable,  and  in  sucli  cases  for  oxy- 
acetylene  welding  "  dissolved  "  acetylene  only  should  be  used . 
On  the  other  hand,  this  is  very  expensive,  and  the  apparatus 
is  heavy,  and  it  therefore  follows  that  the  oxy-hydrogen 
lncthod  wilh  its  complete  portability  is  very  often  to  be  pre- 
ferred, because  hydrogen  can  be  obtained  in  the  usual  bottles, 
ami  thus  forms  very  convenient  plant. 

In  welding  metals  other  than  iron,  not  only  the  melting 
point  but  tlie  heat  conductivity  of  the  metal  must  be  cou- 
riered. Thus  copper  with  its  high  conductivity  and  its  low 
melting  point  can  hardly  be  worked  with  the  oxy-liydro^en 
flame.  Indeed,  for  tlie  same  section  as  iron  it  requires  a 
mucli  more  powerful  oxy-acetylene  flame.  Brass,  bronze,  and, 
indeed,  any  metal,  may  be  auto^enously  welded,  and  manv 
require  much  less  care  than  that  for  aluminium. 

Tlie  conditions  of  success  which  apply  to  all  welding  with 
acetylene  or  othor  liydrocarbons  are :  (1)  The  use  oJP  pure 
gases  ；  (2)  the  use  of  a  metal  rod  of  approximately  the  same 
t'uniposition  as  that  of  the  work  to  be  joined  ；  (3)  the  thorough 
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fusion  of  the  inside  surfaces  before  the  additional  metal  is 
applied  ；  (4)  cleanliness  of  the  parts,  and  when  desirable  the 
use  of  suitable  dioxidising  and  fluxing  powders,  such  as 
charcoal  and  borax,  and  lastly,  the  use  of  a  blowpipe  capable 
of  complete  control  in  respect  to  size  of  flame'  and  proportion 
of  mixture.  With  extended  experience  in  the  autogenous 
joining  of  non-ferrous  metals,  it  is  to  be  expected  that  this 
method  will  replace  ordinary  brazing  where  quality  of  work 
is  of  the  first  importance. 

It  should  be  noticed  tl;at  in  consequence  of  the  highly 
local  heating  action  of  acetylene,  contraction  strains  are 
likely  to  be  set  up，  which  may  be  more  serious  than  those 
occasioned  when  the  whole  work  is  heated  and  welded  up  in 
the  smith's  fire  in  the  ordinary  way.  In  the  case  of  cast 
iron,  it  is  very  desirable  that  such  strains  sliould  be  avoided 
by  making  the  weld  first  and  tli^n  reheating  the  in  ass  as 
much  as  possible,  and  cooling  slowly.  With  respect  to  steel, 
it  has  been  repeatedly  shown  that  an  acetylene  or  electric 
weld  sliould  not  be  hammered  while  the  weld  is  being  made. 
It  is  well  known  that  cracks  are  likely  to  be  made  by 
hammering  the  metal  at  a  black  heat,  a  temperature  occur- 
ring quite  close  to  the  point  of  fusion.  The  work,  therefore, 
should  be  allowed  to  cool  slowly  and  tlien  raised  to  a  high 
temperature  in  the  ordinary  way,  and  not  by  the  blowpipe  ； 
the  weld  can  in  this  way  be  nuicli  improved  both  in  shape 
and  strength.  A  good  fusion  w^lfl  very  seldom  breaks  at 
the  point  of  welding ― indicating,  therefore,  that  this  point 
is  stronger  than  the  neiglibouring  metal.  I  believe  this  is 
the  explanation  of  the  paradoxical  effect  noticed  with  fusion 
welding,  that  thick  sections  never  give  as  high  a  tensile 
strength  as  thin.  I  have  figures  showing  this.  Thus  -^in. 
3  per  cent,  nickel  steel  strips  gave  97  per  cent,  strength, 
^in.  gave  90  per  cent.,  while  lin.  bars  broke  at  60  per  cent, 
to  70  per  cent.,  with  the  fracture)  clear  of  the  weld  every 
time.  Again,  welded  iin.  copper  rods  drawn  clown  to  j^in. 
in  the  ordinary  way  gave  regularly  95  to  97  per  cent .  as 
compared  with  the  original  drawn  rod. 

The  Use  of  Aluminium  Powder. —— There  is  an  interesting 
series  of  processes  for  the  autogenous  joining  of  metals,  most 
of  which  are  patented,  which  depend  on  the  reducing  power 
of  aluminium.  Anyone  who  has  seen  £he  application  of  tlie 
Goldschmit  or  Thermit  process  to  the  joining  of  the  ends 
of  tram-rails  can  hardly  fail  to  be  struck  by  its  extreme 
beauty  and  simplicity.  We  have  here  a  small  steel  foundry 
not  much  larger  than  a  silk  hat,  from  which  the  metal  pours 
in  a  perfectly  liquid  state.  As  showing  the  great  heat 
obtainable  when  aluminium  powder  is  used  for  welding,  it 
may  be  mentioned  that 國 a  wrought-iron  plate  lin.  thick  is 
placed  under  the  crucible,  the  liquid  metal  when  tapped 
will  burn  a  hole  straight  through  it,  leaving  a  fairly  smooth 
edge.  Experiments  show  that  the  heat  of  the  molten  metal 
approaches  3,000°  C.，  the  temperature  of  a  Siemens  furnace 
being  about' 1,600°  C. 

This  Thermit  process  has  been  applied  for  the  repair  of 
ship  s  sternposts  and  other  large  fractures,  and  means  have 
been  adopted  for  heating  up  the  fractured  surfaces  to  the 
proper  temperature  before  pouring  in  the  cementing  iron 
without  damaging  the  clean  metallic  surfaces.  This  is  done 
by  building  up  the  moulding-box  around  the  fracture  in  such 
a  way  that  it  may  act  as  a  flue  or  chimney  to  an  outside  fire 
worked  with  a  compressed  air  blast,  which  dries  the  sand 
mould  and  heats  up  the  metal  very  rapidly.  The  presence  of 
even  a  small  trace  of  moisture  in  the  mould  gives  rise  to  blow- 
holes in  the  thermite  iron,  hence  great  care  must  be  taken  that 
the  mould  is  as  dry  as  possible.  The  repair  of  the  stern  post 
of  the  German  Lloyd  steamer  "  Friedrich  dei*  Grosse  "  was 
effected  in  this  way.  The  only  doubtful  point  in  the  process 
is  the  possible  formation  of  internal  fractures  or  cracks,  but  it 
is  stated  that  in  all  the  tests  of  the  results  fracture  has 
invariably  taken  place  outside  the  welding  region . 

It  is  very  probable  that  in  point  of  strength  most  thermite 
welds  are  superior  to  those  electrically  made,  because  the 
volume  of  heat  is  greater  if  not  more  intense,  and  again,  there 
is  less  risk  of  the  original  surfaces  being  burnt  or  oxidised. 
The  tliermite  】netal  can  also  be  adjusted  to  carry  reducing 
media,  which  would  quite  eliminate  any  oxidising  influences. 
Tliermite  proved  useful  during  the  Russo-Japanese  War, 
especially  on  tlie  Russian  side.  After  the  first  attack  of  the 
Japanese  on  tlie  Russian  fleet  at  Port  Artlmr  several  tons  of 


thermite  were  forwarded  to  the  Russian  Government,  and 
the  speedy  repairs  of  in  any  of  the  Russian  ships  were  due  to 
its  use. 

Arc  Welding  and  Resistance  Welding. ― A  third  system  of  auto- 
genous welding  is  the  electric,  of  which  two  methods  are  in  use, 
namely,  arc  welding  and  resistance  welding.  Arc  welding  is 
applied  for  repairing  breakages  and  filling  up  flaws  in  castings, 
while  resistance  welding  is  rapidly  being  adopted  for  the  work- 
ing up  of  metal  articles,  and  it  is  common  to  find  electric  plant 
in  operation  for  sheet-iron  working.  Two  forms  of  macliiues 
are  on  the  market  for  this  purpose,  one  known  as  the  spot- 
welding  machine,  and  another  for  butt-welding.  In  the  spot- 
welding  machine  the  sheets  are  joined  at  spots  instead  of  rivets, 
hence  the  name.  The  electrodes  are  shaped  in  accordance 
with  the  work  to  be  done,  and  are  put  on  to  the  work  by 
pressure  effected  by  a  foot  lever,  and  the  current,  which  is 
automatically  switched  on  at  low  potential,  welds  tlie  parts 
together  at  that  point.  After  removing  the  foot  lever  the 
work  can  l>e  moved  along  for  welding  at  a  new  point. 

Tlie  entire  process  is  so  rapid  that  an  unskilled  workman  is 
able  to  make  1,000  welds  per  hour  on  plain  sheets,  while  in  ilie 
same  time  an  experienced  hand  could  hardly  put  together  a 
quarter  as  many  rivets.  The  up-and-down  movement  of  the 
upper  electrode  may  be  performed  automatically  by  means  of 
a  motor  electrically  worked.  The  electrode  then  falls  and  rises 
at  regular  adjustable  intervals,  and  the  workman  only  has  to 
move  the  pieces  of  work.  This  machine  may  also  be  applied  on 
water-tight  welding.  In  this  case  the  travel  of  the  work  takes 
place  slowly,  so  that  the  points  of  welding  lie  close  together, 
forming  an  unbroken  seam.  The  edges  of  the  sheets  are  com- 
pletely softened,  and  are  pressed  together  seamlessly.  Simi- 
larly, when  the  sheets  are  not  too  thick,  and  irregular-shaped 
sections  do  not  have  to  be  dealt  with,  the  spot-welding  machine 
makes  a  very  satisfactory  weld.  Thus  wheel  rims  for  cycles 
and  motor-cars  can  be  joined  perfectly  by  its  means,  while  tlie 
advantage  of  this  system  for  welding  handles  on  covers,  or  for 
welding  rings  on  cooking  utensils,  &c.，  are  conspicuous.  In 
the  same  way  half-stampings,  such  as  kettle  spouts,  make  up  to 
a  very  satisfactory  job  with  seamless  welding. 

Spot  welding  is  coming  into  very  extensive  use  for  the 
manufacture  of  kettles,  buckets,  and  similar  articles  in  which 
the  surface  is  required  to  be  joined  only  in  parts.  In  the  case 
of  kettles  intended  for  enamelling  the  old  form  of  riveting 
occasioned  difficulties  when  the  goods  were  enamelled,  because 
the  edges  of  the  rivets  and  the  edges  of  the  sheet  refused  to 
take  the  enamel,  or  in  such  thin  layers  as  to  interfere  with 
the  appearance  of  the  finished  work.  The  difficulty  has  been 
avoided  and  riveting  rendered  unnecessary  by  fusing  the  parts 
which  were  formerly  riveted  by  means  of  the  electric  arc.  The 
two  surfaces  are  fused  together  at  the  point  at  which  the  arc 
is  applied  and  the  enamel  can  then  be  run  on  without  any 
difficulty. 

Again,  in  the  manufacture  of  gas  stoves,  where  it  is 
desirous  to  have  a  layer  of  air  between  two  sheets  in  order  to 
economise  heat,  spaced  depressions  are  made  by  means  of  a 
blunt  punch  on  the  sheets,  and  the  sheets  put  back  to  back. 
On  applying  the  arc  to  the  depressions  the  apices  of  the  latter 
are  fused  together,  after  which  the  sheet  or  sheets  are 
enamelled  in  the  ordinary  way.  The  same  process  is  applied  to 
otlaer  goods  in  order  to  avoid  riveting,  and  one  other  advan- 
tage is  the  one  of  greater  permanency  in  point  of  mechanical 
strength,  where  the  goods  are  alternately  heated  and  cooled . 
Under  this  condition  of  heating  and  cooling,  rivets  were  often 
becoming  loose,  and  so  occasioned  trouble.  Galvanised  work 
can  be  spot-welded.  The  zinc  volatilises  off,  leaving  the  iron 
exposed  at  the  point  where  the  dies  come  in  contact  witli 
the  metal. 

The  acting  electrodes  can  be  made  into  various  shapes  to 
suit  special  work.  Thus,  one  can  be  made  circular,  freely 
movable  on  its  axis,  while  the  upper  one  may  be  formed  of  a 
circular  piece  of  copper  swung  by  a  lever.  Such  electrodes  are 
useful  for  welding  short  seams,  such  as  triangular  spouts  of 
coffee-pots,  &c.  As  the  pressure  put  upon  the  material  is  very 
high ,  it  will  be  understood  that  there  is  hardly  any  difference 
in  strength  between  the  welded  and  the  unwelded  material. 

Compound  Sheets. —- The  manufacture  of  compound  sheets  of 
metal  is  very  old  ；  thus,  years  ago,  capsules  for  bottles  con- 
taining liquids  intended  for  domestic  purposes  were  made  from 
a  ('impound  sheet  of  tin  and  lead.  The  tin  was  used  to  pre- 
vent any  action  of  such  liquids  on  the  lead ― l&ad  being  a  cheap 
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and  ductile  metal  which  could  be  easily  folded  over  the  vessel, 
and  so  made  water-tight.  Such  compound  sheets  were  made  by 
passing  a  sheet  of  lead  and  tin  together  through  hot  rolls, 
when  complete  union  of  the  two  was  effected.  Another  illus- 
tration of  compound  metals  is  that  of  French  plating ― articles 
such  as  steel  blades  or  knives,  or  flat  brass  surfaces,  were  plated 
by  placing  a  sheet  of  silver  on  each  side  of  the  article  to  be 
treated.  Tlie  whole  was  then  bound  with  wire  and  heated  in  a 
muffle  or  other  suitable  furnace  until  a  union  at  points  was 
effected,  after  which  the  surfaces  were  burnished  to  improve 
the  union,  the  whole  being  kept  hot.  Such  goods  were  not, 
however,  very  permanent,  and  in  the  case  of  iron  and  steel 
work  this  might  be  expected,  on  account  of  oxidation.  In 
Sheffield  plate,  which  is  also  made  in  Birmingham,  such  plating 
is  done  exclusively  on  copper  or  its  alloys.  An  ingot  of  such 
metal  free  from  defects  is  well  cleaned  and  coated  with  a 
saturated  solution  of  borax.  A  sheet  of  silver  is  then  laid  on 
one  or  both  sides  of  the  ingot,  according  to  whether  the  work 
is  for  single  or  double  plating.  The  amount  of  silver  used  is 
considerable ― thus  for  single  plating  it  varies  from  ^4  to  3^  of 
the  total  weight,  while  for  double  plating  this  proportion  is 
preserved  in  the  double  plating ― i.e.,  the  sheets  of  silver  are 
half  the  gauge.  After  adapting  the  silver,  the  surfaces  are 
brushed  over  with  a  saturated  solution  of  borax,  and  the  work 
bound  together  with  wire.  It  is  then  heated  in  a  furnace  till 
the  borax  begins  to  run.  The  heat  is  carefully  watched  to  pre- 
vent the  silver  running  completely  into  the  ingot.  The  point 
at  which  the  work  should  be  drawn  is  that  at  which  the  silver  is 
drawn  down  flat  on  the  surface.  The  operation  is  complete 
when  a  layer  of  solder  is  formed  between  the  silver  and  copper, 
hence  the  care  required  in  watching  the  heat.  After  removal 
from  the  furnace  the  work  may  be  rolled  to  any  desired  thick- 
ness if  properly  annealed  between  the  passes.  After  anneal- 
ing, the  metal  may  be  treated  as  a  homogeneous  material,  and 
may  be  raised,  spun,  stamped,  or  otherwise  worked.  Tubes  or 
wire  of  Sheffield  plate  are  produced  as  follows.  A  strip  of 
silver  is  formed  into  a  rough  tube  with  an  overlap  ；  a  red-hot 
copper  mandrel  is  then  inserted  into  this,  and  the  overlapping 
edges  of  the  silver  are  made  to  adhere  by  hammering  and  bur- 
nishing. This  tube  is  then  cleaned  inside,  and  a  sliding  fit  made 
of  it  over  a  copper  rod  covered  with  borax  ；  tlie  ends  of  this 
rod  are  roughly  grooved  in  order  to  engage  the  sheet  of  silver 
better,  and  also  to  exclude  the  air.  The  whole  is  then  heated 
to  redness  and  burnished  clown,  after  which  it  is  passed 
through  dies  or  beading  machines,  as  required. 

The  last  system  of  joining  metals  to  which  I  desire  to  direct 
attention  is  the  one  in  which  the  surfaces  are  not  melted,  but 
only  slightly  heated.  During  recent  years  the  manufacture 
of  compound  metals,  such  as  nickel  and  steel ,  copper  and  steel , 
aluminium  and  copper,  has  become  of  great  practical  impor- 
tance, and  many  beautiful  articles  are  now  sold  for  domestic 
purposes.  The  nickel  steel,  copper  steel ,  or  nickelled  zinc 
sheets  may  be  obviously  produced  electrolytically,  and  after- 
wards rolled  clown  to  gauge,  allowance  being  of  course  made 
for  the  ductility  of  the  softer  metal.  But  another  method  has 
lately  been  introduced  in  which  sheets  of  different  metals  may 
be  joined  perfectly. 

The  manufacture  of  aluminium-copper  sheets  illustrates 
the  process,  and  further  is  interesting  from  a  metallurgical 
standpoint.  One  method  with  which  I  am  familiar  is  as  fol- 
lows. The  copper  sheet  is  pickled  and  cleaned.  Aluminium 
powder  is  then  brushed  on  by  machinery,  or  by  rubbing  the 
surfaces  with  brushes  or  rollers  of  aluminium  wire.  A  sheet 
of  cleaned  aluminium  is  then  placed  on  such  a  surface,  the  two 
are  heated  and  passed  through  rolls.  The  union  is  perfect, 
and  hence  the  compound  sheet  may  be  subjected  to  stamping, 
spinning,  &c.，  without  any  trace  of  lamination.  In  the  same 
way  copper  and  steel,  or  almost  any  two  or  any  number  of 
sheets  of  different  metals,  may  be  compounded.  The  alumi- 
nium acts  as  a  metallic  adhesive.  While  rolling  such  sheets 
the  top  surfaces  are  often  kept  oiled  to  retard  oxidation,  and 
to  obtain  better  finish. 

In  view  of  these  results,  it  would  appear  probable  that  the 
method  could  be  modified  in  such  a  way  as  to  produce  orna- 
mental designs  by  similar  methods  as  those  employed  in  the 
inlaying  of  wood  already  described,  witli  the  difference  that 
two  sheets  would  be  employed  and  not  t  hree,  on  account  of  the 
impossibility  of  splitting  the  ornamental  sheet,  as  is  done  with 
wood .  Further,  altliougli  I  have  not  seen  it  done,  it  becomes 
possible  by  slight  modification  of  the  process  to  produce  a 


design  having  several  differently -coloured  metals,  thus  giving 
effects  similar  to  those  produced  by  parcel  gilding  or  plating. 

A  second  method  of  making  a  compound  sheet  of  different 
metals  is  that  in  wliich  an  oxide  or  sulphide  of  a  metal  whicli 
will  alloy  with  both  of  the  two  sheets  is  taken  and  mixed  with 
aluminium  powder,  and  the  mixture  laid  evenly  between 
them.  The  whole  is  then  heated  to  the  fluxing  point  of  the 
mixture  and  then  rolled,  and  as  the  two  sheets  to  be  joined 
receive  tlie  full  heat  of  the  furnace  in  which  the  work  is 
placed,  it  will  be  understood  that  the  alloying  of  the  metal 
from  the  mixture  with  the  two  surfaces  of  the  sheets  is  very 
complete. 

In  another  method,  where  still  more  heat  is  used,  for  the 
production  of  compound  plate,  say,  of  aluniinium  and  cupper, 
copper  or  other  wire  gauze  is  placed  between  the  sheets,  and 
the  interstices  filled  as  before  with  aluniinium  powder  and  flux, 
consisting  of  alkaline,  chloride,  and  fluoride.  On  heating  tlie 
whole  and  rolling,  the  surfaces  unite  as  before  described,  and 
probably  more  perfectly,  because  tlie  gauze  retains  the  flux 
better  during  the  heating,  and  so  doss  its  work  better,  and  is 
afterwards  squeezed  out  by  the  rolls,  while  in  addition  tliw 
would  also  be  the  knitting  or  clowelling  action  of  the  gauze 
during  rolling,  which  would  further  tend  to  hold  the  sheets 
together.  The  use  of  such  wire  gauze  would  seem  to  be  appli- 
cable to  certain  conditions  of  brazing,  especially  when  t  he 
greatest  care  is  necessary  to  produce  the  highest  quality  of 
work,  such,  for  instance,  as  the  brazing  of  steam  pipes  to  which 
allusion  has  already  been  made. 


STANDARD  METHODS  OF  SAMPLING  FOR  CHECK  ANALYSIS 

OF  STEEL. 

The  Association  of  American  Steel  Manufacturers  lias  just 
adopted  a  set  of  rules  to  be  followed  in  obtaining  samples  for 
the  check  analysis  of  steel.  This  latest  activity  of  the  associa- 
tion is  in  response  to  the  need  that  all  manufacturers  and 
many  consumers  have  felt  for  uniform  conditions  which  should 
govern  both  parties  when  steel  is  to  be  analysed,  especially 
when  its  acceptance  or  rejection  depend  upon  check  analysis. 
A  booklet  entitled  "  Standard  Methods  of  Sampling  for 
Check  Analysis,"  containing  tlie  new  rules,  is  issued  under 
the  new  classification  of  il  Manufacturers'  Standard  Prac- 
tice/' which  the  association  now  uses  for  certain  of  its  adopted 
rules,  when  they  are  not  strictly  of  the  nature  of  specifications. 
Tin'  introduction  and  the  description  of  the  methods  are  as 
follows  ：  It  is  a  recognised  fact  that  the  different  parts  of  a 
piece  of  steel  are  liable  to  vary  in  composition.  This  variation 
occurs  principally  between  the  centre  and  the  outside,  aiid  to 
a  slighter  extent  is  dependent  upon  the  position  of  the  piece 
in  tlie  ingot,  and  the  size  of  the  ingot.  Where  a  sufficient 
mi mber  of  check  analyses  have  been  made  from  drillings  pro- 
perly taken  at  different  points  in  the  heat  to  represent  it  fairly, 
their  average  has  been  found  to  compare  favourably  with  the 
ladle  analysis,  which  is  .tlie  analysis  of  a  small  test 
ingot  taken  at  any  time  during  the  pouring  of  the 
heat.  From  this  it  is  evident :  (1)  That  the  ladle 
analysis  is  more  representative  of  the  composition  than 
any  single  analysis  of  the  finished  material.  (2)  That 
drillings  for  check  analysis,  to  be  fairly  representative,  should 
be  taken  at  a  point  intermediate  between  tlie  outside  and  the 
centre  of  the  cross-section.  (3)  That  a  sufficient  number  of 
check  analyses  of  different  pieces  should  be  made  to  afford  a 
fair  average  to  compare  with  the  ladle  analysis. 

Points  to  he  Ohserved^  in  the  Sam pln\(j  of  Material  for 
Check  A  nalt/sifi. —— (r/)  Each  heat  in  a  lot  shall  be  considered 
separately,  and  pieces  for  sampling  shall  be  taken  to  represent 
the  heat  as  fairly  as  possible. 

(b)  Samples  must  be  drillings  or  chips  cut  by  some 
machine  tool  without  the  application  of  water,  oil,  or  other 
lubricant,  and  shall  bo  free  from  scale,  grease,  dirt,  or  other 
foreign  substance.  If  samples  are  taken  by  drilling,  the  size 
of  the  drill  shall  be  not  less  than  ^in.  nor  more  than  |in.  diam. 

(c)  Samples  must  be  uniformly  fine  and  each  must  be  care- 
fully mixed  before  analysis. 

((])  In  referring  samples  to  the  manufacturer  or  other 
analysts  for  check  analysis,  a  piece  of  the  full-size  section, 
when  possible,  should  be  submitted  rather  than  cuttings,  un- 
less the  latter  are  specially  requested. 
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(r)  Wliere  material  has  been  subjected  to  heat  treatment 
other  than  annealing  or  sim pie  cooling,  subsequent  to  its 
manufacture,  it  should  be  annealed  before  sampling. 

(/)  Check  analyses  are  not  representative  of  the  original 
material  when  its  composition  has  been  altered  in  any  way  by 
some  operation,  such  as  case-hardening,  overheating,  <fec. 

M ethods  of  Obtaining  Samples  for  Chech  Anffli/s/s. — 
Material  has  been  divided  into  the  following  classes,  depend- 
ing upon  the  manner  of  sampling  ： ― 

I.  Material  subject  to  physical  requirements : 

Samples  for  check  analysis  shall  be  taken  from  a  test  speci- 
men. Where  it  is  required  to  make  additional  check  analyses, 
samples  shall  be  taken  as  indicated  under  II. 

II.  Material  not  subject  to  physical  requirements : 

(a)  Special  cast,  rolled  or  forged,  semi-finishing  or  finished 
material  of  large  size,  such  as  ingots,  blooms,  billets,  slabs, 
rounds,  shapes,  &c"  subject  to  acceptance  on  check  analysis. 


KlG.  1. 

Samples  shall  be  taken  at  any  point  midway  between  the 
outside  and  the  centre  by  drilling  parallel  to  the  axis.  In 
cases  where  this  method  is  not  practicable,  a  piece  may  be 
drilled  on  the  side,  but  drillings  shall  not  be  taken  until  they 
represent  the  portion  midway  between  the  outside  and  the 
centre.    (See  Fig.  1.) 

(6)  Small  or  thin  material,  such  as  plates,  shapes,  bars, 
&c.，  subject  to  acceptance  on  check  analysis. 

Material  for  which  the  previous  method  is  not  applicable 
shall  have  samples  for  analysis  taken  entirely  through  the 
material  at  a  point  midway  between  the  outside  and  the 
centre,  or  by  machining  off  the  entire  cross-section. 

(c)  Commercial  material  subject  to  acceptance  on  ladle 
analysis. 

The  methods  described  under  II  (a)  and  (b)  shall  apply, 
except  that  samples  shall  be  taken  at  any  point  one-tbirci  of 
the  distance  from  the  outside  to  the  centre. 

Methods  of  A  ttalj/sis. ― Analyses  shall  be  made  by  well- 
known  accurate  methods.  Carbon  shall  be  determined  by  the 
combustion  method. 

Ifejcrtion  of  Material  ott  Check  」//"/•//'"''、'. —— Any  rejection 
of  material  ordered  to  a  specific  chemical  range  shall  be  based 
on  the  following  ： ― 

(a)  The  minimum  number  of  samples  to  be  taken  from  a 
heat  before  rejection  by  the  purchaser  shall  be  as  follows : — 

Weight  in  gross  tons.  Miniiiiuin  Number  of  Samples. 

5  or  less    3 

10  or  less,  but  over  5    4 

15  or  less  but  over  10   5 

Over  15   "...  6 

J  n  case  the  number  of  pieces  in  a  lieat  is  less  than  the 
number  of  samples  given,  one  sample  from  each  piece  shall  be 
considered  sufficient. 

(b)  Separate  determinations  shall  be  made  on  each  sample 
and  the  results  averaged,  unless  they  clearly  indicate  mixed 
grades. 

ARRANGEMENT  OF  ENGINES  FOR  SHIP  PROPULSION. 

An  arrangeuicnt  o\'  t  Ih'  propelling  engines  for  slii])s 
in  wliicli  hot  li  stBam  t  u rhines  and  continuous  com- 
Imst  ion  internal-combustion  engines  are  provided  lias 
rcctMit ly  l)een  ])atented  by  Messrs.  Sulzer  Bros.,  Wintcr- 
t  Imr.  This  arrangement-  enables  the  fuel  to  be  eni- 
])luy('(l  wliich  is  most'  readily  obt.ai nal)lo  at  the  various 
purls  of  call.    For  inst/aiice,  it  is  impossible  in  many  places  to 


obtain  sufficient  crude  oil  for  working  Diesel  engines,  more 
particularly  when  there  are  no  tanks,  &c"  and  coal  is  at  times 
so  scarce  or  expensive  that  its  price  plays  an  important  part 
in  determining  the  kind  of  fuel  which  it  is  best  to  use  at  any 
particular  place.  Moreover,  the  kind  of  cargo,  the  risk  of 
fire,  or  other  factors  may  also  influence  the  choice  of  a 
suitable  fuel. 

The  arrangement  is  shown  in  plan  in  the  accompanying 
illustration.  Two  Diesel  engines  A  and  B,  and  two  steam 
turbines  C  and  D  are  provided.  The  shaft  of  each  steam 
turbine  is  arranged  co-axial  with  that  of  the  corresponding 
Diesel  engine,  and  between  eacli  steam  turbine  and  Diesel 
engine  in  axial  alignment  therewith  is  arranged  a  pump  E  or 
F.  These  pumps  supply  scavenging  and  charging  air,  as  well 
as  compressed  air  for  starting,  reversing,  atomising,  and 
injecting  the  fuel.  The  Diesel  engines  A  and  B  comprise 
working  cylinders  only  and  are  not  directly  connected  with 
their  pumps.  The  adjacent  ends  of  the  shafts  of  the  internal- 
combustion  engine,  air  pump,  and  steam  turbine  are  provided 
with  couplings  or  clutches  W,  X,  so  that  various  connections 
can  be  obtained  by  coupling  or  uncoupling  these  shafts.  For 
instance,  if  the  Diesel  engines  are  required  to  transmit  their 
greatest  power  to  tlie  propellers,  the  clutches  W  are  uncoupled 
and  the  clutches  X  engaged  so  that  the  turbines  drive  the 
pumps  F，  E，  or  only  one  of  these  pumps  may  be  so  driven. 
Again,  even  if  the  couplings  are  in  engagement  the  combus- 
tion engine  or  tlie  auxiliary  air  pump  or  the  steam  turbine 
may  run  idly. 

As  shown  an  auxiliary  machine  Z;  such  as  a  pump  or 
dynamo,  may  be  connected  to  the  free  end  of  the  propeller 
shaft  Y，  and  another  special  arrangement  of  auxiliary 
machines  such  as  may  be  used  in  mixed  working  is  also  shown. 
On  ships  auxiliary  engines  are  required  for  such  purposes  as 
bilge  puni|)s,  lighting,  steering  gear,  hoisting  apparatus  and 
the  like.  In  the  present  construction  such  auxiliary  machines 
G，  for  instance,  dynamos,  pumps,  &c.，  are  provided  on  both 


H    G  H 

Aruangkment  of  Engines  for  Ship  Propulsion. 

sides  with  couplings  H.  To  drive  these  auxiliary  machines 
either  by  an  internal-combustion  engine  or  by  a  turbine  or 
other  steam  engine,  one  coupling  of  the  auxiliary  engine  can 
be  connected  to  the  steam  engine,  or  the  internal-combustion 
engine  may  be  connected  to  the  other  coupling.  In  that  way, 
these  auxiliary  machines  can  be  driven  either  only  by  means  of 
the  combustion  engine,  or  only  by  steam,  or  jointly  by  both 
kinds  of  engines.  The  entire  steam  installation,  and  indepen- 
dently thereof,  the  internal-combustion  engine  installation  is 
each  arranged  in  a  water-tight  compartment.  For  making  the 
coupling  possible,  the  shaft  ends  are  carried  through  stuffing- 
boxes  formed  in  the  water-tight  partitions. 

It  is  not  always  absolutely  necessary  to  fire  the  boilers  only 
with  coal,  though  they  would  normally  be  worked  with  tho 
fuel  which  is  the  cheapest  for  the  purpose.  In  some  cases, 
however,  an  accident  may  render  the  Diesel  engines  useless,  or 
the  internal-combustion  engines  may  prove  insufficient  to 
propel  the  ships,  whilst  there  is  on  board  only  fuel  for  working 
the  Diesel  engines.  It  will  therefore  be  necessary  to  start  the 
steam  engine,  and  where  there  is  no  coal,  as  in  the  above- 
inentioiied  case,  or  where  the  price  of  coal  is  excessive,  it  may 
h(、  found  advantageous  for  the  purposes  of  economy  to  fire  the 
boiler  with  the  same  fuel  as  tliat  used  for  the  iutenial- 
conibustion  engine.  The  illustration  shows  a  valve  or  cock 
K  whicli,  in  the  case  of  t  ho  hoilei-s  l)ei"g  fired  with  the  liquid 
fuel  primarily  int ended  for  tlie  iniornal-coitihiistioii  engine,  is 
(>|K、n(、（l  in  ullow  the  liquid  fuel  to  pass  ill  rough  the  pipe  X 
to  the  boiler  N. 
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IMPROVING  THE  SOUNDNESS  OF  STEEL  INGOTS  BY  THE 
AID  OF  THERMIT.* 

BY  DR.  HANS  GOLDSCHMIDT. 

It  is  well  known  that  all  alloys  in  transition  from  the  liquid 
to  the  solid  state  tend  to  lose  their  homogeneity.  The  con- 
stituents which  in  the  liquid  state  were  uniformly  distributed 
begin  to  segregate  on  solidifying,  with  the  result  that  ulti- 
mately the  ingot,  when  cold,  is  no  longer  homogeneous,  and 
has  not  the  desired  composition  in  all  parts.  The  attainment 
of  homogeneity  in  the  preparation  of  alloys  is  a  matter  that 
has  consistently  engaged  the  attention  of  metallurgists. 

Steel,  that  is,  material  made  by  a  fusion  process,  must  be 
regarded  as  an  alloy  of  iron  with  several  elements,  more  par- 
ticularly carbon,  manganese,  and  silicon  :  phosphorus,  sul- 
phur, and  copper  being  also  present  as  impurities.  The  purer 
the  iron  the  higher  its  melting  point,  and  the  other 
constituents  of  the  alloy,  especially  carbon,  and  also  phos- 
phorus and  sulphur,  have  the  effect  of  lowering  the  melting 
point.  In  the  production  of  steel,  therefore,  the  purest  con- 
stituents, that  is,  those  which  have  the  highest  melting  point, 
are  the  first  to  solidify  and  settle  at  the  bottom  and  sides  of 
the  ingot  mould.  At  the  centre  and  head  of  the  ingot,  on  the 
other  hand,  where  the  metal  remains  longest  fluid,  are 
gathered  the  more  readily  fusible  impure  elements  which  have 
separated  out  during  cooling.  The  principal  elements  which 
accumulate  near  the  top  in  this  way  are  sulphur  and  phos- 
phorus, &c.，  which  exercise  so  injurious  an  influence  on  the 
mechanical  properties  of  the  material. 

The  serviceableness  of  an  ingot  is  not  only  reduced  by  the 
process  of  segregation,  but  by  a  whole  series  of  other  defects 
arising  during  cooling  and  freezing.  For  instance,  during  the 
transition  from  the  liquid  to  the  solid  condition  the  volume 
of  the  ingot  undergoes  a  change  due  to  shrinkage.  As  solidi- 
fication progresses  from  the  sides  and  bottom  inwards  and 
upwards,  the  neighbouring  layers  of  liquid  and  semi-liquid 
material  are  attracted,  owing  to  the  gradual  diminution  of 
the  volume,  until  finally,  in  the  centre  of  the  ingot  and 
towards  the  end,  a  large  hollow,  known  as  the  pipe,  is  formed, 
which  is  the  distinctive  and  objectionable  defect  of  almost  all 
steel  ingots. 

This,  however,  by  no  means  exhausts  the  list  of  defects 
arising  during  tlie  cooling  and  solidifying  of  an  ingot.  The 
material  undergoes  further  change,  owing  to  tlie  evolution  of 
gases  shortly  before  freezing  in  the  case  of  metal  to  which 
no  silicon  addition  is  made  either  in  the  furnace  or  ladle,  that 
is,  material  which  has  not  been  siliconised,  and  at  the  same 
time  contains  only  a  low  percentage  of  carbon.  The  evolu- 
tion of  gas  is  very  energetic,  and  is  accompanied  by  vigorous 
sparking.  The  gases  consist  of  hydrogen  and  carbon  mon- 
oxide, and  as  long  as  the  metal  in  the  interior  of  the  ingot  is 
sufficiently  fluid  they  can  escape  freely  and  rapidly.  But  as 
cooling  proceeds  they  become  entangled  and  form  blowholes  of 
various  dimensions  within  t*he  ingot.  These  gas  enclosures 
also  adversely  affect  the  homogeneity  of  the  ingots,  and  fre- 
quently they  exercise  a  most  injurious  effect  on  the  quality 
of  the  material,  when  they  attain  a  considerable  volume, 
owing  to  their  inability  to  work  their  way  upwards  through 
the  already  solidified  metal.  By  careful  working  these  defects 
in  the  ingot  can  be  kept  within  comparatively  reasonable 
bouruls,  and  it  is  not  the  object  of  this  paper  to  describe 
exactly  the  remedies  usually  resorted  to.  Mention  may,  how- 
ever,  here  be  made  of  a  very  valuable  investigation  by  Dr. 
Canaris  upon  the  influence  of  pouring  upon  the  quality  of 
mild  steel  blooms. 卞  Dr.  Canaris,  who  is  the  manager  of  the 
rolling  mills  of  Messrs.  Schulz-Knaudt,  Aktien  Gesellschaft, 
at  Angerort,  near  Duisburg,  has  exhaustively  described  the 
many  precautions  which  are  generally  taken  in  order  to 
obviate  as  far  as  possible  the  above  enumerated  defects  arising 
during  the  freezing  of  a  mild  steel  ingot. 

The  question  of  the  prevention  of  piping  in  ingots  is  one 
that  has  always  occupied  the  attention  of  metallurgists,  and, 
among  other  remedies,  the  use  of  thermit  was  long  ago  recom- 
mended.   The  method  of  its  application  was  to  break  open  the 

*  Paper  read  before  the  Iron  and  Steel  Institute,  September,  3912. 
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crust  which  formed  at  the  top  of  the  metal  in  the  mould,  and 
to  plunge  a  cartridge  filled  with  thermit  into  the  pipe,  in 
order  to  rernelt  the  surrounding  parts.  As  soon  as  this 
remelting  was  effected,  the  hole  was  filled  by  pouring  in  fresh 
liquid  steel  from  the  ladle.  The  process,  as  thus  carried  out, 
was,  therefore,  a  purely  thermal  one.  Unfortunately  the 
method  did  not  yield  the  desired  results,  in  spite  of  Die 
numerous  trials  】na(le  at  a  great  many  steelworks.  In  fact,  it 
was  only  in  exceptional  cases  that  success  was  obtained,  so 
that  it  was  no  wonder  that  this  so-called  anti-piping  thermit 
process  was  soon  discredited  and  forgotten. 

Latterly,  however,  a  new  and  very  successful  improvement 
of  that  old  process  has  been  made,  which  has  proved  very 
efficacious,  especially  in  the  treatment  of  non-siliconised  steel , 
that  is，  steel  to  which  no  silicon  addition  has  been  made  eii  licr 
in  the  furnace  or  in  the  ladle.  At  first  sight  it  might  be 
thought  that  the  method  had  been  altered  only  in  one  small 
detail,  for  the  apparatus,  consisting  of  a  sheet  metal  cartridge 
filled  with  tliermit,  lias  been  retained.  It  differs  totally,  how- 
ever, in  the  mode  of  application  and  the  result  achieved. 

Whereas  formerly  the  thermit  cartridge  was  used  solely 
for  the  purpose  of  melting  the  upper  portion  of  the  ingot  con- 
taining the  pipe,  the  lower  end  having  already  solidified,  the 
cartridge,  according  to  the  new  method,  is  quickly  plunged 
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right  to  the  bottom  of  the  ingot  before  solidification  lias  begun 
to  set  in,  that  is,  before  any  of  the  defects  referred  to  have 
had  time  to  take  effect.  The  reaction  immediately  causes  an 
energetic  ebullition  of  the  liquid  contents  of  the  ingot  mould, 
and  the  gases  which  have  just  begun  to  separate  out  are 
violently  expelled,  or,  if  the  charge  has  not  been  siliconised, 
the  bubbling  of  the  metal  due  to  the  disengagement  of  the 
gas  is  incidentally  checked.  But  the  most  noticeable  feature 
is  the  sinking  down  of  the  liquid  metal  in  the  mould  by  more 
than  a  hand's-breadth  as  soon  as  the  reaction  is  complete, 
and  the  density  of  the  material  is  increased  by  an  amount 
corresponding  to  this  reduction  of  volume.  Further  metal  is 
then  poured  in  from  the  ladle,  until  the  level  of  the  ingot  is 
restored,  and  the  iugot,  if  of  non-siliconised  steel,  is  then 
covered  with  an  iron  plate  in  the  usual  way.  The  violent 
frothing  up,  due  to  the  reaction  of  thennit,  has  other  good 
effects,  for  the  segregation  already  accumulating  in  the  centre 
is  driven  upwards  and  the  further  formation  of  segregates 
prevented. 

The  new  method  lias  proved  particularly  effective  for  the 
treatment  of  ingots  intended  for  rolling  into  plates,  and  the 
advantages  here  are  very  apparent.  In  this  connection  the 
new  process  was  first  tried  at  a  steelworks  combined  with  a 
plate-rolling  mill,  namely,  the  German  firm  of  Schulz-Knaudt, 
A.G.,  and  it  was  due  to  the  enterprise  of  the  steelworks 
manager,  Dr.  Canaris,  assisted  by  Mr.  Biewend,  Engineer  of 
Messrs.  Th.  Goldscbinidt,  A.G.,  of  Essen,  that  the  process 
was  first  put  into  practical  operation.  The  author's  thanks 
are  due  to  both  these  gentlemen  for  their  care,  which  resulted 
in  bringing  the  】natter  to  a  successful  issue. 
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Referring  now  to  the  results  obtained  with  plates  rolled 
from  slabs  treated  with  thermit  in  this  manner,  during  the 
trial  of  the  thermit  process  at  those  steelworks  more  than 
4,000  ingots,  varying  from  1  to  8  tons  in  weight,  were  treated 
as  described,  and  exact  records  were  kept  of  the  working 
result's.  It  was  found  thai  tlie  number  of  plates  rejected, 
owing  to  the  faultiness  of  the  ingot,  amounted  only  to  0  3  per 
cent,  of  the  total  weight  of  the  ingots,  whereas  in  many  works 
tlie  percentage  of  rejection  amounts,  as  is  well  known,  to  15 
per  cent,  or  more.  That  figure  of  0*3  per  cent,  could  have 
i>eeii  still  further  reduced  if  the  defects  due  to  rolling  ulone 
had  been  also  taken  into  account. 

In  order  to  appreciate  this  result  ai  its  true  value,  tlie 
following  circumstance  must  also  be  taken  into  consideration. 
Tn  view  of  the  fact  that  the  quality  of  the  ingots  was  improved 
in  every  respect,  and  that  a  much  greater  regularity  in  work- 
ing was  ensured,  it  was  soon  found  possible,  keeping  the 
plates  the  same  weight  as  before,  to  reduce  the  weight  of  all 
t  he  ingots  by  5  per  cent. ,  that  is,  to  make  them  5  per  cent, 
less  weight  than  is  required  in  general  practice.  Tlie  prin- 
cipal advantage  is  1  hat  due  to  economy  in  rejections,  but 
wliereas  t his  saving  ('amiot,  very  easily  he  calculated  in  exact 


the  plant,  and  the  quantity  of  waste  is  much  reduced.  The 
working  of  the  rolling  mill  proceeds  with  greater  regularity, 
owing  to  the  reduction  of  the  number  of  wasters  to  a  mini- 
mum. Therefore,  no  interruptions  need  occur  in  the  execution 
of  orders.  Dr.  Canaris  pronounces  the  process  to  be  an  ideal 
means  for  the  improvement  of  the  quality  of  the  ingots. 

Another  iin])ortant  point  may  be  specially  mentioned, 
wamely,  that  for  the  carrying  out  of  the  process  no  special 
apparatus  is  necessary,  and  no  cost  is  incurred  for  the  instal- 
ment of  sucli  ap|>arat  us.  All  that  is  required  is  the  sheet  iron 
box  with  thermit  of  the  proper  capacity,  and  an  iron  rod ,  by 
tlie  aid  of  wliicli  tlie  box  is  thrust  down  into  ilie  molten  nietal. 

There  are  a  rnuiiber  of  other  well-known  processes  which 
have  for  their  object  the  prevention  of  pipe  and  tlie  produc- 
tion of  sound  and  homogeneous  ingots.  Some  of  these  aim  at 
keeping  the  head  of  the  ingot  liquid,  but  these  are  not  appli- 
cable in  oases  wliere  non-siliconised  steel  is  being  worked. 
For  such  metal  a  method  of,  mechanical  compression  such  as 
t he  Harmet  process  is  tlie  only  other  one  that  is  in  the  least 
serviceable,  by  which,  as  is  well  known,  tlie  pipe  and  blow- 
holes are  eliminated  by  compression,  but,  in  contrast  to  the 
t  lierniii   process,  t  lie  application  of  fluid  compression  eni  ails 


Taiu.e  I.— Analyses  and  Tensile  Tests  of  Thermit-treated  Plates. 


No. 

Analyses. 

( 'oncspoiHliiif;  'I'ensilo  'IVsls. 

II 

■a<l. 

Voot, 

Head. 

Foot. 

per  cont. 

M.i 

per  cent. 

P 

per  coil). 

S 

per  cent. 

(' 

per  cent. 

Mn 

per  ('('lit.. 

P 

pt'r  cent. 

S 

per  cent. 

Tensile 
Strength 

Kg/m.2 

Rl(in«ati(>ii 
per  fcnt. 

Tensile 
Strength. 
Kg/ mm. 2 

Elongation 
per  cent. 

I 

0-082 

0-40 

0-022 

0-040 

0-078 

0.40 

D-01!) 

0-038 

28-0 

36-2 

30.5 

2 

0.072 

0.49 

0-048 

().04ti 

0-070 

0.48 

0-03：{ 

0-040 

37.7 

23-5 

36.2 

32. (> 

'A 

(1-076 

0-02S 

0-020 

0-070 

(>":{ 

0*026 

(1-018 

HH.2 

27.  r> 

36.0 

31.5 

4 

(I-(I71 

0-040 

O.O.'io 

0.069 

0.032 

0.026 

：$(>•  8 

:t5.1 

32.0 

r> 

11-082 

0-028 

0.020 

0-074 

0.43 

0.026 

().(»I8 

38.  (i 

2(i-r> 

30-1 

31-0 

Taiu'k  II. ― Results  of  Tests  of  Ingots  Treated  with  Thermit. 


llomarks. 

Plate 
No. 

Weight  of 
Ingot, 
Kgs. 

Width  of 
Plate. 
Millimetres. 

Thickness 
of  Plate. 
Millimetres, 

Doubling 
Length. 
Millimetres. 

Tensile 
Strength. 
Kg/mm. - 

Elongation 
per  cent. 

Locality  of 
Test-pieoes. 

1 

1285 

2355 

11 

KiO 

'、一     >一  、―  w,— •  一 

rt  CI  W            (M  (M  (M 

  2 

1205 

2\Ui) 

10 

120 

  3 

1205 

2355 

11 

12(» 

4 

1200 

2355 

11 

120 

5 

1245 

2115 

10 

770 

figures,  the  advantage  due  to  the  5  per  cent,  reduction  in  the 
weight  of  the  ingot  can  be  accurately  computed.  Assuming 
that  the  rough  finished  plates  are  worth  £6  a  ton,  and  that 
scrap  costs  £3  a  ton,  the  difference  in  value  of  the  raw 
material  and  the  finished  product  is  £3  per  ton,  or  60s.,  that 
is  to  say,  the  5  per  cent,  reduction  in  weight  represents  a 

saving  of  —jQ{j ~  =  ^s-»  since  the  cost  of  the  thermit  process, 

under  the  least  favourable  conditions,  that  is,  if  only  small 
ingots  are  cast,  does  not  exceed  Is.  6d.  per  ton,  a  net  saving  of 
at  least  Is.  6d.  per  ton  of  plates  rolled  results.  In  the  case 
of  large  ingots  the  economy  is  considerably  greater,  for  the 
reason  that  the  cost  of  the  thermit  treatment  is  then  reduced 
to  one-half  or  even  less.  The  proportion  of  wages  and  con- 
sumption of  rod  iron  i$  the  same  for  a  large  as  for  a  small 
ingot,  while  the  quantity  of  thermit  used  is  relatively  smaller 
per  unit  of  metal. 

Further  advantages  are  that  the  quality  of  the  plates  pro- 
'I need  is  much  improved,  and,  in  particular,  the  strength  in 
different  parts  of  the  plate  is  much  more  uniform,  this  being 
due  to  the  prevention  of  segregation.  Added  to  this,  there  is 
also  t he  capability  of  increasing  the  output  without  injuring 

•  From  November  l»t,  1911,  till  July  31st  of  this  year  17,891  ingots  were  treated 
in  the  above-named  steelworks.    The  ingots  varied  from  1  to  11  tons,  and  emanatod 

from  l,43fi  different  heatR. 


much  and  very  costly  plant.  Moreover,  with  the  Harmet  pro- 
cess, only  a  limited  number  of  ingots  can  be  treated  simultane- 
ously, and  the  operation  occupies  several  hours. 

The  author,  however,  has  no  intention  of  comparing  the 
various  processes,  and  although  it  would  be  acknowledged  that 
the  thermit  process  has  various  other  advantages  over  the 
Harmet,  he  would  only  emphasize  one,  which  consists  in  the 
greater  simplicity  and  consequently  a  much  greater  cheapness 
of  the  thermit  process.  The  results  of  Dr.  Canaris'  experi- 
ments, described  in  his  report  referred  to  above,  together  with 
analyses,  particulars  of  tensile  tests,  and  yield  of  finished 
plates,  are  given  in  tlie  following  tables.  In  Table  II.  the 
doubling  length  and  the  mechanical  properties  of  the  thermit 
plates  are  compared  with  those  of  plates  which  have  not  been 
treated  with  thermit. 

Table  III. — Shoiving  Sizes  of  the  Thermit  Boxes  or  Cartridge 
prepared  for  Ingots  of  Different  Weights. 


Mark  Indicating  Class 

Contents. 

Weight  of  Ingot. 

<»f  Box. 

Kilogrammes. 

Tons. 

01) 

0-65 

1—1-7 

0 

1.7— 3.  r> 

1 

2.f> 

3.6—8-0 
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The  exact  method  of  carrying  out  the  process  on  ingots  of 
non-siliconised  material  is  as  follows  :  The  filling  of  the  ingot 
mould  is  effected  iu  the  usual  way,  either  by  direct  pouring 
into  each  mould  from  above,  or  filling  a  number  of  moulds 
simultaneously  by  bottom-pouring.  After  filling,  the  moulds 
are  left  undisturbed  until  the  crust,  which  starts  from  the  sides 
of  the  mould,  has  spread  some  little  way  inwards.  This  crust 
gives  an  indication  of  the  progress  of  cooling,  and  hence  of  the 
right  moment  at  which  to  introduce  the  thermit  cartridges. 
The  width  which  the  crust  should  be  allowed  to  attain  depends, 
of  course,  upon  the  size  of  the  ingot,  and  is  a  matter  that  can 
only  be  judged  by  experience.  The  thermit  cartridge  (Fig.  1) 
is  preheated,  and  by  means  of  the  rod  shown  is  thrust  verti- 
cally down  to  the  bottom  of  the  ingot  mould,  and  is  held  there 
till  the  reaction  is  complete,  the  rod  being  then  withdrawn. 
A  scrap-iron  rod  will  serve  the  purpose,  and  should  be  about 
^in.  diam.,  or  somewhat  stouter  for  the  larger  boxes.  To 
economise  material  the  bar  can  be  made  so  that  either  end  can 
be  used  -  If  the  operation  is  performed  at  the  right  moment 
the  surface  of  the  ingot  sinks  down  at  once  by  several  inches 
or  more  directly  the  boiling  ceases.  More  metal  is  then 
poured  in  at  the  top,  until  the  surface  is  again  restored  to  the 
original  level,  where  the  crust  first  began  to  form,  and  an  iron 
plate  is  then  lightly  placed  on  the  metal  in  the  usual  way  and 
then  covered  up  with  sand. 

The  amount  by  which  the  molten  metal  sinks  down  differs 
in  different  ingots,  even  in  those  cast  from  the  same  heat.  It 
depends  upon  the  degree  of  piping  or  on  the  size  of  blowholes 
which  may  be  forming  within  the  metal .  The  density  of  the 
ingot  is,  of  course,  greater  by  the  amount  that  the  metal  sinks 
down .  Up  to  the  present  experience  shows  tliat,  by  the  new 
method,  a  much  greater  homogeneity  of  ingot  can  be  reckoned 
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The  tests  included  in  this  paper  were  made  at  various  limes 
between  1900  and  the  present  year.  As  the  method  ol'  ileal 
ing  the  bars  to  the  ！ equired  temperature  is  believed  to  ！' (- 
different  to  any  method  hitherto  described,  and  as  it  has  been 
proved  to  be  easy  to  carry  out  and  to  give  reliable  results,  a 
detailed  description  of  it  may  prove  of  interest  aiul  pracl  I 
value.  One  point  which  lias  been  found  of  coiisideraljic 
importance  in  this  method  of  testing  is,  that  the  elastic  limit 
or  the  yield  point  can  be  taken,  which  is  not  the  case  wlien 
a  heated  bath  or  an  electrically-heated  jacket  is  used. 

As  a  result  of  having  to  consider  generally  only  cold  tests 
of  iron  and  steel,  engineers  are  in  the  habit  of  reckoning  the 
elastic  limit  as  50  per  cent,  of  the  breaking  load.  It  will  he 
s&sn  from  the  curves  given  in  this  paper  that  this  method  of 
estimating  the  elastic  limit  is  not  correct  for  iron  and  steel 
at  temperatures  above  the  normal,  nor,  as  a  rule,  for  other 
metals  at  any  temperature. 

Method  by  which  the  Tensile  Tests  at  Temperatures  higher  than 
the  Normal  were  made. ― The  tests  were  made  with  a  hori- 
zontal machine  of  the  Kirkaldy  type.  This  machine  is  pro- 
vided with  a  saddle,  which  can  be  moved  along  the  bed  of 
the  machine  by  handwheel  or  hydraulic  pump.  Attached 
respectively  to  the  saddle  and  to  the  levers  actuating  the 
beam  are  two  massive  heads  <iy  Fig.  1，  in  each    of  wliicli 
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Fig.  1.— Pi.ax  (sErxiox)  op  Hkads  and  Holders  ny  Testtno  MArniNn,  snowiNfi  i\rKTHop  op  attachmknt  to  Bar. 


upon,  using  an  unprecedentedly  simple  means.  Tlie  process 
is  actually  notliing  less  than  a  stirring-up  process,  that  is  to 
say,  a  purely  mechanical  and  not  a  thermal  one.  Since  the 
weiglit  of  thermit  required  for  a  1-ton  ingot  is  only  a  little 
over  lib.,  the  rise  of  temperature  is  practically  nil.  At  the 
bottom  of  the  liquid  metal,  within  a  limited  region  only,  an 
increase  in  temperature  occurs,  causing  an  energetic  agitation 
of  the  highly-heated  particles,  by  means  of  which  a  current  is 
produced .  Further,  the  operation  is  under  very  easy  control , 
and  tlie  necessary  skill  in  the  performance  of  it  is  soon  learnt. 
Moreover,  the  men  are  not  exposed  to  any  risk  in  carrying 
it  out. 

The  process  has,  in  consequence,  already  been  adopted  at 
various  works  with  success,  and  on  a  large  scale.  Until  the 
results  of  the  trials  at  the  Schulz-Knaudt  works  were  able  to 
be  published,  the  introduction  of  it  in  other  works  abroad  had 
to  be  deferred,  but  there  is  little  doubt  that  this  new  method 
of  making  homogeneous  ingots  will  soon  make  headway  in 
other  countries.  The  certainty  of  being  able  to  produce  sound 
ingots  with  a  very  small  proportion  of  discard,  makes  it 
probable  that  in  future  ingots  of  large  size  only  will  be  cast, 
from  which  small-size  plates  will  be  rolled.  The  waste  due  to 
trimming  and  cutting  up  will  be  inconsiderable.  Up  till  now 
it  has  been  inadvisable  to  make  large  ingots,  on  account  of  the 
large  percentage  of  discard  and  the  resulting  disproportionate 
waste  of  material.  The  increase  of  density  and  the  improve- 
ment in  quality  of  the  steel  are  also  to  be  reckoned  as 
economies,  and  it  is  by  no  means  unlikely  that  the  thermit 
process  may  lead  to  modifications  in  rolling-mill  practice 
generally. 

Boiler  Explosion  at  Manvers  Main  Colliery. ― The  formal  investi- 
gation ordered  by  the  Board  of  Trade  to  be  held  in  regard  to 
the  boiler  explosion  at  Manvers  Main  Colliery,  Wath-upon- 
Dearne,  is  fixed  for  hearing  in  the  Council  Chanil)er,  Town 
Hall,  Howard  Street,  Rotlierham,  on  Tuesday^  tlie  22 nc]  insi. , 
at 】 1  a.m. 


there  is  a  vertical  slot,  the  slot  being  enlarged  towards  its 
inner  end  so  as  to  form  two  vertical  shoulders  facing  inwards, 
b.  The  test-bar  c  is  screwed  at  each  end  into  a  cylindrical 
holder  〃，  the  other  end  of  which  is  screwed  on  to  the  end  of 
a  large  bolt  e,  wliicli  passes  loosely  through  a  hole  in  a 
rectangular  block  f.  These  blocks  fit  loosely  in  the  enlarged 
ends  of  tlie  slots  in  the  heads.  When  testing  at  high  tem- 
peratures sheet  asbestos  may  be  inserted  between  the  blocks 
and  the  heads. 

The  test-bars  are  of  two  patterns ― (a)  for  use  with  liigli- 
temperature  thermometers,  (6)  for  use  with  a  thermo-electric 
couple.  The  pattern  (a)  is  18in.  long  and  lin.  diara.,  except 
at  the  middle,  which  is  turned  down  to  0'5in.  diam.  over  a 
length  of  2in.  The  ends  are  screwed  for  about  2in.  to  fit 
the  cylindrical  holders,  and  at  05in.  from  each  shoulder  a 
hole  is  bored  centrally  (Fig.  2),  ^in.  diam.  and  0*75in. 
deep,  to  hold  a  thermometer.  In  order  that  the  thermometer 
may  be  sufficiently  enveloped  by  the  bar,  the  drill  is  driven 
in  until  the  point  bulges  the  metal  at  the  opposite  side  of  the 
bar.  Connection  between  the  thermometer  bulbs  and  the 
test-bar  is  ensured  by  means  of  a  small  quantity  of  a  low 
melting-point  alloy.  The  pattern  (h)  is  5in.  to  6in.  long  and 
lin.  diam"  the  middle  being  turned  down  to  0'8in.  over  a 
length  of  2in.  About  lin.  at  each  end  is  screwed  to  fit  the 
cylindrical  holders. 

In  order  to  attach  the  thermo-couple  to  the  bar,  a  piece 
of  asbestos  sheeting,  lin.  long  and  .Un.  wide,  is  split  down  a 
little  more  than  half-way,  and  a  small  hole  made  through 
one  side  about  the  middle.  The  junction  of  the  couple  is 
inserted  through  the  hole  from  the  inside,  Fig.  3  (a),  so  that 
the  small  knob  is  just  protruding  on  the  outside.  The 
asbestos  and  couple  are  placed  on  the  bar  with  the  junction 
of  the  couple  touching  the  middle  of  the  bar,  and  bound 
firmly  into  position  by  two  or  three  pieces  of  thin  wire.  Fig. 
3  (h).    Tlie  curves,  more  particularly  for  electrolytic  copper, 

*  Paper  reatl  >tefore  the  Institute  of  Metals,  September.  1912. 
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copper-tin,  and  copper-aluminium,  show  that  very  good 
results  can  be  obtained  with  high-temperature  tliermometers, 
but  it  is  a  saving  of  time  to  use  an  electrical  pyrometer, 
which  has  also  the  important  advantage  of  enabling  bars  of 
a  larger  diameter  to  be  tested. 

The  bar  is  heated  by  placing  a  Bunsen  burner  under  each 
end  of  the  bar  with  pattern  (")，  and  by  means  of  a  "  bar 
burner n  with  pattern  (b) .  The  burner  is  14in.  long,  antl 
made  by  Messrs.  Fletcher,  Russell,  &  Co.，  the  part  under  the 
test-bar  itself  being  prevented  from  lighting1  by  placing  two 
overlapping  pieces  of  sheet  iron  over  the  holes,  so  that  only 
tlie  cylindrical  holders  are  actually  heated  by  the  flame. 

Before  placing  tlie  bar  in  the  machine  it  lias  to  be  marked. 
A  dark  streak,  about  gin.  wide,  of  some  suitable  ink,  is 
made  on  the  central  portion  of  the  bar  from  shoulder  to 
slioulder.  When  dry,  a  small  mark  is  made  near  one  slioulder 
with  a  fine  centre-punch,  and  with  this  mark  as  centre  and  a 
'2in.  radius,  an  arc  is  scratched  across  the  other  end  of  the 
ink  streak,  using  spring  dividers  which  have  been  sharpened. 
Another  punch  mark  is  made  on  the  middle  of  the  arc,  and  ;l 
similar  arc  made  at  the  first  end  of  the'  bar,  using  the  second 
])iuicli  mark  as  cent  re. 

When  the  bar  has  reached  the  required  temperature,  ami 
this  is  quite  steady,  the  length  between  the  left-hand  centre 
punch  mark  and  the  rorresponding  arc  is  measured  by  placing 
one  point  of  the  dividers  in  the  hole,  and  laying  the  other 
]>oint  on  the  arc  and  viewing  tlie  arc  through  a  hand  lens. 
A  suitable  load  is  then  placed  on  the  bar,  and  the  bar 
measured  with  the  load  on.  If  no  stretch  is  observed,  tlie 
load  is  slowly  increased  until  a  distinct  stretch  is  observed, 
when  tlie  load  is  taken  off  and  tlie  bar  measured.  If  no 
stretch  is  observed  with  the  load  off,  tlie  load  is  slightly 
increased,  and  the  bar  again  measured  with  the  load  off,  this 
procedure  being  repeated  until  the  bar  shows  a  permanent 
stretcli.  Tlie  load  required  to  produce  this  is  taken  as  the 
yield  point.  It  is  found  that  a  stretcli  of  -003in.  can  be 
observed  by  this  method.  After  the  yield  poiut  is  readied, 
the  load  is  increased  slightly  and  the  bar  measured  with  the 
load  off.  If  the  previous  load  was  really  tlve  yield  point,  an 
increased  stretch  will  be  observed  out  of  al\  proportion  to  the 
extra  load  applied.  If  this  observation  i?  satisfactory,  the 
bar  is  "  broken  out,"  the  load  being  increased  rapidly  until 
the  bar  breaks,  no  intermediate  measurements  usually  being- 
taken.  With  test-bars  of  pattern  (a)  the  thermometers  are 
removed  before  "  breaking  out  '，  the  bar. 

Tabulated  Results  of  Tensile  Tests  at  Temperatures  higher  than 
the  Normal. ― Tlie  metals  and  alloys  used  in  tlie'  following 
tests  were  specially  free  from  impurities  and  were  annealed. 
A  "  trace  ，，  in  all  the  analyses  means  less  than  0.005  per  cent. 

Table  I  —Electrolytic  Copper,  March  13th ，  1906. 
Boiled  lin.  Rod. 

A  nalifs:s. 


Arsenic   trace. 

Antimony    nil. 

Bismuth '   0-0005  per  cent. 

Selenium    trace. 

'IVllurium   trace. 


Tensile  Tests. 
All  test-bars  annealed  2  hours  at  000°  C. 


Temi>erat 
Deg.  Fah. 

ire  of  Test. 
Deg.  C. 

Yield  Point. 

Tons  per 
Snuare  Inch. 

Breaking 

Load. 
Tons  per 
Square  Inch. 

Elongation 
per  Cent,  on 
2  Indies. 

Reduction 
of  Area 
per  Cent. 

55 

13 

2.86 

13-97 

56-0 

6(>-3 

200 

93 

to 

V. 

12-41 

56-0 

fi8-(i 

•WO 

148 

2.04 

ll-4(i 

55-0 

67-44 

400 

204 

2-85 

10-5.5 

53-0 

(Mi -3 

450 

232 

2-29 

9-61 

a: 
寸 

Gl-5 

(.50 

:m 

2  SO 

6-91 

25-0 

28-2 

750 

•m) 

2.33 

(i-42 

27-0 

27-10 

8.50 

455 

1-71 

5-43 

21-0 

20-0 

noo 

482 

1-42 

5- 13 

20 -.5 

20-4 

！ (00 

482 

2-00 

5-17 

23-5 

2f)-l 

950 

510 

1-43 

4-17 

23-0 

2(i.() 

1000 

538 

()-5 

3-7 

32-0 

45-2 

The  foregoing  results  are  shown  graphically  in  the  curves 
on  pages  467  and  468.  It  will  be  convenient  to  take  the  elec- 
trolytic copper  as  a  standard  of  comparison,  and  first  of  all 
to  compare  the  copper  alloys  with  it.      Broadly  speaking, 


Table  II.— Arsenical  CojrpeT,  December  21stt  1900. 

lin.  Rod. 
Analysis. 

Per  (，ent. 

Arsenic   0234 

Antjrnony   nil 

Bismuth'    0  009 

St'k'nium  and  tellurium    traoc 

Tknsii.k  Tests. 

All  tost-hfirs  anneak'd  2  hours  at  ()C0°  C. 


Rolled 


Teiuijcvature  of  Test. 


Deg.  Fah. 


Yit'Id  Point. 

Tons  per 
Siinavt  Inch. 


I  ii'cii  l、in'，' 

Load. 
Tons  iicr 
S(iuare  Inch. 


Klon^nlinii 
per  Cent. 

op 
2  Inches. 


227 
2  27 

1  98 
1  i)S 

\m 

170 


i:t-75 

] I  SI 

1  I  07 
9-71 
9  32 
7*52 
537 


Pig.  2.— SnrTroN  of  Tkst  Hah  ahout  Shoiilder,  showing  Thioiimomktkr  Hoi<k. 

Taiu.k  Copper-Tin,  Fcbruavf/  dtlt,  1900. 

Boiled  lin.  Rod. 
Analysis. 

Per  Cent- 
Copper    97-673 

Tin    2-408 

Lead    0-024 

Nickel   trace. 

Iron   •   trace. 

Manganese   nil. 

Tknsti.k  Tests. 


Temperature  of  Test. 
Deg.  Fah.  ;     Deg.  C. 

Yield  Point, 

Tons  per 
S<iuare  Inch. 

Breaking 

Load. 
Tons  per 
Square  Inch. 

Elongation 
per  Cent,  on 
■2  Inches. 

Reduction 
of  Area 
per  Cent. 

00 

15-5 

4-83 

10*1.3 

75.0 

400 

204-0 

2-84 

lli-77 

53-0 

68  • (> 

.">IKI 

2600 

2-84 

I  (i -25 

45  0 

56-4 

(>()() 

3U)<» 

00 

叶 

CO 

26-0 

700 

371  0 

2-55 

1  1 

21-0 

22-5 

800 

427  0 

312 

12-97 

29-4 

870 

465-0 

2-84 

12-31 

38-5 

42-2 

Fig.  3.— Sho、ving  Method  of  Attachment  of  Wires  of  Thermo-couple  to  Bar. 
ia)  Couple  inserted  into  prepared  asbestos  sheet. 
(h)  Bound  with  thin  iron  wire  in  position. 

they  have  the  same  characteristics.  Contrary  to  what  per- 
haps would  have  been  expected,  copper  is  the  dominant 
partner.  It  has  a  distinct  individuality,  which  is  modified, 
but  not  extinguished,  by  the  other  metals.  The  curves  for 
the  elastic  limits,  or,  more  strictly  speaking,  the  yield  points, 
approximate  to  straight  lines,  except  in  the  case  of  copper- 
zinc,  wliicli  is  probably  explained  by  the  large  proportion 
of  zinc.  The>  irregularities  in  the  copper-nickel  curve  are 
difficult  to  account  for.  'The  breaking-load  curves  still  move 
closely  approximate  to  straight  lines,  but  show  signs  of  being 
influenced  by  the  second  metal  at  the  higher  temperatures. 
The  most  distinctive  curves  are  those  for  elongation  and 
reduction  of  area.  They  show  the  preponderating  influence 
of  t  ho  copper,  and  at  the  same  time  the  modifying  effect  of 
the  added  metal.    The  more  rapid  rise  above  800°  Fah.  in 
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Table  VI. ― Copper-Zinc，  January  lfHk,  1900. 
Extruded  Hod. 
Zinc  about  40  per  cent. 
Tensii.k  Tk.sts. 


hi  tests  marked  "  lesl-hars  w("v  ； mr"'al('<l  2  liours  at 曙   ('.     All  ot  )i«  r 
bars  anncalcfl,  lmt  Icmpcrut  hit  moI  recorded. 


Temperatu 
Deg.  Fah. 

re  of  Test. 
Deg,  C 

Yield  Point. 

Tons  pet* 
Square  Inch. 

hoad. 
Tons  per 
Square  Inch. 

KlongaXion 
per  Cent,  on 
2  Inches, 

lU'duction 
of  Area 
per  Cent. 

(iO 

155 

*5-9(i 

50-5 

400 

204-0 

*7'67 

20- 1 1 

040 

70-8 

400 

204*0 

7*95 

mr> 

72!* 

500 

2(;"0 

7*38 

17*56 

07-5 

()00 

：{](>•() 

5-(iH 

1247 

35*5 

48- 1 

700 

37 1() 

I-9S 

*i*85 

45*2 

800 

427*0 

3*48 

27*0 

39'  1 

Table  VII.— MM  Steel,  March  23rd,  1900.    Boiled  lin.  liod. 

Analysis. 


Per  Cenfc. 

Silicon   0  053 

Sulphur   0041 

Manga ne.se    ()'40I 

Nickel    0  045 

Phosphorus    0-138 

Carbon   not  (lotcrmiuefl. 


'J'ensile  Tests  . 


In  tests  mnrked  *  test-bars  were  specially  annealed  in  livboiritoiv  at  *>U0  ('. 


Temperature  of  Test. 
Deg.  Fah.        Deg.  C. 

Yield  Point. 

Tons  per 
S<】uare  Inch. 

Breaking 

Load. 
Tons  per 
Syuare  Inch. 

Elongation 
per  Cent, 
on  i  Inches. 

Reduction 
of  Area 
per  Cent. 

*57 

14 

11-98 

42- 0 

fi8fi 

300 

150 

10.79 

2027 

250 

Gl-5 

300 

150 

130(5 

2(»77 

220 

015 

400 

204 

1022 

2754 

255 

53  7 

400 

204 

】2-50 

28-77 

255 

56  4 

400 

204 

1085 

294 

240 

490 

*400 

204 

125 

28-27 

240 

.59  0 

500 

260 

1022 

300 

235 

537 

500 

200 

100 

25-(i 

340 

60.5 

000 

316 

9  09 

279 

290 

56  4 

700 

371 

7-38 

2431 

35  0 

(»4  0 

800 

427 

9-00 

20  34 

300 

686 

Table  Copper-Nickel,  July  23rrf,  1909. 

Boiled  lin.  Bod. 

Nickel  about  12  per  cent . 
Tensile  Tests. 


All  test -bars  annealed  J  hour  at  050°  C. 


Temperature  of  Test. 
Deg.  Fab.       Deii.  C. 

Yield  Point. 

Tons  pei- 
Square  Incb. 

Breaking 

Loud. 
Tons  per 
Square  Inch. 

Elongation 
per  Cent,  on 
'2  Inches. 

lleduotion 
of  Area 
per  Cent. 

55 

130 

93 

18-1 

555 

03- 0 

200 

933 

925 

l(i-2 

55o 

790 

300 

1500 

90 

15-1 

545 

79-5 

350 

1767 

76 

14- 1 

570 

77-0 

400 

204-0 

74 

14-1 

550 

7(V0 

450 

232  0 

80 

134 

52-0 

71-5 

500 

2600 

7-5 

12-8 

490 

<)50 

550 

287-8 

7-8 

12：{ 

43  5 

GO-0 

fiOO 

3160 

11-8 

390 

53  0 

700 

371  0 

8-2 

11-55 

355 

545 

800 

427  0 

8-7 

US) 

375 

540 

850 

455  0 

713 

09 

275 

41-0 

Table  V. ― Copper- Aluminium,  December  7th,  1900. 
Boiled  lin.  Rod. 

Analysis, 


Texsile  Tests. 

In  tests  marked  *  test-bars  、、- ere  specially  annealed  in  laboratory 
2  hours  at  600°  C. 


Temperature  of  Test. 

Yield  Point. 

BreakiuH 

Elongation 

Reduction 

Tons  per 

Load. 

per  Cent,  on 

of  Area 

Square  Inch. 

Tons  per 

•2  Inches. 

per  Cent. 

Deg.  Fah. 

Deg.  C. 

Square  Inch. 

60 

155 

23-80 

91  0 

72-9 

400 

204.0 

*493 

2094 

81-0 

58-2 

500 

2600 

*4-31 

1795 

49.0 

43  7 

600 

3160 

403 

14o6 

250 

304 

800 

427-0 

4.93 

1002 

120 

1C0 

900 

482  0 

2-84 

625 

130 

254 
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tlie  copper-tin  curve,  the  steady  rise  to  500°  Fah.  iu 
copper-zinc  curve,  and  the  close  resemblance  between 
electrolytic  copper    and    the    copper    with  7  per  cent 


Table  \IIL—Wroiujht  J 濯， March 爾 i,  1900.  liollcd 
lin.  Hod. 

Analysis. 

Vvx  Cent. 

Silicon    0430 

Sulphur   nil 

Manganese   nil 

Nickt'l    nil 

riH)sj>lu)ius    0143 

Carbon     not  determined. 

Tensile  Tests. 

In  tvtii  marked  *  (est -bar  was  sjioeially  annealed  in  laboratory  2  hours  at 

6006  C. 


Tuniiicraturc  of  Test. 

Yield  Point. 
Tons  ]ior 

JUx-akinK 
Load. 

l'Monyation 
por  Cent. 

Keduction 
of  Area 

Tons  pcx- 
Square  Inch. 

Fab. 

Dc«.  C. 

Scjiiiire  Inch. 

on 
•2  Iuubcs. 

per  Cent. 

57 

14 

10-8 

220 

305 

500 

300 

J  50 

1 

30  27 

220 

：{!»1 

；500 

150 

1300 

2836 

20-0 

39- 1 

100 

204 

1250 

2!l-54 

240 

：{•)•  1 

400* 

204 

1 1  36 

28-77 

20-0 

：{!)•  1 

500 

260 

11-30 

30-00 

245 

3(i0 

()00 

316 

795 

28-45 

230 

：}(')() 

700 

371 

8-52 

25  00 

200 

30  0 

800 

427 

909 

20-59 

200 

45-2 
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experiments  as  have    been    made,  insufficiently  pure 


the 
the 
of 

aluminium  are  all  interesting.  The  reduction  of  area  curves 
have  a  close  resemblance  to  the  elongation  curves,  except 
tliat  the  reduction  of  area  up  to  500°  F，h'  in  the  copper- 
v.ww  curve  does  not  show  the  considerable  rise  which  occurs  in 
the  elongation. 

Although  this  Institute  does  not  concsrn  itself  directly 
with  iron  and  steel,  their  curves  are  inserted  here  for  pre- 
cisely the  same  reason  i  hat  they  were  made,  viz"  for  com- 
parison, in  order  thai  it  '"ay  be  seen  in  what  ways  copper 
r,'srml)les  or  difTeis  from  these  important  structural  】netais. 
It  will  l)e  seen  at-  onrv.  thai  there  are  very  great  <1i(Terences. 
J u  1  lie  yield-})oini  curves  the  only  reyemblance  to  iron  and 


metal  has  been  used,  the  points  observed  have  been  taken 
too  far  apart,  the  test-pieces  have  not  been  suitably  annealed 
to  make  the  tests  comparable,  and  not  improbably  the 
carrying  out  of  the  tests  has  left  something  to  be  desired. 

It  is  difficult  to  conceive  that  the  definite  and  strongly- 
marked  changes  in  direction  in  the  elongation  curves  are  not 
due  to  molecular  disturbances.  It  is  still  more  difficult  to 
imagine  these  marked  molecular  disturbances  leaving  tlie 
breaking  loads  unaffected  to  a  corresponding  extent.  Yet' 
that  is  what  talces  place  in  the  case  of  copper  and  its  alloys, 
and  with  iron  and  steel  above  a  certain  temperature. 

The  range  of  temperatures  given  in  this  paper  is  restricted 
to  such  as  miglit,  occur  during  the  use  of  these  metals  and 
alloys  in  t'lie  Arts.     What  occurs  during  the  manufacture 
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40 
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steel  is  found  in  the  case  of  copper-zinc.  In  the  breakiug- 
load  curves  iron  and  steel  are  markedly  different  from  the 
others.  In  the  elongation  curves,  instead  of  the  approxi- 
mately horizontal  portion  found  iu  the  case  of  copper  and 
its  alloys,  except  copper-zinc,  which  shows  a  steep  rise,  iron 
and  steel  at  once  exhibit  a  rapid  drop  in  elongation.  In  the 
reduction  of  area  curves  also  there  are  considerable  diffe- 
rences. Although  there  are  not  many  points  on  the  iron 
and  steel  curves,  the  close  resemblance  between  these  curves 
leaves  no  doubt  as  to  their  substantial  accuracy. 

It  is  fairly  certain  that  engineers  have  hitherto  expected  a 
reduction  of  elongation  with  an  increase  in  the  breaking  load 
in  a  given  metal  or  alloy.  They  have  been  justified  in  this 
by  tlie  behaviour  of  iron  and  steel  at  atmospheric  tempera- 
tures, and  they  are  still  justified.  At  such  temperatures  as 
these,  metals  would  be  used  in  the  Arts.  That  they  are  not, 
justified  in  applying  tliis  rule  to  copper  and  its  alloys  is 
manifest  from  an  examination  of  the  curves  in  this  paper. 
It  will  be  seen  that,  whilst  the  breaking  loads  are  essentially 
straight-line  curves,  the  elongation  curves  are  contorted  in 
perfectly  definite  ways,  which,  however,  have  no  relation  to 
tlie  breaking  loads.  These  are  exceedingly  interesting  points 
and  worthy  of  further  study.  It  is  somewhat  remarkable 
that  they  have  escaped  observation  and  investigation  so  long. 
That  they  liave  done  so  is  probably  due  to  the  fact  that  in 

so 
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aud  working  of  these  metals  and  alloys  is  a  different  matter 
altogether,  and  was  not  the  object  of  the  investigations. 
Numerous  tests  of  other  kinds  than  tensile  were  also  made, 
which  cannot  be  described  on  this  occasion.  It  is  intended 
to  get  out  the  curves  for  nickel,  for  which  purpose  rods  were 
obtained  some  years  ago. 

The  tests  contained  in  this  paper  were  carried  out  by 
different  assistants,  most  recently  by  Mr.  Licence  and  Mr. 
Baker.  The  author  takes  this  opportunity  of  expressing  to 
all  of  tlieni  his  gratitude  for  the  zeal  and  efficiency  wliich  has 
iii variablv  characterised  their  work. 


SOME  FEATURES  OF  STEEL  RAIL  TESTING. 

BY  JAMES  E.  HOWAKD. 

The  me<'liauical  test  of  steel  rails  may  be  considered  in  con- 
junction with  service  stresses,  track  conditions,  and  metal- 
lurgical structure.  The  principal  stresses  to  wliich  steel  rails 
are  subjected  under  service  conditions  are  :  (//)  transverse 
l>endiug  as  a  beam  ；  (A)  crosswise  bending  of  the  flanges  of  the 
base  ；  (r)  direct  compression  and  cold  rolling  of  the  head  ； 
(//)  shearing  stresses;  and  (t)  abrasion  from  the  treads  and 
flanges  of  the  wheels. 

These  constitute  the  service  stresses,  to  provide  for  which 
adequate  provision  should  be  made  in  tlie  design  of  the  rail 
and  the  selection  of  the  material.  The  passage  of  a  train 
over  the  track  is  attended  wit h  the  development  of  these 
stresses.  However,  t rack  conditions  are  such  that,  while  the 
kind  of  st l'esses  admits  of  recognition,  their  magnitude  does 
not .  Tliat  is,  the  yielding  character  of  the  road  bed  intro- 
duces modifying  conditions  which  make  it  impracticable  to 
accurately  judge  of  the  fibre  stresses  involved  when  a  given 
wheel  load  is  carried  by  a  rail  of  definite  moment  of  resistance 
and  known  physical  properties.  It  has  been  experimentally 
found  that  the  stress  per  square  inch  per  ton  of  wheel  load 
varies  materially  witli  the  different  wheels  of  a  locomotive,  the 
observations  being  made  under  static  conditions.  Eccentri- 
city of  loading  the  head  coinnioiily  occurs,  the  greater  stress 
being  received  at  the  gauge  side. 

Generally,  or  perliaps  invariably,  the  wheel  loads  over- 
strain the  running  surface  of  tlie  liead  of  the  rail,  change  the 
density  of  the  steel  locally,  and  introduce  internal  strains  of  a 
permanent  character.  When  this  zone  is  worn  away  by 
abrasion,  the  zone  of  metal  next  below  in  its  turn  is  affected 
by  internal  strains.  Apparently,  tlie  penetration  of  these 
internal  strains  may  extend  far  into  the  metal  of  the  head. 
Alternate  stresses  of  tension  and  compression  are  received  by 
the  rail  acting  as  a  beam,  by  reason  of  differences  in  position 
of  the  wheels,  and  the  surface  cold  rolling  of  the  liead  also  is 
subjected  to  reversal  of  stresses  longitudinally.  Cold  rolling 
and  abrasive  influences  cause  a  downward  flow  of  the  metal  at 
tlie  gauge  side  of  the  liead  and  lateral  flow  on  the  top. 

To  meet  these  conditions  the  metal  of  the  rail  should  be 
st ructurally  sound.  But  to  attain  structural  soundness  and 
uiiiformity  in  the  fniislied  rail,  certain  conditions  must  prevail 
in  the  ingot  and  during  tlie  reductions  in  tlie  rail  mill.  Chief 
a'"o"g  these  is  the  elimination  of  slag  inclusions  in  the  ingot, 
which,  starting  in  a  globular  form,  become  acicular  in  the  rail 
and  oriented  parallel  to  its  axis. 

Several  conditions  as  they  now  prevail  require  rails  of  a 
considerable  degree  of  hardness  chemically,  to  ensure 
durability  against  abrasive  wear  and  cold  flow  under  the  wheel 
pressures.  The  rail  would  be  a  superior  one  in  which  these 
effects  are  minimised.  It  is  obvious  that  the  extent  to  which 
flow  under  the  cold  rolling  of  the  wheels  can  take  place  with- 
out inducing  rupture  will  be  less  in  the  case  of  hard  steels  than 
for  soft  and  medium  steels. 

j\  consideration  of  tlie  service  stresses,  track  conditions, 
ai'cl  stnictural  soundness  of  the  rail  is  suggestive  of  tlie 
niechanical  tests  wliich  are  applicable  and  adequate  to  secure 
HiiUble  motal  in  a  rail.  A  knowledge  of  tlie  actual  fibre 
h(  reuses  whieli  aro  developed  in  tlie  rail  when  in  the  t rack  is 
fuiidamciitH]  in  judging  of  the  physical  properties  essential  in 
tlie  rail.  The  cliernical  composition  of  the  metal  will  be 
established  in  accordance  therewith. 

The  reductions  in  the  rail  mill  from  tlie  ingot  to  the 
fii"Hl，e(l  shape  clearly  ensure  well-worked  steel .    ]n  tlie  pre- 

•  l'a，":r  presented  at  the  International  Cougrcsh  for  TesUng  Matcrialb. 


sence  of  such  evidence,  a  test  having  for  its  object  tli»  demon 
stration  of  well-worked  steel  would  appear  to  be  only  supple- 
mentary or  confirmatory  in  its  cliaracter.  Prescribing  ； i 
definite  and  exact  amount/  of  extension  in  tlie  rail  in  tl，《  direc- 
tion of  its  axis  either  in  tlie  head  or  the  base,  is  a  matter  which 
presents  logical  difficulties,  since  steels  in  general  unckr  tli" 
effect  of  repeated  alternate  stresses  rupture  without  appr*: 
ciable  display  of  extension. 

The  longitudinal  lamiiiatioiis  cornmon  to  rails  of  current 
manufacture,  in  the  light  of  numerous  failures  in  the  track, 
point,  to  the  need  of  mechanical  tests  to  ensure  against  the 
acceptance  of  rails  containing  such  defects.  Such  tests  slioulrJ 
also  have  a  salutary  influence  toward  effecting  an  iniprove- 
ment  in  tlie  finished  rails.  The  test  now  referred  to  would 
consist  of  bending  the  flanges  of  the  base  in  a  direction  at 
right  angles  to  that  at  which  the  base  is  strained  in  a  drop 
test  (which  is  longitudinally).  Recent  tests  of  this  kind  show 
widely  divergent  results  in  the  resistance  of  base  flanges  due  to 
the  laminated  condition  of  the  metal,  and  a  degree  of  britt  1e- 
ness  comparable  to  that  displayed  by  rails  wliich  develop 
flange  breaks  in  service. 

When  it  shall  become  known  what  fibre  stresses  are  caused 
by  the  wheel  pressures  of  current  rolling  stock,  a  transverse 
test  in  which  the  resistance  of  the  rail  is  measured,  as  in  an 
ordinary  beam  test,  will  afford  desirable  information  as  to  t  he 
margin  in  strengtli  wliich  may  exist  between  the  working  fibre 
stresses  aud  the  transverse  elastic  limit  of  the  rail. 

Special  tests  of  an  investigative,  metallurgical  nature  for 
conmion  guidance  in  mill  practice  in  providing  structurally 
acceptable  ingots  appear  to  be  needed,  to  permit  of  simplifying 
those  tests  which  are  made  for  the  acceptance  of  tlie  fniislied 
rails.  The  acceptance  tests  would  tlien  have  direct  reference 
to  securing  a  rail  of  suitable  strengtli  to  meet  definite  service 
stresses,  and  of  such  resistance  against  abrasion  and  cold 
rolling  effects  of  wheel  pressures  as  will  make  it  a  safe  rail  for 
permissible  loads. 


Safety  of  Steel  Railway  Cars. 一 Sir  Edgar  Speyer,  presiding 
at  the  recent  half-yearly  meeting  of  the  Underground  Electric 
Railways  Company  of  London,  said  anything  that  human 
ingenuity  could  contrive  to  make  the  railways  absolutely  safe 
would  be  adopted.  While  they  deplored  the  accident  whieli 
unfortunately  occurred  on  the  Piccadilly  Railway  on  Septem- 
ber 4th,  they  could  point  with  pride  to  the  magnificent  record 
made  by  the  London  railways.  Steel  cars  were  exclusively 
used  on  tlie  "  tubes,"  and  the  wisdom  of  the  management  in 
adopting  this  material  had  been  amply  vindicated.  As  the 
cars  withstood  the  shock  remarkably  well,  and  as  they  were' 
iniT»iune  from  fire,  they  had  proved  a  great  element  of  safety. 
Since  the  opening  of  the  London  Electric  and  electrification  of 
the  District  Railways  929,315,363  passengers  had  been 
carried,  41 ,109,664  train  miles  had  been  run,  and  in  the  move- 
ment of  the  trains  tlie  signals  had  been  operated  over 
2,400,000,000  times,  all  of  which  had  been  accomplished  with- 
out a  single  fatality  due  to  a  failure  either  in  the  rolling  stock 
or  signal  system. 

Gob  Fires  in  Mines. ― In  the  course  of  a  lecture  on  '  Gob 
Fires  and  Spontaneous  Combustion  in  Miues，"  recently 
delivered  by  Prof.  Boweii,  of  the  University  of  Leeds,  he 
observed  that  some  gob  fires  were  of  extremely  long  duration. 
In  1861 ,  ii)  a  mine  in  Saxony,  there  existed  a  gob  fire  whieli 
Agricola  in  1556  stated  had  even  then  beeu  burning  since 
time  immemorial.  In  any  case,  the  existence  of  a  gob  fire  in 
a  mine  must  cause  great  anxiety  to  the  management.  Spon- 
taneous combustion  was  attributed  to  three  main  causes  ： 
oxidation  of  the  coal,  oxidation  of  iron  pyrites,  and  heat  due 
to  friction  from  pressure  of  the  roof.  The  chemical  action  of 
oxidation  produced  heat,  and  the  heat  thus  generated  pro- 
moted further  oxidation.  It  further  appeared  that  sunlight 
lessened,  or  retarded,  this  action,  consequently  coal  uiider- 
ground  was  favourably  situated  for  the  absorption  of  oxygen. 
In  Yorkshire,  tliough  gob  fires  occurred  in  several  seams,  they 
were  comparatively  fare  in  tlie  really  gassy  seams,  except  in 
tlie  Barnsley  bed  in  the  Doncaster  district.  Undoubtedly,  the 
best  preventive  method  was  to  fill  up  all  the  empty  spaces  with 
incombustible  material  such  as  sand.  In  some  continental 
mines  tins  practice  was  followed,  the  sand  being  washed  down 
tlie  pits  into  the  waste  spaces  by  water  througli  a  system 
of  pipes. 
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A  NEW  METHOD  OF  CASTING  SMALL  INGOTS. 

The  "  Revue  de  Metallurgie  "  lias  an  interesting  article  by  M. 
J.  Corbiau  describing  a  new  method  of  casting  small  ingots 
devised  by  M.  Defays-Lanser,  an  engineer  of  Brussels.  It  is 
particularly  applicable  to  small  rolling  mills  and  plants  which 
are  now  dependent  on  outside  rsources  of  supply  for  tlieir 
billets,  as  it  offers  a  promising  method  for  casting  large 
numbers  of  small  ingots  successfully,  in  good  condition  to  be 
rolled  directly  in  small  mills.  There  has  always  been  great- 
difficulty  in  casting  small  ingots.  For  instance,  a  1651bs.  to 
1751bs.  ingot  and  a  15-ton  open-hearth  furnace  would  mean 
about  192  ingots.  These  may  be  arranged  in  48  groups  of 
four,  or  32  groups  of  six,  using  bottom  pouring.  After  pour- 
,,ing，  the  groups  are  united  by  the  steel  from  the  runner  spout 
and  the  breaking  of  this  steel  requires  long  and  laborious  sup- 
plementary hand  labour.  Further,  when  the  moulds  have 
been  used  for  some  time  the  steel  sticks,  and  the  stri| 屮 mg  is 
made  long  and  difficult.  For  these  reasons  the  pouring  floor 
is  not  cleaned  up  for  a  long  time,  and  if  the  next  heat  should 
come  a  little  ahead  of  time  the  moulds  are  not  set  up  ready 
for  pouring,  which  of  course  retards  the  operation. 

In  order  to  guard  against  these  inconveniences  M.  Det'avs- 
Lanser  has  worked  out  a  method  that,  in  addition  to  ot  I  let- 
advantages  to  he  examined  later,  allows  all  the  runners  of 
steel  uniting  the  ingots  to  be  sheared  at  one  operation,  and  so 
makes  possible  rapid  and  easy  stripping.  In  this  process  the 
moulds  are  formed  by  plates  with  properly-shaped  vertical 
grooves.  The  plates  are  placed  touching  each  other,  and  the 
grooves  form  cells  in  which  the  steel  is  poured.    The  pressure 
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Fig.       Defats-Lansek  Method  of  Casting  Small  Steel  Ingots. 


necessary  to  hold  the  plates  tightly  against  each  other  may  be 
supplied  by  hydraulic  cylinders,  steam,  or  compressed  air. 

One  method  of  applying  this  invention  is  illustrated.  At 
ay  "，  a  and  h,  h,  h  are  two  series  of  plates  which  are  pressed 
together  to  form  the  moulds  ；  c  is  the  central  pouring  funnel, 
d  the  bottom  bricks,  and  f  and  (/  two  identical  hydraulic 
cylinders  working  in  opposition,  which  serve  to  keep  the  plates 
tight  against  each  other.  The  two  small  hydraulic  cylinders 
I,  k  serve  to  bring  the  pistons  of  the  cylinders  f  and  <j  back 
to  position.  The  operation  is  simple.  Before  casting,  the 
piston  //  alone  is  exerting  pressure,  and  is  in  the  position 
shown  by  dotted  lines.  When  the  casting  is  over  and  a  short 
time  has  elapsed  to  enable  the  steel  to  set  in  the  bottom  runner 
bricks,  the  piston  y  is  brought  back  by  means  of  thp  little 
cylinder  and  pressure  is  admitted  to  f.  Under  this  pres- 
sure everything  is  moved  bodily  ；  the  runners  of  steel  from 
the  pouring  funnel  to  the  separate  ingots  are  all  cut  close  to 
the  base  of  the  ingots,  so  that  the  latter  are  now  entirely 
separate  from  each  other.  Afterward  the  pressure  is  released 
and  the  ingots  are  easily  stripped  from  the  plate  ingot  moulds. 

This  process  lias  several  important  advantages.  First  of 
all  is  the  rapidity  wiili  which  the  steel  can  be  stripped  and 
the  moulds  properly  set  up  again.  In  this  way  the  operation 
of  the  furnace  is  not  slowed  down,  and  the  ingots  can  be 
delivered  hot  to  the  mills,  which  reduces  the  cost  of  reheating. 
Further,  steel  ingot  mould  plates  can  be  used,  which  stand 


up  much  better  than  casl  u'mi,  and  the  plates  can  be  easily 
examined  and  kept  in  good  repair. 

The  method  is  then  compared  in  detail  with  that  of  bottom 
pouring  ordinary  small  ingots  weighing  about  1751bs., 
472in.  x  4'72in.  x  31'5in.,  in  groups  of  four,  the  steel  being 
taken  from  a  15  to  16-ton  open-lieartli  furnace.  It  will  need 
•  48  groups  of  4  ingots  per  heai,  corresponding  to  alxmi  15  tons 
of  steel.  In  a  year  of  250  working  days  this  will  amount  to 
about  15,000  tons.  First,  the  saving  in  brick  is  considerable, 
for  in  the  new  process  the  ingots  are  poured  very  near 
together.  Under  Belgian  conditions  this  is  calculated  to 
amount  to  £250  per  year.  The  consumption  of  moulds 
will  be  less  witli  the  new  system,  although  it  must  be  remem- 
bered that  they  will  cost  considerably  more  at  the  start, 
because  of  the  greater  care  necessary  in  making  them,  so  that 
the  joints  may  fit  closely.  Paying  due  attention  to  this,  and 
figuring  that-  the  scraj)  value  of  both  kinds  of  moulds  is  the 
same,  the  annual  saving  in  favour  of  the  new  moulds  is  given 
as  £108. 

The  bottom  pour  waste  will  be  considerably  less  with  the 
new  system.  In  this  particular  case  the  gain  will  be  6901bs. 
per  heat,  or  690  tons  of  ingots  per  year.  Under  Belgian  con- 
ditions this  represents  an  annual  saving  of  £500  over  the  scrap 
value  of  the  bottom  pour  scrap.  Tlie  labour  necessary  will  be 
reduced,  two  men  per  shift  being  saved,  whicli  means  £200  per 
year.  The  next  point  is  the  use  of  the  ingots  in  the  rolling 
mill.  Ordinary  ingots  are  usually  tapered  to  assist  in  strip- 
ping, but  witli  the  new  system  they  can  be  of  the  same  section 
throughout,  just  like  billets.  This  is  very  important,  as  the 
head  of  the  ingot  should  be  worked  more  than  the  rest,  but  at 
present  it  is  the  part  worked  the  least  during  the  first  passes 

wlien  the  temperature  is  the 
best 
the 

easy  to  make  the  head  larger 
than  the  base  of  the  ingot,  or 
to  cast  round  ingots  suitable 
for  making  seamless  tubes,  or 
flat  ingots  for  slabs  and  plates. 

A  small  Belgian  rolling  mill 
using  this  system  has  found 
that  109  tons  of  ingots  are  ne- 
cessary to  give  100  tons  of 
finished  steel.  The  results  of 
previous  practice  were  112  tons 
of  ingots  cast  in  the  ordinary 
way,  or  106  tons  of  billets. 
Taking  these  figures  as  a  basis 
the  use  of  15,000  tons  of  ingots 
cast  by  the  new  method  would 
give  370  ions  more  finished 
material  than  old  style  ingots 
per  year.  In  t  he  latter  case 
The  gain  would  be  £1,036. 


to  allow  welding.  Willi 
new  system  it  would  be 


this  370  tons  would  be  scrap. 

The  total  of  these  sums  shows  2s.  9^d.  per  ton  in  favour  of  the 

new  system. 

Certain  plants  use  moulds  with  four  or  six  compartment 
in  order  to  facilitate  setting  up  the  moulds,  stripping,  and 
keeping  the  casting  floor  clean.  Such  moulds  are  certainly 
better  than  ordinary  ones,  but  the  new  system  is  still  more 
advantageous.  Calculations  are  given  in  the  original  paper 
to  prove  this.  No  account  has  been  taken  of  the  cost  of  the 
power  necessary  to  operate  the  new  method,  but  this  must  be 
small. 

The  main  objection  to  be  raised  is  the  difficulty  of  maintain- 
ing a  close  fit  between  the  plates,  as  cast  iron  will  burn  after 
being  in  contact  with  liquid  steel  a  certain  time.  The  use  of 
cast  steel  plates  should  be  carefully  considered,  as  these  will 
stand  up  much  better  than  cast  iron.  In  this  connection  it 
may  be  mentioned  that  recent  tests  have  shown  that  ordinary 
moulds  of  cast  steel  are  very  satisfactory. 

In  conclusion,  the  Defays-Lanser  process  offers  important 
advantages  in  regard  to  ease  and  rapidity  of  operation.  It 
also  considerably  lowers  the  conversion  cost  from  the  furnace 
to  the  finished  product.  In  comparison  with  the  ordinary 
methods  of  bottom  pouring  small  ingots,  it  gives  a  saving  that 
(,uickly  pays  off  the  cost  of  the  original  installation.  It  does 
not,  take  up  much  room  and  so  allows  the  cost  of  buildings, 
&c.，  to  be  reduced. ― "  The  Iron  Age." 
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INDUSTRIAL  AND  TRADE  NOTES. 

Cumberland  Ironworkers'  Wages. ―  Tlit、  （iiiail'Tly  as<Tii;ininuMit 
undor  the  sliding  sea lo  in  force  in  Cunil)orland  shows  that  tho 
a \ (M*a^e  selling  price  of  hematite  iron  >\;u* rants  was  7 (3s.  9(1.  per 
ton.  compared  with  70s.  in  the  previous  quarter.  The  Cunilxuland 
Mastt'iirnaceinen's  wa^^s.  therefore,  advanced  by  8.1  per  cent., 
and  are  19  per  cent,  higher  than  in  the  corresponding  quarter  of 
last  year.    Thoy  are  now  46  per  cent,  above  the  standard. 

English  Tube  Prices  Advanced. ― The  English  AVrought  Troti  Tultr 
Makers'  Association  lias  declared  a  reduction  in  gross  discounts  ni' 
li  per  cent,  upon  hlack  gas  and  galvanised  tubes,  and  of  2 J  per 
cent,  upon  stea m  and  、、  at,、r  ttibos.  This  is  the  fourth  advanco 
since  J  anna ry.  The  gross  discount  on  gas  tubes  now  becomes  (5(ii 
per  cent.,  water  tubes  (J-l  per  cent.,  and  steam  tubes  62^  per  cent. 
The  alteration  means  an  advance  of  V2h  per  cent,  on  steam  and 
water  tubes. 

Scottish  Moulders'  Wages  io  be  Advanced. ― At  a  conference 
recently  held  in  (Glasgow  of  representatives  of  the  Scottish  Em- 
ployers*  Federation  of  Iron  and  Steel  Kouiulers  n nd  representa- 
tives of  til?  moulders  employed  by  them,  it  has  been  agreed  that 
wa^es  sliall  l»e  a<lvanood  one  farthing  an  hour  to  pieceworkers 
etiiployerl  I>y  the  hour,  and  Is.  per  week  to  day  men  emplovenl  in 
tlit*  mnrine  and  jobbing  works  connected  with  the  Federation. 
The  ad\  aiK-cs  a  re  to  ('(>ni(j  into  force  on  the  otli  Deceinher  next. 

New  Ironworks  at  Irlam. —  Tlui  new  works  under  constructioi)  for 
tho  PartiiiKton  Stoel  mihI  Iron  Company,  Ltd.,  ； it  Irlam,  adjoin- 
iun  tli(、  Maiiclicstcr  Sliip  Canal,  are  pro^ivssin^,  and  it  is  antici- 
pated that  two  blastfurnaces  will  be  ready  to  start  operations 
early  next  year.  Most  of  the  steel  structural  work  in  coniioction 
with  the  furnaces  is  completed,  and  also  the  yroator  part  of  the 
foundations  for  tlie  steel  smelting  and  rolling  departments,  Avhile 
the  (ontnu'ts  for  engines  and  machinery  are  well  in  hand.  Most 
of  the  by-products  plant  is  installed. 

New  Factory  for  Marine  Oil  Engines. ―  It  is  announced  that  Har- 
land  &  Wolff  have  sold  to  the  reoeiitly-formocl  Burmeistcr  ;uk! 
Wain  (Diesel  System)  Oil  Engine  Company,  Ltd.,  the  engineering 
and  Ijoilerniakin*^  shops  at  Govan，  wliich  it  acquired  in  February 
of  this  year  from  the  London  and  Glasgow  Hhipbuilding  Company. 
The  works  in  future  will  be  devoted  entirely  to  the  manufacture 
of  oil-engines  for  marine  purposes.  Ha r hind  &  Wolff  will  retain 
their  Glasgow  shipyard,  and  will  probably  obtain  from  Belfast 
wliat  steam  engines  they  require  for  the  ships  built  there. 

International  Exhibitions.  ―  Tlic  Secretary  of  State  for  Foreign 
Affairs  has  appointed  tlio  following  gentlemen  to  represent  the 
Government  at  the  forthcoming  conference  at  Berlin  for  tho 
retruliition  of  internatiojuil  exhiljitions :  Sir  Alfred  E.  BattMiian, 
K.C.M.G..  Mr.  U.  I'，.  Wintour,  director  of  the  exhibitions  brancli, 
Bonrd  of  Traclp.  anrl  Mr.  Walter  F.  Reid,  F.I.C.S.  Mr.  E. 
Wyldl)()r(>-Sinith，  exhibitions  branch  of  the  Board  of  Trade,  Mr. 
H.  G.  Chilton,  second  secretary  at  the  British  Embassy,  Berlin, 
and  Mr.  R.  F.  H.  Duke,  exhibitions  branch  of  the  Board  of 
Trade,  will  act  as  secretaries  to  the  British  delegates. 

Novel  Departure  in  Rolling-Stock  Contracts. ― To  meet  repeated 
complaints  from  the  Indian  trading  community ,  voiced  princi- 
pally by  the  Bengal  Chamber  of  Commerce,  as  to  the  serious 
shortage  of  freight  rolling  stock  on  the  Indian  State  Railways 
the  Indian  Office  have,  in  order  to  make  up  for  the  long  restricted 
indents  during  recent  years,  now  decided  upon  an  interesting 
departure,  inasmuch  that  they  have  decided  to  purchase  rolling 
stock  upon  the  deferred  payment  system.  In  th:s  connection  an 
order  has  hevn  placed  with  the  Metropolitan  Amalgamated 
way  Carriage  and  Wagon  Company,  Birmingham,  for  3,000 
freight  wagons  of  various  types. 

The  Nationalisation  of  Mines.— The  Bill  which  lias  l)con  drafted  by 
a  special  committee  of  the  Miners'  Federation  for  the  nationalisa 
tion  of  tho  coal  mines  and  minerals  of  the  United  Kingdom  and 
to  provide  for  the  national  distrihution  of  coal  was  presented  to 
the  delegates  of  the  M  incrs'  Federation  foiiferonc (；  on  tho  3rd 
inst.  for  their  consideration  and  approval.  The  Bill,  wliich 
consists  of  ID  cla uses,  was  discussed  at  】eiigtli，  and  ultimately  the 
proposals  contained  in  it  woro  unaniniouslv  approved.  丄 t  w  as 
agreed  that  they  should  be  fonvarded  to  the  annual  Congress  of 
the  Labour  Party  in  January  next,  to  get  the  Bill,  as  drafted, 
ofncially  ； lfloptcd  hy  tli(、  party. 

Imports  of  Motor  Vehicles  into  Russia. ― Tho  import  trade  of  Kus、i:i 
iu  aut<""ol,il('s，  irK-lndiii^  motor  cycles,  has,  during  tho  last  10 
years,  mado  rapid  strides.  Jn  11)02  tlio  mimU'r  of  voliiclcs  ini 
whs  37，  valued  ； it  CK,  100.  In  】90(;  tin*  n  m  idIxt  had  iiicrciiscMl 
to  ->0")  vainod  ； it  t\)0JU),  uliilc  in  tin-  total  n>acli^<l  3,H.-,1  Vchi 
clcs  valued  at  l\  J)H2^  \0m  H..M.  Em!)assy  at  St.  l)*、twsl>m'g  states 
that  tlio  motor  industry  in  H ussia  is  still  in  its  infancy,  and  the 
increasing  demand  for  automohilos  "idi(';it('s  a  ^ro;it  futuro  tor 
tl"H  l,r;i，"'h  of  tr;u!o.  In  100!)  no  motor  cars  、v('r"  rc^istcrod  in 
St,  ，,('t('rsl 川 i'g，  hut  tluM-r  wcro  in  and  1,471)  in  1911  ； 

motor-cars  were  registered  in  Moscow  in  1909,  518  in  11)10, 
and  820  in  1911. 


Labour  Co  partnery. ― Tlie  annual  report  of  tlio  Lalxnir  ('o  partnrr 
ship  Association  just  issiunl  shows  tliat  tl""v  mow  ]  10  w"'idi"s 
lmst'd  on  tho  co-partnersliip  principle,  in  Great  Britain,  only  five 

u  Inch  ； ire  in  Scotland.  Tlu»  Scottish  societies  ； ire.  liowcvrr, 
niucli  larger  than  the  otliors.  Tlie  total  capital  involved  in  ("■'•:" 
Britiiiu  in  thoso  societies  is  £1 ,991  ,-V)] ,  oi"  u  Iticli  £； 1 ,20.),->(j8  is 
invested  in  Scottish  societies.  The  trade  done  last  year  a mountiHl 
to    £4,(i81 ,428,    tlio    Scottish    sociotio.s  responsible  for 

£3, 7-V2.    The  total  profits  of  the  individual  societies  ；] moiintcrl 
to  £228,180,  and  the  losses  to  £5,060,  the  greater  part  of  which  is 
attril)utal»Io  to  agricultural  societies.    The  amount  p:ii(l  in  di\  i 
dend  on  wa^es  was  £29,847. 

State  Railways. ― Advocates  r;iil、、:i,v  iiatioiialisMiion  soincti im*s 
affirm  that  the  United  K  iiiKflom  is  out*  of  tlie  i'ow  countries  in 
the  world  wliich  liavo  not  rcsortod  to  State  ou  iKM  ship  of  railways. 
\Vhih»  it  is  truo  that  most  otluM*  States  have  tried  th("r  IkuhIs  ； it 
railway  niiikin^;  and  managing,  it  is  interesting  to  not"  that  at 
the  present  timo  tl"、  nationalised  rnilw  ;»vs  :'rt'  almost  insignificant 
in  the  matter  of  mileage  of  track.  According  to  Mr.  TO.  A.  Prat t, 
a  well-known  authority  on  tho  subject,  the  toti\\  longth  of  tlie 
world's  railways  is  639,621  miles,  and  of  tliese  H.V">3  miles  a  re 
owned  Ity  private  enterprise,  and  only  180,068  l>y  the  various 
St;»ti*s,  tlu、  percentages  of  tin*  whole  being  respectivch'  70*9  ； iiid 
2d- 1. 

Minerals  in  Southern  Nigeria. — A  repoi't  hy  Prof.  AVyiidliain 
st;ui，  (liroctor  of  the  Imperial  Institute,  on  tho  results  of  tho 
mineral  sur\oy  of  Soutliern  Nigeria  in  191 0,  lias  recently  b('(>ii 
])iil>lislu»d.  Prof.  Dunsta n  is  of  thr  opinion  tli;it  tlui  results 
ol)taiiHHl  during  1910  liave  largely  e^xtended  oxistin^  k'io、vl(»(lge 
of  the  economic  mineral  resources  of  Southern  Nigeria.  Previous 
reports  had  referred  to  the  important  lignite  (brown  coal)  ;inrl 
sul)-hitumi]ioiis  coal  deposits  occurring  in  tlie  country,  -a  tid 
hirther  valuahle  fontril>utions  are  now  made  to  present  knowledge 
of  tho  oxtent  and  quality  of  these  fuel  resources,  which  aro  likely, 
it  is  thought,  to  be  of  great  importance  in  tlie  future  industrial 
development,  not  only  of  Southern  Nigeria,  hut  also  of  the  whole 
of  West  Africa.  Details  are  given  in  the  report  of  the  results 
obtained  in  ench  separate  case  from  the  investigation  at  the 
Imperial  Institute  of  all  the  samples  sent  there  for  examination. 
rJ'lioso  samples  included  concentrates,  clays,  shales,  and  coals. 

Shipyard  Agreement. ― The  conference  held  on  the  2nd  inst  at 
Carlisle  l)etwoeu  representatives  of  the  Shipbuilding  Employers' 
Federation  and  the  Standing  Committee  of  the  Shipyard  Trado 
Unions  was  only  of  a  preliminary  nature,  and  no  decisions  wero 
reached  on  any  of  the  points  discussed.  The  representative's  of 
the  men  formally  submitted  their  proposals  for  the  amendment  of 
tli(、  national  agreement.  These  proposals,  as  already  intimated, 
include  provisions  for  "  speeding  up  "  the  machinery  for  dealing 
with  disputes,  so  that  there  may  be  the  least  possible  delay 
l)et\veen  the  notification  of  a  dispute  and  its  settlement,  while 
the  men  also  wish  to  have  a  clause  inserted  in  the  agreement 
providing  "  that  in  case  of  a  deadlock,  before  a  strike  or  lock-out 
by  either  side  is  declared,  a  further  grand  conference  be  held, 
with  a  neutral  and  disinterested  chairman,  who  may,  if  mutually 
requested,  decide  a  question  at  issue."  The  conference  discussed 
the  points  raised  for  some  time,  and  ultimately  it  was  agreed  to 
appoint  a  sub-committee  to  consider  all  the  proposals,  and  report 
to  a  future  conference. 

The  Sunderland  Engineers'  Strike. ― The  strike  of  en^inoers  at 
Sunderland,  which  has  lasted  five  weeks,  has  been  settled,  and  xlio 
men  returned  to  work  on  Monday  la-st.  The  settlement  was 
effected  at  a  conference  between  representatives  of  tho  Amaljza- 
nnitod  Society  of  Engineers  and  representatives  of  the  AVea initio 
employers.  The  disputo  a  rose  over  tho  question  of  tho  employ - 
meat  of  unskilled  1m hour  on  lathe  niacliino which  the  enginror- 
claimod  was  the  sole  work  of  skilled  men,  and  was  responsible 
for  over  200  men  coming  out  on  strike.  The  terms  of  settlement 
are,  wo  undorstanrl,  purely  of  a  local  character,  and  a\ cro 
a rra n^od  without  prejudice  to  the  discussion  of  tlie  employ iirmiI 
oi.  unskilled  labour  on  lathe  machines  wliich  will  take  place  in 
January  after  tho  ballot  of  the  members  of .  the  Annil^iunatcd 
S()('it、t,y  of  Engineers  on  tlie  1897  agreenient.  Tlie  Eniplovor.s' 
h，（'（l('ratioii  have  consented  to  Messrs.  Jjyini  paying  37s.  (id.  [>vv 
week ― the  union  wage  of  the  turners ― to  the  nuui  omployod  on 
the  lathe  inacliinc  over  the  working  of  which  tho  disputo  arose. 
The  man  was  previously  paid  a  less  sum  than  this  aniouiit.  The 
terms  have  been  received  with  approval  by  the  men  concerned. 


Superheater  Locomotives  for  the  L  &  Y. ― Some  new  super- 
heater tank  engines  designed  by  the  cliief  mechanical  engineer, 
Mr.  George  Hughes,  liave  been  introduced  into  the  passenger 
service  of  the  Lancashire  and  Yorkshire  Railway.  The 
engines  are  of  the  2 ― 4 ― 2  type,  fitted  with  a  Schmidt  super- 
heater. The  principal  nieasurements,  &('.，  are  ：  Cylinders, 
2().Un.  hy  26in.  ；  coupled  wheels,  5ft.  8in.  ；  steam  pressure  of 
1701bs.  per  square  inch  ；  heating  surface  of  tubes,  812  8  sq.  ft. ； 
weight  in  working  order,  66i  tons. 
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NEW  PATENTS. 

Specifications  oj  the  following  are  now  publishedy  and  we  shall 
be  pleased  to  jorward  copies  post  free  on  receipt  of  10cL  Address 
u  Mechanical  Engineer,"  5St  New  Bailey  Street,  Manchester. 

MECHANICAL  19", 

Combined  intern  a  1-conibustion  engines  and  vari able-speed  gears. 
Howe.  13520. 

IMiouinatic-power  lianmiers.      Honoywood  &  Grahiun.  14037. 

]*o\\  or  hammers.    Honeywood  <fe  Graham.    1 4f  K'iS. 

Two-stroke  cycle  internal coinbustion  p unips.    Sicmons  Sclmckort- 

werke  Ges.  14470. 
Firegrates  for  refuse  destructor  furnacos.      、Vatfs(>ii  A:  W'al s<m . 

18348. 

J ^nilion  :ipp:u';、tus.    Daiiicek,  C\'nmvsky，  A:  HofFniiMi.  19297. 
Construction  of  pulleys.   Barrett.   201 8(i. 
Variable-speed  gearing.    Fellows.    2( )3'3"> . 
Roasting  of  iron  oivs.    Eoult.  20404. 

Power  plants  in  whicli  liqviefied  gast's  of  low  point  aro 

used  as  motive  fiuicl.    H ildehrand.  W)471. 
Starting  clutclies  for  the  eii^ines  oi'  motor  vcliU'k's.  J3iohler. 

205U0. 

MaiuitiK'lun1  oi  twist  drills.  Spencer. 

Hauling  rope  grip  for  rope  railways.  Bleicliert  &  Bleichert. 
21019. 

Rota ry  pumps  and  compressors.     Parsons  tV:      rncgir.  21111. 

Motor  vehicles.  Grice,  and  G.  W.  K.,  Ltd,  21228. 

.Mocliiuiism  for  controlling  valves,  switchos,  or  the  like  at  pre- 
determined times.   Morrison.  2143U. 

^Methods  of  and  apparatus  for  raising  or  forcing  liquids.  Hum- 
phrey.   21 冊. 

Control  of  valves.    Pfieiderer.  22688. 

Cocks  or  valves  for  water  mftins.    8amain.    22()U4 . 

Sat'oty  lamps.    Bryan,  n nd  J.  Wilson  Jh'owuc  &  Son,  J't(l.    22723 . 

.Method  of  procluciii<j:  ferro- 'silicon.    Binghani.    22 7 -")-_"). 

Coilets  for  t( 乂、 diiig  bars  through  tlie  cluicks  of  automatic  ma- 
chines.  Herbert  &  Vernon.  22707. 

Apparatus  tor  measuring  and  delivering  q uantitics  of  liquid's. 
Cole.  22886. 

Aeroplane.    Komm.  22942. 

Valve  mechanism  of  iiiternal-coiiiljustioix  eii^inos.  lirindley. 
23(304. 

M  eta  I  be  a  ms .    Sie\vort.  24391. 

l^it'kiug  of  stuffing- boxes.    Bradley.  24404. 

Furnace  fronts  and  fire-doors.    W  a  I  lace.  21730. 

Pumps  or  compressors.    Gumpm'lit  <t  C'ollingwood.    2oo74 . 

Centril'ugal  ians  and  pumps.    Jacobsen.  2o04(3. 

\  ulvo  mechanism  for  4-sti'oke  cycle  intemal-('(mi' 川 bti'm  engines. 
Lafitte.    25682.  , 

Ret rigerating  apparatus.  Maschinenfabrik  Surth  Gos.  20201. 

Grinding  of  toothed  wheels.    Aichele.  26323. 

AVinding  drums  for  hoists  or  cra】ies.    Peterson.  203-57. 

Governing  mechanism  for  elastic-fluid  tmbines.  Warwick  Ma- 
chinery Company  (1908).  27022. 

Motors.    Walker.  27048. 

Aluminium  alloys.    Nay  lor  &  Huttoii.  27382. 
Valve   mechanism   for    internal-combustion    engines.  Gaubert. 
27452. 

Haulage  clips.    Wood.  27631. 

Gas-fired  continuous  kilns.    Waterfield.  27861：. 

iioiiers.    Yates.  28010. 

Turbo-compressors  or  centrifugal  pumps.     AVarw  ick  Machinery 

Company  (1908),  and  CoUingham.  28D80. 
Axlo  boxes  for  raihvay  wagons.    Thomas  Jiurnctt  (！ c  Co.,  uikI 

Burnett.  29111. 

1912. 

Sand  hoppers  ior  moulding  machines.    Barnes.  271). 
Friction  planet  gear.    J^ono.  1475. 
Safety  appJiances  for  pit  cages.   Reynolds.   208 i . 
Motors.    Soc.  dos  Moteurs  (Jnoine.  2783. 

Valve  ^oars  for  reversing  engines  such  ay  rolling  niill  engines. 

.Molnis.  3239. 
Acetylene  gna  generators.  i\lills. 
Stufliii<;-l>ox  packing.    Do  la  (Jour.  4228. 

Utilisation  of  tins  heat  contained  in  the  uxluuiist  h  tea  in  irom 

steam  engines.    Constandse.  4811. 
()\y  :i(  "'yi(>iio  blow- pipe  apparatus.    llo(l(ll('，  and  Tlmrii  A:  1  Loddlc 

Act'tvleno  Company.  o2422. 
Apparatus  for  superheating  air   imdcr  pressure.       Gol»ort  and 

Mvyvr.  o329. 

Valve  ai)pai*iitus  for  percussive  rock  drills.    llayiH»r.    5") II). 
Iloistiiig,  hauling;   :m(l  、、iii(liiig  apparatus,    ijiudsay  it  Coupor. 

"98". 

Two  siroUo  cyrlo  internal  combustion  engines.    Urauor.    771  I . 
Imjio  engines.   Cole.  8123. 


Apparatus  for  returning  condensation  water  to  steam-generators. 

Pitschel.  8497. 
Film  】ul)rif':»ted  thrust  bearings.    Michell.  8S8-*>. 
Vacuum  casting  <l<>vi<*es.    Dicker.  109(i3. 
Moulds  for  casting  colunms  in  situ.    Venahlc.  ll。（i". 
Propelling  of  \ossels.    Huggins  &  Tares.  115G5. 
Intern ;il-('Oinbustioa   motors   with   slide   valve   action.  Kischcr. 

12161. 

Valve  mot  ions.    liiclitriisteiner.  12306. 

Starting  of  intonia I  comhustion  engines.      Allison    iV'  Skinner. 

13058. 

Ji;il〖  lR';iri"Ks.    Bruhl.  13132. 
Calorimeters.    Fery.  13270. 

Automatic  raihvay  coupling.    Eichler  &  Eicliler.  13(;'58. 
\,\ i  ial)l(!-speed  gearing.   Bannister  <fe  Johns.  16087. 

ELECTRICAL,  19". 

liclays  for  sirengtheiiing  weak  electric  currents.  Scliiessk'r. 
20320. 

^lotor-fecd  iiu'chiuiisin  for  arc  lamps.   Booker 《fc  Reineckc.  20733. 

Working  of  telegraph  and  telephone  circuits.   Heurtley.  20787. 

Speed  regulation  of  electrically-driven  ring  spinning  and  twist- 
ing frames.  Siemens  Bros.  Dynamo  Works,  Ltd.,  and 
Crowley.  20919. 

Artificial  lines  used  in  duplex  telegraphy.   Brown.  21000. 

Kk'ctrioal  plug  and  socket  connections.   Berry.  21054. 

Compensating  device  for  telephonic  circuits.    Brown.  210G9. 

'JVI,'plioiii('  apparatus.    M uirhead.  21039. 

Vapour  olet'tric  apparatus.    Hewitt.  21828. 

Electrical  measuring  instruments  having  movable  coils.  Record 

22650. 

Iiiterconimmiicatioii  t^leplioue  systems.      Jiritish  Insulated  ant 

Hels»>y  Cables,  Ltd.,  Aitken,  Cooper,  ct  Reinington-.  22983. 
Kk'('tri('  liglit  fittings.      Simplex  Conduits,  Ltd.,   and  Birkett 

22988. 

Electrical  heating  d«» vices.    Monnot.  22iJ!)*2. 

Electrical  switc-lies  or  contact  make-aiul-ltrea k  <le\  icos.  Smith  and 
Cox.  231(52. 

Electric  clutch  lor  controlHng  railway  signals. 

ThorroAvgood.  2G111. 
Electric  safety  lamps  for  uso  in  mines.   Lowe.  28749. 
Ek'<  tric  resistance  material.    British  Thomson-Houston  Coinpany. 

28809. 

1912. 

Klcciric  connecting  plugs.    British  Thomson  Houston  Company. 

28-3. 

Electricity  meters.    Land  is  &  Gyr.  1010. 

Electric  raihvay  systems.   Deschamps.  2325. 

丄 litei'comimmication  telephone  systems.    Corwiu.  30(J7. 

Le;»d  -storage  battery  electrodes.    Morrison.  7H 

Electric  refining  crucibles.   Marks.  8790. 

Electric  fuses.    Sprong  &  McCoy.  12701. 

Multiple  carbon  arc  lamps.     Korting  &  ^lathioson  Akt.-Cies- 
14872. 

Fuses  for  use  in  electrical  circuits.  Sieinens-Sohuckertwcrke  Ges. 
19980.  . 


METAL  QUOTATIONS. 

TUESDAY,  OCTOBER  8th. 

Aluminium  ingot   82/-  per  cwt. 

，,        wire,  according  to  sizes,  &c  from  102/-  ,, 

，，        sheets        ，，  ，,   ,  120/-  ，， 

Antimony  £35/-/-  to  £37/-/-  per  ton. 

Brass,  rolled   9|d.  per  Jb. 

，，    tubes  (brazed)   ll}d. 

，，       ，，      (solid  drawn)   lOd. 

，,       ，,     wire  ,   DJd. 

Copper,  Standard   £77/-/-  per  ton, 

Iron,  Cleveland   06 /*J  ,, 

，， Scotch   73/9  ，， 

Lead,  English    £21/15/-  ，， 

，， Foreign  (soft)    £21/12/"  ，， 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

,，  ,，  ，，       medium   3/6  to  6/-  '， 

，，  ，，  ，，       large   7/6  to  11/- ,, 

Quicksilver   £8/-/-  per  bottle 

Silver   29§d.  per  oz. 

Spelter    £27/10/-  per  ton. 

Tin,  block   £228/5/-  ，， 

Tin  plates   I5/7J  ,, 

Zinc  sheets  (Silcsian)   £:!l/5/—  " 

，，  (Stettin  ；  Vieille  Montagnc)   £31/10/-  ,, 
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=^=FLEXIBLE— 
METALLIC  TUBING 

UNRIVALLED  FOR  ALL  PURPOSES. 


Steam,  Highest  Pressures,  Oil  Pumping, 
Air,  Qas,  &c. 


THE 

UNITED  FLEXIBLE  METALLIC  TUBING  CO.,  Ltd 

Works  :  PONDERS  END,  MIDDLESEX. 
Head  Office : 

112,  QUEEN  VICTORIA  STREET,  LONDON,  E.C. 


The  "PERFECT"  VISE 


E  Dept.       j.  PARKINSON  &  SON,  SHIPLEY,  YORKS. 


Second  and  Greatly  Enlarged  Edition. 

The  Testing  of  Engines, 
Boilers,  &  Auxiliary  Machinery. 

A  Treatise  on  the  Construction  and  Use  of  the  Instruments 
and  Methods  Employed  in  the  Testing  of  Prime  Movers  in 
the  Laboratory  and  Workshop         ::       ::       ::       ::  :: 

By  W.  W.  F.  PULLEN, 

H  kitworth  Scholar  ；  Member  of  the  Institution  of  Mechanical  linginttti  ； 
Associate  Member  of  the  Institution  of  Civil  Ensineers. 

Price  13/-  post  free. 

CONTENTS.— Tables  and  other  Data.  Mechanical  Aids  to  Calculation.  Measure- 
ment of  Pressure.  Measurement  of  Temperature.  Measurement  of  Speed. 
Measurement  of  Power  Output.  Measurement  of  Power  Input  with  Dynamometer. 
Measurement  of  Power  Input  with  Indicator.  Indicator  liigs  and  Accessories. 
Hints  on  the  Management  of  Indicators.  Analysis  of  the  Steam  Engine  Indicator 
Diagram.  Other  Features  of  Steam  Engine  Diagrams.  The  Adjustment  of  the 
Slide  Valve.  Internal-combustion  Engine  Diagrams.  TfistinR  Indicator  Springs. 
Measurement  of  the  Quality  of  Steam .  Measurement  of  Quantity  of  Steam  and 
Water.  The  Testing  of  Steam  Knginee.  Fuel  Testing.  The  Analysis  of  Flue 
Oases.  Boiler  TeBting.  The  Testing  of  Auxiliary  Machinery.  The  Testing  of 
Internal-combustion  Engines. 

The  Scientific  Publishing  Co.,  53,  New  Bailey  Street,  Manchester, 


Telegrams :  * ' Scientific,"  Manchester. 
Telephone  No.  8628  Central. 

SUBSCRIPTION  RATES 


United  Kingdom  ：  12/6  per  annum,  post  free. 
Anywhere  Abroad  ： ― 

17/6*  per  annum,  post  free.    Thin  paper  edition 
*     21/-*  ，，  ，，  Thick  ，， 

*Foreign  Remittances  by  International  Money  Order  only. 
Note.— Direct  annual  subscriptions  include  a  Free  Copy  of 
bowlers  u  Mechanical  Engineers,  Pocket  Book." 

Cheques  and  Postal  Orders  should  be  made  payable  to  the 
bcientific  Publishing  Company,  and  forwarded  to  our  Manchester 
Ottice,  53,  New  Bailey  Street. 

Advertisements,  displayed,  for  insertion  in  current  issue  should 
reach  our  Manchester  office  not  later  than  first  post  Tuesday 
morning,  and  small  prepaid  advertisements  not  later  than  hroi 
post  Wednesday  morning. 


Natural  Hydraulics. 

In  this  country  when  hydraulics  is  mentioned  it  is  artificial 
hydraulics  which  is  understood,  unless  distinctly  stated  to 
the  contrary.  And  by  artificial  hydraulics  is  here  meant  the 
flow  and  behaviour  of  water  or  other  liquid  in  artificial 
vessels,  as,  for  instance,  a  pipe,  a  closed  chamber,  a  culvert, 
or  drain,  or  a  piece  of  machinery,  such  as  a  pump  or  a  tur- 
bine. The  study  of  this,  the  artificial,  branch  of  hydraulics 
is  of  great  interest  and  importance,  but  there  is  another 
branch  of  the  subject,  the  study  of  natural  hydraulics,  which 
is  probably  more  interesting  and  in  some  fields  not  less  use- 
ful than  the  study  of  artificial  hydraulics.  Moreover, 
natural  hydraulics  possesses  a  wider  interest  than  that  of 
bread  winning  only,  and  even  in  this  advanced  age  has 
about  it  an  air  of  mystery,  uncertainty,  and  of  advance  into 
an  unknown  which  has  a  charm  for  engineers  as  for  other  men. 
For  these  reasons  we  venture  to  direct  our  readers'  atten- 
tion to  the  study  of  the  behaviour  of  water  under  natural, 
or  semi-natural,  conditions.  The  sea,  the  streams,  and  even 
the  gutters  of  our  streets  provide  material  for  this  study. 
The  sea  is  specially  fascinating  because  of  its  importance  aud 
for  less  tangible  reasons.  How  many  people  have  tried  to 
form  an  estimate ― to  call  it  a  calculation  would  be  too  digni- 
fied一 of  the  frictional  drag  of  the  wind  on  the  sea  ？  Yet 
there  is  considerable  material  to  work  upon.  Thus  in  a 
strong  sea  wind  one  finds  that  the  tide  rises  a  foot  higher 
in  the  harbour  than  it  should,  and  from  the  weather  reports 
it  is  possible  to  determine  roughly  the  strength,  direction, 
and  fetch  (or  distance  of  travel)  of  the  wind,  which  lifted 
the  water  an  extra  twelve  inches  at  the  coast,  gradually 
tapering  off  to  nothing  on  the  outer  edge  of  the  storm  zone. 

A  few  such  observations,  coupled  with  careful  note  of  the 
heights  of  the  waves,  and  with  due  regard  to  the  lie  of 
neighbouring  lands,  furuisbes  matter  for  iuteresting  specula- 
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lion  wh ich  when  advanced  sunicient-ly  far  would  he  of  con- 
siderable practical  service,  particularly  to  navigators.  The 
tides  and  the  waves  have  been  studied  to  some  extent,  but, 
there  is  niucli  about  waves,  for  instance,  t hat  is  unknown, 
and  almost  all  of  it  is  largely  empirical,  alt  hough  at  the  1 1 1 v 
time  resting  on  a  suflicient  basis  of  scientific  principles  to 
make  the  study  interesting.  In  a  way  it  is  curious  that  we 
know  so  little  about  sea  waves.  Navigators  tell  of  waves 
100ft,  high  and  l，200ft.  or  1,500ft.  from  crest  to  crest,  but 
those  who  have  investigated  such  matters  generally  ])lace  the 
limit  of  heigh t  of  a.  deep-sea  wave  at  50ft. ，  or  at  inost  70ft., 
and  the  length  600 ft.  to  1,000ft.  Everyone  who  has  been 
at  sea  in  a  good  storm  must,  unless  too  seasick,  have  been 
impressed  with  the  apparent  height  of  those  waves,  whidi 
are  separated  only  by  a  trough,  as  rompared  with  the  waves 
even  a  few  hundred  yards  away.  Literature,  indeed,  is  full 
of  awe-striking  descriptions  of  waves  which  rise  up  "  moun- 
tains high/'  as  if  to  topple  on  board  the  ship.  The  explana- 
tion is  simple  enough.  The  sides  of  a  wave  slope,  and  a  ship 
tends  to  float  more  or  less  flat  on  the  water  and  not  verl  i<,;il. 
Hence,  the  deck  is  sloping  down  at  an  angle  of,  say,  15° ― 
which  is  quite  a  considerable  inclination.  The  observer  on 
the  ship  tends  to  adjust  his  glance  to  the  direction  of  tlie 
deck  slope,  which  is  his  foundation,  and  hence  the  crest  of 
the  wave  opposite  appears  to  be  higher  than  it  really  is  by 
the  extra  15°  we  have  spoken  of.  Thus  it  conies  about  that 
even  observations  made  with  scientific  instruments  frequently 
give  impossible  results  because  the  observer  overlooks  or 
neglects  to  allow  for  the  sloping  deck.  The  force  exerted 
bv  ； I  wave  is  a  matter  of  great  practical  importance.  In  tlie 
early  days  of  harbour  engineering  it  was  believed  tliat  wave 
action  was  not  feit  below  a  depth  of  ； i bout  12ft.  below  low 
water,  but  experience  has  demonstrated  that  wave  action  is 
felt  at  much  greater  depths — in  storms,  of  course.  A  classic 
instance  of  this  is  afforded  by  the  breakwater  at  Peterhead, 
which  was  disturbed  to  a  depth  of  36ft.  or  37ft.  during  a 
storm  in  1898.  It  should  be  noted,  too,  that  Peterhead  is 
situated  on  the  east  coast  of  Scotland,  and  does  not  receive 
quite  such  great  waves  as  are  to  be  met  on  the  west  coasts  of 
Europe,  including  the  British  Isles.  The  disturbing  power 
of  a  wave  below  the  surface  is,  however,  uot  altogether  a 
matter  of  the  size  of  the  wave  as  of  its  rapidity  of  movement, 
for  these  storm  forces  are  obviously  kinetic.  Moreover,  it  is 
interesting  to  note  that  waves  frequently  dislodge,  say,  stones 
from  a  breakwater  out  irarfll ij.  The  explanation  seems  to 
be  that  the  water  finds  or  creates  a  crack  leading  from  the 
sea  face  round  the  sides  and  back  of  the  block  of  stone  or 
concrete.  A  wave  strikes  the  sea  face  (which  may  be  sub- 
merged) and  puts  the  water  filling  the  crack  under  a  con- 
siderable hydraulic  pressure.  When  tlie  wave  movement 
relieves  the  pressure  the  relief  inside  the  crack  lags  behiiul 
that  at  the  sea  face,  and  there  is  an  unbalanced  outward 
pressure  which  moves  the  stone  outwards  a  little.  It  is  for 
this  reason  that  we  frequently  read,  as  in  the  case  of  Peter- 
head, above  referred  to,  that  the  stones  were  moved  by  the 
recoiling  waves.  It  is  really  the  hydraulic  pressure  set  up 
behind  the  stones  in  the  majority  of  cases. 

Waves  do  not,  however,  exhaust  the  interest  of  the 
hydraulic  engineer  in  the  sea.  Few  things  are  of  more  im- 
portance in  practice,  and,  it  must  be  added,  few  more  (lifii- 
cult  to  thoroughly  unflerstaiul,  t han  the  modifying  influences 
of  liarhour  works,  such  as  breakwaters  and  piers.  In  a 
general  way  it  is  known  that  a  harbour  tends  to  silt  up 
because  of  the  slackness  of  the  water,  and  it  is  known  that 


a  breakwater  protects  in  the  patli  of  the  wind  over  it,  but 
these  elementary  statements  barely  touch  the  fringe  of  the 
snltject,  which  is  as  full  of  enticing  problems  in  scour,  si  1  ting- 
up,  drift,  breakwaters,  the  field  of  influence  of  a  breakwater, 
tin'  directions  of  probable  storms,  and  in  the  navigation  of 
ships  in  distress  and  otherwise,  as  anyone  could  well  wish. 

Turning  now  to  rivers,  we  find  these  just  as  full  of  in- 
teresting problems,  the  more  so  because  the  conditions  are  so 
cha.ngeal)le.  Waves  in  rivers  are  generally  important  only 
when  they  are  permanent  waves.  Such  are  substantially 
fleterniined  by  the  configuration  of  the  river  sides  and  bed. 
Althou^Ii,  of  course,  allowance  must  be  made  for  losses  due 
to  t'rict  ion,  Bernoulli's  theorem  that  tlie  sum  of  the  kinetic 
and  |)ot cutial  energy  is  constant  IioKIs  true  for  a  river  as 
For  tlie  laboratory  and  the  pipe-line.  When  we  remember 
tliat  the  velocity  is  inversely  proportional  to  the  water 
cross-section  of  the  river  (although  this  is  not  always  indi- 
cated with  any  truth  by  the  surface  width)  it  is  easy  to  see 
that  the  surface  of  a  river  is  not  a  uniform  slope,  but  is  a 
succession  of  long,  flat  waves.  Moreover,  for  purposes  of 
navigation  in  deep  rivers  these  waves  can  be  flattened  and 
the  depths  of  water  over  the  sliallows  increased  by  suitable 
modification  of  the  velocity  of  flow,  as  by  submerged  weirs, 
groins,  or  training  walls.  Similar  principles  apply  to  the 
smaller  but  more  easily  distinguishable  permanent  waves 
due  to  local  obstructions  in  the  bed  of  the  river.  It  is  thus 
possible  to  read  the  bed  from  the  surface,  even  when  the 
former  cannot  be  seen.  All  these  phenomena,  for  those  of 
an  experimental  turn  of  miiul,  can  be  studied  by  means  of 
】nodels，  which  in  a  few  hours  will  reproduce  the  effects  of 
years  of  tides  or  the  eroding  and  silting  action  of  long- 
tontiiiued  river  flow  in  producing  a  permanent  regime. 

Finally,  a  word  may  perhaps  be  said  as  to  the  suction  of 
ships,  which  was  raised  to  a  question  of  public  importance 
by  the  collision  between  the  il  Hawke  "  and  tlie  '(Olympic ；，， 
off  Southampton.  The  suction  of  ships  is  most  marked  in 
confined  waters,  such  as  a  river  or  canal.  For  instance,  if 
a  ship  with  a  cross-section  of  1,000  sq.  ft.  passes  down  a  canal 
having  a  section  of  2,000  sq.  ft.,  it  is  clear  that  the  net 
section  between  the  ship  and  the  sides  is  reduced  to  1,000 
sq.  ft.  (actually  to  less  than  this),  and  since  the  ship  does 
not  push  the  water  before  it  there  must  be  a  flow  created 
past  its  side  and  under  its  bottom  to  fill  in  what  would  other- 
wise be  the  vacuum  behind  it.  Hence  the  water  acquires 
kinetic  energy  and  therefore  loses  static  energy.  That  is,  the 
water  level  falls  in  the  neighbourhood  of  the  ship,  and  the 
ship  lies  in  the  trough  of  a  wave  which  advances  with  it  up 
the  canal  or  river.  But  a  flow  of  water  will  carry  with  it 
floating  objects,  and  heuce  the  local  flow  in  the  neighbour- 
hood of  the  ship  will  tend  to  carry  with  it  any  near-by 
vessel.  At  sea,  eveu  in  wide  rivers,  this  action  is  not  very 
marked,  but  in  narrow  rivers  and  canals  it  is  of  great  im- 
portance, and  ships  have  been  broken  loose  from  their  】noor- 
ings  by  the  suction  of  passing  vessels  in  the  Suez  Canal 
and  other  confined  waters. 


The  Junior  Institution  of  Engineers. — A  meeting  of  this  Just  i- 
tution  will  be  held  on  Wednesday,  the  23rd  inst.,  at  8  p.m., 
at  the  Institution  of  Electrical  Knginecrs,  Victoria  Enil);nik- 
meiit,  when  a  ]>aper  on  "  Scientific  Shop  Management  on  the 
Tavlnr  System  "  will.be  read  by  G.  C.  Allinghani,  A.M.l.E.K. 
On  Saturday  afternoon,  the  'JGth  inst  .,  to  Monday,  the  'JSt  h 
inst. ,  a  week-end  visit  to  Sheffield  lias  been  arranged,  when 
the  works  of  Messrs.  Thos.  Firth  k  Son,  Ltd.,  and  Messrs. 
Cammell,  Laird,  &  Co.，  Ltd.,  will  be  inspected. 
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HEAVY  OIL  ENGINES* 

BY  CAPT.  H.  RIALL  SANKEY,  R.E.  (KETIRED),  M.INST.C.E. 

The  name  "  oil  engine  "  includes  to- (lay  many  types  ainl 
varieties.  About  20  years  ago  there  was  only  one  type  on  tlie 
market,  represented  by  such  engines  as  the  Priestman  and 
the  Hornsby-Arkrovd.  These  engines  used  paraffin  or  ordi- 
nary lamp  oil,  having  a  specific  gravity  of  about  0*82.  This 
oil  requires  heat  for  vaporisation  in  order  to  produce  an 
explosive  mixture,  and  engines  using  it  are  now  included  in 
the  category  of  "  heavy  oil  "  engines.  Later,  in  the  year  1890， 
Daimler  brought  out  his  petrol  engine,  in  wliich  a  volatile  oil 


Fig. 


Fig.  2. 


Fig.  3. 


of  0*680  sp.  gr.  was  used.  With  such  oils  vaporisation  takes 
place  at  ordinary  temperatures  and  air  is  readily  ' '  car- 
buretted,"  thus  forming  an  explosive  mixture.  Such  engines 
are  called  "  light  oil  ，'  engines.  Comparatively  recently,  the 
Diesel  oil  engine  was  placed  on  the  market,  and  in  this  type 
of  engine  the  oil  is  not  vaporised  to  form  an  explosive  mix- 
ture, but  is  】nechanically  pulverised,  and  burns  in  the  engine 
cylinder,  that  is,  it  does  not  explode  in  the  ordinary  sense  of 
the  word.   The  Diesel  engine  is  also  a  "  heavy  oil  "  engine. 

There  are  numerous  varieties  of  each  type  of  engine,  some- 
times called  after  the  kind  of  oil  they  use,  such  as  benzine 
engines,  petrol  engines,  paraffin  engines,  and  crude  oil  engines. 
Incidentally,  the  latter  is  a  misnomer,  because  the  crude  oil 
is  that  which  comes  out  of  the  ground,  and  contains  all  the 
other  oils.  These  engines  can  therefore  be  distinguished  as 
follows  ： ― 

Light  Oil  Engines. ―  An  explosive  mixture  is  formed  by  c-ar- 
buration  at  atmospheric  temperatures.  The  oils  used  have 
a  specific  gravity  as  low  as  0.68，  but  usually  about  0*72.  They 
are  called  "  petrol  engines." 

Heavy  Oil  Engines. ― An  explosive  mixture  is  formed  by 
vaporisation  at  comparatively  high  temperature,  or  a  com- 
bustible mixture  as  formed  by  mechanical  pulverisation, 
specific  gravity  of  oils,  0*8  to  1*0. 

These  lectures  will  be  confined  to  heavy  oil  engines,  and 
will  deal  principally  with  the  Diesel  engine,  as  being  the  most 
im  portant. 

Heavy  oil  engines  can  also  be  classed  as :  (a)  Explosive 
engines  :  (b)  combustion  engines.  Three  types  of  the  former 
are  illustrated  in  Figs.  1，  2，  and  3. 十  Fig.  1  represents  the 
type  of  the  original  Priestman  engine,  in  which  the  oil  is 
vaporiser!  in  a  hot  bulb.  Before  starting,  this  bulb  has  to  be 
heated  by  means  of  a  lamp,  which  takes  about  a  quarter  of 
an  hour.  In  Fig.  2  the  oil  is  vaporised  by  falling  on  to 
plates,  whicli  are  heated  l)y  the  exhaust,  and  forms  an 
explosive  mixture  with  tlie  air  drawn  in  on  the  suction 
stroke.  Such  engines  are  ignited  by  means  of  an  electric 
H]>ark,  and  have  to  be  started  by  means  of  petrol,  and  the 
heavy  oil  can  be  introduced  so  soon  as  the  baffle  plates  have 
reached  a  sufficient  temperature.    In  Fig.  3  there  is  a  stream 

*  Howard  lectures  delivered  before  th<;  Royal  Society  of  Arts,  April-May,  1912. 
Reproduced  from  the  "Journal  of  the  RoyaJ  Society  of  Arts.** 

t  These  figures,  are  repro^l uccd  by  jjcrniission  of  the  American  Society  of  Mech- 
anical BngineerH,  from  a  paper  by  H.  K.  Setz  on  "  Oil  Engines." 


of  air  compressed  from  81bs.  to  251bs.  per  square  inch,  which 
pulverises  the  oil,  after  which  it  is  ininiefliaiely  vaporised  in 
the  chamber  heated  by  the  exhaust  gases. 

The  second  class,  namely,  combustion  engines,  conHists  of 
the  Diesel  engine  and  of  the  so-callerl  semi- Diesel  engine.  I  n 
the  former,  pure  air  is  <roinj)ressed  in  the  cylinder  to  a  pres- 
sure (450lbs.  to  50()]hs.  per  square  inch)  sufficient  to  cause 
ignition,  and  the  oil  is  pulverised  and  iiit,ro(lure(l  into  1  lif; 
cylinder  at  the  top  of  stroke  by  means  of  air  at  a  still  liiglier 
pressure  (7001bs.  to  9001 bs.  psr  square  inch).  In  tlie  senii- 
Diesel  engine,  pure  air  is  also  compressed  in  the  cylinder,  hut 
only  to  about  2001bs.  or  2501bs.  per  square  inrh，  tlie  ignition 
temperature  being  reached  by  means  of  a  hot  bulb  into  which 
the  oil  is  injected  by  a  pump  at  tlie  top  oi  t he  st  roke.  J lul^crl 
hy  1  he  sizes,  and  the  total  horse-power  at  work  or  unrifi*  con- 
struction, the  Diesel  engine  is  to-day  the  most  important  t  vjk;, 
and  will,  therefore,  be  first  considered. 

The  Diesel  Engine.  ― Not  many  years  ago  the  Diesel  engine 
was  known  as  a  promising  oil  engine  to  few  engineers,  but  its 
development  has  been  so  rapid —— not  to  say  extraordinary ― 
that  assuredly  everyone,  not  only  engineers,  has  some 
acquaintance  with  it.  The  reason  is  obvious,  namely,  that  it 
can  utilise  and  convert  into  power  types  of  oil  hitherto  unus- 
able foe  power,  and  it  works  reliably  and  with  the  greatest 
economy  of  fuel.  This  result  has,  however,  only  been 
obtained  by  long,  costly,  and  patient  research  and  trial. 

A  short  historical  account  of  the  developments  will,  there- 
fore, be  of  interest,  and  the  following  has  kindly  been  sup- 
plied by  the  Maschinenfabrik  Augsburg-Niirnberg  Company, 
who  were  the  pioneers  in  the  experimental  work. 

Dr.  Diesel  applied  for  his  patents  in  Germany  and  other 
countries  in  1892.  The  Augsburg  works  of  the  Maschinen- 
fabrik Augsburg-Niirnberg  Company,  in  conjunction  with 
Messrs.  Krupp,  of  Essen,  entered  into  an  agreement  with  Dr. 
Diesel  to  make  all  tests  and  experiments  for  the  carrying  out 
of  the  patents  and  to  install  at  Augsburg  a  special  laboratory, 
equipped  with  all  the  necessary  technical  and  scientific  means 
for  this  purpose.  The  two  German  patents  were  acquired  at 
the  same  time  (1893)  by  the  two  above-mentioned  firms.  Dr. 
Diesel  was  at  tlie  head  of  the  laboratory,  but  all  the  costs  were 
borne  by  the  Maschinenfabrik  Augsburg-Niirnberg  Companv 
and  Messrs.  Krupp. 

It  was  scon  found  that  the  chief  idea  of  Dr.  Diesel — viz., 
to  obtain  the  highest  temperature  of  the  cycle  before  the 
actual  combustion,  and  to  get  an  isothermic  combustion —— 
p, 
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Fig.  4. 


Fig.  5. 


could  not  be  realised,  and  that  water-jacketing  of  the  cylin- 
der, which  Dr.  Diesel  thought  he  could  avoid,  was  necessary. 
Notwithstanding  these  initial  flisappointments,  the  owner  of 
the  Augsburg  works  and  the  Augsburg  engineers  persevered 
and  succeeded  in  building,  in  1897，  the  first  engine  of 
20  b.h.p.,  which  was  tested  by  many  scientific  authorities,  and 
placed  tlie  Diesel  engine  at  once,  so  far  as  thermal  efficiency 
was  concerned,  at  tlie  head  of  all  jn-itne  movers. 

This  was  the  first  task,  the  carrying  out  of  which  was  only 
rendered  possible  by  sacrifices  on  the  part  of  the  Augsburg 
works  of  the  Maschinenfabrik  Augsburg-Niirnberg  Company 
and  Messrs.  Krupp.  The  second  task,  viz.,  to  build 
a  commercially  useful  engine,  was  t  li  en  undertaken 
by  the  Maschinenfabrik  Augsburg-Niirnberg  Compauv  and 
their  several  licensees,  as  well  as  by  firms  iu  other  coun- 
tries, as,  rjj.,  Mirrlees  &  Watson,  who  had  bought  the  patents 
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of  their  respective  countries  from  Dr.  Diesel,  after  the  first 
scientifically  successful  engine  had  been  completed  at  Augsburg. 

After  the  first  experiments,  however,  firms  like  Sulzer 
Bros.,  Carel  Freres,  Gasmotorenfabrik  Deutz,  &c.，  gave  the 
whole  thing  up,  although  they  had  partly  received  drawings 
and  technical  hints  from  the  Augsburg  works  of  the  Mas- 
chinenfabrik  Augsburg-Niirnberg  Company.  Only  the  Augs- 
burg works  of  the  Maschinenfabrik  Augsburg-Niirnberg  Com- 
pany succeeded,  and  sold  and  delivered  in  the  beginning  of 
1898  an  engine  of  60  b.h.p.  to  the  match  factory  "  Union," 
at  Kempten,  which  is  still  in  satisfactory  working  order.  The 
commercial  success  attained  by  the  Augsburg  works  of  the 
Maschinenfabrik  Augsburg-Niirnberg  Company  then  induced 


IS  CARNOT  CYC" 


THlftMAl  t 

W。' 

ACT 

職 

47 
M 

2J 

i 


Fig.  6. 


other  firms,  such  as  Sulzer  Bros.,  Carel  Freres,  Mirrlees, 
Bickerton,  &  Day,  and  others,  to  begin  agaiu，  in  1903-04  or 
later,  the  manufacture  of  Diesel  engines. 

The  history  of  the  English  Diesel  business  is  briefly  as 
follows :  In  March,  1897，  Dr.  Diesel  sold  his  patents  to  Mirr- 
lees, Watson,  &  Yaryan  Company,  Ltd.,  and  they  built  an 
experimental  engine.  Meanwhile,  a  special  company,  '(  Allge- 
meine  Gesellschaft  fiir  Dieselmotoren  A.G.,  Augsburg,"  had 
acquired,  in  September,  1898，  all  the  patent  rights  of  Dr. 
Diesel.  This  company  bought  the  patents  back  from  Mirr- 
lees, Watson,  &  Co.，  in  September,  1899，  and  entered  into  a 
new  agreement  with  this  firm  in  November,  1899.  In  Novem- 
ber, 1900,  the  "  Allgemeine  "  sold  the  patent  rights  for  Eng- 
land and  the  Colonies,  and  some  other  countries,  to  the  Diesel 
Engine  Company,  Ltd.  The  Diesel  Engine  Company  then 
became,  and  until  recently  was,  exclusively  a  selling  company, 
and  during  the  first  years  only  sold  Diesel  engines  of  the  Augs- 
burg works  of  the  Maschinenfabrik  Augsburg-Niirnberg  Com- 
pany. The  two  chief  English  patents  covering  the  Diesel 
cycle,  and  belonging  to  the  Diesel  Engine  Company,  expired 
in  1906  and  1909，  so  that  the  manufacture  of  Diesel  engines 
can  now  be  attempted  by  anybody  in  this  country.  The 
Maschinenfabrik  Augsburg-Niirnberg  Company  were,  there- 
fore, the  pioneers,  and  have  since  retained  their  place  at  the 
head  of  all  manufacturers. 

A  great  number  of  Diesel  engines,  of  the  vertical  single- 
acting,  four-cycle  type,  were  built  by  the  Maschinenfabrik 
Augsburg-Niirnberg  Company  in  the  following  years.  When 
the  first  really  large  engines  of  600  b.h.p.  and  800  b.h.p.  were 
built  in  1906-07，  it  became  apparent  that  they  could  be  built 
better,  simpler,  and  more  accessible  on  the  lines  of  the  then 
well-proved  horizontal  double-acting  Nuremberg  gas  engines. 
An  experimental  tandem  engine  of  600  b.h.p.  was  built  at 
Augsburg,  which  proved  quite  satisfactory,  and  was  soon  fol- 
lowed by  an  order  for  an  engine  of  1,600  b.h.p.  to  2,000  b.h.p. 
from  the  Municipal  Electricity  Works  of  Halle  (Germany). 
At  present  18  such  horizontal  double-acting  engines,  ranging 
from  600  b.h.p.  to  2,000  b.h.p.,  are  under  construction.  Some- 
what later,  the  Maschinenfabrik  Augsburg-Niirnberg  Com- 
pany, after  exhaustive  experiments,  also  placed  on  the  market 
horizontal  single-acting  Diesel  engines,  of  the  four-cycle  and 
two-cycle  type  for  medium  powers.  Since  1903  many  firms 
have  undertaken  the  manufacture  of  Diesel  engines,  and  to- 
day the  horse-power  at  work  cannot  be  far  short  of  one 
million. 

The  first  reversing  marine  engine  was  built  by  Messrs. 
Sulzer  in  1905  for  a  boat  on  the  Lake  of  Geneva,  and  since 
then   the  marine  Diesel  engine  has  made  rapid  strides. 


Engines  of  4,000  la. p.  have  been  built  for  ibis  purpose,  and 
much  larger  are  in  contemplation. 

Until  recently,  the  development  of  the  Diesel  engine  li^s 
been  slow  in  this  country,  due,  to  a  certain  extent,  to  a  want 
of  enterprise  and  to  distaste  for  anything  new,  especially  if., 
it  has  not  originated  in  this  country.  The  slow  development, 
however,  is  in  large  measure  due  to  cheap  coal,  although  tliis 
country  has  an  enormous  field  throughout  the  Empire,  in 
many  parts  of  which  oil,  when  used  in  the  Diesel  engine,  is  a. 
cheaper  fuel  than  coal. 

Thermodynamical  Considerations. ― AH  prime  movers  by  means 
of  which  useful  work  can  be  produced  by  utilising  a  "heat 
fall,"  can  be  divided  into  two  main  groups,  namely,  external- 
combustion  engines  and  internal-combustion  engines.  The 
heavy  oil  engines  belong  to  the  latter. 

In  the  case  of  water  wheels  and  water  turbines,  a  "  water- 
fall " is  utilised,  and  the  】iiaxiiniu"  energy  available  per 
pound  of  water  is  proportional  to  the  height  through  which 
the  water  falls.  Practically,  however,  only  a  fraction,  vary- 
ing from,  say,  50  to  80  per  cent,  of  this  maximum  energy, 
is  converted  into  useful  work. 

In  the  case  of  a  heat  engine  the  "  heat  fall  "  is  measured 
by  the  】m"iber  of  thermal  units  theoretically  rendered  avail- 
able for  utilisation  as  work  by  the  change  in  condition  pro- 
duced in  the  working  fluid  by  ihe  agency  of  the  cycle  opera- 
tions followed  by  the  particular  type  of  heat  engine  adopted. 
In  passing  through  the  engine  the  temperature  of  the  fluid  is 
reduced,  but  in  no  actual  engine  is  this  fall  of  temperature,  by 
itself,  a  measure  of  the  heat  fall,  because  it  also  depends,  aiul 
in  large  measure,  on  the  manner  in  which  the  】ieat  is  intro- 
duced into  the  working  fluid,  and  on  the  manner  in  which  it 
is  abstracted  therefrom. 

The  simplest  way  of  exhibiting  the  above  is  by  means  of 
a  heat  chart,  the  ordinates  of  which  represent  absolute  tem- 
perature to  an  equally  divided  scale,  the  base  line  being  at 
the  temperature  of  absolute  zero.  Let  tlie  point  P  (Fig.  4) 
represent  the  location  on  the  chart  of  the  fluid  before  any 
heat  is  introduced,  and  let 霾 be  its  position  after  heat  has 
been  ijitroducerl.  Further,  let  the  chart  be  so  constructed 
that  the  area  PPA  P2  P3  represents  the  number  of  heat  units 
introduced  in  some  manner  or  other,  and  let  this  amount  be 
H.  By  virtue  of  the  mechanism  of  the  engine,  the  heat  energy 
does  work  which  is  suitably  transmitted  to,  say,  a  revolving 
shaft.  Let  P2  represent  the  cojidition  of  the  fluid  at  the 
beginning  of  the  period  of  abstraction  of  lieat,  and  let  P3 
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represent  its  condition  at  the  end  of  this  period,  then  the  area 
P  P3  P2  P1  represents  the  heat  abstracted,  and  clearly  tlie 
difference  between  the  heat  introduced  and  that  abstracted, 
namely,  the  heat  introduced  by  the  area  P  P 丄 P2  P3  is  the  beat 
converted  into  work.  Let  this  amount  be  represented  by  W 
W 

then  the  ratio  jj  is  known  as  the  thermal  efficiency  of  the 

operation.  The  endeavour  is  to  make  this  ratio  as  large  as 
possible,  but,  unfortunately,  for  various  reasons,  it  cannot  be 
made  very  large. 

In  Fig.  5  a  special  case  is  illustrated,  in  which  both  RP!  and 
P2  P3  are  horizontal,  that  is  to  say,  the  heat  is  introduced  at 
constant  temperature,  Tiy  and  is  also  abstracted  at  consi ant 
temperature,  T3.  This  figure  】ias  been  so  drawn  that  the 
amount  of  heat  introduced,  H，  is  the  same  as  in  Fig  4  and  it 
•  w 

is  clear  that  the  ratio        is  greater  in  this  case  than  in  the 

former,  and  it  can,  in  fact,  be  proved  to  be  the  greatest  ther- 
mal efficiency  possible  between  the  iemperatures  1\  and  T  • 
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It  can  further  be  shown  that  each  point  on  this  chart 
defines  the  condition  of  the  fluid,  that  is  to  say,  curved  lines 
can  be  drawn  on  the  chart  from  which  the  pressure  and  the 
volume  at  any  point  can  be  ascertained.  Thus,  if  through 
the  admission  of  heat  from  P  to  PL  the  volume  remains  con- 
stant, the  line  P  Pa  forms  part  of  a  constant  volume  line  ；  or, 
again,  if  the  pressure  were  to  remain  constant,  it  would  form 
part  of  a  constant  pressure  line.  These  same  remarks  apply 
to  line  P>  P3  followed  during  the  abstraction  of  heat  usually 
known  as  the  exhaust  period. 

If  both  P  Px  and  P2  P3  are  constant  volume  lines,  the 
cycle  of  operation  is  known  as  a  constant  volume  cycle,  and  it 
will  be  further  observed  that  since  P  P2  and  Px  P2  are  verti- 
cal lines,  obviously,  from  the  construction  of  the  chart  there 
will  be  no  change  of  heat  during  those  parts  of  the  cycle. 
These  lines  are  known  as  adiabatics.  The  cycle  just  described 
is  known  as  the  constant  volume  cycle,  and  is  that  followed 
by  a  gas  engine  or  by  an  explosion  oil  engine  working  on  the 
Otto  cycle,  or,  more  strictly,  on  the  Beau-de-Rochas  cycle. 

If  both  P  Px  and  P。  P3  are  constant  pressure  lines,  the 
cycle  of  operation  becomes  a  constant  pressure  cycle.  No 
engine  to-day  working  on  this  cycle  is  on  the  market.  If  P  PA 
is  a  constant  pressure  line,  and  P2  P3  is  a  constant  volume 
line,  the  cycle  of  operations  is  that  followed  by  the  Diesel 
engine.  If  P  Px  and  P2  P3  are  constant  temperature  lines, 
the  cvcle  is  known  as  a  constant  temperature  cycle,  and  is  also 
called  the  Carnot  cycle.  No  practical  engine  can  work  on 
this  cycle. 

Table  I.  has  been  prepared  to  give  some  idea  of  the 
theoretical  thermal  efficiencies  obtainable  undei'  various  con- 
ditions. 

Takle  I. 
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As  in  the  case  of  water  engines,  only  a  fraction  of  the 
theoretical  possibilities  are  practically  realisable,  because 
various  losses  have  to  be  deducted  ；  these  losses  can  only  be 
minimised,  they  cannot  entirely  be  got  rid  of.  That  is  to 
say,  the  amount  of  heat  practically  utilised  as  work  is  less 
than  that  theoretically  utilisable,  and  the  ratio  of  the  lesser 
amount  to  that  supplied  is  called  the  actual  thermal  efficiency 
of  the  engine. 

The  ratio  between  the  actual  thermal  efficiency  of  an 
engine  and  the  theoretical  thermal  efficiency  of  its  cycle  is 
known  as  the  "  efficiency  ratio,"  and  substantially  may  be 
taken  as  follows,  for  certain  typical  heat  engines :  Non-con- 
densing steam  engines  using  saturated  steam,  60  to  80  per 
cent.  ；  condensing  steam  engine,  using  superheated  steam,  50 
to  70  per  cent.  :  gas  engines,  80  to  88  per  cent.  ；  oil  engines 
(explosion  type)  and  Diesel  engines,  about  75  per  cent. 

The  actual  thermal  efficiencies  of  various  engines  referred 
to  in  Table  I.  have  been  deduced  from  the  above,  and  in  the 
figures  given  under  that  heading  allowance  has  also  been  made 
in  the  case  of  steam  engines  for  boiler  losses,  &c"  and  for 
producer  losses  in  the  case  of  gas  engines.  It  has  already  been 
stated  that  between  given  values  of  the  highest  and  lowest 
temperatures  occurring  in  the  cycle,  the  Carnot  cycle  has  the 
greatest  possible  thermal  efficiency,  and,  for  the  sake  of  com- 
parison, this  thermal  efficiency  has  been  added  to  the  table  for 
each  item. 

As  a  further  comparison,  heat  chart  diagrams  of  some  of 
the  engines  entered  in  the  table  are  given  in  Fig.  6  on  the 
assumption  that  the  amount  of  heat  introduced  is  the  same  in 


all  cases,  and  this  being  so,  the  areas  enclosed  in  thick  lines, 
representing  the  possible  conversion  into  work,  are  in  propor- 
tion to  tlie  theoretical  thermal  efficiencies.  The  various  losses 
are  deducted,  and  the  remainder  indicated  by  the  areas 
shaded  by  dots  are  proportional  to  the  actual  tliennal  efficien- 
cies. 

The  great  thermal  efficiency  of  the  Carnot  cycle  has  been  a 
considerable  temptation  to  inventors,  forgetful  of  the  fact 
that,  apart  from  other  difficulties,  such  an  engine  would  have 
a  very  small  mean  pressure  in  the  cylinder,  and  therefore 
would  require  enormous  pistons  and  cylinders.  However,  it 
was  from  an  attempt  of  this  nature  on  the  part  of  Dr.  Diesel 
that  he  gradually  evolved  the  oil  engine  which  bears  his  name. 
In  1892  he  published  a  book  which  was  translated  into  Eng- 
lish by  Bryan  Donkin,  jun.?  entitled,  <c  Theory  and  Construc- 
tion of  a  Rational  Heat  Motor,"  in  which  he  argues  that  if 
combustion  is  carried  on  in  a  cylinder  at  constant  tempera- 
ture, theoretically  a  slightly  higher  efficiency  than  that  of  the 
Carnot  cycle  can  be  obtained,  because  a  less  weight  of  the  fluid 
has  to  be  compressed  than  has  to  be  expanded,  owing  to  the 
addition  of  fuel  being  made  after  compression.  He  appears, 
however,  to  have  forgotten  that  the  abstraction  of  heat  in  the 
case  he  considered  could  not  be  effected  at  constant  tempera- 
ture, or  at  anyrate  lie  assumed  that  it  could  so  be  extracted. 
The  cycle  he  then  proposed  was,  therefore,  unrealisable  ；  more- 
over, it  is  not  at  present  practically  possible  so  to  regulate  the 
oil  admission  as  to  obtain  a  constant  temperature,  but  rather 
an  approximately  constant  pressure  is  obtained.    Hence,  as  a 


Fig.  8. 

practical  matter,  as  already  stated,  the  Diesel  oil  engine  works 
on  a  constant-pressure  volume  cycle,  the  thermal  efficiency  of 
which  is  given  in  Fig.  6,  whereas,  under  the  same  range  of 
temperatures  Herr  Diesel  expected  to  get  a  thermal  efficiency 
of  0.855，  corresponding  to  a  coal  consumption  of  0'251bs.  per 
horse-power,  for  it  should  be  mentioned  that  the  first  trials 
were  made  with  pulverised  coal  and  not  with  oil,  and  designs 
for  an  engine  working  in  this  manner  are  given  in  the  book 
referred  to. 

In  the  ordinary  gas  engine  or  explosion  oil  engine  the  heat 
is  introduced  to  the  working  fluid  theoretically  at  constant 
volume,  because,  the  mixture  being  exploded,  the  combustion 
is  complete  before  the  piston  moves  from  the  dead  point. 
Practically,  however,  a  considerable  portion  is  added  at  in- 
creasing volume,  because  the  explosion  is  not  instantaneous, 
and  this  is  a  cause  of  loss.  In  the  Diesel  engine  the  oil  is 
introduced  comparatively  gradually,  and  at  such  a  rate  that 
the  pressure  remains  nearly  constant.  The  indicator  diagram 
will,  therefore,  theoretically  have  a  flat  top.  Practically,  only 
an  approximation  to  a  flat  top  is  obtained,  as  shown  in  Fig.  7， 
which  gives  both  a  theoretical  and  a  practical  diagram.  On 
this  figure  are  also  shown  theoretical  and  practical  indicator 
diagrams  of  an  ordinary  gas  engine  for  the  sake  of  comparison. 
These  indicator  diagrams  illustrate  the  fundamental  difference 
between  the  Diesel  and  the  Otto  engines.  In  the  Diesel  engine 
the  continued  combustion  of  the  oil  is  achieved,  as  already 
mentioned,  by  pulverising  it,  and  injecting  it  in  this  state  into 
the  cylinder  by  means  of  an  air  blast,  and  owing  to  previous 
compression  up  to  about  32  atmospheres  (5001bs.  per  square 
inch),  the  air  in  the  cylinder  is  at  a  sufficiently  high  tempera- 
ture to  ignite  the  oil. 

Attention  is  called  to  the  difference  in  the  compression 
reached,  as  shown  in  these  two  diagrams.  In  the  case  of  the 
Otto  engine,  the  explosive  charge  is  compressed  about  1301bs. 
per  square  inch  gauge.   A  greater  pressure  is  not  practically 
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permissible  for  fear  of  pre-ignition.  In  fact,  this  is  about  the 
highest  compression  used  in  gas  engines  working  with  pro- 
ducer gas  ；  with  town  gas  it  is  less,  and  with  ordinary  oil  or 
petrol  engines  the  pressure  has  to  be  still  further  reduced, 
namely,  to  about  801bs.  per  square  inch,  and  it  is  tliis  low 
compression  which  prevents  this  latter  type  of  engine  having 
a  high  thermal  efficiency. 

In  the  Diesel  engine,  however,  the  combustible  matter  is 
arlded  at  the  top  of  the  stroke  on  the  turn  of  the  piston.  Only 
air  is  compressed,  and  therefore  pre-ignition,  in  the  ordinary 
sense,  is  not  to  be  feared.  Consequently,  much  higher  com- 
pressions are  possible,  which  is  the  real  cause  of  the  great 
thermal  efficiency  of  the  Diesel  engine.  This  high  compres- 
sion raises  the  temperature  of  the  air  to  about  700°  C.，  so 
that  the  temperature  in  the  cylinder  at  the  moment  the  oil  is 
injected  is  sufficient  to  cause  its  ignition,  thus  no  special  means 
of  ignition,  such  as  the  electric  spark  or  the  hot  tube  required 
by  the  ordinary  gas  engine,  are  needed.  In  the  semi-Diesel 
engine,  as  already  stated,  the  compression  of  pure  air  is  con- 
siderably less,  and  the  pulverised  fuel  is  injected  into  a  hot 
bulb,  which  causes  it  to  ignite.  The  heat  introduced  into  the 
working  substance  partially  at  constant  volume  and  partially 
at  constant  pressure. 

This  immunity  from  pre-ignition  of  the  Diesel  and  semi- 
Diesel  engines  may  be  regarded  as  a  great  advantage  these 
types  have  over  the  ordinary  gas  or  oil  engine,  because  it  may 
be  safely  said  that  a  large  proportion  of  the  troubles  wliich 
have  arisen  in  connection  with  large  gas  engines  are  due  to 
pre- ignition. 

The  cycle  followed  by  the  Diesel  engine  can  now  be  stated 
completely,  and  is  illustrated  diagrammatically  in  Figs.  7  and 
8.  A  charge  of  pure  air  is  sucked  into  the  cylinder  through 
the  air  valve,  and  on  the  return  stroke  this  air  is  compressed 
to  a  pressure  i)f  from  4501bs.  to  5001bs.  per  square  inch,  so 
that  the  ratio  of  compression  needed  is  about  13  to  1  (as 
against  6  to  1  for  the  ordinary  gas  engine),  and  the  clearance 
in  the  cylinder  is  arranged  accordingly.  At  from  1°  to  2° 
before  the  end  of  the  stroke  the  fuel  valve  opens,  and  the 
charge  of  oil  is  pulverised  by  means  of  an  air  blast  and  a 
special  device  to  be  described  in  detail  later,  and  is  injected 
into  the  cylinder.  The  requisite  amount  of  oil,  determined 
by  the  action  of  the  governor,  is  forced  into  a  space  above  the 
fuel  valve  by  means  of  a  fuel  pump.  The  pressure  of  the  air 
blast  varies  from  7501bs.  to  9001bs.  per  square  inch  according 
to  the  proportion  of  the  full  load  the  engine  is  working  at, 
and  an  air  compressor  has  to  be  provided  for  supplying  this 
high- pressure  air. 

After  combustion,  expansion  of  the  products  of  combus- 
tion takes  place  until  the  exhaust  valve  opens,  which  occurs 
at  about  0'9  of  the  stroke,  and  then  the  pressure  in  the 
cylinder  suddenly  drops  to  atmosphere.  Finally,  the  piston 
on  its  return  stroke  sweeps  out  the  remaining  products  of 
combustion,  and  the  cycle  is  complete.  It  will  be  seen  that 
four  strokes,  namely,  two  up  and  two  down  (in  a  vertical 
engine),  are  needed  for  one  complete  cycle,  and  the  engine 
described  therefore  works  on  a  four-stroke  cycle,  corresponding 
in  this  respect,  to  the  Otto  or  Beau  de  Rochas  cycle  of  a  gas 
engine. 

Up  to  the  present  the  greater  number  of  Diesel  engines 
have  been  designed  on  the  four-stroke  cycle.  Arrangements 
can,  however,  be  made  to  introduce  a  blast  of  air  into  the 
cylinder  at  the  moment  the  exhaust  valve  opens,  and  thus,  not 
only  will  the  products  of  combustion  be  swept  out,  but  also  the 
cylinder  will  be  filled  with  pure  air.  The  cylinder  is  then  in 
the  same  condition  as  on  the  second  up-stroke  of  the  four- 
cycle type,  that  is  to  say,  pure  air  is  compressed,  and  hence 
fuel  can  be  injected  at  the  end  of  this  stroke.  A  combustion 
stroke  will  therefore  take  place  at  each  down  stroke,  and  the 
engine  then  works  on  a  two-stroke  cycle.  In  this  way  double 
the  power  can  be  obtained  from  a  given  cylinder.  This  type 
of  Diesel  engine  is  now  being  rapidly  developed,  and  even- 
tually will  probably  be  the  only  type  used  for  large  marine 
engines. 

Gas  engines  also  work  on  the  two-stroke,  or  Clerk  cycle, 
the  products  of  combustion  being  scavenged  just  before  the 
explosive  mixture  is  introduced  into  the  cylinder.  In  this  case 
the  difficulty  arises  that  if  the  scavenge  is  too  powerful,  un- 


burned  gas  will  be  blown  into  the  exhaust  and  lost,  because  it 
has  to  be  admitted  into  the  cylinder  immediately  after  the 
scavenging  air  and  before  the  exhaust  ports  are  closed  (except 
in  the  case  of  the  Oechelhauser  engine).  If,  however,  the 
scavenge  is  reduced,  a  portion  of  the  exhaust  will  be  left  in  the 
cylinder,  thus  reducing  the  weight  of  explosive  charge.  These 
difficulties  do  not  occur  with  the  Diesel  engine,  because  the 
fuel  is  not  admitted  until  later,  and  within  reason  any 
amount  of  air  can  be  blown  through  the  cylinder  to  clear  out 
coinpletely  the  ]>roducts  of  combustion.  Hence  the  Diesel 
engine  is  essentially  adapted  for  a  two-stroke  engine. 

The  indicator  diagram  of  the  two-stroke  engine  is  some- 
what different  from  that  of  the  four-stroke,  and  to  illustrate 
this  difference  average  indicator  diagrams  of  a  two-stroke  and 
of  a  four-stroke  engine  are  given  in  Fig.  8. 

Dugald  Clerk,  in  1887，  built  an  engine  using  coal  gas 
which  followed  the  Diesel  cycle,  and  which  he  called  a 
" flame  ，'  engine.  The  air  was  alone  compressed  in  the  cylin- 
der, the  gas  l>eing  compressed  separately  hy  a  side  pump  forced 
into  the  engine  cylinder  through  a  series  of  gas  jets,  and 
ignited  exactly  as  it  entered.  This  engine  worked  very  well, 
but  the  mean  pressures  obtained  were  too  low,  because  the 
compression  pressure  was  too  low,  namely,  only  90】bs.  per 
square  inch. 

(To  be  continued.) 


The  Greatest  Ocean  Depth. ― According  to  tlie  "Geogra- 
phical Journal,*'  an  ocean  depth  surpassing  all  previous 
records  has  been  sounded  by  the  German  survey  ship 
Planet  ，,  40  nautical  miles  east  of  Northern  Mindanao.  The 
depth  obtained  was  9,780  metres,  or  5,348  fathoms,  and  the 
sounding  was  obtained  under  conditions  which  permit  the 
fullest  confidence  in  its  accuracy,  while  a  determination  of 
bottom  temperature  and  a  sample  of  the  sea-bottom  at  the 
spot  were  also  secured.  The  greatest  depth  previously  known 
was  that  found  by  the  American  ship  "Nero''  near  Guam 
in  1899，  wliich  was  fixed  at  5,268  fathoms. 

The  "Synchron"  Artificial  Respiration  Apparatus. —— There  lias, 

says  the  "  Great  Western  Railway  Magazine/'  been  installed 
at  the  Park  Royal  Generating  Station  the  "  Synchron  ，，  appa- 
ratus for  performing  artificial  respiration  for  the  restoration 
of  animation  in  severe  cases  of  electric  shock.  The  "  Syn- 
chron  "  has  been  patented  by  Dr.  K.  A.  Fries,  of  Stockholm, 
and  consists  of  a  wooden  shield,  with  headpiece,  attached  to 
which  is  a  light  steel  frame  with  crossbar,  adjustable  by 
automatic  clamps  for  any  length  of  arm.  A  canvas  girdle  or 
band  for  compressing  the  chest  is  provided  with  eyelets  for 
regulating  it  to  any  desired  size.  Artificial  respiration  is 
performed  by  moving  the  frame  upwards  and  downwards. 
It  is  claimed  that  the  apparatus  can  be  brought  into  use  in 
10  seconds. 

Institution  of  Civil  Engineers  Awards. ― The  Council  of  the 
Institution  of  Civil  Engineers  have  made  the  following 
further  awards  for  papers  read  during  the  session  1911-1912  ： 
A  Watt  Gold  Medal  to  Prof.  W.  H.  Burr  (New  York),  and 
the  Crampton  Prize  to  Prof.  R.  J.  Durley  (Montreal)  They 
have  also  awarded  the  following  Telford  Premiums  for  papers 
published  in  the  Proceedings  without  discussion  during  the 
same  session  ：  To  Messrs.  Paul  Seurot  (New  York),  David 
Anderson  and  Harry  Cunningham  (London),  S.  P.  Smith, 

D.  Sc.  (Birmingham),  E.  G.  Rivers,  I.S.O.  (Richmond),  and 

E.  H.  Morris  (Manchester),  and  Prof.  A.  H.  Gibson,  D.Sc. 
(Dundee).  The  Howard  Quinquennial  Prize  for  1912  has 
been  awarded  to  Mr.  J.  H.  Derby  (Sheffield),  in  recognition 
of  improvement  introduced  by  him  in  iron  and  steel  pro- 
duction, and  the  Indian  Premium  for  1912  to  Mr.  H.  H.  G. 
Mitchell  (Madras).  The  Council  have  made  the  following 
awards  in  respect  of  students'  papers  read  during  the  session 
1911-1912  :  The  "James  Forrest ,y  Medal  and  a  Miller  Prize 
to  Mr.  E.  P.  Currall,  B.Sc.  (Birmingham)  ；  and  Miller  Prizes 
to  Messrs.  J.  H.  Taylor  (Glasgow),  W.  P.  Warlow,  B.Sc. 
(Bristol),  G.  Ingram  (London),  E.  F.  Hunt,  B.E.  (London), 
H.  J.  F.  Gourley,  B.E.  (London),  H.  G.  Hoskings  (London), 
E.  A.  Cross,  B.  Sc.  (Birmingham),  and  J.  and  W.  Le»»- 
( London)  ；  and  the  "James  Prescott  Joule"  Medal  to  Mr. 
V.  E.  Green  (Birniiniiham). 
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THE  TRAINING  OF  ENGINEERS.* 

BY  CHARLES  DAY,  VVH.S.,  M.I.M.E. 

The  past  year  has  been  one  of  considerable  unrest  in  the 
industrial  world,  and  as  such  a  condition  greatly  increases 
the  difficulties  which  arise  in  the  conduct  of  trade,  it  is 
necessary  that  those  intimately  connected  with  the  various 
trades  carefully  consider  whether  anything  can  be  done  to 
prevent  this  state  of  unrest  from  spreading  or  from  increasing 
in  intensity.  It  would  not  be  appropriate  on  this  occasion  for 
me  to  speak  ou  questions  of  wages,  but  I  think  it  is  appro- 
priate to  consider  the  conditions  under  which  youths  enter 
into,  and  work  in  the  engineering  trade,  as  these  conditions 
influence  the  views  formed  at  a  susceptible  period  of  life. 
If  a  youth  can  clearly  sea  that  his  employers  are  giving  him 
every  reasonable  opportunity  to  prepare  himself  for  the 
higher  positions  of  the  trade,  it  is  reasonable  to  suppose  that 
such  a  youth  is  much  less  likely  to  develop  into  the  type  of 
young  man  who  thinks  that  employers  are  his  natural 
enemy,  and  are  striving  to  keep  him  down  :  a  view  which, 
unfortunately,  seems  to  be  held  by  some. 

In  connection  with  the  engineering  trade,  I  think  it  is 
possible  to  so  arrange  the  conditions  of  employment  for 
apprentices  that  all  may  have  a  reasonable  chance  of  fitting 
themselves  for  advancement,  and  this  without  making  the 
ronduct  of  business  unduly  difficult.  To  put  this  into  prac- 
tical form,  I  venture  to  outline  a  set  of  conditions  under 
which  apprentices  might  be  employed  ： ― 

1.  All  apprentices  to  start  on  level  terms,  no  special 
privileges  to  be  arranged  in  advance  for  any  apprentice, 
either  in  regard  to  the  number  of  departments  he  is  allowed 
to  work  in,  or  in  regard  to  his  treatment  whilst  in  those 
departments. 

2.  A  certain  proportion  of  the  apprentices  to  be  given  a 
change  of  department,  providing,  of  course,  the  conditions  of 
trade  allow  of  it,  such  apprentices  to  be  selected  from  tliose 
wlio,  by  attention  at  evening  classes,  have  shown  a  desire  to 
improve  themselves  and  who,  by  good  results  at  those  classes, 
have  shown  satisfactory  mental  capacity  and  persistence. 
Satisfactory  work  in  the  shops  should  also  be  a  condition. 
By  these  means  the  capable  and  ambitious  apprentices  will 
obtain  wider  and  more  valuable  training  than  those  whose 
<*liaracteristics  do  not  fit  them  for  advancement,  and  the 
selection  is  almost  automatically  made  by  the  apprentices 
themselves. 

With  a  scheme  of  this  kind,  those  who  by  their  own  want 
of  effort  limit  their  experience  to  one  department  of  a  works 
can,  of  course,  only  blame  themselves  if,  at  a  later  date,  they 
see  that  tins  narrowness  of  training  and  inatiention  to  tlie 
theoretical  side  prevents  them  from  advancing  to  hi^lier 
positions.  It  may  be  desirable  to  carry  the  sclie^ne  still 
further  and  provide  that  some  of  the  most  successful  appren- 
tices be  given  the  full-day  course  at  a  technical  school,  or  at 
least  be  given  tlie  opportunity  to  get  it.  In  the  Manchester 
district  an  intermefliate  step  can  be  taken  by  utilising  the 
apprentice  course  at  the  technical  school,  a  course  which  is 
proving  of  distinct  value.  In  this  course  apprentice  engineers 
attend  at  the  school  each  Monday  during  the  winter  session, 
the  remaining  working  days  being  devoted  to  their  usual 
employment,  with  their  evenings  free  for  home-work.  The 
course  is  designed  to  extend  over  two  years,  but  naturally 
employers  should  take  care  that  any  apprentice  who  does  not 
take  proper  advantage  of  the  first  year  is  displaced  when  the 
selection  is  marie  for  the  following  year. 

Tlie  advanced  theoretical  training  of  engineers  is  a  thorny 
subject  and  full  of  difficulties,  for  it  must  be  remembered 
tli at  though  a  high  theoretical  training  is  necessary  for  some 
positions,  the  number  of  such  positions  is  comparatively 
small.  What  kind  of  education  is  then  desirable  for  tlie 
employes  of  an  engineering  works ？  In  the  case  of  many 
workmen  we  merely  want  manual  skill  combined  with  steadi- 
ness and  attention  to  work,  but  in  many  cases,  as,  for 
instance,  in  the  case  of  an  erector,  who  is  sent  out  to  erect 
and  set  to  work  various  kinds  of  machinery,  a  sufficient 
education  is  required  to  enable  him  to  write  a  clear  report, 
and  in  adrlition  it  is  often  desirable  for  him  to  have  some 
knowledge    of    tlie    basis    principles    connected    witli  the 

*  InAn^iiral  fl/ldr*:HH  by  the  President,  presented  before  the  Manchester  Associa- 
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machinery  he  is  engaged  upon.  As  an  instance  of  the 
advantage  of  a  knowledge  of  such  principles  I  might  quote 
the  case  of  an  erector  who,  on  starting  up  a  condensing  plant 
connected  with  a  steam  turbine,  finds  that  though  he  expected 
to  get  28^in.  vacuum  he  only  gets  27in.,  and  who  then  spends 
a  lot  of  time  hunting  round  for  defective  valves  and  pistons, 
or  for  air  leakages,  whereas  Iiad  he  known  the  elementary 
laws  in  regard  to  saturated  steam  he  would  have  at  once 
recognised  that  the  defective  vacuum  was  due  merely  to  an 
insufficient  supply  of  water  causing  the  hot-well  temperature 
to  be  so  high  as  to  render  a  28^in.  vacuum  quite  impossible. 
For  many  workmen,  and  particularly  for  patternmakers,  the 
capacity  to  read  drawings  very  thoroughly  is  essential. 

For  foremen  the  qualities  required  vary  very  much.  For 
some  they  are  such  as  mentioned  for  an  erector,  but  in  all 
c^ses  a  foreman  should  be  familiar  willi  the  tiniest  details  of 
his  department,  and  must  have  a  very  considerable  knowledge 
of  human  nature  so  as  to  enable  him  to  handle  those  under 
him  without  raising  unnecessary  friction.  .  A  foreman  in  a 
machine  shop  does  not  require  to  be  a  mathematician  or  to 
have  a  deep  knowledge  of,  say,  the  theory  of  heat,  but  lie 
should  know  the  elements  of  mechanics  and  a  good  deal 
about  the  various  machine  tools  available,  also  should  have  a 
knowledge  of  modern  developments  connected  therewith. 
Incidentally,  I  may  say  here  that  there  .is  scope  for  a  scheme 
which  would  enable  foremen  and  others  to  see  frequently  new 
machine  tools  at  work  and  get  data  as  to  the  time  occupied  in 
doing  work  with  which  they  are  familiar.  Possibly  a  scheme 
could  be  devised  whereby  the  machine  shop  at  the  technical 
school  could  be  utilised  for  this  purpose. 

In  tlie  case  of  draughtsmen  there  is  no  doubt  that  tech- 
nical education  needs  to  be  carried  to  a  further  degree,  and 
in  any  works  it  is  desirable  that  a  few  of  the  draughtsmen 
be  men  with  advanced  theoretical  attainments,  so  tliat  special 
problems  can  be  investigated  and  worked  out. 

The  educational  qualifications  for  managers  and  employers 
are  very  variable,  depending  largely  on  the  class  of  work 
engaged  upon,  but  a  very  sound  training  in  first  principles 
and  in  their  application  is  a  vital  necessity  to  enable  the 
probable  effect  of  new  developments  to  be  gauged.  Also  it  is 
very  desirable  for  men  in  these  positions  to  know  what  is 
going  on  in  other  branches  of  engineering,  as  it  frequently 
happens  that  a  troublesome  new  problem  in  one  business  has 
been  dealt  with  and  overcome  years  ago  in  another  business  ； 
thus  a  fairly  wide  outlook  of  what  has  taken  place  in 
engineering  is  of  special  advantage. 

For  every  different  position  in  different  works  a  different 
schedule  of  requirements  might  b&  macle，  but  if  this  was 
done  I  feel  sure  that  the  number  of  positions  for  which 
liigli  theoretical  attainments  nre  essential,  or  are  even  the 
priiu*i]")a]  factor,  would  be  comparatively  small,  though  those 
positions  would  be  important  ones.  In  bringing  out  this 
point  it  is  far  from  my  intention  to  deprecate  technical 
education,  for  I  intend  to  show  its  value.  At  the  same  time 
it  must  be  remembered  that  there  is  a  substantial  difference 
between  a  broad  technical  education  and  high  theoretical 
attainments.  It,  however,  seems  better  to  face  the  position 
boldly  and,  further  than  this,  an  appreciation  of  this  fact  may 
encourage  those  whose  circumstances  do  not  enable  them  to 
acquire  liigh  theoretical  attainments  to  realise  that  there  are 
very  many  important  positions  open  to  them,  for  though 
scholastic  training  can  help,  and  help  greatly,  it  will  never 
be  so  important  as  natural  qualities.  At  present,  however,  I 
do  not  propose  to  say  anything  mm'e'  about  natural  qualities, 
but  to  consider  only  how  education  can  help  an  engineer. 

A  generation  ago  an  apprentice  in  an  engineering  shop 
probably  saw  in  that  one  shop  a  great  variety  of  mechanical 
engineering  work.  To-day  he  most  probably  only  sees  one 
branch,  or  even  only  a  sub-branch.  For  instance,  he  may 
work  in  a  shop  where  lathes  only  are  built,  and  thus,  though 
engaged  on  tool-work,  he  may  only  see  one  small  section  of 
this  branch  of  mechanical  engineering.  Similarly,  he  may 
work  at  a  shop  where  only  small  petrol  engines  are  made,  and 
thus  only  see  that  section  of  the  internal-combustion  engine 
trade.  Such  intense  specialisation  has  no  doubt  great 
advantages,  and  will  not  only  continue,  but  will  even  become 
more  prevalent  in  the  future.  Nevertheless,  it  has  the  great 
disadvantage  of  narrowing  the  outlook  of  those  so  engaged. 
A  young  man  may  widen  his  training  by  later  on  changing 
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from  shop  to  shop,  but  in  doing  this  lie  loses  opportunities  of 
advancement  in  the  line  lie  started  on,  as  in  a  shop  devoted 
to  a  speciality  the  first  step  up  from  the  position  of  ordinary 
workman  will  in  the  great  majority  of  cases  be  given  to 
one  with  special  experience  in  that  particular  line.  This 
narrowness  can  be  overcome  to  a  considerable  degree  by 
suitable  training  in  a  technical  school  or  college  wlii "li  is 
equipped  with  a  really  good  mechanical  laboratory,  as  the 
student  then  sees  and  works  upon  a  wide  variety  of  mod'  ni 
Tiiacliinery.  Hence'  a  very  important  feature  of  a  course  of 
training  at  a  well-equipped  technical  college  lies  in  the  wider 
outlook  which  results  from  seeing  examples  of  many  pli  l.^^r 
of  engineering  productivity,  and  of  receiving  explanations  of 
their  construction  and  action  by  teachers  who  are  able  to 
show  how  the  first  principles  tauglit  in  the  lecture-rooms  are 
applied  in  practice.  It  is  from  this  point  of  view  that  the 
extensive  and  varied  lot  of  machinery  in  the  engineering 
laboratories  has  much  value. 

I  would  point  out  here  also  that  there  is  very  much  to  l:,e 
learned  in  that  portion  of  the  laboratories  which  deals  with 
the  testing  of  materials,  and  that  many  lessons  can  be  readily 
learned  there  which  can  hardly  be  learned  otherwise.  A 
course  of  study  at  a  technical  school  or  college,  together  with 
the  work  in  the  laboratories,  should  therefore  give  a  wider 
outlook  on  engineering  than  it  is  possible  for  a  youth  to  liave 
who  has  spent  his  whole  time  in  a  works  devoted  to  one  or 
even  to  a  few  specialities. 

It  is  perhaps  well  to  mention  here'  that  mucli  which  is 
called  theoretical  is  really  intensely  practical,  being  the 
reduction  to  words  of  accumulated  practical  experience. 
Numerous  instances  could  be  quoted  of  engineering  problems 
solved  and  understood  only  after  years  of  practical  effort,  and 
thus  much  that  is  taught  in  the  schools  is  the  boiling  down 
to  a  compact  form  of  lessons  learned  by  past  experience. 
Were  it  not  for  this  each  generation  would  to  a  large  extent 
have  to  learn  by  slow  experience  the  lessons  of  previous 
generations.  Fortunately  this  is  avoided  by  the>  teaching  in 
our  engineering  schools,  by  books,  by  technical  literature, 
and,  though  mentioned  last,  by  no  means  least,  by  the  papers 
and  discussions  before  engineering  associations. 

While  considering  the  matter  of  training  of  engineers,  it  is 
not  sufficient  for  us  to  think  only  of  the  requirements  of  the 
particular  business  engaged  upon  at  tlie  moment,  but  it  must 
be  borne  in  mind  that  new  inventions  and  great  developments 
will  have  to  be  faced.  Frequently  such  new  inventions 
involve  quite  new  lines  of  thought  in  their  application,  and 
men  whose  training  has  been  in  a  narrow  groove  will  probably 
be  found  quite  unprepared  (I  do  not  say  unfit)  to  cope  with 
the  new  problems,  or  even  to  appreciate  them.  A  good 
general  technical  training  undoubtedly  forms  a  better  basis 
for  dealing  with  entirely  new  problems  than  does  a  highly 
specialised  one,  and  it  makes  men  more  disposed  to  watch 
new  inventions  and  developments  closely. 

It  is,  then,  a  matter  of  importance  for  us  to  see  that  a 
sufficient  proportion  of  our  engineers  receive  a  general 
technical  training,  and  I  would  suggest  that  all  engineering 
firms  who  do  not  at  present  assist  or  grant  time  to  any  of 
their  apprentices  to  acquire  such  training  might  consider  the 
desirability  of  doing  so  to  one  or  more  of  those  apprentices 
who  have  already  shown  capacity.  For  tlie  reasons  men- 
tioned at  the  commencement  of  this  address,  I  feel  confident 
that  such  a  policy  must  tend  to  create  a  better  feeling 
between  employe  and  employer. 

From  the  foregoing  notes  it  would  appear  that  the  tech- 
nical education  required  for  the  different  positions  in 
engineering  may  be  roughly  graded  as  follows  ：  (a)  A  ground- 
ing in  the  general  basis  principles  underlying  engineering 
work,  combined  with  facility  in  reading  drawings.  (b)  A 
sound  training  in  these'  same  principles,  together  with  a 
knowledge  of  their  application  in  different  branches  of 
engineering,  and  a  working  knowledge  of  elementary  mathe- 
matics, (r)  The  samei  as  (h),  but  with  a  more  advanced 
knowledge  of  mathematics  and  of  problems  involving  mathe- 
matics. 

I  certainly  beli&ve  that  to-day,  and  even  more  so  in  the 
future,  every  engineering  apprentice  who  desires  to  rise  at 
all  must  at  least  attain  standard  (a).  Those  who  neglect  to 
reach  this  standard  practically  decide  for  themselves  their 
future  positions.  If  attention  at  evening  classes  can  be 
followed  by  a  course  such  as  the  Apprentice  Course,  already- 


mentioned,  so  nnicli  tlie  better.  After  tliat,  if  fa<-iliii(>s  can 
be  given  for  a  picked  few  from  eaoli  works  to  take  a  two  or 
three  years'  full-day  course,  this  would,  I  believe,  be  of  dis- 
tinct advantage  not  only  to  tlvose  apprentices  but  to  the  t  rade 
of  the  country. 

One  point  I  would  add,  viz.,  that  attention  to  evening 
classes  should  not  stop  at  the  age  of  21，  and  particularly  so 
witli  those  wlio  have  only  been  able  to  follow  course  (a),  but 
opportunities  should  be  taken  to  attend  laboratories  ； m(l 
special  lectures,  and  it  is  to  be  remembered  that  the  labora- 
tories, as  well  as  advanced  lecture  courses,  are  in  most 
technical  schools  or  colleges  available  to  evening  students,  so 
that  all  who  are  determined  to  take  advantage  of  them  can 
do  so. 

The  problem  of  employment  for  young  men  who  have  been 
trained  at  colleges  might  be  briefly  considered  here.  Most 
employers  and  managers  have  often  to  consider  applications 
for  employment  from  young  men  who  have  taken  a  course  of 
training  at  a  technical  school  or  college,  and  who  may  have 
done  exceedingly  well,  but  who  desire  to  get  to  practical 
work.  It  is  by  no  means  easy  to  deal  with  this  problem,  as 
advanced  theoretical  training,  though  of  great  value  in  the 
higlier  positions  already  mentioned,  is  not  of  much  value  in 
the  lower  positions.  In  fact,  there  is  some  danger  that  the 
college  life  and  training  has  the  effect  of  spoiling  a  young 
man  for  the  comparatively  dull  and  arduous  work  of  an 
engineering  shop,  where'  each  person  is  judged  from  a  purely 
productive  or  money-earning  point  of  view  rather  than  from 
what  it,  may  be  possible  some  years  later  to  make  of  him. 

In  a  few  shops  young  men  from  the'  colleges  can  be  at  once 
utilised  to  advantage  in  testing  or  experimental  work,  but  in 
most  mechanical  engineering  shops  these  openings  are 
relatively  few,  and  a  start  must  be  made  at  the  bottom  of  tlie 
ladder  just  as  ordinary  apprentices.  The  probability  of  this 
must  be  faced  by  those  who  take  the  college  course  before  the 
practical  work,  and  I  might  add  that  a  young  man  leaving 
college  should  more  often  apply  for  a  "  job  "  in  a  workshop 
rather  than,  as  lie  so  often  writes,  "  for  a  position  where  his 
training  will  be  of  value." 


ROLLING-MILL  PRACTICE  IN  THE  UNITED  STATES.* 

HY  J.  PUPPE,  D.ING.  (BRESLAU). 

The  development  of  the  iron  industry  of  North  America, 
which  has  achieved  as  remarkable  a  record  of  progress  in 
the  last  decade  as  in  the  preceding  one,  and  the  improved 
methods  of  working,  especially  in  respect  of  rolling-mill 
practice,  still  form  an  object-lesson  of  paramount  interest  to 
European  iron  manufacturers.  Early  in  1911  it  was  the 
author's  privilege  to  visit  the  majority  of  those  ironworks 
of  the  United  States  where  typical  American  rolling-mill 
practice  is  followed,  for  the  purpose  of  studying  the  latest 
methods  and  improvements.  In  the  diagram,  Fig.  1.  figures 
are  given  of  the  production  of  rails,  structural  iron,  wire 
rod,  and  blackplates  for  the  years  1880-1911. 

Cogging  Mills. ― During  the  'nineties  cogging  mills  in  the 
United  States  were  almost  exclusively  constructed  on  the 
3 -high  system,  but  since  the  introduction  of  the  4in.  billet 
the  2 -high  reversing  mill  has  been  practically  universally 
adopted.  The  3-high  mill  was  brought  to  a  remarkable  state 
of  perfection  by  the  brothers  John  and  George  Fritz,  and 
there  are  still  a  number  of  such  mills  at  work,  especially 
where  one  section  only,  or  at  all  events  a  very  limited  num- 
ber of  sections,  is  rolled  continuously.  In  rolling  4in.  billets, 
however,  the  great  length  of  the  pieces  made  it  impracticable 
to  use  the  3 -high  mill,  as  the  lifting  tables  could  not  be 
made  sufficiently  long  to  accommodate  them,  and  the  2 -high 
reversing  mill  had  to  take  its  place. 

In  contradistinction  to  German  practice,  where  the  cog- 
ging mill  forms  the  link  between  tlie  steelworks  and  the  mills 
for  all  sections  down  to  4in.  square  and  less,  also  for  slabs 
and  flats,  in  the  United  States  it  forms  an  integral  part  of  a 
particular  rolling-mill  train,  and  performs  the  roughing  down 
to  a  certain  section  only.  Typical  instances  of  this  practice 
may  be  seen  at  Lackawanna  and  at  Gary.  At  the  Lacka- 
wanna works  the  cogging  rolls  serve  for  roughing  down  the 
ingots  for  the  billet  mill,  whereas  the  heavy  rail  mill  has 
several  stands  of  cogging  rolls  for  that  mill  alone.    At  Gary, 
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where  the  cogging  rolls  for  the  rail  and  billet  mills  consist  of 
separate  2-high  sets  followed  by  a  3-bigh  set,  the  arrange- 
ment has  beeu  planned  not  only  with  the  object  of  getting 
the  largest  possible  output,  but  has  also  been  determined  by 
the  method  chosen  for  driving  the  trains.  In  very  rare 
instances  the  cogging  mill  supplies  the  plate  mill  with  slabs, 
the  practice  at  the  works  of  the  Youngstown  Sheet  and  Tube 
Company  affording  one  such  example.  In  all  other  mills 
visited  where  slabs  are  rolled,  a  type  of  rolling-mill  entirely 
unknown  to  the  author  has  been  developed,  namely,  the 
slabbing  mill,  which  may  be  described  as  a  universal  slab 
and  roughing  mill. 

The  cogging  mills  are  generally  of  quite  small  diameter, 
the  pitch  circle  of  the  pinions  measuring,  as  a  rule.  35in.  to 
40in.  or  42in.,  the  roll  diameter  being  about  3in.  to  5in. 
smaller.  Latterly  a  34in.  diam.  has  become  the  standard  for 
such  mills.  On  this  account  the  roll  length 
is  much  shorter  than  in  Europe,  generally 
not  exceeding  6ft.  6in.,  as  compared  with 
9ft.  4in.  in  German  mills.  The  arrangement 
of  grooves  is  also  different,  the  first  groove 
not  being  at  the  side  but  in  the  centre,  and 
consisting  really  of  the  smooth  surface  of  the 
roll,  which  is  kept  at  its  full  diameter  at  that 
part.  In  Figs.  2  and  3  is  shown  the  draught- 
ing of  the  rolls  at  the  Lackawanna  works  and 
the  Youngstown  Sheet  and  Tube  Company's 
works.  The  production  of  sections  varying 
greatly  in  size  is  attained  by  giving  a  very 
high  adjustment,  in  some  cases  three  times 
as  great  as  in  European  practice,  where  40in. 
is  about  the  maximum.  The  same  pressure 
can  be  applied  to  the  rolls,  while,  owing  to 
the  small  diameter,  less  power  is  required 
for  driving.  The  wobbler  connecting  the 
upper  roll  with  the  pinion  must  be  of  a 
length  corresponding  to  the  increased  height 
of  rise,  and  in  some  instances  it  was  found 
to  measure  22ft.,  and  in  another  17ft.,  long. 
With  such  mills  remarkably  high  outputs 
can  be  obtained.  For  instance,  the  cogging 
mill  at  Lackawanna  turns  out  500  tons  in  a 
single  shift,  the  40in.  mill  at  Duquesne 
averages  600  tons  per  shift,  and  the  38in. 
mill  at  the  same  works  can  turn  out  1 ,300 
per  shift.  These  quantities,  of  course,  fluctuate  con- 
siderably, but  the  facility  with  which  such  large  out- 
puts are  obtained  is  explained  by  the  fact  that  the  ingots  are 
not  rolled  to  anything  like  the  same  length  as  in  Europe, 
the  elongation  being  generally  five  to  six  times,  and  at  most 
seven  times.  The  rolling  period  is  consequently  much  shorter. 
On  timing  the  operations  at  random,  the  author  noted  that 
nine  passes  were  made  in  40  sees,  and  again  in  47  sees., 
seven  passes  in  41  sees,  to  48  sees"  and  on  other  occasions 
the  times  were  remarkably  short.  In  the  matter  of  rapid 
passes  the  3-high  mills  show  great  superiority,  as  might  be 
expected. 

Another  striking  difference  between  German  and  Ameri- 
can practice  is  the  rate  of  diminution  of  the  draught  of  cog- 
ging rolls.  Whereas  in  Germany  a  reduction  of  14  per  cent, 
is  hardly  ever  exceeded,  and  with  harder  material  an  average 
of  11  to  12  per  cent,  reduction  is  the  rule,  the  reduction  in 
the  draught  from  one  groove  to  the  next  often  amounts  to 
20  per  cent,  in  American  practice.  The  roughing  rolls  of  the 
rail  mill  at  Lackawanna  even  give  an  average  reduction  of 
24  per  cent,  per  pass  in  the  first  six  passes.  How  far  the 
structure  and  quality  of  the  material  suffer  in  the  case  of 
rails  is  a  question  which  will  be  discussed  further  on.  The 
final  section  of  the  piece  after  passing  the  cogging  rolls  is,  of 
course,  larger  than  in  German  practice,  and  varies  generally 
from  6in.  to  8in.  square.  The  shortness  of  the  rolling  period 
is  further  accounted  for  by  the  manner  of  controlling  the 
auxiliary  engines,  which  now  very  generally  consist  of  elec- 
tric motors.  The  controllers  are  operated  with  very  short 
levers  with  short  ranges,  and  there  are  only  three  notches, 
" Stop/'  "  Forwards,"  "  Backwards,"  with  no  intermediate 
steps. 

The  rolling-down  operation  is  mostly  performed  in  the 
same  way  as  in  Germany,  the  piece  being  continually  turned 


over  and  the  section  retaining  its  square  form.  Here  and 
there,  however,  an  entirely  different  practice  is  followed. 
For  instance,  in  the  35in.  mill  of  the  National  Tube  Com- 
pany the  ingot  is  rolled  out  flat  in  nine  passes  through  the 
widest  groove  to  a  thickness  of  4in.  It  is  then  turned  on 
edge  and  put  through  the  4in.  groove,  then  two  passes  are 
again  made  through  the  12in.  groove,  one  pass  through  the 
5in.  groove,  and  finally  one  through  the  7in.  groove.  On 
account  of  its  great  width,  after  the  first  nine  passes  it 
requires  to  be  guided  into  the  next  groove  and  held  with 
hydraulically  operated  guides.  This  method  has  been  intro- 
duced at  one  mill  in  Germany,  but  it  has  considerable 
disadvantages ― first,  the  difficulty  of  putting  the  wide  piece 
through  the  rolls  on  edge  ；  and,  secondly,  there  is  a  tendency 
to  crack  at  the  corners,  owing  to  the  material  being  subjected 
for  so  long  in  one  direction  to  the  roll  pressure. 


tons 


Fig.  l. 

Summarising  all  these  facts,  it  appears  that  American 
cogging  mills  differ  considerably  from  German  ones  both  in 
point  of  construction  and  design  and  also  in  the  method  of 
working,  but  that  the  high  rate  of  production  is  chiefly 
rendered  possible  by  the  very  much  simpler  plan  of  rolling, 
which  consists  in  rolling  to  larger  sections,  thus  shortening 
the  rolling  period,  and  by  the  rapid  and  accurate  handling  of 
the  auxiliary  engines.  The  ingots  are  almost  always  heated  in 
soaking  pits  which  can  take  several  ingots  at  one  time.  This 
is  usual  partly  on  account  of  the  cheapness  of  fuel,  and 
partly  because  the  service  of  the  mills  being  almost  entirely 
automatic  the  ingots  must  be  of  a  uniform  temperature 
throughout. 

Billet  Mills.—  In  proportion  to  the  lightness  of  the  finished 
product  is  the  difficulty  of  preparing  pieces  of  a  suitable 
initial  section .  The  use  of  a  section  rolled  from  a  large 
ingot,  as  represented  by  the  billet,  dates  in  America  from  the 
year  1880.  At  first  billets  with  a  section  of  4in.  by  4in. 
were  produced  in  the  roughing  rolls,  and  this  practice  led  to 
the  abandonment  of  3-high  mills  in  favour  of  the  2-high 
reversing  type,  on  account  of  the  unsuitability  of  the  lifting 
tables  for  dealing  with  pieces  of  great  le  ngth .  Later  the 
practice  was  further  developed  by  the  rolling  of  billets  of  a 
sti)l  smaller  section,  partly  with  a  view  of  relieving  the  rough- 
ing rolls  and  partly  for  the  purpose  of  lightening  the  work 
of  the  finishing  rolls  ；  also  it  was  an  advantage  to  roll  down 
to  as  small  a  section  as  possible  before  reheating  the  billet, 
which,  in  any  case,  was  necessary  before  sending  it  to  the 
finishing  mill.  The  economy  of  having  a  set  of  rolls  inter- 
mediate between  the  roughing  rolls  and  finishing  mill  is 
apparent  where  there  is  a  large  market  as  in  America,  pro- 
vided it  is  technically  possible  to  construct  a  mill  capable  of 
taking  the  whole  production  of  the  roughing  mills  and  rolling 
it  down  in  the  same  heat.  It  would  be  economically  possible 
to  roll  4in.   billets  in  the  roughing  rolls,  but  since  these 
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are  designed  for  definite  sections  of  large  size  their  whole 
object  would  be  lost  if  it  were  attempted  to  roll  billets  of  any 
size  under  4in.  square. 

It  is  noteworthy  that  at  first  t】ie  endeavour  was  to  roll 
from  as  large  a  section  as  possible  direct  down  to  the  finished 
shape  in  one  heat,  and  the  introduction  of  the  4in.  billet 
marked  a  great  advance,  as  compared  with  the  1  I'm.  billet,  in 
the  production  of  which  two  heats  were  required.  Latterly 
the  tendency  is  to  revert  to  the  billet  of  small  section,  t  li" 
weight  being  kept  up  by  making  them  very  long.  The 
Morgan  mills,  which  work  up  1  I'm.  billets,  30ft.  long,  are 
now  in  great  favour. 

The  semi-products  of  the  roughing  rolls,  however,  gene- 
rally average  about  6in.  to  8in.  square,  and,  for  the  produc- 
tion of  small  profiles  and  wire  rods,  these  are  rolled  down 
into  billets  varying  from  4in.  to  1  J,in.  square,  for  which,  and 
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also  for  flat  bars,  continuous  billet  and  bar  mills  of  eight  to 
ten  stands  are  almost  always  provided.  Where  the  output  is 
too  small  to  make  it  worth  while  to  install  a  billet  mill,  the 
ingot  is  rolled  down  further  in  the  roughing  rolls,  as  in  the 

2-  high  reversing  mill  of  the-  Tack  Company  at  Grand  Cross- 
ing, where  l|in.  square  billets  are  rolled  in  the  roughing 
rolls.  To  expedite  the  work,  however,  the  piece1  after  being 
reduced  to  4in.  square  is  sent  back  over  the  roll  without 
reversing,  the  engine  meantime  running  away. 

The  only  non-continuous  billet  mill  is  the  3-high  stand 
with  23in.  rolls  of  the  American  Steel  and  Wire  Company 
at  Newburgh,  which  rolls  down  pieces  of  Tin.  by  Sin.  into 
4in.  billets  in  seven  passes.  Also  the  billet  and  bar  mills  of 
the  Carnegie  Steel  Company  at  Duquesne  and  Ohio  are  not 
continuous  mills  in  the  usual  sense,  but  are  converted  rail 
mills,  which,  however,  are  very  suitable  for  the  production  of 
large  semi-products.  A  set  of  continuous  rolls  has  been 
added  in  which  billets  of  the  smallest  section  can  be  rolled. 

The  billet  and  bar  mill  at  Duquesne  takes  the  material 
coming  from  the  38in.  2-high  mill  in  front  and  from  the 
28in.  3-high  mill,  and  rolls  it  down  simultaneously  into  bars 
and  billets  or  into  fishplates  and  billets,  the  method  being 
as  follows :  The  first  piece,  after  one  pass  through  the  21in. 

3-  high  billet  mill,  is  cut  straight  into  thickish  billets.  The 
second  piece,  after  one  pass  in  the  first  stand,  is  also  cut  into 
billets,  which  each  receive  one  pass  in  the  second  stand  and 
are  then  taken  direct  to  the  continuous  mill,  wli^re  they  are 
rolled  down  into  thin  billets.  The  third  piece  is  also  cut  up 
after  one  pass  through  the  first  stand,  the  resulting  billets 
being  then  each  passed  once  through  the  five  following  stands, 
and  finished  into  fishplates  or  bars. 

The  converted  rail  mill  at  Ohio  is  also  very  suitable  for 
rolling  billets,  since  its  construction  as  a  double  2-high 
reversing  mill  gives  it  great  adaptability  to  cope  with  the 
large  output  of  the  43in.  3-high  roughing  rolls.  Th&  pro- 
duction of  this  whole  mill  amounts  to  3,500  tons  per  24  hours. 
The  appliance  for  pushing  the  billets  sideways  is  ingenious. 
The  pusher  works  very  rapidly,  and  in  returning  is  lifted 
clear  so  as  to  allow  the  next  billet  to  run  under  it. 

The  roll  diameter  in  the  continuous  mills  is  comparatively 
small,  being  seldom  above  18in.，  and  in  some  mills  not  more 
than  14in.  Considerably  less  power  is  required,  but  this  is 
more  than  compensated  for  by  the  losses  in  the  trains  of 
gearing.  The  small  diameter  entails  a  short  length  of  roll, 
witli  only  few  grooves,  which  makes  possible  the  use  of  very 
high  pressures  with  safety.  The  average  reduction  of 
draught  in  continuous  mills  is  always  above  20  per  cent., 
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whereas  the  average  reduction  in  the  23in.  3-high  mill  of 
the  American  Steel  and  Wire  Company  is  only  about  16  per 
cent.  The  draughting  is  usually  designed  with  the  aim  of 
reducing  to  a  minimum  or  avoiding  altogether  the  turning 
；" "1  up-siding  of  the  piece  between  two  stands. 

The  draughting  for  rolling  bars  is  almost  always  designed 
to  avoid  up-siding.  All  the  grooves  are  Hat,,  and  by  ilie  selec- 
tion of  a  correct  initial  section  the  desired  width  is  obtained 
in  the  final  closed  pass,  sometimes  also  by  the  use  of  vertical 
rolls  behind  the  last  stand.  The  two  last  passes  of  the  bars 
are  in  sucli  cases  made'  through  smooth  rolls.  The  output  of 
the  continuous  billet  and  bar  mills  corresponds  to  that  of  the 
roughing  mill  in  front.  At  Gary  the  production  is  300  tons 
par  hour  of  4in.  billets  and  150  tons  of  l^in.  billets.  At 
Lackawanna  the  output  is  70  to  80  tons  per  hour,  but  even 
t  would  \)v  an  miusu;il  "<'h W've.im'iit  in  Germany.  These 
results  are  obtained  by  driving  the  last  stand  at  a  com- 
paratively high  speed,  90  revs,  to  200  revs,  per  minute,  the 
first  stand  i  iinuing  at  9  revs,  to  12  revs.  On  timing  the  speed 
of  working,  the  aut  hor  found  that  the  time  from  the  entering 
of  the  rou^hed-down  ingot  between  the  rolls  of  the  first 
stand  and  the  entering  of  it  at  the  last  stand  was  half  a 
minute,  and  the  rolling  timo  of  a  whole  ingot  of  2\  tons  and 
Tin .  by  7in.  was  2^  minutes.  At  the  billet  mill  of  the  Ohio 
works  the  piece  went  through  from  the  first  to  the  last  stand 
in  28  sees.,  the  last  pair  of  rolls  being  15in.  diam.,  and  run- 
ning at  a  speed  of  200  revs,  per  minute.  The  smallest  billet 
section  is  1  Ain.,  and  8in.  is  the  uniform  width  for  bars. 

It  is  the  almost  invariable  practice  to  cut  both  billets  and 
bars  with  an  electrically  operated  flying  shears.  They  are  cut 
into  pieces  of  definite  length,  and  conveyed  away  at  once  by 
the  live  rollers  behind  the  shears.  The  cooling  proceeds  in 
much  the  same  way  as  here.  At  the  American  Sheet  and 
Ti  n  pi  ate  Company's  works,  however,  a  cooling  drum  is 
installed,  measuring  95ft.  long  and  8ft.  6in.  diam.  This 
apparatus  revolves  very  slowly  and  lifts  the  bars  from  the 
roller  table  of  the  shears  and  deposits  them  on  the  hot  bed 
roller  table,  the  bars  cooling  down  all  the  time  that  they  are 
being  slowly  carried  round  on  the  drum. 

Rail  Mills. ~ In  1878  there  were  11  works  at  which  rails 
were  rolled,  the  yearly  output  being  34,000  tons.  In  1880 
the  number  of  works  was  the  same,  but  the  production  had 
increased  to  800,000  tons.  At  the  present  time,  32  years 
later,  there  are  14  rail-rolling  mills,  with  a  yearly  output 
of  about  3,000,000  tons.  As  the  rate  of  production  increased 
the  cost  naturally  diminished,  the  greatest  economy  being 
due  to  labour  saving.  The  cost  of  labour  per  ton  fell  from 
about  $3-20  at  the  end  of  the  'eighties  to  ^1*65  in  recent 
years,  wages  remaining  at  nearly  the  same  fig  are. 

It  is  of  interest  to  study  the  question  of  rails  in  connection 
with  the  increase  in  production.  When  a  single-rail  mill, 
such  as  that  at  the  Edgar  Thomson  works  or  at  Gary,  turns 
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out  from  3,500  to  4,000  tons  in  24  hours,  it  is  a  question 
whether  that  amount  of  care  is  bestowed  on  the  work  which 
is  desirable  in  view  of  the  great  importance  of  obtaining  the 
requisite  high  quality  in  the  finished  rails.  This  supposition 
would  seem  to  some  extent  to  be  confirmed  by  the  fact,  that 
rail  breakages  in  American  railways  are  of  much  more  fre- 
quent occurrence  than  in  Europe,  notwithstanding  that  for  a 
long  time  past  various  Commissions  of  rail  manufacturers  and 
consumers  have  been  investigating  the  causes  of  this  trouble, 
and  have  endeavoured  by  various  means  to  improve  the 
quality.    It  must  be  admitted  that  the  conditions  of  railway 
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service  in  the  United  States  are  far  more  severe  than  with  us, 
aud  that  the  loads  and  speeds  have  been  very  much  increased 
since  the  'eighties.  The  carrying  capacity  of  the  railways 
has  increased  five  times  and  the  speeds  have  been  nearly 
doubled,  while  the  weight  of  rail  has  not  been  increased  in 
proportion.  The  load  of  goods  wagons  has  risen  from  10  to 
50  tons,  and  the  weight  conveyed  by  a  freight  train  lias  gone 
up  from  500  to  600  tons  to  3,000  to  4,000  tons.  The  axle- 
load  of  goods  locomotives  is  now  25  tons,  as  compared  with 
11"5  tons  formerly.  Speeds  of  75  miles  per  hour  have  to  be 
maintained  daily  between  stops  in  order  to  make  an  average 
speed  of  50  miles  per  hour.  From  these  considerations  it 
will  be  seen  that  the  risk  of  breakages  must  have  increased 
considerably,  especially  in  view  of  the  low  temperatures 
sometimes  prevailing  during  the  winter  months. 

Proposals  for  the  improvement  of  the  structure  of  the 
metal  by  lowering  the  temperature  at  which  the  rails  were 
finished,  and  a  specified  permissible  maximum  contraction 
have  not  proved  a  sufficient  remedy  in  increasing  the 
resistance  to  shock  and  jarring.  In  1903  the  Rail  Com- 
mission of  the  American  Society  of  Civil  Engineers  received 
a  pronouncement  from  a  railway  engineer-in-chief  as  follows  ： 
" The  combining  of  the  rail-rolling  mills  has  resulted  in 
a  continuous  deterioration  of  the  rail  material,  and  every 
effort  must  be  made  to  counteract  this  tendency."  Lately 
a  thorough  inspection  has  been  maintained  at  the  rail  mills 
by  the  authorities  of  15  railway  systems,  with  upwards  of 
90,000  miles  of  track,  and  throughout  the  day  and  night 
shifts  the  work  in  the  steelworks,  at  the  roughing  mills,  the 
rail  mills,  and  testing  machines  is  supervised  by  an  engineer 
in  each  department. 

The  question  as  to  whether  the  number  of  rail-breakages 
are  due  to  inferior  quality  resulting  from  the  rapid  produc- 
tion on  a  large  scale,  in  conjunction  with  the  acid  Bessemer 
process  which  has  long  held  the  field,  or  are  to  be  attributed 
to  the  severe  conditions  of  service,  is  a  question  which,  at  all 
events,  is  not  yet  solved.  The  fact  is,  however,  noteworthy 
that  the  production  of  rails  of  special  steel  is  now  continually 
on  the  increase  in  the  United  States,  and  there  has  of  late 
been  a  considerable  decline  in  the  output  of  acid  Bessemer 
rails.  In  191 1  the  production  of  Bessemer  rails  was  only 
1,156,852  tons,  as  compared  with  1,948,586  tons  in  1910,  or 
a  reduction  of  40  per  cent.  On  the  other  hand,  the  produc- 
tion of  open-hearth  rails  in  1909  was  121  per  cent,  greater 
than  in  the  preceding  year  (in  1909，  1,276,056  tons,  and  in 
1908，  576,381  tons).  In  the  same  manner  the  production  of 
special  steel  rails  rose  from  51,313  tons  to  203,831  tons,  or 
about  300  per  cent,  between  1909  and  1910，  and  the  pro- 
duction of  titanium  steel  rails  increased  from  36,250  to 
198,535  tons,  or  by  440  per  cent.  During  1908-1911,  that 
is,  three  years  after  the  first  trials  with  titanium  steel  rails, 
400,000  tons  of  such  rails  altogether  have  been  laid  at 
different  times  ；  the  rails  were  rolled  at  the  Lackawanna 
Steel  Company's  works,  which  make  a  speciality  of  them . 

It  is  noteworthy  that  at  the  Indiana  Steel  Company's 
works  at  Gary,  open-hearth  furnaces  alone  have  been  decided 
upon,  from  which  it  is  clear  that  American  railway  eneineers 
prefer  open-hearth  to  acid  Bessemer  steel  rails.  At  the  same 
time  the  increase  in  the  production  of  open-hearth  rails  is 
also  in  some  respects  due  to  the  increasing  scarcity  of  suitable 
ores  for  smelting  Bessemer  pig. 

Naturally  the  treatment  during  rolling  has  a  particularly 
important  influence  on  the  rail  quality.  The  initial  and  final 
temperatures,  the  cross-section  and  length  of  ingot,  the  pro- 
portion of  initial  and  final  section  to  the  number  of  passes, 
the  roll-draughting  and  the  treatment  of  the  finished  rails,  all 
play  an  important  part.  One  would  suppose  that  in  the 
course  of  years  a  certain  standard  might  have  been  adopted 
which  would  form  a  basis  of  comparison,  and  would  permit 
conclusions  to  be  drawn  as  to  the  quality  of  the  finished  pro- 
duct. The  temperature  would,  of  course,  be  the  first  subject 
of  observation.  In  1901  the  Kennedy-Morrison  process  of 
rolling  was  in  use  at  the  Edgar  'Thomson  works,  wliicli ,  by 
means  of  a  special  hot-bed,  enabled  the  temperature  of  the 
rails  to  be  lowered  before  the  last  pass.  This  would  probably 
have  but  a  slight  effect  in  altering  the  structure  or  increasing 
the  resistance  to  wear,  considering  that  in  the  very  short 
time  allowed  the  cooling  effect  would  not  have  penetrated 
uniformly  to  the  internal  metal  of  the  rail.  Moreover,  tlie 
pressure  in  the  last  pass  cannot  be  permitted  in  sufTirient 


amount  to  influence  the  alteration  of  the  structure  tlirougli- 
out  the  whole  section. 

Iu  the  author's  opinion,  a  better  solution  of  the  question 
is  to  be  found  by  paying  regard  to  the  number  of  passes  and 
draughting,  and  giving  attention  to  the  temperature  and 
pressures  throughout  the  whole  rolling  operation.  The  shape 
itself  and  the  distribution  of  the  material  have  an  important 
bearing  on  the  cooling  conditions.  The  whole  rolling  opera- 
tion, at  least  as  far  as  regards  temperature,  might  be  better 
controlled  if  the  specification  required  that  the  rail,  after 
the  final  pass,  should  have  a  temperature  corresponding  to  a 
definite  longitudinal  contraction,  namely,  for  a  30ft.  rail  of 
lOOlbs.  j)3r  yard  a  contraction  should  be  allowed  of  6.】,iii.， 
and  ^in.  less  for  each  51bs.  reduction  of  weight.  Sucli  rules 
would,  however,  only  have  some  value  if  other  points  in 
connection  with  the  construction  of  the  rolling  mill  itself 
were  taken  into  consideration.  But  the  conditions  of  rail- 
rolling  in  the  various  American  rolling  mills  differ  so  inuch, 
especially  as  regards  the  points  which  influence  the  final 
temperature,  such  as  initial  and  final  section,  number  of 
passes,  and  the  relation  of  these  to  one  another,  that  even  an 
approximate  basis  of  comparison  is  impossible,  and  con- 
sequently any  such  rules  would  be  absolutely  useless. 

In  illustration  of  some  great  divergences  in  rail-rolling 
practice  at  American  rolling  mills,  some  data  have  previously 
been  published  relating  to  the  ratio  of  the  initial  and  final 
section  to  the  number  of  passes,  which  permit  a  comparison 
with  German  rail-rolling  practice.  The  figures  are  taken 
from  reports  of  a  Commission  of  rail  manufacturers  and 
railway  engineers,  but  the  most  important  data  concerning 
temperature  and  rolling  period  were  never  included,  whereas 
a  number  of  other  particulars  concerning  shrinkage  and 
amount  of  discard  seem  to  the  author  to  be  of  little  value. 
To  standardise  the  amount  of  discard  is  beside  the  mark,  not 
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only  on  account  of  the  many  conditions  which  influence 
segregation,  but  because  every  ingot  requires  individual 
treatment  according  to  the  depth  of  the  pipe,  which  in'ust  at 
all  costs  be  cut  out.  If  the  conditions  of  manufacture  permit 
that  the  price  may  be  increased  according  to  the  percentage 
of  discard,  this  may  have  the  effect  of  a  premium  for  the 
steelworks  which  took  no  interest  in  the  improvement  of  its 
ingots  or  in  the  reduction  of  pipe.  In  Grerman  practice  the 
elimination  of  piping  is  practicable,  and  can  be  perfectly 
performed  ；  the  end  surfaces  are  milled,  thus  allowing  any 
defects  to  become  visible.  Such  defects  are  not  revealed  by 
an  ordinary  saw-cut  alone,  as  practised  in  the  United  States. 

It  is  clear,  however,  that  it  cannot  be  immaterial  whether 
a  comparatively  hard  material  is  rolled  down  to  its  final 
shape  in  30  passes  with  a  reduction  of  12  per  cent,  in  section 
at  each  pass,  or  in  15  passes  with  a  23  per  cent,  reduction . 
Tlie  finishing  temperature  is  bound  to  be  enormously 
influenced  by  the  number  of  passes  and  the  reduction  of 
draught,  thus  proving  the  uselessness  of  taking  the  contrac- 
tion as  a  guide  for  the  finishing  temperature  ；  moreover,  tlie 
structure  of  the  steel,  especially  at  the  lower  temperature 
required  in  the  case  of  the  harder  kinds,  suffers  through  the 
too  severe  squeezing  of  the  metal. 

In  the  case  of  nine  rolling  mills,  their  construction  and 
arrangement  are  such  that  the  requirements  for  a  higii 
production  are  fulfilled  by  dividing  up  the  whole  mill  into 
a  series  of  subsidiary  trains,  each  of  which  is  independently 
driven.  This  subdivision  led  to  the  wide  adoption  of  3-higli 
stands,  which  developed  further  into  non-reversing  2-high 
stands  in  which  one  pass  only  is  made.  In  this  connection 
appears  also  the  contrast  with  German  and  English  con- 
ditions, where  the  reversible  2-high  mill  is  still  preferred. 
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and  of  necessity,  because  the  mills  are  not  built  with  the  sole 
object  of  rolling  rails,  but  have  to  deal  with  a  much  wider 
range  of  material,  and  the  capacity  reached  by  subdividing 
the  mills  could  not  be  fully  utilised  under  the  market  con- 
ditions of  Germany  and  England. 

The  disadvantages  experienced  in  a  large  plant  built  for 
making  a  special  class  of  material,  in  not  being  able  to  utilise 
their  full  capacity,  may  be'  realised  from  the  fact  that  the 
Gary  works  in  1911  turned  out  286,492  tons  of  rails,  or  10 
per  cent .  of  the  whole  rail  production  of  the  United  States, 
and  in  the  previous  year  443,000  tons,  or  12  per  cent.,  wore 
manufactured.  But  th&  capacity  of  the  Gary  works  is  about 
1 ,200,000  tons  yearly,  so  that  in  1910  the  output  was 
37  per  cent.,  and  in  1911  only  24  per  cent.,  of  the  total 
capacity.  Assuming  thai  500  shifts  were  worked,  the  pro- 
duction per  shift  for  1910  was  about  880  tons,  and  for  1911 
about  570  tons,  which,  though  large,  is  but  a  small  propor- 
tion of  the  maximum  capacity  of  2,000  tons,  and  might  have 
been  attained  with  much  simpler  appliances  in  an  ordinary 
German  rail  mill. 

The  number  of  stands  varies  according  to  the  whole  lay- 
out of  the  rolling  mills  and  to  the  initial  section  of  the  ingot, 
and  as  the  number  of  passes  made  in  one  stand  is  reduced 
the  length  of  roll  and  diameter  diminish.  A  simple  sub- 
division of  the  mill  into  two  or  three  3-high  stands,  or  two 
3-high  stands  and  a  2-high  behind  one  another,  as  commonly 
practised  in  Germany,  enables  continuous  rolling  to  be  carried 
on  to  a  certain  extent,  and  makes  an  increase  in  output 
possible,  provided  that  by  exact  automatic  working  as  at 
the  rail  mill  No.  1  of  the  Edgar  Thomson  works,  several 
pieces  can  be  rolled  simultaneously. 

Concerning  the  rail  mill  of  the  Indiana  works,  it  is 
scarcely  necessary  to  describe  this  here,  as  it  has  already 
frequently  been  described  el&ewhere.  With  regard  to  the 
draught,  however,  it  may  be  mentioned  that  the  ingot  section 
is  20in.  by  24in.,  and  it  is  rough  rolled  in  nine  passes  to 
about  8in.  by  8in.,  and  finished  off  in  nine  more  passes  with- 
out reheating.  The  average  reduction  of  draught  in  the 
first  nine  roughing  passes  is  21  per  cent"  which  must  be 
regarded  as  very  high  ；  in  German  roughing  mills  15  to  17 
passes  would  be  required  for  this  work.  It  should  be  noted 
that  the  two  first  roughing  stands  only  run  at  6  revs,  per 
minute,  and  the  third  and  f  ourth  stands  at  10  revs,  per 
minute.  The  shape  of  the  grooves  indicates  the  tendency  to 
reach  the  finished  profile  as  soon  as  possible,  and  the  reduc- 
tions of  section  are  very  considerable. 

The  rails  are  cut  to  length  by  several  saws  operated 
together,  by  means  of  which  a  sufficient  degree  of  accuracy  is 
reached  without  the  necessity  of  milling.  By  the  omission 
of  milling  a  great  economy  is  obtained.  The  only  machining 
operations  to  be  performed  after  rolling  and  cutting  to 
length  are  the  straightening  and  drilling  of  ilie  rails.  Presses 
are  mostly  used  for  straightening,  and  the  roll  straightening 
machine  is  rarely  seen,  though  in  common  use  in  Germany. 
The  drilling  machines  are  generally  fitted  with  three  spindles. 
Fig.  4  shows  the  arrangement  of  the  Lackawanna  Steel 
Company's  straightening  plant,  which  requires  no  further 
explanation. 


The  Manchester  Association  of  Engineers. ― The  57th  session 
of  the  Manchester  Association  of  Engineers  was  opened  on 
Saturday  last,  when  the  president,  Mr.  Chas.  Day,  delivered 
his  inaugural  address.  This  was  devoted  to  the  subject  of 
the  training  of  engineers,  and  is  reproduced  on  another  page 
of  this  issue.  The  following  is  a  list  of  the  papers  to  be  read 
during  the  session  ：  October  26th,  "  Reliability  in  High-lift 
Centrifugal  Pumps,"  by  Mr.  W.  E.  W.  Millington  ；  Novem- 
ber 9th,  '(  Air  Compressors,"  by  Mr.  George  Barr ;  November 
23  rd,  "Some  Milling  Experiments,"  by  Mr.  P.  V.  Vernon  ； 
December  14th,  "  Recent  Developments  in  Curtis  Steam 
Turbines/7  by  Mr.  R,  F.  Halliwell  ；  January  11th,  1913， 
" Principles  and  their  Application  in  the  Cutting  and  Gene- 
ration of  Gear  Teeth  by  Modern  Gear-cutting  Machinery," 
by  Mr.  Vincent  Gartside  ；  January  25th,  "  Illumination  of 
Engineering  Works";  February  15th,  li  Continuous  Package 
Conveyers  for  Factories,"  by  Mr.  W.  H.  Atherton  ；  March 
1st,  u  The  Construction  and  Arrangement  of  Buildings  for 
Engineering  Works/'  by  Mr.  H.  N.  Allott  ；  March  15th, 
" Flying  Machines,"  by  Mr.  A.  V.  Roe. 


TOWN  PLANNING  FROM  AN  ENGINEERING  ASPECT. 

A  paper  on  this  subject  was  read  at  a  meeting  of  the  Society 
of  Engineers  by  Mr.  Ernest  R.  Matthews,  Assoc. M.Inst.C.E., 
F.G.S.,  on  October  7th  last.  The  author  divided  his  subject 
under  two  main  headings  :  (a)  Town  planning  in  a  residential 
district,  and  (b)  town  planning  in  a  manufacturing  area.  He 
illustrated  the  former  by  a  brief  description  of  Bridlington'^ 
town  planning  scheme,  and  stated  that  one  of  the  principal 
points  to  be  considered  in  the  preparation  of  a  scheme  was  the 
direction,  width,  and  method  of  construction  of  main  arterial, 
secondary,  and  subsidiary  streets.  He  suggested  that  these 
should  be  75ft.,  50ft. ,  and  28ft.  or  30ft.  in  width  respectively, 
that  they  should  be  constructed  of  tar  macadam  with  grass 
margins,  asphalt©  footways,  and  trees,  and  that  the  buildings 
should  be  set  back  25ft.  in  the  75ft.  and  50ft.  streets,  and 
20ft.  in  the  subsidiary  streets.  He  gave  a  description  of  the 
method  of  construction  that  lie  would  recommend  for  the 
foundation  of  the  streets,  and  for  tlie  tar  macadam  roadway. 
The  author  did  not  agree  with  the  idea  of  making  the  founda- 
tion of  the  roadway  in  a  subsidiary  street  less  substantial  than 
that  in  a  wider  street.  He  deprecated  the  practice  of  putting 
in  heavy  kerbing  and  flagged  footways  in  residential  districts, 
and  thought  that  grass  margins  with  asphalte  footways  not 
only  effected  a  saving  in  cost,  but  presented  a  more  rural  and 
pleasing  appearance.  He  thought  that  the  road  require- 
ments of  our  by-laws  were  unreasonable,  and  resulted  in 
houses  being  built  with  a  narrow  frontage  and  deep  back, 
instead  of  a  wider  frontage  and  shallow  back,  which  he  con- 
sidered far  preferable. 

In  designing  a  town  planning  scheme  it  would  sometimes 
be  found  necessary  to  allow  for  the  widening  of  some  of  the 
existing  roads,  and  also  of  the  diversion  of  certain  public 
footpaths  ；  this  had  been  so  at  Bridlington.  Open  spaces 
should  be  left  for  parks,  tennis  courts,  bowling  green, 
children's  playground,  garden  enclosures,  sites  for  public 
buildings,  &c.  The  sewerage  and  sewage  disposal  of  the  area 
were  matters  of  great  importance,  and  the  engineer  must 
ascertain  if  the  existing  sewers  and  disposal  works  were 
capable  of  taking  the  drainage  from  the  proposed  area,  also 
whether  the  levels  permitted  the  area  to  be  drained  into  the 
existing  sewers,  and  he  must  devise  a  scheme  for  dealing  with 
the  storm  water.  The  lighting  of  the  area  by  means  of  gas  or 
electric  light  was  also  a  matter  of  great  importance,  as  was 
that  of  water  supply. 

Town  planning  in  a  manufacturing  area  was  very  different 
from  that  of  a  residential  area,  and  the  points  which  must  be 
considered  include :  (1)  The  position  of  the  proposed 
industrial  ar&a.  (2)  Its  proximity  to  railway  sidings.  (3) 
The  facilities  for  vehicular  traffic  to  and  from  this  area. 
(4)  The  necessity  for  constructing  any  new  roads  leading  to 
this  area  in  a  substantial  manner,  so  that  they  would  carry 
the  heavy  traffic  likely  to  come  upon  them.  (4a)  The  provi- 
sion of  roads  for  rapid  and  slow  traffic.  (5)  The  area  to  be 
occupied  by  workmen's  dwellings.  (6)  The  supply  of  elec- 
trical energy  for  power  and  lighting  purposes.  (7)  The 
position  for  wharfage  if  water  carriage  is  available.  (8) 
Supply  of  water  and  gas.  (9)  Sewerage  and  sewage  disposal. 
(10)  Disposal  of  storm  water.  (11)  Size  of  area.  (12)  Direc- 
tion of  prevailing  winds.  (13)  Advisability  of  constructing 
subways  under  the  main  arterial  roads.  Several  other  points 
were  of  equally  great  importance  from  the  engineer's  point 
of  view. 


The  New  Battle-ship  "Iron  Duke." ― There  was  launched  on 
Saturday  last  from  Portsmouth  Dockyard  the  new  battle-ship, 
the  "  Iron  Duke,"  The  vessel  is  one  of  the  five  armoured 
vessels  provided  for  in  the  Navy  Estimates  for  1911-12,  and 
is  the  first  of  them  to  be  put  afloat.  She  was  laid  down  on 
January  15th.  No  official  details  of  the  vessel  have  been 
issued  by  the  Admiralty.  The  length  of  the  "  Iron  Duke  ，； 
is  believed  to  be  about  600ft.  overall,  with  89^ft.  beam,  an  J 
her  displacement  25,000  tons.  The  main  armament  will 
consist  of  ten  13*5in.  guns  of  the  improved  type.  The  pro- 
pelling machinery  will  be  of  the  Parsons  steam  turbine  type, 
arranged  for  four  screws.  The  specified  horse-power  is  about 
33,000,  and  a  speed  of  at  least  21  knots  is  expected.  The 
contractors  for  the  machinery  are  Messrs.  Cammell,  Laird, 
and  Co"  Ltd.,  Birkenhead. 
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ROOTS'  INTERNAL-COMBUSTION  ENGINE. 

A  design  of  internal-combustion  engine  having  the  distribu- 
tion valves  of  the  sleeve  or  slide  type,  the  invention  of  Mr. 
James  D.  Roots,  M.I.Mech.E.,  58，  Avonmore  Road,  West 
Kensington,  London,  W.,  is  shown  in  the  illustrations  here- 
with, Fig.  1  being  a  section  of  the  cylinder  at  right  angles 
with  the  crank  shaft  ；  the  lower  part  of  the  engine,  which  is 
of  usual  construction,  is  not  shown.  Fig.  2  is  a  part  sectional 
elevation  of  the  four  cylinders,  and  Fig.  3  a  section  of  the 
cylinder  sleeve  and  pipes  on  the  line  Z ― Z  of  Fig.  1.  The  four 
cylinders  A  are  each  fitted  with  sleeve  valves  B.  Each 
cylinder  cover  or  head  C  is  formed  with  a  water  jacket.  It 
is  also  provided  with  two  ports  H  J  oppositely  disposed  so  that 
the  two  ports  may  be  connected  with  two  ports  K  L  provided 
in  the  cylinder  wall  to  correspond  thereto.  The  two  ports 
K  L  are  on  opposite  sides  of  the  cylinder  in  order  that  they 
may  open  directly  into  two  separate  pipes  D  M  on  each  side  of 
the  engine  respectively.  Two  other  ports  E  N  are  provided 
in  the  cylinder  wall  which   are  respectively  connected  to 


both  the  double  exliaust  and  inlet  ports  are  so  placed  that  in  a 
multi-cylinder  engine  the  respective  exhausts  and  the  respec- 
tive inlets  of  each  cylinder  may  be  connected  up  in  succession 
by  pipes  on  each  side  of  the  engine.  There  is  also  no  necessity 
to  provide  annular  passages  in  the  cylinder  walls. 


THE  DEVELOPMENT  OF  ELECTRIC  CIRCUIT  BREAKERS. 

HY  K.  B.  MEHRIAM. 

The  demands  of  modern  economic  conditions  have  called  for 
the  concentrated  production  of  electrical  energy  in  large 
central  stations.  The  control  of  this  energy  has  presented 
many  new  problems  in  the  design  of  protective  devices,  chief 
among  which  has  been  that  of  the  automatic  interrupter  of 
abnormally  loaded  electrical  circuits.  For  many  years  oil 
circuit-breakers  and  fuses  were  used  with  good  effect  on 
direct-current  systems.  When  used  on  heavy-power  alter- 
nating-current circuits  connected  to  transmission  systems, 
however,  these  devices  set  up  line  disturbances  difficult  to 


Fig.  1. 


Roots'  Internal- combustion  Engine. 


Fig.  2. 


Fig.  3. 


opposite  pipes  O  P.  The  sleeve  B  is  provided  with  two  ports 
F  G.  These  are  shown  in  Fig.  1，  in  their  mid-position,  and 
between  the  cover  and  cylinder  walls,  in  which  positions  they 
have  packing  rings  immediately  above  and  below  them.  At  the 
upper  end  of  the  stroke  of  the  sleeve  B  the  port  F  registers 
with  the  port  H  in  the  cover  or  head  and  with  the  port  K  in 
the  cylinder,  the  port  G  registers  with  the  like  opposite  ports 
J  L.  At  the  lower  or  other  end  of  the  sleeve  stroke  the  port 
F  registers  with  the  port  E  and  the  port  G  with  the  port  N. 
The  ports  H  J  and  K  L  and  the  pipes  D  M  are  for  the  exhaust 
or  outlet  of  the  gases.  The  exhaust  pipes  extend  along  each 
side  of  the  4-cylinder  engine  shown.  Connection  of  the  two 
pipes  may  be  made  at  the  end  of  the  engine  and  one  pipe  then 
conveys  the  gases  to  the  exhaust  box  or  both  pipes  or  channels 
may  be  continued  separately  to  the  exhaust  box.  The  inlet 
ports  E  N  of  each  cylinder  are  similarly  connected  by  the 
separate  pipes  O  P  to  one  carburetter  by  the  lower  branch  R 
which  passes  between  the  two  middle  cylinders  of  the  four  as 
shown.  The  sleeve  B  may  be  reciprocated  in  any  convenient 
manner.  In  providing  two  outlet  or  exhaust  ports,  one  on 
each  side  of  the  cylinder,  and  two  inlet  ports  one  on  each  side, 


suppress.  The  large  flaring  arcs  were  also  objectionable 
through  their  liability  to  involve  adjacent  apparatus,  and 
on  account  of  the  great  amount  of  room  necessary  for  their 
proper  isolation.  Tests  were  made  to  find  a  suitable  circuit- 
interrupting  device  for  use  on  large-capacity  systems.  The 
various  schemes  tried  included  an  air-break  switch  ；  a  gravel 
switch  ；  a  switch  in  which  an  insulating  shutter  was  thrown 
across  the  gap  in  order  to  shut  out  the  arc  ；  a  lightning- 
arrester  switch,  in  which  the  principle  of  the  non-arcing 
multigap  arrester  was  employed  ；  a  tube  switch,  in  which  a 
plunger  in  descending  drew  an  arc  into  a  tube  with  an 
opening  at  the  top,  the  pressure  developed  in  the  tube  blow- 
ing the>  arc  out  through  this  opening  ；  a  switch  in  which  a 
blast  of  air  was  blown  across  the  contacts,  thus  lengthening 
out  and  rupturing  the  arc  ；  and  switches  having  an  upward 
or  downward  break  in  a  suitable  oil.  Of  these  various 
devices,  tlie  most  efficacious  was  found  to  be  that  in  which 
the  circuit  was  opened  in  oil. 

The  investigators,  having  found  that  an  oil-break  circuit 
interrupter  was  the  most  suitable,  next  turned  their  atten- 
tion to  finding  out  the  most  suitable  type  of  oil  circuit- 
breaker.  With  this  end  in  view,  they  experimented  with 
knife  blades  in  oil,  with  drums  similar  to  railway  controllers, 
and  with  rods  having  a  vertical  or  horizontal  movement. 
This  led  to  the  development  of  a  lever  switch  immersed  in 
oil,  which,  for  several  years,  remained  the  most  efficient 
type  of  oil-break  switch.  As  capacities  increased,  however, 
the  limits  of  this  switch  were  soon  reached  ；  and,  as  a  result 
of  the  previous  tests,  there  was  developed  a  switch  having  a 
double  downward  break  in  oil.  The  stationary  contacts  of 
this  switch  were  spring  fingers,  and  the  moving  element  was 
a  bridging  contact  which  connected  the  stationary  ones 
wh^n  the  switch  was  closed.  This  device  had  advantages  in 
that  the  contacts  cleaned  themselves  each  time  the  switch 
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was  operated  ；  tliat  there  were  a  minimum  n umber  of  points 
to  be  insulated  from  ground  ；  and  that  the  stationary  con- 
tacts, when  the  switch  was  open,  were  always  insulated  from 
eacli  other  by  a  clean  layer  of  oil,  since  as  they  were  located 
near  the  top  of  the  oil-vessel,  most  of  tlie  moisture  and  dirt 
in  the  oil  gravitated  to  the  bottom.  The  main  advantage 
of  this  switch,  however,  was  that  it  was  possible  to  remove 
the  oil-vessel  for  inspection  of  the  contacts  and  renewal  of  oil 
without  disturbing  any  other  portion  of  the'  switch,  part  icu- 
larly  the  connections.  This  switch  as  initially  developed  was 
in  service  on  circuits  up  to  6,600  volts,  and  is  still  effective. 
The  time  soon  came  when  transmission  voltages  began  to 
pass  this  point,  and  rendered  necessary  the  development  of 
switches  for  use  at  higher  voltages  on  larger  systems. 

A  radical  departure  was  early  made  in  the  design  of  the 
oil  circuit-breaker.  For  controlling  the  larger-capacity  cir- 
cuits which  were  first  encountered,  investigations  were  】Tia(le 
on  a  double  upward-vertical-break  switch,  in  wliich  each 
break  was  made  in  a  separate  compartment.  The  first  com- 
mercial device  consisted  of  cylindrical  oil- vessels,  rather 
sliort  for  their  diameter,  in  wliicli  the  rods  moved  vertically 
upward,  and  in  which  the  oil-chamber  was  practically  sealed 
from  the  outside  air.  Owing  to  the  air-tight  nature  of  the 
oil-vessel,  operating  difficulties  were  experienced  ；  and  the 
next  step  was  to  open  the  oil  chamber  to  air,  placing  suitable 
oil  diverters  in  the  top  of  the  oil-vessel  so  as  to  deflect  any 
oil  which  might  be  thrown  out  due  to  the  opening  of  the 
switch  and  the  formation  of  an  arc.  With  increased  gene- 
rating capacities  it  was  found  that  this  switch  at  times 
ejected  a  quantity  of  oil,  and  it  was  next  necessary  to  pro- 
vide a  suitable  air  space  in  the  top  of  the  oil-vessels  to  act 
as  a  buffer.  Besides  this,  an  increased  vent  space  was  found 
necessary,  so  that  the  air  on  top  of  the  oil  could  be  readily- 
renewed,  thus  preventing  the  formation  of  explosive  mixtures. 

The  maintained  increase  in  generating  capacities  soon 
overtook  the  developments  in  oil  circuit-breakers,  and  neces- 
sitated an  additional  investigation  to  increase  the  capacity 
of  the  device.  As  a  result  tliere  was  developed  a  baffle-plate 
for  the  vertical  upward-break  type  of  circuit-breaker.  The 
function  of  this  device  was  to  keep  the  oil  in  the  neighbour- 
hood of  the  stationary  contacts,  for  whenever  an  electrical 
circuit  carrying  considerable  energy  is  opened  in  oil,  gases 
are  generated.  These  expand  and  rise,  and  tend  to  force 
the  oil  out  of  the  containing  vessel.  They  also  form  with  air 
explosive  mixtures,  and  either  explode,  or  burn  for  a  con- 
siderable length  of  time  when  ignited.  It  is  seen,  therefore, 
that  oil  circuit-breakers  must  be  provided  with  strong  oil- 
containing  vessels  in  order  that  they  may  withstand  the  hi^h 
initial  stresses  which  are  often  present  under  certain 
conditions,  and  also  that  suitable  provision  be  made  for 
retaining  the  oil. 

This  type  of  switch  remained  standard  for  large-capacity 
systems  for  a  number  of  years.  The  advent  of  the  steam 
turbine-generator,  with  its  greatly  diminished  internal 
reactance  and  correspondingly  increased  short-circuit  current, 
increased  the  short-circuit  current  of  systems  beyond  the 
capacity  of  this  circuit-breaker.  To  meet  the  new  condition 
further  investigations  were  made,  and  suitable  oil-diverting 
devices  were  introduced  into  the  oil  vessels.  This  practically 
doubled  the  capacity  of  the  oil  circuit-breaker,  and,  together 
with  structural  changes  in  the  design  of  the  oil-vessel,  made 
tlie  highly  developed  large-capacity  oil  circuit-breaker  of 
to-day  for  use  on  moderate-voltage  systems. 

The  present  indications  are  that  the  oil  circuit-breaker 
will  not  be  developed  very  much  further  along  the  lines  at 
present  being  followed  ；  but  that,  for  the  control  of  very 
much  greater  capacities  than  at  present  found,  some  new 
lines  of  improvement  will  be  necessary.  At  present  it  is 
proposed  to  take  care  of  these  greater  capacities  by  sub- 
dividing the  generating  units  into  groups  of  less  than 
50,000  kw.  It  is  not  passible  to  apply  it  to  all  systems  owing 
to  the  diversity  of  the  loads  wliich  they  carry,  together  with 
their  method  of  distributing  power.  Another  proposal  is 
the  introduction  of  current-limiting  reactances,  not  only  into 
the  generator  circuits,  but  also  into  the  feeder  circuits. 

In  the  above  outline,  mention  was  made  of  the'  increase 
in  the  capacities  of  systems,  reference  being  made  principally 
to  those  of  moderate  voltage.  At  the  same  time  the  pressure 
of  transmission  lines  lias  been  gradually  increased,  until  a 
point  was  some  time  ago  readied  beyond  which  tlie  developed 


circuit-breakers  were  unsuited  for  the  control  of  circuits  of 
lusher  voltage.  To  meet  the  need  for  a  circuit-breaker  for 
use  on  high-voltage  systems,  a  research  was  made  for  develop- 
ing proper  methods  of  insulating  the  terminals  of  oil  circuit- 
breakers.  Early  investigations  in  connection  with  a 
40,000-volt  installation  disclosed  the  fact  that,  for  this  pres- 
sure, wet-process  porcelain  made  a  suitable  bushing  -}  although 
it  was  found  that  simply  increasing  the  dimensions  of  a 
porcelain  bushing  would  not  take  care  of  the  higher  voltages 
soon  to  be  encountered.  The  problem  involved  in  designing 
a  bushing  is  different  from,  and  more  difficult  than,  that  of 
designing  an  insulator.  It  has  been  found  that,  owing  to 
the  electrical  constants  of  these  materials,  no  great  benefit 
is  derived  from  increasing  the  thickness  of  insulation,  due 
])rincipally  to  tlie  uneven  distribution  of  the  electric  poten- 
tial. The  result  lias  been  the  development  of  two  radically 
different .  types  of  bushings  for  insulating  the  leads  of  oil 
circuit-breakers.  One  of  these  is  the  so-called  condenser  lead , 
originating  in  Germany,  and  the  other  the  filled  lead,  a 
product  of  tlie-  United  States.  These  two  bushings  represent 
the  results  of  a  great  deal  of  research  in  attempting  to  over- 
come the  obstacles  imposed  by  tlie  very  high  voltages  now 
used  on  long-distance  transmission  lines. 

Otlier  features  of  high-voltage  circuit-breakers  are  their 
huge  size  and  the  great  amount  of  oil  necessitated  by  tiie> 
requirements  of  insulation.  It  should  be  noted  that  oil 
circuit-breakers  for  use  on  circuits  of  moderate  voltage  liave 
t  heir  overall  dimensions  usually  fixed  by  the  energy  of  tlie 
circuit  wliich  they  control.  Those  for  high  voltage,  how- 
ever, have  their  size  fixed  principally  by  the  insulation  value 
of  the  mediums  used  in  the  construction  of  the  device  and 
the  factor  of  safety  required.  At  present  it  has  been  found 
advisable  to  use  principally  air  and  some  insulating  liquid 
such  as  petroleum  oil  for  the  insulation  between  ground  and 
bare  contacts  of  the  circuit-breaker.  It  is  thus  seen  that 
modern  oil  circuit-breakers  are  the  result  of  extensive 
research,  undertaken  in  order  to  meet  the  demand  for 
apparatus  which  will  efficiently  and  safely  control  the  output 
of  large  electric  stations. ― "  General  Electric  Review." 


COAL  DUST  IN  MINES. 

A  memorandum  has  been  issued  from  the  Home  Office  calling 
attention  to  the  first  import  of  the  Explosions  in  Mines  Com- 
mittee, recently  issued,  with  special  reference  to  the  use  of 
inert  dust  in  coal  mines  to  prevent  the  ignition  of  coal  dust. 
The  Committee  point  out  that  their  conclusions  in  respect  of 
the  action  and  use  of  inert  dust  in  coal  mines  as  a  means  of 
preventing  or  limiting  colliery  explosions  are  by  no  means 
final,  and  that  it  may  be  some  time  before  tlie  Committee  are 
able  from  their  own  experiments  to  recommend  compulsory 
precautions  ；  but  the  Committee  are  of  opinion  that  the 
principle  that  the  use  of  inert  dust  in  sufficient  quantity  pro- 
tects against  coal  dust  explosions  is  so  far  established  as  to 
justify  them  strongly  urging  its  application  on  the  owners  of 
dusty  mines.  The  steps  that  have  been  taken  not  only  at 
Altofts,  in  Yorkshire,  but  also  at  the  Char  law,  Sacriston,  and 
Kimblesworth  Collieries  in  Durham,  at  the  New  Moss  Colliery, 
near  Manchester,  and  elsewhere,  to  put  this  theory  into  actual 
practice,  should  be  noticed.  At  the  present  time  inert  dust  is 
not  put  on  in  zones,  but  is  scattered  by  hand  over  the  whole 
surface  of  such  haulage  roads  as  require  it.  This  application 
of  inert  dust  needs  no  considerable  expenditure  of  capital,  nor 
laying  down  of  plant,  and  is  not  a  costly  operation,  and  the 
Committee  are  of  opinion  that  even  in  the  present  incomplete 
state  of  our  knowledge  as  to  the  exact  action  of  inert  dust, 
those  who  are  working  and  carrying  coal  along  dry  and  dusty 
roads  would  be  well  advised  to  take  into  consideration  this 
means  of  obviating  danger.  The  proposal  to  prevent  the 
ignition  of  coal  dust  by  admixture  with  an  inert  dust  may  not 
be  applicable  to  all  mines,  but  the  results  of  the  experiments, 
so  far  as  they  have  gone,  are  sufficiently  striking  to  merit 
serious  attention.  The  Committee'  further  report  that  stone 
dust,  if  made  from  shale  or  other  argillaceous  substances,  has 
no  injurious  effect  on  tlie  health  of  persons  and  animals 
employed  in  the  mine.  This  is  demonstrated  by  the  experi- 
ments carried  out  by  Dr.  Beattie.  On  the  other  hand,  dust 
containing  finely  powdered  silica  in  its  crystalline  condition  is 
apt  to  produce  fibrosis  of  the  lungs,  and  should  not  be 
employed. 
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INTERNATIONAL  ENGINEERING  AND  MACHINERY  EXHIBITION,  OLYMPIA.— II. 


Mr.  Henry  Milnes,  of  Ingleby  Works,  Bradford,  a  machine 
tool  maker  well  known  to  our  readers,  has  ou  Stand  No.  17  an 
exceedingly  interesting  exhibit  of  his  manufactures  in  the 
shape  of  lathes,  planing  machines,  milling  machines,  and 
accessories.  Four  lathes  are  shown,  viz.  :  A  Gin.  centre  by 
6ft.  bed,  high-speed,  self-acting,  sliding,  surfacing,  and  screw- 
cutting  machine,  with  hollow  spindle  of  large  diameter  bore, 


Fig.  1.— 4i】u.  Centre  Lathe  with  Ovf;bhead  Gear,  shown  by 
Mk.  Henry  Milnes,  Bradford. 

and  back  traverse  shaft  ；  a  3^ in.  centre  by  2ft.  6in.  bed,  self- 
acting,  sliding,  and  screw-cutting  lathe,  with  treadle  motion 
and  stand,  boring  table,  hollow  mandril,  &c.  ；  a  Gin.  centre 
by  6ft.  bed,  self-acting,  sliding  and  screw-cutting  lathe,  of  light 
build,  with  hollow  mandril  ；  and  a  4 Jin.  centre  by  4ft.  6in. 
bed,  self-acting,  sliding,  surfacing,  and  screw-cutting  lathe, 
with  overhead  apparatus  for  ornamental  turning,  boring 
table,  and  dividing  arrangement.  This  latter  lathe  we  have 
pleasure  in  illustrating  in  Fig.  1，  and  the  3^in.  centre  latlie  in 
Fig.  2，  these  illustrations  being  almost  self-explanatory.  The 
following  points,  however,  are  worthy  of  notice.  In  the  case 
of  the  4^in.  lathe  the  hardened  and  ground  hollow  steel 
mandril  of  the  double-geared  headstock  runs  in  parallel  bear- 
ings of  phosphor-bronze  having  concentric  adjustment  for 
wear,  wliich,  it  is  claimed,  combines  all  the  advantages  of  both 
conical  and  split  bearings.  A  push  pin  in  the  front  gear 
wheel  allows  of  the  cone  being  instantly  locked  or  unlocked 
without  using  a  wrench,  and  the  wheels  are  put  in  or  out  of 
gear  by  a  friction  fastening  eccentric  shaft.  The  reversing 
motion  has  steel  machine-cut  cluster  wheels  and  may  be  put 
out  of  gear  or  set  for  cutting  right  or  left-liand  screws,  or  feed, 
instantly,  whilst  tlie  lathe  is  running,  and  without  the  use  of 
a  spanner.  A  division  plate  with  four  circles  of  holes,  marked 
and  figured  so  that  it  can  be  read  at  sight,  is  fitted,  thus 
obviating  the  necessity  of  counting  when  used  for  the  purpose 
of  dividing,  and  there  are  also  provided  an  adjustable  micro- 
meter spring  stop,  worm  and  segment  wheel  with  tangent 
screw,  and  nine  micrometer  heads,  plain  drill  chuck,  fork 
chuck,  flange  chuck,  cup  chuck,  face  plate  for  wood,  angle 
plate  or  chuck,  bell  chuck  with  eight  screws,  self-centring 
drill  chuck,  dog  chuck  with  four  independent  jaws,  geared 


scroll  chuck,  tlire©  jaw,  with  two  sets  of  jaws,  face  plate, 
driver  chuck,  and  a  pair  of  cone  centres.  The  tail  stock  is 
clamped  to  the  bed  quickly  and  firmly  by  an  eccentric  lever 
sliaft ;  it  being  cut  away  on  the  front  side  to  give  clearance 
to  the  top  rest  crank  handle  in  short  work  ；  the  lead  screw 
has  10  threads  per  incli  so  that  a  complete  turn  of  the  hand 
wheel  advances  the  mandril  ^th  of  an  inch,  and  a  disc 
fitted  on  the  hand  wheel  divided  into  10  allows  in  drilling  of 
the  y^^th  of  an  inch  being  measured.  Automatic  feeds  for 
sliding,  also  surfacing,  are  given  by  a  back  traverse  shaft 
driven  by  chain  gear  from  the  fast  head  reverse  stud,  as 
shown,  or  by  change  wheels  at,  the  will  of  the  operator,  but 
instead  of  back  traverse  shaft  the  latlie  may  be  had,  we  under- 
stand, with  splined  leading  screw  driving  a  worm  wheel  put  in 
action  by  a  knurled  knob  on  the  front  of  the  apron. 

The  3^in.  lathe  takes  16in.  between  the  centres,  swings 
5^in.  over  saddle,  and  has  2|in.  between  top  of  boring  table 
and  line  of  centres.  It  admits  work  12in.  diam.  in  the  gap 
and  the  hollow  mandril  is  |in.  diam.  bore  through .  The 
double-geared  headstock  has  parallel  bearings  and  the  back 
gear  wheels  are  put  in  and  out  of  gear  by  an  eccentric  shaft. 
The  carriage,  as  will  be  seen,  is  fitted  with  compound  slide 
rest,  the  lower  slide  of  which  is  fitted  as  a  boring  table  on 
which  the  swivel  slide  is'  placed.  The  latter  it  fitted  to  a 
graduated  ring  and  may  be  set  to  any  angle  for  taper  work, 
also  it  can  be  taken  off  the  boring  table  instantly,  by  just 
loosening  one  nut,  when  boring  table  is  required  for  a  boring 

Several  sizes  of  planing  machines  were  shown,  but  the  one 
illustrated  in  Fig.  3  may  be  taken  as  fairly  representative  of 


Mi  ^  k 


Fig.  2.— 3Jin.  Lathe  shown  by  》【r.  Henry  Milnes,  Bradford. 

the  class  of  tool  turned  out  by  Mr.  Milnes.  They  are  all 
fitted  up  in  a  workmanlike  manner,  all  sizes  having  self-acting 
feed  in  the  horizontal  cut,  and  the  tables  have  true  T  slots 
cut  by  machine  out  of  the  solid.  All  slides  are  adjustable  for 
wear,  the  main  screws  have  square  threads,  and  the  teeth  of 
the  rack  and  all  driving  gear  wheels  are  cut  by  machine  out 
of  solid.  As  illustrated,  the  machines  are  for  hand  power 
only,  to  plane  2ft.  long,  12in.  broad,  and  lOin.  deep,  but 
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power  machines  are  made,  the  tables  then  being  fitted  with 
quick  return  motion. 

Fig.  4  shows  the  milling  machine  for  treadle  or  power  to 
be  seen  on  Mr.  Milnes*  stand.  As  will  be  noticed,  there  are 
four  large  and  one  small  speeds  on  the  driving  wheel  and  thus 


The  milling  heads  have  hollow  mandril  and  are  fitted  wit  h 
steel  machine-cut  worm  wheel  and  tangent  screw,  division  plate 
with  spring  stop,  an  arrangement  for  elevating  one  end  for 
taper  work,  as  well  as  supplementary  swivelling  table  for 
angular  work. 


、 ^ 


Fig.  3.— Planing  Machine  shown  by  Mr.  Henry  Milnes,  Bradfobd. 

with  back  gear  10  different  speeds  may  be  got.  The  hollow 
steel  spindle  has  adjustable  reversed  cone  bearings  hardened 
and  ground  true  running  in  hardened  steel  collars,  and  a  ball 
race  thrust.  A  draw-in  spindle  is  fitted,  and  one  arbor 
included  for  carrying  circular  cutters.  The  nose  of  the 
spindle  is  screwed  to  take  chucks,  and  a  cover  is  supplied  to 
protect  same  when  not  in  use.  A  push  pin  in  front  gear 
wheel  allows  cone  to  be  instantly  locked  or  unlocked  without 
using  a  wrench. 

The  table  is  15in.  long  by  7in.  wide,  and  is  provided  with 
a  well  all  round  for  collecting  and  conveying  away  the  cutter 
lubricant.  It  traverses  12in.  longitudinally,  6^in.  trans- 
versely, and  13in.  vertically,  the  longitudinal  cut  being  self- 
acting.    This  can  be  thrown  off  definitely  when  travelling  in 


Fig,  5  — Inkpkctor*s  Pyhomktkr  Outfit.    Fostku  Instrument  Co., 
Lktch  worth. 

either  direction  by  a  specially  arranged  means.  The  vertical 
and  transverse  slides  are  fitted  with  adjustable  micrometers. 


Fig.  4.— Milling  Machine  shown  by  Mr.  Henry  Milnes,  Bradford. 

Accessories  are  shown  in  great  variety,  but  owing  to  the 
limited  space  at  our  disposal  we  can  only  find  room  to  men- 
tion a  few  of  these.  They  include  all  kinds  of  chucks,  centres, 
drilling  pads,  angle  plates,  boring  collars,  mandrils,  dogs, 
clamping  plates,  milling  slides,  geared  wheel  cutters,  drilling 
spindles,  tools,  &c.，  in  fact  almost  everything  required  for 
performing  any  operation  in  the  lathe,  planer,  or  milling 
machine. 

Messrs.  The  Foster  Instrument  Company,  of  Letchworth,  have 
an  exhibit  in  the  gallery  of  undoubted  interest  to  engineers,  in 
the  shape  of  their  well-known 
temperature  indicating  and 
recording  instruments.  The 
different  pyrometers  shown  have 
been  designed  to  withstand  the 
inevitable  rough  usage  met  with 
in  industrial  practice.  We  are 
informed  that  the  makers  do  not 
employ  platinum  wires,  or  tubes 
of  porcelain,  or  quartz  in  the 
construction  of  their  pyrometers, 
but  that  in  place  of  these  deli- 
cate and  expensive  materials 
others  equally  refractory  but 
much  cheaper  are  substituted. 

The  Foster  fixed-focus 
radiation  pyrometer  is  shown 
in  several  patterns.  The 
simple  portable  outfit  has  been 

described  in  these  pages  pre- Fl(i-  (；  一  fostk"  j(i"'(mi 請； pyr"、'ktk". 

.       ，         A  .   t  r  9        u     .  Fostku  Instrument  Co.,  IjETchworth. 

viously.    A  recent  development 

is  tlie  "  Inspector's  Outfit,"  shown  in  Fig.  5,  in  whicli  a 
radiation  receiving  tube  is  combined  witli  a  thermo-cou])le 
stem,  both  read  on  one  indicator.  A  collapsible  tripod  is 
added  and  the  whole  outfit  is  carried  in  a  workmanlike  leather 
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case.  With  an  outfit  of  this  type  temperatures  may  be 
measured  from  200。  to  1,400°  C.  or  300°  to  1,800°  C,，  and  a 
convenient  method  is  thus  available  of  controlling  a  wide 
range  of  heating  processes. 

Another  variety  of  the  fixed-focus  instrument  is  made  for 
work  on  small  hot  bodies,  and  may  be  fitted  with  an  auxiliary 


Fig.  7.— Part  of  Recorder  Chart.  Foster  Instrument  Co.,  Letchwobth 

refractory  tube  for  immersion  in  molten  metals.  The  cross 
ventilation  device  fitted  to  this  latter  type  is  interesting  in  its 
action  in  protecting  the  sensitive  part  of  the  instrument  from 
damage  due  to  fumes. 

The  Foster  Recorder  is  commendable  for  its  simplicity  and 
the  absence  of  delicate  parts.    The  moving  coil  controlling  tlie 


Fig.  8-— Foster  Recalescent  Outfit.     Foster  Instbument  Co..  Letchworth. 

pen  is  carried  on  double  pivots.  We  are  told  that  the  charts 
are  waterproof  and  do  not  fade  nor  smudge,  and  their  marking 
is  plain  and  easy  to  follow.  Fig.  6  shows  the  recorder,  while 
Fig.  7  is  a  reproduction  of  part  of  a  chart.  The  same  instru- 
ment, with  suitable  calibratioiij  is  used  with  the  fixed-focus 
radiation  pyrometer.  A  recent  contract  executed  by  this 
firm  for  the  Indian  Government  Gun  Factory 
includes  eight  of  the  latter  combinations. 

The  Recalescent  Outfit  is  a  simple 
piece  of  apparatus  by  means  of  which  the 
critical  or  recalescent  point  of  any  sample  of 
steel  may  be  quickly  determined.  It  com- 
prises a  small  thermo-couple  made  of  the 
Hoskins  nickel-chromium  alloys  (for  which 
the  Foster  Instrument  Company  are  sole 
British  licensees)  connected  to  a  portable 
indicator.  Suitable  arrangements  are  made 
for  measuring  and  compensating  for  the 
" cold-junction  "  temperature.  Upon  the 
bare  junction  of  the  Hoskins  thermo-couple 
a  small  sample  of  steel  is  mounted,  and  no 
danger  from  contamination  need  be  feared 
with  these  thermo-couples.  The  steel 
sample  is  then  heated  by  a  bunsen  flame  to 
about  850°  C.  and  then  allowed  to  cool.  The 
pointer  of  the  indicator  shows  an  unmis- 
takable halt  of  some  seconds'  duration  at  the 
critical  point.  The  outfit  is  illustrated  in 
Fig.  8. 

The  Foster  Strainmeter  is  also  shown  in 
operation .  This  little  apparatus  measures 
directly  the  strains  in  any  loaded  structure 
to  which  it  is  attached,  and  those  interested 
will  find  a  full  description  of  same  in  "  The 
Mechanical  Engineer  ，'  of  December  29bh,  1911. 


Messrs.  The  L  S.  Starrett  Company,  of  30  and  37，  Upj"  r 
Thames  Street,  London,  exhibit  a  very  complete  set  of  tlieir 
well-known  engineers'  tools,  and  make  a  special  display  of 
micrometers.  Amongst  these  will  be  found  one  wliicli  can 
be  instantly  opened  or  closed  to  any  point  within  its  capacity, 
and  this  without  impairing  its  accuracy  or  sensitiveness  in 
the  slightest  degree.  As  is  well  known, 
it  requires  40  complete  revolutions  of 
the  screw  of  the  ordinary  1  in.  micro- 
meter to  open  or  close  it  its  full  length, 
whereas  in  the  one  under  notice  it  is 
done  instantly,  thus  saving  not  only  time, 
but  the  life  of  the  tool,  as  it  avoids 
the  continual  wear  of  turning  the 
screw.  To  operate  the  micrometer 
it  is  only  necessary  to  press  the 
finger  against  the  end  of  the  plunger  ； 
this  immediately  releases  the  nut,  disengaging  it  from  the 
screw,  when  any  adjustment  within  the  lin.  may  be  instantly 
made.  Releasing  the  pressure,  the  nut  instantly  engages 
the  screw,  when  fine  adjustment  may  be  made  in  the  usual 
way.  This  micrometer  has  the  firm's  patented  sleeve  and 
new  lock  nut,  as  supplied  on  the  other  micrometers,  and  is 
also  supplied  with  a  ratchet  stop.  It  is  made  to  read  in 
thousandths,  and  is  also  made  with  a  Vernier  to  read  in  ten- 
thousandths,  as  well  as  in  the  metric  system  to  read  to  a 
hundredth  of  a  millimetre. 

A  "  hub  "  micrometer  is  also  shown.  This  is  especially 
useful  in  the  manufacture  of  cutters  and  sucli  articles  where 
exact  hub  lengths  are  required.  A  specially  narrow  frame 
is  used  which  will  easily  pass  through  a  ^in.  hole,  and  thus 
it  enables  the  user  to  take  measurements  that  are  impossible 
with  the  ordinary  micrometer  owing  to  the  depth  of  the 
frame.  This  micrometer  also  is  made  to  read  in  thousandths 
of  an  inch  or  hundredths  of  a  millimetre. 

Calipers,  dividers,  steel  rules,  steel  tapes,  squares,  Vernier 
calipers,  screw  pitch  gauges,  protractors,  thickness  gauges, 
surface  gauges,  levels,  drill  and  wire  gauges,  <fec.，  are  also  to 
be  seen  in  great  variety,  as  well  as  Starrett  hack-saw  blades, 
both  in  the  all-hard  and  in  the  flexible-back  pattern,  in  sizes 
from  6in.  to  24in. 

Messrs.  Joseph  Hollis  &  Co"  of  1，  St.  PauFs  Road,  Leicester, 
show  a  new  type  of  wood  trimmer  or  universal  mitre  machine 
for  use  in  all  woodworking  trades,  and  we  have  pleasure  in 
illustrating  this  in  Fig.  9.  This  illustration  shows  how 
cornice  moulds  are  held  in  position  to  cut  the  angle  while  the 
mould  edge  is  resting  on  the  flat  table.  By  this  means  all 
work  sets  itself  out  at  all  angles  correctly.  This  view  also 
shows  a  Government  'stamped  rule  which  is  fitted  to  measure 


Fig.  9 —The  Masterpiece  Wood  Trimmer.   Messrs.  Joseph  Hollis  &  Co.,  Leicester. 


490 


THE   MECHANICAL   ENGINEER.  [October  18,  1912 


off  work  from  lin.  to  36in.，  or  longer  if  desired.  The 
machine  cuts  21in.  wide  and  6in.  high,  and  automatically 
measures  by  the  rule  all  dead-length  work.  It  also  auto- 
matically fits  all  cornice  moulds  or  fillets  at  one  cut  to 
exactly  fit  all  angles  or  splays,  has  a  canting  table  wliicli 


Fig.  10.— 32iN.  Lathe.   Messrs.  Duummond  Bros.  ，  Ltd. 

rests  on  the  marked  degrees  on  fences  at  45°,  60°,  and  67A° 
to  cut  2 lin.,  and  is  the  only  wood  trimmer  on  the  market 
that  is  designed  to  allow  knives  to  be  raised  or  lowered,  so  as 
to  wear  the  knives  all  along. 

Other  features  claimed  are  that  it  is  the  only  machine  on 
the  market  which  is  fitted  with  four  fences,  two  external 
and  two  internal,  so  that  both  angles  can  be  cut  without 
moving  either  ；  and  that  no  other  trimmer  is  provided  with 
three  mitre  positions,  at  44^°,  45。，  and  45^°,  with  stop  pins 
so  as  to  use  either  to  make  up  for  the  difference  when  cutting 
hard  woods  and  soft  woods,  or  for  doing  work  when  the 
knives  are  dull,  because  at  such  times  dull  knives  push  off 


Fig.  11.— End  View  or  Hed  of  3iiN.  Lathe.    Messrs.  Dbummond  Bros.,  Ltd. 

the  work  more  or  less.  Nor  does  any  knife  cut  the  same 
"litre  with  hard  wood  as  with  soft  wood. 

Another  entirely  new  feature  is  the  provision  made  for 
cutting  belection  moulds  for  panels,  which  are  deeper  than 
the  rebate  or  moulds.  This  fitting  adjusts  the  moulding  to 
hold  it  up  to  match  t  he  panel,  and  also  fills  in  the  rebate 
width  as  well. 

An  ingeniously-designed  fire  escape  was  also  shown  by 


this  firm  to  enable  people  trapped  in  burning  buildings  to 
get  out  very  rapidly  without  any  outside  aid.  This  was 
shown  in  operation,  and  seems  an  effective  device. 

Messrs.  Hunt  &  Mitton,  of  Cozells  Street,  North  Birming- 
liain,  which  firm  have  amalgamated  with  Smith's  Injector 
Company  (late  of  Nottingham)  and  Fletcher  Bros,  (late  of 
Ashton-under-Lyne),  have  an  exhibit  of  their  well-known 
steam  and  water  fittings,  wheel  valves,  cocks,  water  gauges, 
pressure  gauges,  &c"  'which  are  too  numerous  to  describe 
specifically.  Boiler  mountings,  parallel  slide  valves,  high 
steam  and  low  water  valves,  lubricators,  from  the  ordinary 
sight  feed  oil  siphons  to  those  of  the  force-feed  type,  are  also 
shown  in  great  variety,  as  well  as  fire-extinguishing 
appliances,  such  as  landing  valves,  hydrants,  branch  pipes, 
and  complete  indoor  and  outdoor  equipment.  This  firm  is 
universally  known  as  manufacturers  of  the  above-mentioned 
goods,  and  their  stand  at  the  Exhibition  is  fully  representa- 
tive and  makes  a  neat  and  effective  display. 

Messrs.  Drummond  Bros"  Ltd.,  Hyde's  Hill,  near  Guildford, 
Surrey,  the  well-known  machine  tool  manufacturers,  exliibit, 
amongst  other  tools,  several  new  designs  of  lathe,  three  of 
which  we  have  pleasure  in  describing  and  illustrating  here- 
with. A  "  Drummond  Barreto  "  turning,  boring,  drilling, 
milling,  screw-cutting,  and  gear-cutting  machine  having  self- 
contained  electric  d rive  is  also  shown,  but  as  we  have  already 
fully  described  this  machine  (as  adapted  for  belt  drive),  we 


Fig.  12.— Ring  Turret  Lathe.   Messrs.  Drummond  Bros.,  Ltd. 


will  confine  our  remarks  to  mentioning  that  it  may  be  used 
for  turning  any  diameter  from  the  smallest,  say  Jin.  up  to 
36in.，  being  correctly  speeded  for  this  great  range  of  work, 
ranging  from  270  revs,  per  minute  to  5  revs,  per  minute. 
As  a  lath©  its  centre  height  can  be  varied  from  7 in.  to  18in.， 
and  is  as  easy,  quick,  and  convenient  to  handle  as  any 
ordinary  screw-cutting  lathe,  although  by  removal  of  two  nuts 
and  slide  rest  it  is  instantly  converted  to  a  first-class  boring 
and  drilling  machine  with  all  conveniences  usual  on  such  tools. 
The  placing  in  of  the  necessary  upper  bar  and  centre  converts 
the  tool  to  a  milling  machine  of  practically  the  usual  form, 
whilst  a  powerful  dividing  head  and  supporting  centre  renders 
it,  as  a  milling  machine,  "  universal/'  capable  of  cutting  spur, 
bevel,  mitre,  and  worm  gears  from  the  smallest  size  up  to 
40in.  diam. 

Fig.  10  shows  the  entirely  new  design  of  3^in.,  back 
geared,  self-acting,  sliding,  boring,  and  screw-cutting  lathe 
exhibited  by  the  firm.  As  will  be  seen,  the  bed  is  now  a  com- 
plete box  section  casting,  a  form  not  subjected  to  any  distort- 
ing or  squeezing  strains.  The  saddle  ways  also  are  double, 
the  linear  guidance  of  the  saddle  being  entirely  taken  on  the 
front  way  formed  with  a  flat  vertical  guide,  a  flat  surface,  and 
a  vee  front  giving  a  long  narrow  guide  and  thus  greatly 
increasing  the  accuracy  of  sliding  when  working.  Fig.  11， 
which  is  a  photograph  taken  from  the  end  of  the  bed,  will 
make  this  construction  clear.  It  will  be  noticed  also  that  the 
square  and  V  front  shear,  which  makes  the  long  narrow  guide 
mentioned  above,  is  immediately  over  the  lead  screw  which  is 
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practically  central  with  it.  The  square  second  shear  at  the 
back  of  the  lathe  bed  takes  tipping  strains  only,  the  saddle 
bearing  on  the  top  and  bottom  only  to  which  it  is  gibbed, 
remaining  always  clear  of  the  edge,  however.  The  bed  is  of  a 
form,  as  will  be  noticed,  that  is  completely  self-contained  and 
stiff  in  itself  and  therefore  needs  no  outside  support  from  the 
tray  or  legs  which  is  needful  in  most  other  designs,  but  which 
have  the  certain  effect  of  rendering  the  bed  inaccurate  owing 
to  such  supports  twisting  the  bed  to  conform  to  the  inaccu- 
racies of  the  floor  on  which  the  lathe  is  placed.  Such  a  self- 
contained  bed  is  the  only  form  by  which  a  small  lathe  can  be 
made  or  guaranteed  to  remain  accurate  wherever  placed  - 

The  fast  headstock  has  also  been  considerably  improved 
by  tlie  addition  of  an  overhead  arm  cast  solid  with  the  head  ； 
this  keeps  the  bearings  rigidly  in  line  and  with  little  addi- 
tional weight  stiffens  the  headstock  against  all  strains.  The 
tailstock  has  likewise  been  completely  re-designed,  its 
guidance  now  being  similar  to  that  of  the  saddle.  The  action 
of  the  single  lever  provided  at  the  back  rigidly  locks  it  both 
to  the  front  guiding  way  and  to  the  square  way  of  the  bed  at 
the  same  time  that  it  locks  it  to  the  flat  surface  of  the  bed. 
Perhaps  the  most  noticeable  alteration  is  the  placing  of  the 
lead  screw  outside  the  bed,  but  this,  it  is  claimed,  is  as  central 
with  the  saddle  guide  as  it  was  in  the  former  design,  owing  to 
the  front  saddle  way  only  guiding  the  saddle. 

A  new  ring  turret  lathe  shown  by  Messrs.  Drummond 
Bros.,  Ltd.,  is  illustrated  in  Fig.  12.  This  tool  was  originally 
designed  for  use  in  their  own  works,  and  was  an  endeavour  to 
overcome  some  of  the  troubles  experienced  in  the  use  of  turret 
lathes  as  ordinarily  designed.  A  constant  source  of  trouble  in 
turrets,  the  giving  out  of  the  turret  locating  stop,  usually  a 
comparatively  small  affair  located  at  a  small  distance  from 


the  centre  of  rotation,  is  entirely  done  away  with .  The 
location  on  this  machine  is,  as  will  be  seen,  on  the  outside  of 
the  turret  at  a  greater  diameter  than  the  centre  line  of  the 
tool  holes,  and  it  is  formed  with  a  large  surface  bearing  on  a 
square  guide  solid  with  the  bed.  The  machine  is  formed  with 
a  truly  ground  circular  section  bar  bed,  round  which  the 
turret  revolves.  This  design  gives  so  great  rigidity  that  no 
locking  down  of  the  turret  is  necessary  for  the  heaviest  work 
and  incidentally  it  gives  a  very  large  turret  with  correspond- 
ingly greater  room  for  tools.  The  head  is  run  by  a  constant 
speed  belt  and  gives  an  open  belt  turning  speed,  stop,  and 
geared  down  threading  speed  by  the  movement  of  a  single 
lever  which  can  be  operated  while  the  machine  is  running. 

Another  tool  of  interest  on  Messrs.  Drummond  s  stand  is 
the  new  design  of  "  Colonial  ，，  type,  9in.  centre,  screw-cutting 
lathe,  which  we  illustrate  in  Fig.  13.  This,  as  its  name 
implies,  has  been  designed  primarily  for  colonial  shops,  where 
a  greater  variety  of  work  compared  with  the  tools  in  use  is 
taken  on  than  is  usual  in  works  here,  and  often  a  compara- 
tively small  tool  lias  to  take  a  piece  of  work  much  beyond  its 
rated  capacity.  For  example,  the  lathe  under  notice, 
although  rated  as  a  9in.  centre  or  18in.  swing,  will  tackle 
work  when  required  that  would  normally  be  given  to  a  lathe 


of  about  double  its  rating,  say,  15in.  centre  or  30in.  swing. 
Very  long  jobs  also  frequently  come  in  and  have  to  he  done 
somehow,  although  to  have  a  lath©  long  enough  for  any 
cliance  job  would  be  impracticable.  A  very  usual  such  job 
is  a  repair  to  an  artesian  well  tube,  and  to  allow  of  work  of 
this  kind  being  done  an  abnormally  large  hole  is  arranged 
through  the  spindle.  As  will  be  seen,  a  gap  bed  is  provided, 
and  the  cross  slide  is  long  enough  to  face  at  one  setting  any 
work  that  can  be  got  into  this  gap.  The  general  design  of  the 
tool  will  be  seen  by  a  reference  to  the  illustration,  but  we  may 
mention  that  the  "  back  "  gear  is  in  this  tool  in  front  of  the 
machine,  so  that  when  slow  speeds  with  the  corresponding 
increase  in  power  are  required,  the  point  of  application  of  the 
pressure  is  directly  downwards  in  line  with  the  cutting  tool. 
The  gap  has  a  wide  guide  piece  at  the  level  of  the  bottom  of 
the  gap  space  on  to  which  a  guide  formed  on  the  saddle  slides 
on  bringing  it  over  the  gap.  This  gives  a  firm  support  and 
eliminates  overhang,  rendering  the  usual  troublesome  and 
inaccurate  loose  gap  piece  unnecessary.  The  tailstock  main 
casting  is  an  enclosed  box  section  of  parabolic  design,  thus 
disposing  the  metal  along  the  lines  of  strain  and  giving  the 
maximum  rigidity  possible  in  the  space  occupied  by  it.  Tlie 
barrel  has  the  same  full  length  bearing  in  the  casting  when 
fully  extended  as  it  has  when  drawn  in,  and  a  lin.  hole  is 
bored  clear  through  it. 


DIESEL  ENGINES  FOR  MARINE  PURPOSES. 

Some  interesting  remarks  were  made  on  the  subject  of  "  Diesel 
Engines  for  Marine  Purposes  17  by  Mr.  Charles  Day  in  his 
presidential  address  recently  delivered  before  the  Manchester 
Association  of  Engineers.  The  development  of  the  Diesel 
engine  had,  he  said,  been  great  and  would 
undoubtedly  continue,  for  there  were  many  duties 
and  many  districts  for  which  these  engines  had 
distinct  advantages  over  any  others .  In  his 
opinion,  however,  this  development  would  not  be 
injurious  to  other  forms  of  internal-combustion 
engines,  but  would  much  more  probably  prove  to 
be  very  advantageous.  The  Diesel  engine  was 
taking  a  strong  hold  on  the  marine  trade,  whilst 
the  gas  engine  had  been  quite  unable  to  secure  a 
footing  in  that  trade.  The  success  of  the  Diesel  in 
this  direction  would,  he  thought,  prove  of  the 
greatest  benefit  to  the  gas-engine  makers,  and 
would  open  out  a  very  large  field  for  them  to  take 
part  in.  The  Diesel  engine  would  not  be  possible 
to-day  had  it  not  been  preceded  by  the  gas  engine 
and  other  oil  engines,  and,  in  turn  the  experience 
which  would  result  from  the  use  of  marine  Diesel 
engines  would  help  to  bring  gas  engines  into 
marine  propulsion.  At  present  there  were  fewer 
difficulties  to  be  overcome  in  applying  Diesel 
engines  to  marine  propulsion  than  was  the  case 
with  gas  engines  ：  hence  it  was  natural  that  marine  propulsion 
by  internal-combustion  engines  should  be  first  developed  with 
Diesel  engines. 

All  internal-combustion  engines  suffered  in  one  respect  as 
compared  with  steam,  viz.,  manoeuvring  power.  The  energy 
which  drives  them  resulted  from  direct  combustion  in  the 
cylinders  of  the  engines,  whilst  with  steam  the  energy  from 
the  combustion  of  the  coal  could  be  rendered  available  quite 
independently  of  the  movement  of  the  engine  pistons.  With 
internal-combustion  engines  there  was  no  serious  difficulty 
in  arranging  reversing  mechanism,  but  as  reversing  had  to 
be  done  by  compressed  air,  a  large  air  storage,  or  a  separate 
compressing  engine,  was  necessary  if  the  main  engine  was 
connected  direct  to  the  propeller  shaft.  Long  periods  of  run- 
ning at  very  slow  speeds  must  also  be  faced,  and  these  speeds 
might  be  below  the  lowest  speeds  at  which  the  engine  could 
be  run  on  oil  or  gas  、  hence  the  air  storage  or  the  independent 
compressing  plant  must  be  large  enough  to  supply  compressed 
air  for  this  long  period  of  running  at  slow  speed.  The  alter- 
native was  not  to  connect  the  main  engine  direct  to  the  pro- 
peller shaft,  but  to  drive  the  propeller  shaft  through  some 
form  of  clutch,  or  electrically.  Mechanical  clutches  and 
reversing   gears   presented   considerable   difficulty   in  large 
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powers,  though  quite  satisfactory  in  small  powers.  The  Fot- 
tinger  hydraulic  transmitter  might,  he  observed,  prove  to  be 
a  suitable  clutch  and  reversing  gear  even  up  to  large  powers, 
as  】nay  also  electrical  transmission.  Both  of  these  methods 
were  now  being  tried  on  a  coniDiercial  scale. 

A  year  or  two's  experience  of  the  working  of  the  various 
methods  could  alone  decide  which  scheme  was  best,  but  in  his 
opinion  the  soundest  proposition  at  the  present  moment,  even 
with  the  Diesel  engine,  was  to  drive  the  propeller  by  inter- 
mediate mechanism  instead  of  by  a  direct  connected  revers- 
ing engine,  and  it  was  well  to  remember  that  with  internal- 
<'ombustion  engines  difficulties  were  most  likely  to  occur  at 
starting  up  and  when  riuiniiig  much  below  their  normal 
speed.  Also  that  the  continuous-running  engine  had  years 
of  experience  l)cliiiifl  it.  Arrangenieiits,  therefore,  whicli  eli- 
niinated  frequent,  stopping  and  starting  were  of  substantial 
advantage  in  connection  witli  all  iiiteriial-coml)\istion  engines. 


OXY-ACETYLENE  BLOWPIPE  APPARATUS. 

The  accompanying  sectional  view  shows  the  construction  of 
an  oxy-acetylene  blowpipe  designed  and  patented  by  The 
Thorn  &  Hocklle  Acetylene  Company,  Ltd.,  151，  Victoria 
Street,  Westminster,  London.  Referring  to  the  illustration, 
A  is  the  blowpipe,  having  the  usual  nozzle  B  at  one  end  and 
at  the  other  end  being  fitted  with  the  plug  or  cap  C  attached 
to  one  end  of  the  hollow  cylindrical  handle  D，  which  is  pre- 
ferably made  of  wood,  as  shown.  E  is  the  plug,  which  is 
fitted  to  the  other  end  of  the  handle,  and  F  and  G  are  extern;" 
supply  pipes,  which  are  secured  to  the  outer  end  of  the  plug 
E,  and  supply,  respectively,  the  oxygen  and  acetylene.  The 
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tube  F  leads  into  the  passage  M，  and  the  tube  G  into  the  pas- 
sage N,  both  of  which  passages  extend  through  the  plug  E. 
H  is  the  hollow  injector  device  which  is  screwed  into  a  recess 
in  the  inner  end  of  the  plug  E,  and  into  which  the  passage  M 
leads,  the  device  being  provided  with  the  outlet  orifice  O  and 
extending  at  its  outer  end  into  a  recess  in  the  inner  end  of  the 
fitting  L  which  is  screwed  into  the  recess  in  the  plug  E,  and 
thence  passes  completely  through  the  handle  D.  J  is  the 
annular  space  which  surrounds  the  injector  device  and  into 
which  the  passage  N  extends.  K  is  the  passage  which  is 
formed  in  the  fitting  L,  this  passage  being,  as  shown,  of  a 
diameter  which  gradually  increases  from  the  injector  end  to 
that  which  is  in  communication  with  the  blowpipe  A. 

With  this  construction  of  burner  it  will  be  understood 
that  oxygen  is  supplied  under  pressure  to  the  pipe  F，  whence 
it  passes  through  the  passage  M  into  the  injector  device  H 
through  the  orifice  0，  of  which  it  issues,  thereby  drawing 
acetylene  gas  through  the  pipe  G  and  passage  N  into  the  annu- 
lar space  J,  the  two  gases,  oxygen  and  acetylene,  mixing,  and 
tlience  flowing  in  tlie  direction  of  the  arrow  into  the  passage  K 
and  finally  inio  the  blowpipe  A  from  the  nozzle  B  of  which  it 
issues. 


Proposed  New  Laboratory  at  the  Manchester  School  of  Tech- 
nology.—In  the  course  of  Ins  presidential  address,  delivered 
on  Saturday  last  before  the  Manchester  Association  of 
Engineers,  Mr.  Chas.  Day  pointed  out  that  an  effort  is 
being  made  at  the  Manchester  School  of  Technology  to  estab- 
lish a  really  well  equipped  laboratory  for  dealing  fully  witli 
problems  connected  with  tlie  internal-combustion  engine, 
； ils()  for  carrying  out  experiments  in  cod nection  with  aerial 
flight. 


FURNACE  ELECTRODES  PRACTICALLY  CONSIDERED. 

At  a  recent  meeting  of  the  American  Electrochemical 
Society  Mr.  R.  Turnbull  read  a  paper  on  "  Furnace  Elec- 
trodes," the  subject  being  dealt  with  from  the  practical  side. 
There  are,  he  said,  two  classes  of  electrodes,  Uae  amorphous 
carbon  and  the  graphite.  It  is  the  former  to  which  I  wisli 
to  draw  attention,  as  graphite  is  prohibitive  for  ordinary 
furnace  practice,  owing  to  its  high  cost.  The  mixture  used  in 
tlie  manufacture  of  tlie  ordinary  electrode  is  anything  but  a 
complicated  one,  being  simply  some  kind  of  carbon  mixed  with 
certain  percentages  of  pitch  and  tar.  This,  after  being  well 
mixed  together,  is  moulded  in  some  special  apparatus  to  the 
desired  form,  and  then  baked  in  a  furnace  in  a  non-oxidising 
atmospliere.  This  looks  simple,  and  when  one  looks  back  on 
the  troubles  and  tribulations  experienced  by  technical  men  in 
electric  furnace  work  over  quite  a  number  of  years  due  mainly 
to  bad  electrodes,  ifc  seems  strange  that  the  secret  of  making 
electrodes  whicli  would  not  break  was  not  discovered  long  ago. 
But  good  electrodes  were  made  from  the  very  beginning,  and 
it  is  quite  possible  tliai  amongst  the  first  batch  of  electrodes 
made  some  were  equal  in  quality  to  the  best  electrodes  made 
at  the  present  day.  This  was  where  the  great  difficulty  con- 
fronting the  manufacturer  lay,  in  his  ability,  unintentionally, 
to  turn  out  a  first-class  electrode  and  a  thoroughly  bad  one  at 
the  same  time  and  under  exactly  the  same  conditions.  Elec- 
trodes made  at  the  same  time,  under  the  same  conditions,  and 
baked  in  the  same  furnace,  have  shown  in  actual  service  as 
many  different  characteristics  in  quality  as  could  well  be 
imagined,  some  giving  excellent  service  whilst  others  simply 
went  to  pieces  after  being  in  operation  for  a  few  minutes. 

In  the  early  stages  of  electrode  manufacture  petroleum 
coke  was  mostly  employed,  it  being 
G  first  of  all  calcined  to  drive  off  all 

^  volatile  matter.   This  was  afterwards 

replaced  by  retort  carbon,  a  kind  of 
coke  which  is  deposited  in  the  retorts 
in  gas  works,  and  which  is  nearly 
pure  carbon.     Better  results  were 
obtained  by  the  use  of  retort  carbon 
than  with  petroleum  coke,  and  it  was 
considered  for  a  time  the  only  ma- 
terial with  which  a  reasonably  good 
electrode  could  be  turned  out.  I 
have  not  sufficient  data  to  enable  to 
say  when  and  where  the  first  large 
electrodes  were  made,  but  I  should 
not  be  far  wrong  in  saying  that  they  were  first  made  by  Dr.  P. 
Heroult  at  his  works  in  Froges,  France,  some  15  years  ago  ； 
at  that  time  he  made  them  as  large  as  16in.  square  and  6ft. 
long.      Some  of  these  first  electrodes  manufactured  by  him 
were  very  good,  and  some  very  bad,  and  little,  if  any,  reliable 
data  could  be  collected  from  his  work.    I  should  like  to  say 
here,  however,  that  Dr.  Heroult  has  not  abandoned  the  field, 
he  having  established  works  in  Niagara  Falls,  N. Y.,  where 
excellent  electrodes  are  now  being  turned  out,  and  although 
the  process  used  is  different  in  some  respects  from  his  original 
one,  he  is  still  working  along  the  same  lines.      His  original 
process  is  still  being  used   with  good  results  at  Welland, 
Ontario,  by  Electro  Metals,  Ltd. 

Now,  what  was  the  reason  of  so  many  failures  to  turn  out 
a  good  article  in  the!  early  days,  and  why  do  nearly  all  elec- 
trode manufacturers,  even  those  who  have  been  but  a  short 
time  in  the  business,  turn  out  to-day  a  fairly  satisfactory 
article?  I  think  I  am  not  far  wrong  in  saying  that  the  main 
cause  of  failure  was  in  the  use  of  the  wrong  carbon  material. 
Petroleum  coke  did  not  work  well,  and  electrodes  made  from 
it  crumbled  to  pieces  in  the  furnaces.  Retort  carbon  made  a 
better  electrode,  but  as  this  commodity  was  collected  from  gas 
works  all  over  the  world,  a  homogeneous  article  could  not  be 
counted  upon,  and  this  made  its  use  dangerous  to  the  manu- 
facturer, so  far  as  reliability  was  concerned.  It  was  only 
when  anthracite  coal  came  into  us©  ihat  real  progress  was 
made,  and  the  best  kind  of  electrodes  in  use  to-day  are  made 
from  this  material.  Hardmuth,  of  Venisseux,  France,  was, 
if  I  am  not  mistaken,  the  first  to  use  anthracite  coal  on  a  large 
scale,  and  for  some  time  his  electrodes  were  the  best  on  the 
market.  He  was  quickly  followed  by  the  German  makers, 
the  Plania  Werk©  and  Siemens.    We  are  indebted  to-day  to 
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the  Plania  Werke  for  the  moulded  screw,  which  enables  elec- 
trodes to  be  joiued  together,  thus  doing  away  with  the  stub 
and  machining  of  the  electrode  and  the  trouble  of  changing 
electrodes  in  the  furnace.  This  screwed  electrode  applies 
mainlv  to  furnaces  for  the  manufacture  and  refining  of  steel . 

At  the  present  time  nearly  all  manufacturers  are  using 
authracite  coal  as  the  carbon  base,  and  while  electrodes  made 
by  some  manufacturers  are  superior  to  those  made  by  othars, 
this  is  mainlv  due  to  the  different  methods  of  moulding  the 
electrodes  and  preparing  the  coal  employed.  So  much  pro- 
gress has  been  made  in  this  industry  in  the  last  two  or  three 
vears  that  perfectly  satisfactory  electrodes  up  to  24in.  cliani. 
and  7ft.  long  are  now  being"  】iiade，  whilst  only  a  few  years  ago 
nothing  over  12in.  square  and  5ft.  long  was  satisfactory.  No 
doubt  still  larger  electrodes  can  aud  will  be  built,  as  electric 
furnaces  are  still  growing  in  size,  and  the  time  is  not  far 
distant  when  steel  furnaces  of  30  tons  capacity,  and  operating 
with  electrodes  3ft.  diam.，  will  be  as  common  as  are  our  small 
5 -ton  furnaces  of  to-day. 

Before  closing  this  paper,  I  would  like  to  give  a  few  hints 
as  to  the  best  manner  of  employing  an  electrode  in  order  to 
ensure  the  best  service  and  avoid  the  losses  of  which  we  have 
heard  so  much.  Carbon ,  unlike  metals,  is  a  better  conductor 
hot  than  cold,  and  the  hotter  it  is,  the  better  conductor  it 
becomes.  Carbon ,  however,  even  at  a  very  high  heat,  is  still 
a  poor  conductor,  and  it  is  impossible  in  actual  practice  to 
avoid  some  loss  in  the  electrode  itself.  In  all  conductors,  the 
longer  the  conductor,  the  greater  the  loss,  but  this  loss  can  be 
lessened  by  increasing  the  size  of  the  conductor.  This  same 
rule  applies  to  electrodes,  and  in  order  to  avoid  all  losses  to  the 
greatest  extent  possible  the  current  should  enter  the  electrode 
at  a  point  as  near  as  possible  to  the  point  where  it  will  leave 
it.  It  is  quite  common  practice  to  connect  the  metallic  con- 
ductor to  the  head  of  the  electrode,  but  this  is  a  grave 
mistake,  as  the  loss  in  volts  in  a  long  electrode  will  be  from 
four  to  six,  depending  on  the  current  density  emplo)red,  and 
in  a  furnace  where  the  operating  voltage  is  50  volts,  this  loss 
would  be  equal  to  from  8  to  12  per  cent,  of  the  total  energy 
consumed. 

Electrodes  should  be  held  in  the  same  manner  as  one  would 
liold  a  bar  vertically  in  the  hand,  so  that  they  can  be  taken  at 
any  point  on  their  length,  and  in  smelting  furnaces  the  holder 
giving  contact  to  the  elect  rode  should  not  be  at  any  time  more 
than  lft.  above  the  charge.  As  the  electrode  wears  away  it 
is  slipped  through  the  holder,  and  the  process  goes  on  until 
it  is  finally  taken  by  the  head,  but  at  no  time  should  the  part 
of  the  electrode  carrying  the  current  project  more  than 
2ft.  6in.  from  the  holder  itself.  The  losses,  both  of  heat  and 
energy ,  can  be  decreased  by  increasing  the  size  of  the  elec- 
trode, but  this  can  be  carried  too  far.  The  writer  would 
recommend  a  current  density  of  from  30  to  35  amperes  to  the 
square  inch  of  section  in  order  to  keep  the  electrode  as  cool  as 
possible,  and  thereby  prevent  side  oxidation  and  heat  losses. 
With  too  large  an  electrode,  quite  a  large  percentage  of  the 
total  energy  supplied  to  the  furnace  would  be  required  to 
keep  the  electrode  warm. 

An  important  point,  the  value  of  which  is  sometimes  over- 
looked when  considering  the  size  of  electrodes,  is  that  it  is 
often  advisable  to  use  electrodes  of  greater  cross-section  than 
electrical  necessity  demands,  but  for  a  totally  different  reason . 
In  some  processes,  for  instance,  the  electrode  when  working  is 
surrounded  to  a  certain  depth  by  cliarg©  mixture.  At  the 
surface  of  such  charge  mixture,  and,  therefore,  at  some  dis- 
tance from  the  working  end  of  the  electrode,  inflammable 
gases  are  given  off,  and  these  burning  in  air  tend  to  attack 
and  consume  the  electrode.  Thus  there  is  a  tendency  to 
reduced  cross-section  at  tliis  point  with  consequent  increased 
current  density,  followed  by  rise  of  temperature,  wliich 
further  aggravates  the  condition  described.  It  is,  therefore, 
wise,  for  convenience  sake,  to  use  a  larger  cross-section  so  that 
the  burning  away  does  not  result  in  eating  the  electrode 
through,  letting  a  large  piece  of  electrode  into  the  charge  and 
disturbing  conditions  generally.  This  is  one  of  the  exigencies 
imposed  by  practice. 


Gas  Engine  Breakdown.— On  the  10th  inst.  the  crank  slinft 
of  a  large  gas  engine  at  Messrs.  W.  Robinson  &  Sons'  card- 
board box  factory,  Chesterfield,  broke,  and  the  engine  was 
practically  wrecked.  Tlie  engine'  tenter,  who  was  standing 
near,  had  a  narrow  escape. 


TYPICAL  USES  OF  CAST  IRON,- 

IiY  JOHN  J.  J'OKTEK. 
It  is  now  heconiing  quite  widely  recognised  thai  rli"mi<  ;il  " 川卜 
position  is  not  the  only  factor  determining  the  properties  ol' 
cast  iron,  but,  although  t  ho  importance  of  structure  is  known, 
the  methods  of  metallo^rapliy  have  received  very  little  at  t  **n  ■ 
tion  from  foundries  aiul  users  of  castings.  It  is  true  that 
investigators  have  used  the  microscope  on  cast  iron  with  valu- 
able results,  but  this  method  of  cont  vol  has  not  yet  been 
generally  taken  up  in  practice  as  in  the  case  of  steel.  The 
two  reasons  which  apparently  account  for  this  neglect  are ― 
first,  the  fact  that  foundries,  being  o]>erated  in  smaller  unii s, 
have  as  a  rule  less  technical  skill  available  at  each  in(livi(lii;il 
plant  ；  and,  second,  that  the  more  complex  structure  of  cast 
iron  makes  the  interpretation  of  its  niicrostruct  ure  murli  in  ore 

(linicuit.. 

The  theory  that  oxygen  and  nitrogen  may  be  present  in 
cast  iron  and  are  accountable  for  some  otherwise  unexplainablc 
phenomena  is  gaining  ground  among  practical  foundryinen, 
and  means  of  eliminating  these  elements  are  being  widely 
adopted.  Greater  care  is  being  given  the  cupola  process,  arid 
the  use  of  ferro-manganese,  silicon,  vanadium,  and  titanium 
as  deoxidisers  is  rapidly  increasing.  Ferro-alloys  are  also 
rather  extensively  used  to  correct  the  composition  of  the  iron 
in  the  ladle. 

Since  cast  iron  is  used  for  a  wide  variety  of  purposes,  it  is 
obvious  that  the  properties  by  which  its  value  is  measured 
and  the  tests  to  which  it  is  subjected  should  be  different  for 
each  class  of  castings.  Hence  it  is  necessary  to  consider  each 
class  separately.  It  is  true  that  current  practice  does  not  as 
a  rule  adequately  recognise  this  fact,  and  almost  the  only  test 
which  is  comnionly  applied  is  that  for  transverse  or  tensile 
strength,  although  this  property  in  many  or  perhaps  the 
majority  of  cases  is  not  of  chief  importance. 

A  large  percentage  of  machine  parts  are  made  of  cast  iron, 
wliich  material  is  especially  adapted  for  this  use  on  account 
of  the  ease  with  which  it  is  cast  and  machined  into  the  desired 
shape.  The  more  important  properties  desired  in  machinery 
castings  are  softness,  strength,  and  a  fine  grain  structure,  in 
addition,  of  course,  to  freedom  from  visible  defects,  such  as 
blowholes,  cracks,  shrinkage  cavities,  Ax'. 

It  is  an  easy  matter  to  make  soft  castings,  but  to  get  the 
combination  of  easy  machining  properties,  strength,  and  close 
grain,  as  demanded  by  some  users,  has  proved  a  difficult  pro- 
position to  many  foundries.  Especially  is  this  true  as  to 
closeness  of  grain  and  the  ability  to  take  a  high  polish,  which 
is  so  desirable  on  many  finished  parts.  The  solution  has  been 
reached  in  various  ways.  The  use  of  charcoal  iron  is  one 
method,  satisfactory  except  from  the  standpoint  of  cost.  Cer- 
tain brands  of  coke  irons  are  found  to  give  greater  strength 
And  closer  grain  for  a  given  softness  than  others,  and  the 
knowledge  of  such  mixtures  is  a  valuable  asset  to  the  prac- 
tical founder.  Another  method  is  found  in  the  use  of  steel 
scrap  in  the  cupola  mixture,  making  the  so-called  semi-steel, 
which  gives  a  closer  grain  structure  and  considerably  more 
strength  without  material  change  in  composition.  The  treat- 
ment of  the  metal  with  certain  ferro-alloys  has  also  been  found 
advantageous  in  this  connection. 

The  buying  of  machinery  castings  would  be  greatly  simpli- 
fied if  definite  limits  of  hardness,  strength,  and  grain  size  could 
be  specified.  Satisfactory  methods  for  testing  hardness  are 
found  in  the  drill  test  and  the  Shore  scleroscope,  most  of  the 
various  other  proposed  methods  being  too  cumbersome  for 
commercial  use.  The  drill  test,  simulating  as  it  does  actual 
liiachining  operations,  gives  the  more  reliable  results,  while 
the  scleroscope  possesses  the  advantage  that  it  can  be  used 
directly  on  the  casting  without  in  any  way  injuring  it. 

For  testing  the  strength  of  cast,  iron  there  are  available  the 
ordinary  transverse,  tensile,  and  compressive  tests,  the  first  of 
wliich  is,  in  the  opinion  of  the  writer,  preferable.  In  the  test- 
ing of  strength  (and  hardness  also)  it  must  be  remembered 
that  the  properties  of  cast  iron  depend  in  part  upou  the  thick- 
ness of  the  section,  and  hence  that,  in  oases  where  it  is  not 
possible  to  test  the  casting  itself,  the  test  piece  should  at  least 

*  Paper  presented  at  the  International  Congress  for  Testing  Materials. 
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approximate  the  section  of  the  casting.  Probably  three 
standard  sizes  of  test  bars  could  be  selected,  to  represent  the 
three  classes  of  light,  medium,  and  heavy  castings.  The  broken 
ends  of  these  bars  could  be  then  used  for  the  drill  test  to 
determine  hardness. 

For  grain  size  there  is  no  practical  test  available ― a  serious 
lack,  as  in  many  cases  this  property  is  of  the  greatest  import- 
ance. Possibly  something  might  be  done  with  a  planimeter 
used  on  a  microphotograph  of  standard  magnification.  A 
rough  test,  of  value  in  some  cases,  can  be  made  l)y  comparing 
the  fracture  of  a  broken  test  bar  with  a  scale  made  of  pre- 
viously broken  test  bars  of  varying  grain  size. 

The  freedom  from  blowholes  and  other  casting  defects  is 
best  determined  by  ocular  inspection.  Unfortunately,  there 
is  no  method  of  inspecting  the  interior  of  the  casting  without 
destroying  it,  and  while  the  tendency  of  the  iron. to  shrinkage, 
blowholes,  &c.，  can  easily  be  tested,  such  tests  would  be  of 
doubtful  utility,  since  these  troubles  are  frequently,  if  not 
usually,  due  to  faulty  moulding  and  pouring. 

Cast  iron  is  still  very  generally  used  for  hydraulic  work, 
on  account  of  the  ease  with  which  it  is  formed  into  shape, 
although  there  has  been  some  attempt  to  substitute  steel  for 
very  high  pressure.  The  properties  desired  in  the  metal  are 
practically  the  same  as  in  the  preceding  case,  except  that  they 
stand  in  a  different  order  of  importance,  close  grain  and  free- 
dom from  shrink-holes  and  spongy  places  being  the  first  con- 
sideration. Much  the  same  means  are  used  to  obtain  the  com- 
bination of  density,  strength,  and  the  ability  to  machine 
easily,  but,  as  the  importance  of  density  is  greater  in  this  case, 
the  use  of  special  means,  such  as  charcoal  irons,  steel  scrap, 
and  ferro-alloys,  is  more  frequent. 

The  most  direct  and  satisfactory  test  for  hydraulic  work  is 
to  subject  the  casting  itself  to  some  specified  hydraulic  pres- 
sure. In  many  cases,  however,  the  casting  cannot  be  so  tested 
until  a  good  deal  of  expensive  machine  work  has  been  done 
on  it,  and  in  this  event  it  seems  advisable  to  specify  the 
strength  and  hardness  tests  previously  described.  The  hard- 
ness test  should  be  used  in  any  case,  as  the  bursting  strength 
does  not,  of  course,  give  any  idea  as  to  machining  properties. 
A  test  for  grain  structure  would  be  especially  valuable  in  con- 
nection with  this  class  of  work. 

For  parts  where  high  electrical  permeability  is  of  prime 
importance,  cast  iron  has  been  largely  displaced  by  steel,  but 
in  the  majority  of  cases  it  still  holds  its  own  on  account  of 
the  greater  ease  of  forming.  The  permeability  of  cast  iron, 
although  always  low  as  compared  with  that  of  the  purer  forms 
of  iron,  can  be  considerably  improved  by  keeping  the  man- 
ganese very  low  and  the  silicon  quite  high.  In  practice,  how- 
ever, not  much  attention  is  usually  given  to  this  property, 
since  the  greater  number  of  castings  are  used  in  parts  of 
machines  not  carrying  the  magnetic  lines  of  force,  and  hence 
having  requirements  not  different  from  ordinary  machinery 
castings. 

In  electrical  castings  a  permeability  test  used  in  con- 
junction with  strength  and  hardness  tests  should  be  sufficient 
to  define  the  quality  of  the  material.  Since  permeability 
probably  bears  a  fairly  close  relation  to  chemical  composition 
it  might  be  possible,  although  certainly  less  satisfactory,  to 
specify  analysis  in  place  of  permeability  direct. 

A  large  variety  of  castings  must  be  classified  as  heat  and 
chemical-resistant  ；  the  best  known  examples  are  probably 
ingot  moulds  and  grate  bars.  Only  a  fev/  foundries  are  giving 
attention  to  producing  castings  of  these  special  properties, 
and  there  is  but  little  generally  available  information.  Grate 
bars,  for  example,  are  ordinarily  made  of  the  cheapest  pos- 
sible mixture  irrespective  of  its  quality  as  regards  service.  In 
the  case  of  ingot  moulds,  on  the  other  hand,  some  pains  are 
taken  to  obtain  the  special  quality  of  heat-resistance,  and  a 
low-phosphorus  iron  is  always  used  for  this  purpose. 

There  are  no  tests  for  heat-resistance  and  chemical-resist- 
ance of  cast  iron  in  common  use.  For  heat-resistance  it  is  a 
very  difficult  matter  to  devise  any  single  test  which  will 
answer  for  all  classes  of  castings,  since  the  effects  of  heat  are 
manifested  in  several  different  ways.  Chemical  analysis  may 
be  specified  with  advantage  in  some  cases,  since  the  melting 
point  of  cast  iron  depends  chiefly  on  this  factor.  Resistance 
to  the  action  of  chemicals  can  be  tested  directly  without  much 
difficulty  in  a  manner  similar  to  the  accelerated  corrosion  test 


used  on  steel.  There  is,  however,  great  need  for  the  standardi- 
sation of  all  conditions  under  which  such  tests  are  made,  so 
that  comparable  results  may  be  obtained. 

Chilled  car  wheels  form  one  of  the  most  interesting  appli- 
cations of  cast  iron.  The  service  conditions  for  these  wheels 
are  very  severe.  The  load  on  each  wheel  often  aniounts  to 
between  10,0001bs.  and  20,0001bs.  They  are  constantly  sub- 
jected to  heavy  blows  due  to  pounding  at  rail  joints.  The 
friction  of  the  brake-shoes  induces  severe  heat  strains  in  the 
tread.  Finally,  the  users  of  these  wheels  demand  that  they 
have  a  high  rewstance  to  wear.  Owing  to  the  nature  of  their 
service  any  failure  is  apt  to  be  attended  with  very  serious 
results,  and  hence  great  pains  must  be  taken  to  ensure  a  uni- 
fonnly  high  quality  of  product. 

The  results  desired  are  produced  by  the  use  of  both  special 
materials  and  special  methods  of  casting.  Formerly,  cliarcoal 
iron  was  used  exclusively  for  this  class  of  work,  but  now  coke 
iron  enters  largely  into  the  mixture.  The  problem  of  a  high- 
grade  mixture  has  been  】rmch  complicated  by  the  necessity  of 
re-melting  the  old  wheels,  with  their  usual  high  content  of 
sulphur.  A  partial  corrective  for  the  excessive  amount  of 
scrap  which  it  is  often  necessary  to  use  is  found  in  the  addi- 
tion of  ferro-manganese,  and  there  have  also  been  obtained 
some  encouraging  results  through  the  use  of  ferro-titanium. 

The  special  methods  of  casting  consist  in  the  use  of  a  cir- 
cular chill  in  that  part  of  the  mould  forming  the  tread  of 
the  wheel.  This  method  has  been  frequently  described  and 
needs  no  discussion.  With  the  proper  percentage  of  silicon 
this  results  in  the  tread  being  chilled  to  a  depth  of  about  ^in., 
back  of  which  is  tough  grey  iron.  The  chilled  tread  is,  of 
course,  intensely  hard  and  exceedingly  resistant  to  wear,  while 
the  wheel  as  a  whole  is  very  tough,  and  has  proved  eminently 
satisfactory  in  service.  Steel  wheels,  long  used  on  passenger 
cars,  have  recently  been  substituted  on  freight  cars  of  very 
high  capacity.  They  are,  however,  much  more  expensive,  and 
in  some  cases  have  not  proved  entirely  satisfactory  as  to  wear, 
so  that  there  is  every  indication  that  the  cast-iron  car  wheel 
will  hold  its  own  for  a  long  time  to  come. 

The  specifications  and  tests  required  for  car  wheels  have 
been  so  often  published  and  are  so  readily  accessible  that  they 
need  not  be  repeated  at  length .  Briefly  summarised,  the  tests 
are  carried  out  on  a  certain  number  of  the  castings  themselves, 
and  consist  chiefly  of  a  drop  test  to  measure  the  resistance  to 
shock  and  blows,  a  heat  test  made  by  pouring  molten  iron 
around  the  tread  of  the  wheel,  to  measure  the  resistance  to 
lieat  strains,  and  measurements  to  verify  dimensions.  It 
would  appear  that  a  hardness  test  on  the  chill  might  advan- 
tageously be  added,  in  view  of  the  known  variation  in  the 
hardness  of  chilled  iron.  A  test  for  wearing  quality  would  be 
better  still,  but  no  satisfactory  test  of  this  sort  is  in  sight. 

Cast-iron  rolls  still  hold  their  own  in  sheet  mill  and  some 
other  classes  of  finishing  work,  although  cast  iron  has  been 
quite  generally  displaced  by  steel  for  the  heavier  service.  In 
this  case  the  service  conditions  are  not  unlike  those  to  which 
car  wheels  are  subjected,  but  they  are  even  more  severe  as  to 
heat  strains.  Moreover,  owing  to  the  great  thickness  of  the 
castings,  the  initial  shrinkage  strains  are  very  great.  The  use 
of  the  very  best  grades  of  charcoal  iron,  together  with  air  fur- 
nace melting,  is  generally  recognised  as  necessary  for  the  suc- 
cessful manufacture  of  chilled  rolls,  chiefly  on  account  of  the 
difficulty  with  cracking  due  to  heat  strains.  It  is  reported 
that  the  use  of  vanadium  in  chilled  rolls  is  adding  considerably 
to  their  wearing  qualities.  For  this  class  of  castings  there  are 
no  satisfactory  tests  in  sight.  It  is  inconceivable  that  any 
tests  could  be  of  value  which  are  not  made  on  the  roll  itself, 
and,  while  a  difficult  proposition,  it  is  possible  that  in  time  a 
set  of  tests  similar  to  those  used  on  car  wheels  may  be 
devised. 

Brakeshoes  may  serve  as  an  example  of  the  many  smaller 
specialities  which  are  made  of  cast  iron.  The  requirements 
here  are  long  life,  with  this  limitation  ：  That  the  hardness  of 
the  brakeshoe  must  be  less  than  that  of  the  wheel,  so  that  the 
wear  will  not  be  on  the  wheel.  A  close  grain  structure  is 
advisable,  and  in  some  cases  at  least  is  being  obtained  by  the 
use  of  steel  scrap  in  the  cupola  mixture.  For  brakeshoes  a 
wearing  test  used  in  connection  with  hardness  limits  would 
best  define  their  quality.  No  satisfactory  method  of  testing 
resistance  to  wear  is  in  sight,  but  it  would  seem  that  specifira- 
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tions  for  hardness  alone  could  be  advantageously  used  pending 
the  development  of  such  a  test. 

Cast  iron  is  a  particularly  suitable  material  for  pipes 
which  are  to  be  placed  underground,  on  account  of  its  rela- 
tive resistance  to  corrosion  as  compared  with  steel  and  other 
commercially  available  materials.  Competition  is  keen  in  this 
line,  so  that  low-priced  iron  is  necessary.  Within  the  limita- 
tions set  by  price,  close  grain  and  strength  are  desirable,  while 
hardness  must  be  kept  within  such  limits  as  will  permit  of  a 
small  amount  of  machine  work.  In  regard  to  the  properties 
of  the  metal,  none  of  the  present  specifications  for  cast-iron 
pipe  lays  stress  on  anything  other  than  strength  as  determined 
on  a  separately  cast  test  bar.  A  test  for  bursting  strength 
and  freedom  from  leakage  made  directly  on  the  pipe  would, 
of  course,  be  a  more  accurate  index  of  utility,  but  is  probably 
too  cumbersome  for  practical  use.  The  transverse  strength 
determination  is  probably  as  satisfactory  as  any  simple  test 
could  be,  but  might  with  advantage  be  supplemented  by 
specifying  hardness  limits. 

Malleable  cast  iron  and  steel  have  been  tried  for  stoves,  but 
while  they  have  perhaps  a  place,  grey  cast  iron  has  proved 
more  satisfactory  and  has  steadfastly  held  its  own.  The  ser- 
vice requirements  here  are  resistance  to  the  action  of  heat, 
resistance  to  warping,  and  a  certain  degree  of  strength.  How- 
ever, as  these  castings  are  very  thin  and  are  frequently  highly 
ornamented,  a  very  fluid  iron  is  essential,  and  in  practice  the 
service  requirements  are  deliberately  ignored  to  facilitate 
manufacture.  Resistance  to  heat  requires  low  phosphorus, 
and  resistance  to  permanent  expansion,  which  causes  warping, 
demands  low  silicon,  but  both  phosphorus  and  silicon  are 
invariably  carried  high  in  this  class  of  work,  to  increase 
fluidity  and  make  it  easier  to  produce  perfect  castings.  How- 
ever, the  product  of  our  stove  foundries  is  fairly  satisfactory 
in  service,  and  in  appearance  and  finish  has  reached  a  high 
degree  of  perfection. 

Specifications  for  stove  and  furnace  castings  should  include 
tests  for  strength,  hardness,  since  many  parts  have  to  be 
drilled,  and  resistance  to  heat.  There  is  no  trouble  in  regard 
to  the  first  two  tests,  but,  as  previously  stated,  no  good  method 
has  yet  been  devised  for  gauging  heat-resistant  qualities. 
Specification  of  chemical  analysis  can  be  used  with  advantage, 
but  cannot  be  regarded  as  a  really  satisfactory  substitute  for 
the  much-needed  direct  test  for  heat-resistance. 


Locomotives  for  French  State  Railway. ― There  has  recently  been 
put  into  service  on  the  French  State  Railways  a  number  of 
new  locomotives,  intended  to  work  the  international  express 
traffic.  They  are  of  the  4 ― 6 ― 0  type  with  a  leading  bogie 
and  six  coupled  driving  wheels  6ft.  8in.  diam.  All  are  fitted 
with  superheaters  and  have  four  single  expansion  cylinders 
(two  outside  and  two  inside),  the  first  coupled  axle  being 
driven  by  the  inside  cylinders  and  the  second  one  by  the 
outside  cylinders.  Their  weight  is  72  tons  in  running  order, 
and  they  are  coupled  to  bogie  tenders. 

British    Foundrymcn's   Association  ：    Scottish   Branch.  ―  The 

opening  meeting  of  the  Scottish  Branch  of  the  British 
Foundrymen's  Association  was  held  on  Saturday  last  at  Glas- 
gow. Prof.  A.  Campion  occupied  the  chair,  and  the  recently- 
elected  president,  Mr.  William  Mayer,  delivered  his  presi- 
dential address.  He  made  the  subject  of  his  address  ('  The 
Rise  and  Progress  of  Ironfounding/'  and  dealt  with  his  per- 
sonal experiences  during  a  50  years'  connection  with  the 
trade.  The  foundry  engineer,  lie  said,  had  frequently  been 
the  pioneer  in  important  spheres  of  activity  so  diverse  as 
bridge-builcling,  agricultural  implements,  and  marine  engi- 
neering, and  he  looked  to  the  foundryman  maintaining  his 
place  by  utilising  electricity  for  his  smelting  operations  and 
adopting  more  perfect  standardisation  of  parts  in  his  mould- 
ing operations.  Mr.  A.  Laurie,  of  Hurlford,  read  a  short 
paper  upon  "  Pressure  :  Its  Cause  and  Effect,"  in  which  he 
dealt  with  the  various  problems  connected  with  this  pheno- 
menon. He  said  air  pressure  in  the  mould  was  not  so 
important  as  the  more  powerful  ferro-static  pressure  due  to 
the  liquid  metal,  and  ah&r  comparing  this  with  hydrostatic 
pressure  he  discussed  several  cases  in  which  precautions  must 
be  taken  to  guard  against  its  ill-effects  upon  castings. 


THE  INFLUENCE  OF  IMPURITIES  IN  "TOUGH-PITCH" 
COPPER.* 

With   Chief   Rkpeuence   to  Antimony. 

BY  ritRDKRK  K  JOHNSON,  M.SC,  A.I.M.M. 

In  continuation  of  a  series  of  experiments  carried  out  with  a 
view  to  ascertaining  and  placing  on  record  t  he  varied 
influences  of  traces  of  impurities  on  the  useful  piopert  ios  of 
copper,  the  author  now  presents  the  cesults  of  ex]>eriin;Mit s 
which,  in  the  main,  have  been  directed  toward  the  determina- 
tion of  the  influence  of  antimony  on  "  tough-piU;h  ，'  copper. 
More  than  any  other  property,  it  is  desirable  that  commercial 
copper  should  possess  the  property  of  malleability  at  a  red 
heat.  Copper  which  is  (<  red-short  "  is  the  bete-noire  of  t  lio 
manufacturer,  and  experiments  which  indicate  the  nature 
and  extent  of  the  influence  of  impurities  on  this  property 
cannot  fail  to  be  of  service  to  him.  Assuming  that  copper 
containing  impurities  can  be  successfully  rolled  hot,  it  remains 
to  show  whether  such  copper  will  have  meclianical  properties 
inferior,  equal,  or  superior  to  those  of  pure  copper,  and  to 
show  also,  if  possible,  the  structural  coudit  ion  of  those 
impurities. 

Previous  Investigations. 

Of  previous  investigations,  that  of  Hampe  demands  first 
attention.  He  found  that :  (1)  Copper  with  0*529  per  cent, 
antimony  could  be  drawn  into  wire;  (2)  copper  with  1  per 
cent,  antimony  was  extremely  "red-short";  (3)  antimony 
in  small  amounts  increased  the  tenacity  of  copper,  but 
lowered  it's  conductivity.  Dealing  with  its  presence  in  copper 
in  the  form  of  salts,  Hampe  discovered  several  notable  tacts 
in  addition  to  the  foregoing.  As  antimonate  of  copper,  no 
" red-sliortness  ，'  was  experienced  when  there  was  sufficient 
present  to  correspond  to  0"5  per  cent,  antimony,  whereas  with 
0*5  per  cent,  antimony  in  the  metallic  form  incipient  "  red- 
shortness  "  was  produced. 

A  point  which  Hampe  appears  to  have  overlooked,  how- 
ever, is  that  when  a  compound  such  as  the  foregoing  is  added 
to  a  molten  metal  which  dissolves  it,  it  does  not  necessarily 
follow  that  that  compound  will  retain  its  individuality  in  the 
solidified  metal,  although  its  effects  may  be  less  harmful  than 
those  of  metallic  antimony.  As  will  be  shown  later,  wlien 
antimonious  oxide  (Sb203)  is  added  to  molten  copper,  it  is 
decomposed  by  the  copper,  and  does  not  exist  as  the  original, 
unaltered  compound  after  tlie  metal  lias  solidified  and  cooled. 
Experimenting  with  antimonate  of  bismuth,  Hampe  stated 
that  neither  red-shortness  nor  cold-shortness  occurred  with 
less  than  0*7  per  cent,  of  this  compound.  That  the  protective 
influence  of  antimony  and  oxygen  in  the  presence  of  so  much 
bismuth  can  be  so  marked  is  open  to  grave  doubt. 

Hiorns 卞 and  Lamb  place  the  limit  of  antimony  as  0*6  per 
cent,  for  wire-drawing.  With  more  than  this  amount,  wires 
could  not  be  successfully  produced.  They  also  found  that 
antimony  very  seriously*  lowered  the  electrical  conductivity 
(0*10  per  cent,  causing  a  lowering  of  24  per  cent.),  increased 
the  hardness,  had  a  decolorising  effect,  and  was  less  efficient 
than  arsenic  in  producing  soundness. 

Hiorns,^  as  a  result  of  experiments  on  the  cold  rolling  of 
small  ingots,  concluded  that :  (1)  Arsenic  and  antimony  were 
better  than  antimony  alone  ；  (2)  antimony  (0'20  per  cent.) 
when  added  to  copper  containing  lead  (0*2  per  cent.) 
diminished  the  brittleness  caused  by  the  lead.  With  regard 
to  the  joint  action  of  aniimony  and  oxygen ,  lie  assumed  that 
antimony  would  react  with  cuprous  oxide  to  form  the*  higher 
oxide,  Sb205. 

Greaves§  investigated  the  influence  of  oxygen  ou  copper  in 
the  presence  of  antimony,  and  found  that  an  increase  of 
oxygen  had  no  definite  effect  on  the  tensile  strength  of  cast 
copper  containing  a  constant  percentage  of  antimony,  but 
caused  a  serious  reduction  in  ductility,  as  measured  by  per- 
centage elongation.  As  will  be  shown  later,  this  is  not  true 
for  rolled  annealed  rods.  Greaves  also  found  that  where  the 
electrical  conductivity  had  been  lowered  by  antimony,  the 


*  Paper  read  before  the  Institute  of  Metals,  September,  391-2. 
t  "  Journal  of  the  Society  of  Chemical  Industry,"  May  loth,  1909. 
t  Ibid,  July,  1906. 
§  "  Journal  of  the.Iustitute_of_Metals,M  No.  1, 1912,  Vol.  VII.,  p.  2ia 
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addition  of  oxygen  tended,  to  a  slighi  extent,  to  neutralise 
that  effect,  causing  a  slight  recovery  of  conductivity. 

T.   Johnson*    gave   the   following   result®   of    tests  on 
copper  : — 


Copper  with  0*25  per  cent,  antimony.. 
，，  0.50       ，，  ，， 


Tensile  Strength. 
Tons  per  sq.  in. 

1517 
15  60 


Elongation 
per  cent, 
on  2  inches. 
49 
45 


The  oxygen  contents  were  not  given,  but  some  oxygen  was 
undoubtedly  present .  The  ingots  were  rolled  hot  and  cold, 
and  the  strip  annealed  before  testing. 

Lewis 卞 concluded,  from  a  series  of  rolling  experiments  on 
copper  containing  added  quantities  of  impurities,  that  arsenic 
had  the  property  of  neutralising  the  injurious  effect  of  anti- 
mony, 0*10  per  cent,  antimony  havmg  a  worse  effect  on  the 
hot-working  properties  than  the  same  amount  in  the  presence 
of  0*6  per  cent,  arsenic. 

ArchbuttJ  confirmed  the  harmlessness  of  antimony  on  the 
hot-working  properties  of  copper. 

It  will  be  seen  that,  of  all  the  foregoing  investigators,  one 
only  (T.  Johnson)  produced  ingots  strictly  comparable  with 
tliose  of  commerce — that  is  to  say,  in  the  "  tough-pitch  "  con- 
dition. The  author  observed  the  last-named  condition  by 
carrying  out  his  experiments  in  a  similar  manner  to  that 
previously  adopted. §  The  purest  electrolytic  copper  (pro- 
cured from  Messrs.  Vivian  &  Sons,  Swansea)  and  chemically 
pure  antimony  were  used. 

Influence  of  Antimony  during  the  Poling  Operation. ― P>y 
noting  the  behaviour  of  small  trial  ingots,  the  author  was 
able  to  record  a  number  of  interesting  facts.  (1)  That  with 
antimony  present  up  to  0'3  per  cent.,  the  copper  has  splendid 
hot-working  properties,  either  under  or  up  to  "  pitch." 
(2)  That  with  more  than  0'3  per  cent,  antimony,  the  removal 
of  oxygen  by  poling  is  synchronous  with  inferior  hot-working 
properties.  This  observation  is  borne  out  by  the  behaviour 
of  ingots  Al  and  AA1  (see  Table  I.).  The  poling  in  the  case 
of  Al  was  pushed  beyond  the  "  tough-pitch  "  stage  (in  so  far 
as  the  percentage  of  oxygen  is  concerned).  This  is  explained 
by  the  following  observation :  (3)  That,  although  tlie 
influence  of  antimony  is  to  render  the  copper  "  red-short  '' 
(after  the  removal  of  oxygen),  and  thus  "  overpoled  "  accord- 
ing to  one  interpretation  of  the  term ,  yet  its  effect  is  really  to 
prevent  "  overpoling "  as  indicated  by  the  "  rising  ，，  or 
'( spewing  n  of  an  ingot.  The  two  latter  terms  are  used  to 
describe  the  physical  phenomena  exhibited  by  an  ingot 
during  solidification.  The  raising  of  the  surface  or  the  ejec- 
tion of  molten  copper  through  the  top  crust  of  the  ingot  are 
due  to  the  escape  of  gases  which  excessive  poling  has  intro- 
duced into  the  copper. 

Either  the  action  of  these  gases  is  neutralised,  or  their 
entry  into  the  molten  copper  opposed,  by  the  antimony.  The 
author  prefers  the  latter  explanation.  It  is,  therefore, 
possible  to  cast  an  ingot  (Al)  which,  owing  to  the  presence  of 
antimony,  has  a  level  surface,  but  which ,  were  it  free  from 
antimony,  would  "  rise  "  or  "  spew  "  after  so  much  "  poling." 
The  removal  of  the  oxygen  has,  however,  from  the  rolling 
point  of  view,  caused  the  ingot  to  be  "  red-short."  On  tlie 
other  hand,  the  "  underpoled  ，，  ingot  (AA1)  rolled  splendidly, 
but  this  property  has  been  gained  at  too  great  a  cost,  because 
the  oxyg&n  in  excess  seriously  affects  the  toughness  and  cold- 
working  properties  of  the  copper,  and  also  causes  a  depression 
to  form  on  the  surface  of  the  ingot.  This  depression  is  closed 
up  during  the  rolling,  and  remains  in  the  rod  as  an  unseen  but 
dangerous  flaw.  All  the  ingots  used  in  this  research,  with 
the  exception  of  AA1,  had  level  surfaces. 

Referring  again  to  the  influence  of  antimony  in  checking 
the  absorption  of  gases  during  poling,  it  may  be  pointed  out 
that  it  is  not  without  its  value  nor  its  danger  in  the  refining 
of  "  tough  "  copper.  There  is  nothing  so  trying  in  the 
refinery  as  a  charge  which  has  gone  "  over  the  pitch." 
"Spewing"  ingots  (cakes,  billets,  &c.)，  inferior  malleability, 
lost  time>  in  bringing  the  charge  back  to  "  pitch,7'  all  contri- 
bute to  give  the  refiner  much  anxiety.  Any  impurity  in  the 
copper  which  will  check  this  tendency  of  the  charge  (under 
certain  conditions)  to  go   "  over  the  pitch  "  is,  therefore, 

*  "  Birmingham  Metallurgical  Society  Proceedings, "  March  8th,  1906. 
t  "Engineering,"  December  4th,  1903. 
X  "Journal  of  the  Institute  of  Metals/'  No.  1,  1912,  Vol.  VII.,  p.  263. 
I  M  Journal  of  the  Institute  of  Metals,"  No.  2,  1910,  Vol.  IV.,  p.  】74. 


welcome.  Arsenic  is  such  an  impurity,  and  the  author  has 
just  shown  that  antimony  is  another.  A  little  antimony  even 
in  arsenical  copper  should  also  be  beneficial.  Lead  has  always 
be&n  recognised  as  having  a  similar  influence,  but  lead  is 
wholly  undesirable  in  wrought  copper. 

Having  pointed  out  the  value  of  a  little  antimony,  it  now 
remains  to  indicate  the  danger.  This  lies,  of  course,  in 
having  too  much  present,  and  so  masking  the  true  "  pitch  v  of 
the  copper,  that  it  is  "red-short"  before  the  other  signs  of 
" overpoling  "  or  going  "  over  the-  pitch  "  have  become 
apparent.  There  is  yet  another  side  to  the  question.  Anti- 
mony hardens  copper  for  rolling,  and  this  becomes  serious  if 
it  prolongs  the  "  breaking- down  "  operations.  For  a  normal, 
soft,  tough  arsenical  copper,  however,  the  author  considers 
that  0*10  per  cent,  antimony  would  be  a  beneficial  addition. 
The  presence  of  other  impurities  would  modify  this  propor- 
tion. Such  copper  could  not  be  used  for  making  malleable 
alloys,  c-f/.,  brass.  From  liigh  conductivity  copper,  also, 
antimony  must  be  rigidly  excluded. 

Incidentally  the  author  would  like  to  dispose,  once  and  for 
all  time,  of  the  fallacy  that  pure  electrolytic  copper  is  immune 
from  "  overpoling."  The  statement  has  been  made  by  well- 
known  metallurgists  so  often  that  it  demands  immediate 
refutation.  Such  copper  lias,  possibly,  a  greater  solvent 
power  for  gases  than  most  less  pure'  brands,  and,  in  addition 
to  meeting  with  overpoled  electrolytic  copper  in  the  refinery, 
it  lias  been  the  author's  experience  tliat  "  tough -pitch  '，  ingots 
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Fiti. 


of  electrolytic  copper  are  the  most  difficult  of  all  to  produce 
on  an  experimental  scale.  Sucli  copper,  although  never 
becoming  "  red-short,"  is  just  as  liable  to  become  porous  or  to 
" spew  "  after  overpoling  as  any  otlier  kind,  and  more  liable 
than  many  kinds. 

The  Eollino  of  Ingots. 
Tlie  ingots  (l|in.  square)  were  rolled  at  a  red  heat  about 
900°  C.  (tlie  usual  temperature  for  rolling  arsenical  copper,  as 
judged  by  an  experienced  hand)  in  the  works  of  Messrs. 
Vivian  &  Sons,  at  Margam  (Port* Talbot).  They  were  rolled 
liot  in  six  passes  to  fjin.  diam.,  finishing  at  a  dull  red  heat, 
annealed  by  raising  to  a  bright  red  heat,  quenched  in  the 
pickling  bosh  (to  remove  scale),  and  then  rolled  cold  to 暴 in. 
(full).  Finally,  they  were  drawn  once  through  a  die  to 
straighten  and  to  confer  on  them  a  smooth  and  truly  round 
surface.  These  rods  will  subsequently  be  designated  "  as 
rolled."    Their  compositions  are  given  in  Table  I. 

Table  I. 


Mark  on 
Rod. 

Antimony 
per  Cent. 

Arsenic 
per  Cent. 

Oxygen 
per 
Cent. 

Appearance 
of  Ingot. 

RR 

Nil 

Nil 

0-050 

Level  surface. 

A3 

0-2 

Nil 

0-058 

Do. 

A2 

029 

Nil 

0-054 

Do. 

AA2 

03 

Nil 

0-063 

Do. 

Al 

05 

Nil 

0.02 

Do. 

AA1* 

0-49 

Nil 

0.33 

Smfjice  depres- 

sion. 

A 

02 

030 

0-0(i5 

Level  surface. 

Behaviour  during 
Rolling. 


Rolled  perfeftlv. 
' Do. 
Do. 
Do. 
Red -short  at 
3rd  pass 
Rolled  perfectly. 

Do. 


*  Rod  AA1  was  prepared  purposely  、vith  a  considerable  exooss  of  oxygen. 

All  the  ingots  offered  more  resistance  in  their  passage 
through  the  rolls  even  at  a  red  heat  than  the  pure  copper 
ingot  RR,  which  had  a  rougher  surface,  owing  to  its  greater 
softness  and  its  inability  to  resist  the  w  scoring  "  action  of 
tlie  rolls.  Ingot  Al  was  red-short,  and  was  removed  from  tlie 
rolls  at  the  third  pass. 

Methods  of  Analysis. 
Oxygen. ― The  method  was  similar  to  that  described  in  a 
former  paper  by  the  author.      In  order,  however,  that  the 
fears  of  the  ultra-exact  might  be  allayed,  the  author  prepared 
the  strips  for  analysis  by  cold  rolling.    Thus  there  was  no 

*  "Journal  of  the  Institute  of  Metals,"  No.  % 】910,  Vol.  VI.,  p.  185. 
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Table  II. — Tensile  Tests. 


Mark  on 

Kod. 

Rods  as 

Rolled. 

Hods  Annealed. 

CompOHition. 

Tensile  Strength. 
Tons  per  Sq.  In. 

Elongation 
per  Cent-  on 
3  inches. 

Tensile  Strength. 
Tons  per  In. 

Elongation 
per  Cent,  on 
3  inches. 

Oxygen 
per  Cent. 

Arsenic 
per  Cent. 

Antimony 
per  Cent. 

RR 
A3 
A2 
AA2 
AA1 
A 

i-H          i-H  i— 1  CI  C  1 

1、  O 卜 O  O  M 

14.33 
14-25 
14-95 
14-64 
15.  Iti 
14*92 

— OS  O  00  ~f  CC 
O 寸力 W  "f  — 

0.05 

0.058 

0-054 

0.063 

0-33 

()•"",—> 

0.3«i 

*     c  c  o 

Table  IIa. 


Tin  per  Cent.      Lead  per  Cent. 

Ll 

18-33 

17-3 

14.7 

53.3 

0.023 

0-30 

...  0-18 

T 

19-84 

14.0 

15-48 

41-7 

o.or) 

0.37 

0.19  ... 

1  1 

formation  of  scale,  necessitating  the  instantaneous  treatment 
in  dilute  acid  for  its  removal.  This  superficial  "pickling," 
which  aroused  criticism,  has  been  proved  by  the  author  to  be 
perfectly  harmless.  However,  the  removal  of  scale  by  means 
of  emery-paper  is  more  effective,  and  is  necessary,  in  any  case, 
eveu  after  pickling.  In  the  train  of  wash-bulbs,  one  contain- 
ing silver   nitrate  was  substituted   for  the  one  containing 


sulphuretted  hydrogen,  tlie  mixture  of  sulphides  (in  most 
cases  only  copper  and  antimony  sulphides)  treated  with  10  per 
cent .  potassium  sulphide  to  extract  the  antimony  sulphide 
(Sb2S;().  "  The  Sb2S3  is  reprecipitated  by  acidifying  with 
dilute  sulphuric  acid,  th en  dissolved  in  strong  hydrochloric 
acid  after  boiling  and  filtering  (any  arsenic  sulphide  (As2S3) 
being  left  behind  on  filter) .      Bromine  is  added,  reduction 


::〜 


♦  省 


Fig.  2.— Showing  absewe  of  "  Oxidules  " 

IN   ONK    PART    OF    ROD   A3.      MaGMFIKD  200 

Diameters.    V.  Unetched. 


Fig.  3. ― Showing  Segregated  "  Oxidules  " 
(Pale  Grkrn  Spots  on  Blood  Kkd  Grounu*. 
Kod  A3.    Magnified  500  Diameters.  V. 
Heat  Tinted. 


Fig.  4. ― Showing  Excess  op  Cuprous  Oxide 
in  Hon  AA1.    Antimony,  0*5  °0  ；  Oxygen, 
0  33  "o .     Magnified  150  Diameters.  V. 
Unktched. 


Table  III. ― Dr.  Arnold's  Alternating  Stress  Tests. 


Mark  on 
Kod. 

Nnml>er  of  Alternations. 
As  Rolled.  Annealed. 

Percentage 
Increase  in 
Touyhess  due 
to  AnncalinK. 

Oxygen 
)>er  Cent. 

•  Composition 

Arsenic  Antiinoiiy 
]>er  Cent.           per  Cent. 

Keraarks. 

HK 

1  18 

244 

107 

0-05 

Frac-turc-liiie  central  ；  silky. 

A3 

130 

210 

.')4 

0.058 

0.2 

,,         ,， eccentric  ；  silky. 

A2 

llli 

2li8  " 

i:u 

0.054 

0.20 

，,         ，, central  ；  silky. 

AA2 

118 

258, 

110 

().()(>3 

0.3 

AA1 

49 

138 

1HI 

0.33 

(). If) 

Very  broad  serrated  fraoturp- 

line  ；  dry. 

A 

no 

258 

IHi 

0.0G5 

0-30 

0.2 

Fracture- line  eentral  ；  silky . 

Table  IIIa. 

Tin  per  Cent. 

I>a(l  per  Cent. 

Ll 

]f.9 

238 

41* 

0.023 

0-30 

0-18 

Frarturo-line  central :  silky. 

T 

134 

266 

98 

0.05 

0.37 

0-19 

Tlx-  n bnonnal  toughness  of  bar  Ll  in  the  cold- worked  state  as  compared  with  the  others  is  due  to  the  low  percentage  of  oxygen,  thus  affording  further  proof  of 

the  etubrittling  intlnence  of  cuprous  oxide  during  cold  work. 


mercuric  chloride.  Any  arsenuretted  or  antimoniuretted 
hydrogen  from  the  hydrogen  generator  is  tlms  arrested. 

Antimony.  —  This  was  determined  by  several  methods,  but 
the  method  finally  adopted  for  all  the  rods  was  that  in  which 
pure  ferrous  sulphate  is  added  after  oxidation  to  a  nitric  acid 
solution  of  10  grammes  of  copper  (more  if  only  traces  of  anti- 
mony). Ammonia  is  added  in  excess  ；  the  ferric  hydrate 
carrying  down  the  antimony  as  basic  antimonate  of  iron. 
Arsenic  is  also  similarly  carried  down  if  present.  The  pre- 
cipitate  is   redissolved    in    hydrochloric   acid,   gassed  with 


effected  by  sodium  sulphite,  and  the  antimony  titrated  with 
potassium  bromate.*  The  author  has  tried  the  methods  of 
distillation  which  depend  upon  raising  the  boiling  points  of 
the  solvent  used  in  order  to  reach  the  distillation  temperature 
of  antimonious  chloride.  The  methods  suffer  from  the  dis- 
advantages of  demanding  constant  attention,  and  of  being 
expensive  in  distilling  flasks,  unless  flasks  of  fused  silica  ware 
are  used.    Tlie  author  invites  discussion  on  the  merits  of  dis- 


' Duncan,  "  Chemical  News,"  February  1st,  1907. 
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tillation  metliods  for  antimony  in  copper.  Arsenic  was 
deter  mined  by  distillation  as  usual. 

Preparation  ok  Test  Pieces. 

(1)  Tensile  Test  Pieces. ― Portions  of  the  rods  were  sawn  off, 
and  turned  down  to  ^in.  for  a  gauge  length  of  3in.  full,  the 
3in.  length  being  marked  off  exactly.  The'  finished  test  piece 
liad  dimensions  as  shown  on  Fig.  1 . 

(2)  Alternating  Stress  Test  Pieces. ― These  were  for  Dr. 
Arnold's  testing  machine,  and  Gin.  lengths  of  rod  were  f  urii'''l 
down  to    i ii .  diaiTi . 

(3)  Compression  Test  Pieces. ― Small  cylinders  were  pre- 
pared from  the  rods  (|in.  diam.  by  lin.)  by  facing  down  in 
the  lathe. 

The  test  pieces  were  annealed  at  800°  C.  for  15  minutes. 
The  reheating-annealing  of  the  cast  ingots  is  particularly 
beneficial  in  the  case  of  antimonial  copper,  as  the  solid  solu- 
tion in  the  cast  state  is  greatly  lacking  in  uniformity.  A 
thorough  reheating  assists  diffusion   and  produces  greater 


The  Mechanical  Tests.  , 
On  reference  to  Table  IT.,  the  outstanding  facts  are  as 
follows  :  (1)  Antimony  raises  the  tensile  strength  of  "  tough- 
pitch  " copper,  and  slightly  lowers  the  percentage  elongation. 
(2)  The  annealed  rods  give  results  better  for  purposes  of 
comparison  than  cold-worked  rods  before  annealing.  (3) 
Where  cuprous  oxide  is  in  large  excess,  cold  work  has  a 


annealing,  thus  confirming  the  tensile  and  all  ornat  in^-si,ross 
tests.  The  annealed  specimen  showed  no  cracking  indicative 
of  brittle  metal,  but  one  large  fissure  was  developed,  corre- 
sponding to  the  inevitable  flaw  in  tlie  rod,  due  to  the  original 
surface  depression  of  the  underpoled  ingot.  This  depression 
had  been  closed  up  in  the  rolling  process,  causing  a  hidden 
longitudinal  flaw,  which  naturally  yawned  open  as  the  test 
piece  was  spread  out  by  the  blows  from  the  hammer. 

CoLD-KOLLIN(i  TESTS. 

Short  pieces  of  the 哀 in.  rods  as  rolled  wei'e  sawn  off, 
annealed  (20  minutes  at  900°  C.)，  and  quenched.  These 
were  rolled  cold  into  flat  strips  Jin.  thick  without  further 
annealing.  Test  pieces  RR，  A,  A2，  and  AA2  showed  no  edge 
cracking  whatever.  Incipient  edge  cracking  occurred  in  the 
case  of  A3.  AA1  was  again  the  worst  of  all,  edge  cracking 
starting  when  a  tliickness  of  ^-in.  had  been  reached. 

MlCHOSTKUCTUHE . 

All  the  rods  as  rolled  showed  a  uniform  crystalline  struc- 
ture with  frequent  "  twinning."  With  regard  to  "  oxidules/' 
the  appearance  of  the  rods  under  the  microscope  differed  i  r() 川 
one  anotheF.  They  are  given  in  Table  IV.  The  segregation 
of  the  cuprous  oxide  quite-  explains  the  abnormal  behaviour 
of  rod  A3  in  the  mechanical  tests  (see  Table  II.  and  III.),  also 
the  eccentricity  of  the  final  fracture  line  iti  the  alternating- 
stress  tests.  Normal  rods  show  a  fracture  line  across  the 
centre  of  the  test  piece.    Rods  which  are  not  uniform  yield 


梦。 二  、%.  "^k 


鴯 
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Fig.  5.— ALiiOY  IT.,  Table  V.    Shows  Dark 
Slate  Coloured  Antimonial  **  Oxidules  " 
Antimony,  0'5  %  ；  Oxygen,  012%.  Mag- 
nified 400  DlA^rKTERS.     V.  UN  ETCHED. 


Kig.  6.— Alloy  VI.,  Table  V.  Antimony, 
0*5  %  ；   Oxygen,  010  %.      Magnified  70 
Diameters.   V.  Etched. 


Fig.  7.— Same  Alloy  as  Fig.  6.  Magnified 

900  DlA METIERS.     V.  UNKTrHKD. 


s&riously  embrittling  effect.  Rod  AA1  has  an  astonishing 
percentage  recovery  of  ductility  after  annealing  (over  600  per 
cent,  as  compared  with  less  than  300  per  cent,  in  the  case  of 
the  u  tough-pitch  ,}  rods).  (4)  Antimony  (0'2  per  cent.)  has 
no  ill  effect  on  arsenical  "  tough-pitch  "  copper. 

In  Table  III.  the  results  of  the  alternating-stress  tests  are 
recorded,  and  the  chief  points  of  interest  are  as  follows : 
(1)  Antimony  up  to  0.30  per  cent,  does  not  decrease  the 
toughness  of  "  tough-pitch  "  copper,  nor  does  0*2  per  cent, 
antimony  decrease  the  toughness  of  arsenical  11  tough-pitch  " 
copper.  (2)  Cuprous  oxide  in  excess  very  seriously  lowers 
the  toughness,  more  so  in  the  rolled  than  in  the  annealed  rod. 
(3)  Rod  A3  shows  abnormal  behaviour.  It  will  be  shown 
later  that  this  is  due  to  lack  of  uniformity. 

The  compression  test  pieces  w&re  crushed  down  under  a 
steam  hammer  from  cylinders  lin.  long  by  fin.  diam.  to  discs 
？ Tyin.  by  l^in.  diam. 

These  tests  showed  that,  in  the  case  of  the  annealed 
specimens,  the  quality  of  the  copper  in  no  degree  suffers 
deterioration  on  account  of  the  presence  of  antimony.  With 
regard  to  tlie  unannealed  specimens,  these  all  sliowed  signs  of 
tlie  strains  previously  caused  by  the  cold  rolling.  They  all 
developed  minute  incipient  cracks  round  the  bulging  circum- 
ference of  the  disc,  these  being  most  marked  in  the  case  of 
specimen  AA1  (rich  in  cuprous  oxide).  The  excessive 
embrittling  influence  of  the  cuprous  oxide  was  removed  by 


more  to  the  stresses  on  their  weaker  side,  and  the  final  fracture 
line  occurs  nearer  to  the  stronger  side. 


Table  IV. 


Mark. 

Antimoiiy 
Per  Cent. 

Oxygen 
Per  Cent. 

Appearance  under  Microscope. 

RR 

Nil 

0-05 

Light-blue  oxidules  (cuprous  oxide)  uni- 
forml.v  distributed . 

A3 

0.2 

0.058 

Dark,  slate-coloured  "oxidules."  Some 
segregated  cuprous  oxide  (see  Fig.  3). 

A2 

0-20 

0.054 

Dark  oxid ulos.  No  cuprous  oxide. 
Uniform. 

AA2 

0.3 

0.0fi3 

1  )a  rk  oxidules.  Also  cuprous  oxide. 
Uniform.* 

AA1 

0.40 

0.33 

( '(Hisidei'alilc  excess  of  cuprous  oxide. 
coTupanicd  by  a  few  dark  "  oxidules. "J 
In  the  oast  ingot,  more  than  lialf  the 
field   is  ocfupit-d    l)y  co|)i)e]--cupj'(ius 
oxide  eutcctic.     During  rolling  this 
was  broken  up  and  the  microstructure 
sliow s  I lui  parallel  t  rains  of  **o\i(lulrs 
((•uprous    oxide)    in    lines    follow  in" 
direction  of  I'ollin^  (see  Fig.  4). 

A 

0-2 

().0fi5 

Dark  oxidules.  A  little  free  cuprous 
oxide. 

*  Nearly  all  the  "  oxidules  "  in  AA2  resemble  that  shown  in  Fi^.  S.  Thevv  avo 
ono  or  two  isolated  "  oxidules  "  similar  to  that  shown  in  Fig.  9. 
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On  referring  back  to  the  rough  notes  made  when  preparing 
the  ingots,  the  following  entry  was  found  :  "  Ingot  A3  per- 
fectly level,  but  poured  rather  cold."  Here,  then,  possibly 
lies  the  explanation  of  the  lack  of  uniformity  in  the  ingot.  A 
portion  of  the  molten  metal  (probably  the  last  to  enter  the 
mould)  was  richer  in  oxide  than  the  remainder,  and,  on 
account  of  the  metal  being  cold,  solidification  proceeded  so 
rapidly  that  this  oxide  had  no  chance  to  diffuse  uniformly 
throughout  the  ingot  aud  was  trapped  in  situ. 

Fig.  2  shows  the  complete  absence  of  cuprous  oxide  from 
one  area  of  the  specimen,  whilst  Fig.  3  is  typical  of  the  oxide- 
rich  area.  In  order  to  obtain  better  contrast  for  pjiotograpli- 
iug，  the  specimen  was  heat^tiuted  for  this  photomicrograph . 
The  cuprous  oxide  showed  up  as  pa】e-green  spots  on  a  blood - 
red  field  (white  spots  on  a  black  background  in  Fig.  3).  Before 
heat-tinting,  the  "  oxidules "  appeared  pale-blue  on  pink 
background  of  copper,  a  combination  difficult  to  reproduce 
effectively  by  photography- 

The  Stkuctukal  Condition  of  Antimony  in  "  Tough-pitch  ，， 

Copper. 

A  number  of  experiments  were  made  by  adding  to  copper 
(from  which  all  oxygen  had  been  carefully  excluded)  metallic 
antimony  alone,  antimonious  oxide  (Sb203)  alone,  and 
metallic  antimony  plus  cupric  oxide.  The  details  are  given 
in  Table  V. 

Table  V. 


- 

No. 

Antimony 
Per  Cent. 

Oxygen 
Per  Cent. 

Nature  of  Iuiirarity  aildod . 

u..-. 

Nil 

Metallic  antiinonv. 

11: 

0.5 

0-12 

Metallic  antimony  and  cupiio  oxide. 

III. 

0.5 

0-25 

IV. 

0-1 

0.12 

V. 

0.5 

0.10 

Antimonious  oxide. 

VI. 

0.5 

0.10 

VII. 

4-03 

0-97 

Ill  alloy  I.  most  of  the  antimony  was  in  solid  solution,  and 

etching  revealed  the  usual  "core"  structure,   in  the  light 

antiixiony-rich  fringes  of  which  a  very  little 

free  CujSb  was  visible.    This  constituent, 

the  composition  of  which  is  given  by  Hiorns, 

is  very  pale-blue  in    colour    (paler  than 

cuprous  oxide),   and   is   best   seen  before 

etching.     In  alloy  II.  the  oxygen  appeared 

not  as  cuprous  oxide,  but  as  dark  slate- 
coloured    " oxidules."       Caustic    soda  or 

potash  should  not  be  used  to  remove  grease 

from  the  surface  of  the  specimen,   as  it 

attacks  the  antimonial  '(oxidule,"  leaving  only 

a  pit  which  appears  black  under  the  micro- 

scof  e.      These  antimonial  "  oxidules  ，'  are 

shown  in  Fig.  5，  and  occur  in  all  the  other 

alloys,  whether  cuprous  oxide  is  in  excess  or 

not.    Wherever  oxygen  occurs  in  excess  of 

that  demanded  by  that  part  of  the  antimony 

which  is  not  in  solid  solution,  it  exists  as  pale- 
blue  cuprous  oxide,  which  forms  a  ternary 

eutectic  with  the  solid  solution  and  the  anti- 
monial '( oxidules." 

Fig.    G    shows    the    solid    solution  of 

antimony  in  copper  (dark-etching  11  cores  ，， 

with  light  antimony-rich  fringes)  sur- 
rouiidetl  by  eutectic.  The  constituents  of  the  eutectic  under 
liiglier  powers  show  peculiar  behaviour  in  tlieir  relative  dis- 
position. Either  the  slate-coloured  antimonial  constituent 
or  the  liglit^blue  cuprous  oxide  forms  here  and  there  as  a 
crescent  or  circlet  enclosing  a  globule  of  the  other  constituent. 

In  Fig.  7  are  seen  two  of  these  circlets  of  cuprous  oxide, 
the  centre  one  enclosing  both  copper  (light  half)  and  the  anti- 
monial constituent  (dark  half).  In  the  lower  portion  of  the 
micrograph  a  dark  antimonial  "  oxidule  "  is  seen,  and  several 
smaller  ones  are  dotted  here  and  there  in  the  upper  portion  of 
the  field. 

Fig.  8  illustrates  an  area  of  the  same  specimen  showing 
another  composite  "  oxidule,"  the  antimonial  portion  forming 
the  enclosing  crescent  in  this  case,  the  cuprous  oxide  globule 
being  enclosed. 

Ay  to  the  true  cojnposition  of  the  antimonial  constiiuent, 


the  author  can  make  no  definite  statement.  In  fact,  its  com- 
position seems  variable ；  in  some  cases  having  a  definitely 
duplex  structure  as  shown  in  Fig.  9.  This  shows  a  slate- 
coloured  11  oxidule  n  containing  numerous  particles  of  a  blue 
colour  (probably  cuprous  oxide).  】n  other  cases  the 
" oxidules  "  contain  coppery  streaks  whicli  m ay  possibly  be 
the  metallic  reduction  product  of  a  reaction  between  a  reduc- 
ing gas  such  as  carbon  monoxide  on  cuprous  oxide.  These 
coppery  streaks  are  sometimes  seen  in  tlie  centre  of  (ruprous 
oxide  oxidules  "  in  ordinary  com mercial  copper,  and  there 
may  be  some  connection  between  them  and  the  gases  present. 

Possibly  the  checking  influence  of  antimony  on  "  spewing  " 
may  find  an  explanation  in  the  absorptive  power  of  its 
" oxidules  '，  for  gases,  but  the  author  is  unable  to  support  this 
explanation.  It  seems  to  be  clear  that  the  antimony  exists  in 
the  higher  state  of  oxidation  (Sb204),  because  in  alloy  VII. 
(Table  V.),  although  the  antimony  was  added  in  the  form  of 
antimony  trioxide  (Sb203)，  it  split  up  into  antimony ― wliirli 
formed  Cu3Sb,  and  partly  entered  into  solid  solution ― and 
the  slate-coloured  constituent  already  described.  Whether 
the  latter  is  Sb204  alone,  or  a  compound  of  Sb204  with 
Cu20  (antimonate),  whether  it  is  capable  of  merely  dissolving 
copper  or  Cu20,  or  whether,  if  this  be  true,  it  deposits  the 
dissolved  substance  when  cooling,  further  research  may  show. 

An  examination  of  alloy  VII.  under  the  niicroscope 
showed  no  Cu20，  but  such  an  amount  of  free  Cu3Sb  in  h<](\\- 
tion  to  that  which  was  in  solid  soluiion  as  would  represent, 
roughly,  about  one-third  of  the  antimony  present.  The 
author  suggests  the  following  reaction  : — 

4Sb.,0..  +  3Ca,  =  2Cu.,Sh  +  3Sb..04 

\  r 

Knters  into     Forms  cu- 
solid  solution,  tcctic  with 
solid  solution. 

For  antimonial  copper,  it  would  seem  that  the  less  anti- 
mony whicli  is  allowed  to  enter  into  solid  solution  (h' "  the 
more  whicli  exists  as  "  oxidules ")  the  higher  will  be  the 
electrical  conductivity. 

When  oxygen  is  present,  as  inucli  free  Cu3Sb  is  converted 


Fig.  8.— Samk  Alloy 

DlAMETEKH. 


ah  Fig.  6.  Magnified 
V.  Unetched. 


Fig.  9.    Sam i:  alloy  as  Fk;.  fi.    Magnifikd  9C0 
Diam];ti:rs.  Unktcukd. 


into  "  oxidules  "  as  the  oxygen  will  account  for.    In  the  case 
of  bar  Al  (see Table  II.  and  Fig.  2),  so  much  oxygen  had  beeu 
Table  VI. 


Mark  on 

Antimony 

Oxygen 

Kemarks. 

In«ot. 

Per  Cent. 

Per  Cent. 

A5 

UndotornniU'd. 

L'ndcr  piUli.    Forged  ]H'rfcctly. 

A5 

05 

013 

Up  to  pitch.  F t)i<red  jH'i-fcetly.  Bt'nt 
double  cold. 

A(i 

10 

IJiulftt'nniiH'd. 

LTn<k*r  pitch.    Forged  prrfn-t 

Up  to   pitch.     Forged   fairly  well. 

Incipient  cracking.    Bent  double 

cold. 

AO 

10 

0*25 

A7 

10 

Xi!. 

lX'i  i(lt'(lly  reel-short.  Five  Cu  tSl> 
discernible  under  tlie  mk  ruscupe. 
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removed  by  poling  that,  in  all  prolmbilit'y,  some  free  Cu3Sb 
separated  out. 

In  order  to  show  whether,  by  increasing  the  oxygen  in 
order  that  all  the  ant iniony  not  in  solid  solution  would  exist 
as  liarmless  oxiclules,"  the  author  made  the  foregoing  experi- 
ments. 

Small  ingots  were  cast,  particulars  of  which  are  given  iit 
Table  VI.  Ingots  A5  and  A6  were  forged  at  a  red  heat  wlien 
" under  pitch/'  then  renielted,  and  brought,  up  to  pitcli.  All 
three  ingots  were  reheated  side  by  side,  and  forged  at  a  red 
heat.  The  results  are  given  in  Table  VI.,  and  show  that  it 
is  possible  to  forge  copper  hot,  even  with  1  per  cent .  aut  iinon y, 
if  sufficient  oxygen  be  present  to  prevent  the  occurrence  of 
free  Cu3Sb. 

EXPKUIMENTS   WITH  TlN  AND  LEAD. 

These  experiments,  whilst  far  from  being  sufficient,  are  of 
such  interest,  and  the  possibility  of  their  continuance  so 
uncertain  at  present,  that  the  author  has  decided  to  place 
them  on  record .  The  ingots  were  prepared  in  exactly  the 
same  way  as  the  antimonial  ingots,  and  were  rolled  and  tested 
at  the  same  time  and  under  exactly  similar  conditions. 

Influence  of  Lead  on  "Poling"  Operation.  ― From  the  behaviour 
of  trial  ingots  the  author  proved  that :  (1)  Lead  (in  the  pro- 
portions used)  caused  "  tougli-pitcli  "  arsenical  copper  ingots 
to  "  sink  ，，  in  the  moulds.  That  is  to  say,  an  ingot  which 
would  otherwise  have  had  a  level  surface  had  a  longitudinal 
surface  depression  after  the  addition  of  lead.  (2)  By 
" poling  ''  the  metal  in  order  to  produce  an  ingot  with  a  level 
surface,  so  much  oxygen  was  removed  that  in  one  case  (ingot 
L2)  the  ingot  was  so  "  red-short  "  as  to  be  shattered  during 
the  first  pass  through  the  rolls  at  a  red  heat  (see  Fig.  1). 
There  were  also  strong  indications  that  with  t  lie  smaller  per- 
centage of  lead  (018  per  cent.)  it  would  be  possible  to  carry 
" poling  ，，  so  far  (without  the  ingot  spewing)  as  to  produce 
" red-shortness." 

In  fact,  ingot  LI  was  produced  bv  remelting  the  rolled 
strip  of  a  previously  prepared  ingot,  which  had  shown  edge 
cracking  at  a  red  heat.  The  oxygen,  unfortunately,  was  not 
determined  in  this  strip  before  remelting,  but  it  was  probably 
lower  tlian  in  LI.  In  Table  VII.  the  analyses  of  the  ingote 
and  a  record  of  their  behaviour  appear. 

Influence  of  Tin. ― Tlie  influence  of  tin  seems  to  be  to 
liarden  arsenical  copper  for  hot  and  cold  working,  and  to 
raise  the  tensile  strength  more  than  any  other  of  the  elements 
tried.  The  record  of  the  mechanical  tests  appears  in  Table 
IIa  and  IIIa.  Apart  from  causing  a  peculiar,  irregular 
bulging  at  the  circumference  of  the  hammered  annealed  discs, 
tlie  lead  and  tin  specimens  showed  no  difference  of  behaviour 
from  the  other  specimens  in  the  crushing-down  tests. 

Table  VII. 


Mark  on 

OxySen 

Arsenic 

Lead 

Tin 

Appearance 

Behaviour  in 

Ingot. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

of  Ingot. 

Rolling. 

LI 

0-023 

0.39 

0.18 

Nil 

Dearl  level. 

Very  good. 

L2 

0.012 

0.38 

0-35 

Nil 

Smashed  at 

first  pass. 

T 

0-05 

0.37 

Nil 

0.19 

Very  slight 

Very    good . 

depression. 

F  o  r  g  e  (1 

A  few  pin- 

hard. Good 

holes  near 

smooth 

surface. 

surface. 

.  Conclusions. 

(1)  Antimony  up  to  0  5  per  cent,  has  no  detrimental 
influence  on  the  hot-forging  qualities  of  "  tough-pitch  '， 
copper  free  from  other  impurities.  It  is  even  possible  success- 
fully to  forge  copper  containing  1  per  cent,  antimony  if  suffi- 
cient oxygen  be  present. 

(2)  In  copper  whicli  has  been  "  overpoled,"  antimony 
tends  to  mitigate  the  phenonienoii  of  "  spewing  "  during 
solidification. 

(3)  "  Tough-pitch  ，•  arsenical  copper  (0*4  per  cent,  arsenic) 
is  slightly  hardened  for  hot-rolling  by  the  presence  of  anl i- 
mony  (0*2  per  cent.),  but,  otherwise,  its  mechanical  pro- 
perties are  slightly  improved. 

(4)  The  uiechanical  properties  of  "  tough-])itch  '，  pure 
copper  after  rolling  and  annealing  are  but  little  altered  by 
small  additions  of  antimony.  The  tensile  strength  is  slightly 
raised,  and  the  elongation  is  lowered.      The  slight  gain  in 


tough  ness  is  prolmbly  traceable  t'o  the  greater  Houndness  ol' 
the  cast  ingot. 

(5)  With  regard  to  the  structural  condition  of  antimony  in 
" tougli-jjitch  "  ('(>pi)('r，  it  exists  in  two  forms  :  (/i)  Partly  in 
solid  solution  (probably  as  dissolved  Cu:jSb).  (h)  Partly  as  an 
insoluble  compound  with  oxygen  (shite-coloured  "  oxidules  "). 

Oxygen  in  excess  exists  as  cuprous  oxide  (light -hlu" 
" oxidules  ").  The  latter,  together  with  the  aiitimonial 
" oxidules, form  a  ternary  eutectic  with  the  solid  solution. 

((； ) The  addition  of  lead  to  pu re  copper  or  arsenical  copper 
causes  the  surface  of  a  "  tough-pitch  "  ingot  to  sink  during 
solidification.  Further  poling  with  the  object  of  obtaining  a 
level  surface  is  attended  bv  the  risk  of  rendering  the  metal 
" red-short."  Like  antimony  and  arsenic,  lead  tends  to  check 
**  spewing." 

(7)  The  mechanical  properties  of  arsenical  copper  (0'4  per 
cent,  arsenic)  at  normal  temperature  are  little  affected  by  the 
addition  of  lead  (0'2  per  cent.). 

(8)  The  addition  of  tin  (0"2  per  cent.)  to  "  tough-pitch  ，' 
arsenical  copper  is  attended  by  an  increase  in  hardness  during 
hot  and  cold  rolling,  and  an  increase  in  tensile  strength.  The 
elongation  is  correspondingly  lowered,  but  the  toughness  is 
unim  paired. 

Finally,  tlie  author  wishes  to  express  his  indebtedness  to 
Mr,  C.  H.  Eden,  of  Messrs.  Vivian  &  Sons,  Swansea,  for  per- 
mission to  have  the  ingots  rolled  ；  to  Mr.  W.  S.  I.  Bray 
(manager  of  Messrs.  Vivian  &  Sons'  Works  at  Margam)  for 
his  interest  and  assistance  ；  to  Prof.  Arnold,  D.Met.,  for 
invaluable  aid  in  making  tlie  alternating-stress  tests  ；  and  to 
Mr.  T.  G.  Jones,  M.Sc -，  Head  of  the  Engineering  Depart- 
ment, Swansea  Technical  College,  for  his  kindness  in  carrying 
out  the  tensile  tests  on  the  30-ton  Buckton  testing  machine 
in  liis  Department. 


THE  TRANSMISSION  OF  HEAT. 

In  the  course  of  a  paper  read  by  Mr.  C.  H.  Lander,  M.Sc,  and 
Prof.  J.  E.  Petavel,  F.R.S.,  before  the  British  Association, 
tlie  authors  described  an  experimental  investigation  of  the 
transmission  of  heat  from  heated  metal  cylinders  to  the  sur- 
rounding air,  which  has  a  direct  bearing  on  the  lagging  of 
steam  pipes  ；  the  temperatures,  however,  ranged  up  to  2,000° 
Fah.,  and  the  pressure  in  the  air  enclosure  was  varied  from 
atmospheric  up  to  3，0001bs.  per  square  inch.  In  the  case  of 
steam  pipes,  the  heat  loss  per  hour  per  square  foot  per  degree 


Fig.  1. 


Weight  per  cub.  ft. 
-Effkct  of  Density  of  Covering  on  Heat  Loss. 


Fah.  difference  of  temperature  was  measured,  with  the  follow- 
ing results : —— 

Bare  steam  pipes  containing  saturated  steam  at  atmo- 
spheric pressure  and  at  lOOlbs.  per  square  inch  gauge  pressure, 
external  atmosphere  at  60°  Fall. ： ― 


Externa] 
Diauieter  of 
Radiatoi*. 
Inches. 

Heat  loss  per  hour  in  B  Th.U. 
]>er  square  foot  ]ier  degree  Fah. 

Conduction  only,  taking 
K= 0-144.* 

Ab  Atmospheric 
Pressure. 

At  lOOlbs.  per 
sciuare  inch. 

0*2 

2 
3 
5 
12 

^  O  W  Ol  o 

fvO 
40 
28 
2*4 
2.1 

Assuming 
0-089   |l«ycrof  air  to 

(»  U74    "?T4'n' , 
" thick  round 
0*000             j. , 
llt -         radia  lor. 

*  The  constant  K  is  given  in  B.Th.U.  per  hour  per  scjuare  foot  of  surface 
decree  Fab.  temperature  difference  for  a  layer  lin.  thick. 
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Under  the  conditions  described,  the  loss  of  heat  is  mainly 
due  to  convection.  In  the  case  of  a  pipe,  for  example,  lin. 
cliam.,  containing  steam  at  atmospheric  pressure,  the  loss  by 
radiation  is  0*44  or  15  per  cent.,  and  by  conduction  0*13  or  4 
per  cent"  so  that  18  per  cent  ,  is  dissipated  by  convection  ；  at 
lOOIbs.  per  square  inch  the  loss  by  convection  would  be 
about  80  per  cent.  If  the  surface  of  the  metal  were  machined 
the  loss  by  radiation  would  be  halved,  and  if  it  were  polished 
the  loss  would  be  reduced  to  one-quarter. 

As  all  lagging  materials  are  better  heat  conductors  than 
air,  they  increase  the  loss  due  to  conduction  ；  it  is  necessary, 
therefore,  to  arrange  them  loosely,  so  as  to  subdivide  the  air 
space  surrounding  the  pipe  as.  perfectly  as  possible  with  the 
least  amount  of  solid  material.  The  lagging  can,  however,  be 
too  loosely  packed,  as  will  be  seen  in  Fig.  1，  which  shows  the 
effect  of  slag  wool  under  various  conditions  as  regards  density 
of  packing.  The  best  result  was  obtained  when  the  solid 
material  occupied  one-fourteenth  of  the  total  space  ；  the  con- 
duction loss  was  then  increased  from  0*13  to  0.40，  but  (assum- 
ing radiation  to  be  zero)  the  convection  loss  was  reduced  from 
3 '2  to  0.14，  the  total  loss  being  one-seveuth  of  that  observed 
with  the  bare  pipe.  The  loss  by  radiation  per  square  foot 
from  small  pipes  diminishes  rapidly  as  the  diameter  increases, 
but  above  4in.  diam.  it  becomes  nearly  constant. 


Alterations  to  the  "  Olympic."  ― The  White  Star  liner 
" Olympic  ••  arrived  at  Belfast  on  Thursday  last  week  to 
undergo  extensive  alterations,  which  will  cost  £250,000.  The 
work  will  occupy  from  four  to  six  months.  The  repairs  will 
be  carried  out  by  Messrs.  Harland  &  Wolff. 

Workman  Electrocuted.  ―  A  foreman  erector  at  the  product 
works  at  Dinnington  Main  Colliery  was  electrocuted  on  the 
9th  inst.  Deceased ,  along  with  another  man,  was  erecting 
gas  purifiers  at  the  Dinnington  Main  by-product  works.  He 
was  trying  to  unfasten  the  guide  rope  connected  with  the 
derrick  they  were  using,  when  the  guide  rope  came  in  contact 
with  a  live  wire. 

A  Fast  Airship. ― The  new  naval  airship  "  Baby  '，  was 
tested  a  few  days  ago  at  Farnborougii,  and  attained  such  a 
remarkable  speed  that  it  is  claimed  for  her  that  she  is  the 
fastest  airship  in  Great  Britain.  As  the  name  indicates,  the 
airship  is  of  diminutive  proportions,  being  only  one-half  the 
capacity  of  the  Army  airship  "  Beta/'  and  one-tenth  that  of 
the  ill-fated  "  Mayfly,"  which  was  wrecked  at  Barrow.  Mr. 
E.  T.  Wilson,  of  Cardiff,  constructed  her,  with  the  exception 
of  the  engine,  which  is  French.  The  airship  carries  a  crew  of 
two ~ the  observer  and  the  pilot.  She  developed  a  speed  of 
between  50  and  60  miles  an  hour. 

A  Large  Zoelly  Steam  Turbine— Messrs.  Escher  Wyss  &  Co.， 
of  Zurich,  have  recently  delivered  to  the  Rheinisch- 
Westfalischen  Electric  Generating  Station,  in  Essen,  one  of 
the  largest  steam  turbine  sets  contained  in  one  casing  that 
has  been  built  up  to  the  present  time.  This  turbine  is 
designed  to  develop  22，500  h.p.，  effective,  under  normal  con- 
tinuous working,  and  at  a  speed  of  1 ,000  revs,  per  minute, 
the  initial  steam  pressure  being  1501bs.  per  square  inch  above 
atmosphere,  and  the  steam  temperature  572°  Fall,  before  the 
stop  valve,  and  exhausting  to  a  vacuum  of  27iin.  This 
turbine  can  develop  28,000  h.p.  under  constant  work,  and  as 
mucli  as  30,000  h.p.  for  short  periods.  The  generator  rotor, 
which  is  of  the  Siemens-Sclmckert  type,  is  connected  to  the 
turbine  shaft  by  means  of  a  rigid  coupling,  and  weighs  60  tons. 

Railway  Electrification. —  The  directors  of  the  Lancashire 
and  Yorkshire  Railway  Company  have  made  arrangements 
for  the  electrification  of  a  further  section  of  the  line  from 
Liverpool,  between  Town  Green  and  Ormskirk,  and  the  work 
is  to  be  started  immediately.  The  company  have  invited 
tenders  for  tlie  construction  of  buildings  for  an  electric  sub- 
station at  Ormskirk  on  the  east  side  of  tlie  present  railway 
st  ； it  ion,  to  be  used  in  connection  with  the  generating  station 
； it  Kf)rnil)v.  I  ii  t  lie  system  adopted  the  power  is  generated  at 
Forn 山 y  at  7,500  volts  3-phase,  and  is  delivered  by  under- 
ground cables  to  the  sub-stations,  where  it  is  converted  to 
d i rect  current  at  620-630  volts,  at  which  pressure  it  is  fed  to 
the  trains  by  a  third  rail.  The  company  are  at  present 
engaged  in  laying  down  the  third  set  of  conductors  on  the 
eastern  lines  between  the  Exchange  Station,  Liverpool,  and 
Sandhills.  • 


INDUSTRIAL  AND  TRADE  NOTES. 

Electrics!   Driving  of   Textile  Mills.— Tin;  Tootnl   l^roa-llnii  ,i  l,(-c 

Conipanv ,  I.Ul.,  :uv  con\ crtiii^  tlicir  mills  at  HolUm  in  '小 Ttrir;i| 
driving;. 

New  Asbestos  Factory.— Messrs.  Turiier  Bnaiiers,  LiniitcJ,  asbestos 
； m(l  liHtiiig  ii);imil;ict  uhm-.s,  oi  HocIkImIc,  li;n  (-  :"  (|iiin'(l  l:m(l  in 
the  Ti'afl'onl  Park  Kstiitc  on  u  liicli  tlicy  ； uc  ;il>otil  to  circt  l;irp' 
works,  A]thou«r|i  tl"、ir  ostaMishincnt  at  INx-lidal^  w;is  ('； ip:il,l,' 
l)oing  (»\t(MKl<«(l  ('(>nsi(l<、rabl.v，  M(»ssrs.  Tmm'r  have  selected 
Trafford  Park  because  of  the  facilities  for  direct  communication 
with  sea- going  vessels. 

Cleveland  Blastfurnacemen's  Wages.  -  Tlir  net  selling  pri((,  ()|  \(t. 
3  ^nih  Cleveland  pig  for  t\w  qiuitt"'  oikUhI  Si'ptt'ml""'  .HOlh  hist, 
lias  been  certified  at  .14s.  ._)' (； 4(1.  |"'r  ton,  ； is  coii)p;u with  oils. 
0'43d.  per  ton  for  the  j)revious  tlm'r  inontlis.  Thvro  was  tlius  an 
advance  in  pricos  of  4s.  ,V21(1.  per  ton  in  thv  tliird  (|ii;irt('r  o» 
the  year,  this  causing  an  ； id va nee  in  hlastfurnac-emen's  、v;w's  of 
5|  per  cent.,  which  'lyings  、，.ages  from  22^  per  cent,  above  the 
standard  to  28  per  cent,  above  the  standard. 

Industrial  Exhibitions.  —  At  the  International  Exhibitions  Con- 
ference, opened  at  Berlin  on  the  8th  inst.,  Herr  von  Kiderl(>n- 
AVaechter,  Secretary  of  State  for  Foreign  Affairs,  pointetl  out 
that  the  number  of  exhibitions  、、- as  growing  from  year  to  year, 
and  that  in  consequence  of  their  frequency  a  certain  tl  exhibi- 
tion lassitude  "  was  beginning  to  he  noticeable  in  industrial 
circles.  This  condition  of  things  was  not  without  clangor.  The 
conference  had  now  to  try  and  formulate  some  general  rules  which 
would  prevent  international  exhibitions  from  following  on  each 
other's  heels  at  too  short  intervals. 

Electricity  for  Ship  Repairing. ― Messrs,  Harland  &  Woltt,，  Ltd., 
liave  arranged  with  the  Bootle  Corporation  Klertricity  Works 
to  tako  a  supply  of  electricity  for  power  and  lighting  for  the  】"'、、 
ship-repairing  works  which  they  are  equipping  at  the  North 
Docks,  loasod  from  the  Mersey  Docks  and  Harbour  Board.  The 
original  installation  will  comprise  electric  motors  to  the  extent 
of  over  ljoOO  h.p"  working  tools  and  machinery  on  tlie  individual 
chive  systpm.  Small  tools  will  be  ^ronp-driven.  The  lighting: 
、、- ill  be  en  rriod  out  with  flame  arc  lamps  connected  in  groups  on 
2'2U  volt  circuits. 

Advance  in  Scotch  Oil  Prices. 一 The  Scotch  niijierai  oil  com- 
panies have  followed  the  lead  of  the  Americans  l>y  advancing 
prices  of  tlieir 】i 山 ricatiiig  and  fuel  oils  12s.  Gd.  to  1,5s.  per  ton. 
The  Scotch  companies  are  now  in  a  much  stronger  position  than 
tliey  were  a  yea r  ago,  owing  to  the  slackening  of  American  com- 
petition, hut  in  a  great  measure  to  the  increased  number  of  uses 
to  which  oil  has  been  adapted.  Since  the  beginning  of  this  year 
No.  1  burning  oil  has  risen  from  5^cl.  to  8^d.  per  gallon  ；  naphtha, 
from  (J^  to  9|d.  per  gallon  ；  and  semi-refined  wax  from  2d.  to 
per  pound  ；  Avhile  lubricating  oils  are  £3.  10s.  per  ton  liiglier  than 
the  lowest  prices  reached  during  the  depression. 

Coal  Miners'  Wages. ― The  English  Federation  Board  has  applied  for 

a  o  per  cent,  advance  of  wages  for  all  persons  employed  in  the 
mines,  and  for  those  engaged  in  manipulating  the  coal  on  the 
surface  in  tlie  federated  area,  whicli  embraces  Lancashire,  York- 
shire, Derb'v,  Nottinghamshire,  Warwickshire,  Leicestershire, 
North  Staffs.,  and  North  Wales.  A  meeting  of  the  Coal  Con- 
ciliation Board  which  covers  this  area  、vas  held  in  London  on 
tlie  f)th  inst.  to  consider  the  proposal.  At  the  conclusion  of  the 
meeting  it  was  stated  that  no  information  ton  Id  be  given  as  to 
the  decision  until  it  hud  been  communicated  to  the  employers 
at  a  meet i li^x  of  the  Coal  Conciliation  Board.  After  that  meet- 
ing ； i  fin  tlitT  ( onference  、vi】l  lield  to  receive  the  report  of  the 
representatives  of  the  men  on  the  boa rd. 

The  Trade  of  India. ― A  Blue  Book  has  just  been  published,  reviewing 
the  trade  of  India  during  the  year  1911-12.  This  shou^  th;it 
India's  imports  rose  from  8(r24  million  pounds  in  value  to  92*38 
millions,  u  liile  the  exports  rose  from  139*92  millions  to  1.51*83 
millions,  the  total  trade  thus  increasing  from  220*1(>  millions  to 
244*21  millions,  nn  iiKToase  of  8  per  cent.  Exports  representing 
").")•  4  jxm-  cent,  of  the  total  trade  showed  an  increase  of  9'7  per 
cent,  on  tli(、  previous  year,  and  imports  an  increase  of  13  0  per 
('("it.    Trade  \\  itli  Knrope  rei)resented  per  cent,  of  India's 

total  (»xi)orts.     lousiness  with  the  Unitod  Kingdom  increasod  hy 

million  stoi'ling.  or  117  per  cent.,  and  the  trade  in  all  British 
possessions,  lopresentiiiK  *32'3  per  cent,  of  the  whole  trade,  show ed 
;in       ivast'  of  7*4  per  cent. 

Belfast  Shipyard  Engineers'  Wages . ― As  a  result  of  the  negotiations 
\\  hicli  have  been  conducted  between  the  representatives  of  the 
IWfiist  luiinch  of  the  Amalgamated  Society  of  Engineers  and 
Messrs.  Harland  &  Wolff  and  Messrs.  Workman,  Clark,  tV  Co. 
during  the  past  month,  an  increase  of  Is.  per  week  has  been 
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granted  to  the  engineering  staffs  at  both  of  these  shipbuilding 
yards.  The  men  asked  for  an  advance  of  2s.  per  week,  so  as  to 
bring  their  wages  up  to  41s.  ，  and  the  employers  decided  to  give 
half  of  the  suggested  advance  now  and  the  other  half  on  March 
1st,  the  latter  being  subject  to  the  condition  that  a  three  years' 
a^rooment  would  be  signed.  A  meeting  of  the  men  affected ― 
between  1,500  and  2,000 ~ was  held  on  Saturday  last  to  consider 
the  masters'  proposal  in  regard  to  the  agreement  question.  The 
proceedings  were  private,  and  no  report  was  issued  to  the  press. 

Russian  Iron  and  Steel  Trade. ― According  to  official  statistics  the 
upward  tomleticy  in  tlio  Jlussian  iron  trade,  which  was  manifest 
in  1UJ  I,  contimuHl  tlm.iiig  the  first  four  months  of  the  jiresent 
\ cai-.  Pig  iron  aggregating  1,330,000  tons  、、： is  produced  from 
J ;n i nary  to  April,  1912,  against  1,128,000  tons  during  the 
c-oi  respondin^  period  in  1911.  It  is  noteworthy,  too,  that  simul- 
taneously with  increased  production  there  has  been  a  constant 
diniimition  in  the  stocks  held  at  smelting  works.  On  April  1st, 
11' Ut,  the  stocks  of  pig  iron  w ere  estimated  at  583, 5(K)  tons,  on 
May  1st,  1911,  at  377,000  tons,  and  on  May  1st，  1912,  at  302,000 
tons.  Not  only  have  blastfurnaces  been  kept  working  at  greater 
pi  ossure,  but  the  number  of  f  u  i  nacos  is  steadily  ineroasing.  At 
tin.;  end  ot:  Match  this  year  151  furnaces  were  working,  as  against 
138  12  months  previously.  This  satisfactory  state  of  trade  is 
attributed  to  the  increased  requiremenls  for  railway  works, 
building  trades,  】na<jhiiit"'y  and  engineering  industries,  Arc. 

Personal. ― Mr.  W.  T.  Davies,  who  is  at  present  serving  us 
constructor  at  the  Admiralty,  London,  has  been  ； i ppoiiited  local 
shipbuilding  director  of  Vickers,  Ltd.,  at  Barrow,  vacant  by  tho 
retirement  of  Mr.  J.  H.  Boolds.  M r.  Davies,  who  is  45  years  of 
age,  served  his  apprenticeship  at  Portsmouth  Doc'k.vard.  After- 
wards ho  、vas  transferred  to  the  Royal  Naval  College,  Greenwich, 
for  the  higher  courses  in  training  in  naval  architecture.  In  1890 
he  was  appointed  member  of  the  Royal  Corps  of  Naval  Construc- 
tors at  Portsmoutli,  aiul  、v;»s  promoted  to  the  rank  of  Constructor 
in  1902. ― Mr.  F.  E.  W.  Coller  has  been  appointed  manager  of 
ElswicR  Shipyard,  Newcastle-on-I^ne,  in  succession  to  Mr.  G.  J. 
Carter,  late  manager,  who  has  recently  taken  up  the  appointment 
as  managing  director  to  Messrs.  Cammell,  Laird,  &  Co.,  Birken- 
head. For  many  years  Mr.  Coller  was  assistant  to  Mr.  Carter, 
then  at  Wallsend  Slipway  and  Engineering  Company,  Wallsend. 

Vickers,  Ltd. ― Evidence  of  the  extraordinary  activity  in  the  ship- 
building industry  is  afforded  in  tho  case  of  Messrs.  Vickers,  Ltd.， 
of  Barrow,  who  have  in  hand  tho  construction  of  no  less  than 
23  vessels  for  the  navies  of  different  nations.  These  vessels  in- 
clude three  super-Dreadnoughts :  The  ' 'Delhi/ J  for  the  British 
Admiralty  ；  the  11  Mehmed  Rasliad  V.、"  for  the  Turkish  Govern- 
ment ； and  the  battle-cruiser  "  Kongo/'  for  the  Mikado's 
Government.  Three  of  the  "Town"  class  of  light-armoured 
cruisers  for  the  Admiraltj^  three  monitors  for  the  Brazilian 
Government,  a  motor-boat  for  the  Admiralty,  a  floating  dock 
for  the  Argentine  Government,  and  last,  but  not  least,  13  British 
submarines.  In  the  engineering  department  orders  are  also 
numerous,  the  firm  having  in  hand  or  in  course  of  construction 
engines  of  400,000  s.h.p.  The  gun-mounting  department  of  the 
works  is  also  busy,  and  there  is  quite  a  throng  of  orders  for 
the  home  and  foreign  governments. 

Shipbuilding  Boom. ― The  present  activity  in  the  shipl)uilding 
yards  of  Great  Britain  is  illustrated  by  the  returns  compiled  l>y 
Lloyd's  Register  of  Shipping  for  the  quarter  ended  September 
30th.  The  returns,  which  only  take  into  account  vessels  whose 
construction  has  actually  begun,  show  that,  excluding  warships, 
there  were  505  vessels,  of  1,84(3,829  tons  gross,  under  construction 
in  the  United  Kingdom  at  the  close  of  the  quarter.  The  figures 
arc  the  highest  ever  recoi'ded  in  the  society's  quarterly  returns, 
which  extend  back  to  1882.  The  tonnage  now  under  construction 
is  about  73,000  more  than  that  which  was  in  hand  at  the  end  of 
the  preceding  year,  and  exceeds  by  400,000  the  tonnage  building 
a  year  ngo.  In  addition,  82  warships  with  a  tonnage  of  494,538 
u ore  under  coiistrut'tion .  All  but  12  of  these  Avere  British,  and 
consisted  ot  eight  battle-ships,  four  battle-cruisers,  eight  protected 
cruiser's,  two  third-class  cruisers,  34  torpedo-boat  destroyers,  and 
14  submarines.  Against  the  immense  figures  for  the  United 
Kingdom  may  be  placed  (excluding  warships  and  vessels  under 
100  tons)  Germany's  101  (467,7(33  tons),  United  States'  85  (215,295 
tons),  and  France's  28  (119,018  tons). 

Engineers'  Wages  in  the  Manchester  District. ― The  wages  question  in 
tlio  on^iiKuuing  industry  of  the  Manchester  district,  in  which 
some  13,000  workers  altogether  are  concerned,  was  discussed  on 
tlio  5)th  inst.  at  a  conferenco  l)c*twoeii  the  connnittoo  of  the  Man- 
chester Engineering  Trades  Employers'  Association  and  the  repre- 
sentatives of  the  several  trade  unions.  The  engineers  luitl  made 
applic-ation  for  tin  inoreiiso  of  3s.  a  、v(»(»k  in  the  wages  of  day 
men,  and  of  1\  per  cent,  in  the  rates  of  pay  for  piece  workers. 
A  iiKH'iin^;  of  tlio  ('mplo.vcrs,  preliminary  to  tli(、  coiitoroiico,  was 
hold  ou  the  previous  Tuesday,  but  no  iniornmlion  as  to  its  deci- 


sion on  the  points  in  question  was  communicated  to  the  press. 
It  was,  however,  regarded  as  probablo  that  the  employers  would 
offer  an  advance  of  Is.  a  week  in  wn^cs  im'  the  one  class  of  worker 
and  2 -J  per  cent,  in  rates  of  pay  for  the  other.  Another  section 
of  workers  in  the  engineering  industry  who  are  asking  for  ad- 
Aiinccs  of  wa^os  is  nKide  up  of  semi-skilled  men  and  labourers. 
Advances  lun'e  ItetMi  asked  for  by  the  Oneral  Ijabo  irors'  National 
Council  for  all  men  whose  wages  are  28s.  or  less.  The  increases 
wln'cli  ha\  e  boon  asked  for  arte  4s.  for  men  who  :\  ro.  now  paid 
20s.  to  22s.  a  week,  3s.  for  men  with  23s.  to  2os.,  2s.  for  men 
with  2Gs.  to  28s. ,  and  7\  per  cent,  on  piece  rates. 

Geared  Turbine  Vessel  for  India. 一 There  was  launched  on  Satur- 
day last,  from  the  yard  of  Messrs.  A.  &  J.  Inglis,  Pointlious**, 
the  turbine  steamer  "  Curzon，，，  Iniilt  for  the  South  Indian  Rail- 
way Company.  The  "  Curzon  "  is  the  first  of  three  sister  ships 
which  Messrs.  Inglis  are  building.  The  steamers  have  a  length 
overall  of  about  260ft. ，  a  breadth  of  38ft. ,  and  a  depth  to  the 
promenade  deck  of  nearly  19ft"  and  their  gross  tonnage  will 
be  rather  less  than  7(X).  Ti">  propelling  machinery  will  consist 
of  two  sets  of  geared  turhines  of  the  hi  tost  Parsons  ty])c,  one 
high  pressure,  and  one  low  pressure  being  coupled  to  each  of  two 
shafts  by  means  of  nuu-hinc-cut  gears,  each  shaft  driving  ono 
of  the  twin-screws.  This  gearing  lms  Ixmmi  made  by  the  Parsons 
Marine  Steam  Turbine  Company  to  the  order  of  Messrs.  Inglis. 
Tho  involutions  of  the  turbines  will  be  about  3,000  per  minute, 
which  will  give  a  high  turbine,  efficiency.  By  means  of  tho 
mechanical  reducing  gear,  the  propollcis  will  revolve  at  a  nnicli 
less  speed,  and  so  secure  greater  propulsive  efficiency.  In  each 
low-pressure  turl>ine  casing  an  astern  turbine  of  】iigh  power  is 
incorporated.  The  boilers  are  of  the  Yarrow  type.  Arrange- 
ments will  he  made  for  l)urning  either  Indian  coal  or  oil  fuel3  as 
may  be  decided  later. 

The  Construction  of  Diesel  Engines. ― No  fewer  than  five  engineering 

firms  on  the  Clyde  are  now  in  a  position  to  make  Diesel  oil 
engines  for  the  largest  class  of  ocean-going  ships.  In  the  first 
place  the  Burmeister  &  Wai"  Company,  registered  some  time  ago 
in  London,  have  purchased,  from  Messrs.  Harland  &  Wolff,  the 
engineering  workshops  in  Glasgow  of  the  London  and  Glasgow 
Engineering  and  Shipbuilding  Company.  All  the  resources  of 
this  establishment  will  be  devoted  exclusively  to  the  manufacture 
of  Diesel  engines  ；  the  other  concerns  on  the  Clyde  making  these 
oil  engines  do  so  merely  as  a  department  of  a  general  ma  t  ine 
engineering  and  shipbuilding  business.  At  Port  Glasgow,  Diesel 
oil  engines  on  the  Carel  design  are  made  by  the  Clyde  Ship- 
building and  Engineering  Company.  At  Dalnmir,  Messrs.  William 
Beardmore  &  Co.  are  licensees  and  makers  of  the  Diesel  oil  engine. 
They  hold  the  joint  license  from  Messrs.  Carels  F  re  res,  of  Ghent, 
and  the  Diesel  Engine  Company,  London.  Another  shipbuilding 
firm,  Messrs.  Alex.  Stephen  &  Co.,  of  Linthouse,  Glasgow,  liold 
the  Diesel  license,  and  so  also  does  a  Greenock  firm  of  ship- 
builders. While  the  Clyde  is  certainly  taking  the  lead  in  this 
country  in  the  manufacture  of  oil  engines  for  ocean-going  ships, 
the  most  extensive  factory  will  be  that  now  under  construction 
at  Ipswich  for  the  Consolidated  Diesel  Engine  Manufacturers, 
London.  This  will  be  the  first  Luge  factory  in  Great  Britain 
devoted  exclusively  to  the  making  of  these  oil  engines,  both  for 
ship  propulsion  and  for  stationary  purposes.  A  large  site  is  being 
covered  by  workshops,  and  it  is  anticipated  that  early  next  year 
the  establishment  will  be  in  full  working  order. 

Prevention  of  Accidents  on  Railways. ― At  the  Raihvaymen's  Con- 
ference, recently  held  at  Dublin,  Mr.  J.  T.  Robinson  (Tyno  Dock) 
proposed :  "  That  this  Congress,  being  of  opinion  that  many  of 
the  accidents  to  the  employes  on  the  railways  are  due  to  under- 
staffing,  and  consequent  hustling  methods,  to  dangerous  processes, 
to  insufficient  lighting,  to  the  slow  adoption  of  side  brakes,  and 
to  the  non-adoption  of  automatic  couplings,  urges  upon  the 
Government  to  strengthen  the  administration  of  the  Prevention 
of  Accidents  Act3  1900,  by  the  appointment  of  additional  in- 
spectors for  the  purpose  of  enquiring  into  dangerous  methods  of 
working  and  working  processes,  in  order  that  steps  may  be  taken 
to  prevent  accidents,  instead  of  waiting  until  they  occur  and 
making  enquiries  afterwards.  We  also  emphatically  reailirm 
our  opinion  that  representatives  of  this  society  should  Ijo 
allowed  to  visit  all  scenes  of  accidents  and  be  given 
reasonable  opportunities  for  inspection."  He  said  they  found 
on  the  railways  at  the  present  time  that  companies  were  trying 
to  work  the  traffic  with  as  few  hands  as  possible.  Since  the 
Hours  Act  came  into  force  the  railway  companies  had  adopted 
a  new  schomo  I>y  which  the  men  were  、、orke(l  for  a  <lay  of  ten 
or  t'lovon  liours,  and  then  brought  on  ii^ain  to  work  after  nine 
hours'  rest.  This  was  a  worse  system  tlian  tho  old  one  of  long 
hours  and  of  continuous  service.  There  were  men  on  the  North- 
oasttM-n  l?;ulw;iy  who  were  working  GO,  70，  and  80  hours  ;i  、、wk, 
and  lio  l"、lk'v(、(l  a,  similar  state  of  things  existed  on  the  Midland 
Railway.    A  iroqucnt  cauae  of  accidents  to  railway  men  was  thy 
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1  "V\'illcox-Pexbebthy  "  Cellar 
Drainer. 


unli^hted  colliery  siding.  In  rectMit  years  there  had  l>een  a  larg(、 
increase  in  the  number  of  raihvaynien  who  were  injured.  I n 
1901  14,740  were  injured,  but  in  1911  the  number  had  risen  to 
27,848.  He  contended  that  practical  raihvaynien  ought  to  be 
appointed  to  inspect  goods  yards  sidings,  and  make  recommenda- 
tions to  the  company  for  safe  working.  The  resolution  was 
unanimously  carried. 

" Willcox-Pcnberthy Cellar  Drainer.  ―  There  has  recently  1»,  '  u 
placed  on  the  market  by  Messrs.  W.  H.  Willcox  &  Co.,  Ltd., 
38，  South wark  Street,  London,  S.E.,  the  tl  Willcox-Penberthy  " 
cellar  drainer.  Avhich  is  particularly  adapted  for  use  in  pits,  sumps, 
cellars,  tanks,  settling  basins,  or  wherever  it  is  desired  to  keep 
water  or  other  liquids  from  going  above  a  certain  level.  It  con- 
sists of  a  water  pressure  ejector  of  high  capacity,  automatically 
operated  by  a  float-controlled,  quick-opening-and-closing  valve. 
This  valve  is  never  partially  opened  ；  it  cannot  leak,  and  allows 
the  ejector  to  give  its  greatest  efficiency  'by  working  to  full 
capacity.  The  float  arms  are  slotted  where  they  connect  to  the 
valve  lever ― this  prevents  the  ejector  from  operating  until  the 
water  has  raised  the  float  up  to  the  highest  point,  and,  as  the 
water  is  ejected,  they  travel  down  the  length  of  these  slots  before 

the  weight  of  the  float  affects 
the  vahe.  This  allows  the 
machine  to  work  for  longer 
periods  and  not  so  often,  thus 
preventing  considerable  we;ir 
and  the  leakage  and  driljbling 
of  Avater,  as  is  so  common  in 
the  majority  of  drainers.  To 
enable  the  installation  of  this 
drainer  in  small  holes,  or 
sumps,  it  has  heen  made  as 
compact  as  possible.  The  float, 
instead  of  Wing  round,  is  flat 
on  the  top  ；  it  has  more  buoy 
ancy  and  occupies  less  space 
than  would  a  round  float  at 
the  same  diameter.  Space  is 
further  economised  hy  1>uild- 
iiiK  the  float  around  the  suc- 
tion pipe.  This  patented  fea- 
ture has  the  added  advantage 
of  lieing  rigid,  and  overcomes 
all  the  trouble  of  the  common  loose  float.  The  balance 
of  the  drainer  is  built  directly  above  the  float;  this  not  only 
keeps  the  whole  machine  in  as  small  a  space  as  possible,  but  also 
keeps  all  working  parts,  with  the  exception  of  strainer  and  float, 
above  the  water,  thus  preventing  oorrosion  or  the  exterior  parts 
becoming  dogged  up  hy  deposits  of  slime,  ciirt,  or  sediment. 
The  interior  parts  nro  ])revpnted  from  coming  into  contact  with 
any  foreign  particles  hy  the  special  strainer,  which  is  so  con- 
structed that  instead  of  the  water  being  drawn  directly  upward, 
it  is  taken  in  at  the  sides,  allowing  all  sediment  to  collect  under 
the  strainer  without  being  disturbed  by  the  force  of  the  suction. 
A  foot  valve  is  also  provided  inside  the  strainer,  wliich  closes  the 
instant  the  drainer  ceases  operating,  holding  all  water  in  the 
pipes,  all  primed  for  starting  instantly,  at  the  next  filling  of  the 
.sump. 

Parsons'  Marine  Steam  Turbine  Company. ― The  report  of  the  directors 
of  the  Parsons'  Marine  Steam  Turbine  Company,  to  be  presented 
at  the  loth  annual  general  meeting  of  the  shareholders  oti 
October  22nd,  states  that  the  application  of  geared  turbines  to 
marine  propulsion,  on  the  system  initiated  by  the  company,  has 
made  great  progress  during  the  year,  having  regard  to  its  novelty 
and  recent  introduction.  No  less  than  15  vessels  of  various  types, 
with  an  aggregate  of  over  100,000 h. p. ，  are  now  built  or  building 
with  geared  tin-bines.  The  expenditure  on  experiments  has  been 
oxr-optionaily  large,  due,  in  part,  to  work  bearing  on  the  develop- 
ment of  geared  turbines.  Experience  with  the  "  Vespasian  ，， 
continues  to  be  entirely  satisfactory,  and  the  results  obtained  in 
that  vessel  have  had  considerable  influence  on  the  extended  use 
of  gearing.  Experimental  research  on  the  causes  influencing  the 
efficiency  of  screw  propellers  has  been  continued  during  the  past 
year.  Valuable  results  have  been  obtained,  and  the  liest  lines 
for  furthfM-  experiment  have  been  ascertained  and  will  be  utilised. 
The  enquiry  has  a  direct  and  important  bearing  on  the  future  of 
(！ conornic  propulsion  by  moans  of  steam  turbines,  and  will  prove 
oi  service  to  licensees  in  dealing  with  designs  going  beyond  pre- 
cedent. The  "  combination  "  system,  in  which  reciprocating 
wigiiies  are  associated  with  low-pressure  turbines,  continues  to 
find  favour  in  certain  classes  of  passenger  steamships.  Important 
vessels  engined  on  this  system  are  now  being  built  by  Messrs. 
Denny  and  hy  Harland  &  Wolff,  Ltd.  Up  to  the  present  tinio 
th^  total  horse-power  of  marine  turbines  of  the  Parsons  type, 
f*f)rri|)l**tcd  and  under  construction  in  the  works  of  the  company 
and  of  licensees,  as  well  as  in  the  works  of  the  continental  sub- 
c(，mp:uii(is，  and  of  licensees  of  Parsons'  Foreign  Patents  Company, 


Ltd.,  amounts  to  about  8,500,000  h.]).- -  an   inciva.s*'  dui  in^  ih- 
.voa r  of  aljont  2,100,000  h. p.      Of  tins  total  lioi  s<-po\v(M-,  nearly 
7,200,000  li.p.  are,  or  will  be,  employed   for  tin*  propulsion  ol 
warships,  and  over  1,300,000  h.p.   in  vessels  of  the  morcaiiti"' 
marine  and  yachts.    At  present  the  total  number  of  vess (！ Is  Ixiilt 
and  building  for  the  Royal  Navy  and  Colonies,  with  Parsons  tur 
bines,  is  202  ；    the  total  horse-power  is  about  3,700,(X)0.  Th" 
profits  for  the  year,  after  providing  for  depreciation,  ntuonui 
to  £27,711  ；  the  amount  brou^lit  forward  from  the  last  l,;'l;'n。。 
sheet  is  £17,508.    The  total  amount  available  for  distribution  is 
thus  £45,220.    This  the  directors  recommond  should  bo  appro 
priateB  as  follows :  (1)  In  payment  of  a  dividond  at  tlio  rate  of 
10  per  cent,  per  annum  (free  of  income-tax),  of  which  an  interim 
dividend  of  5  per  cent,  for  the  six  months  to  December  31st,  Hil  1， 
was  paid  on  January  27th  last,  absorhing  £21,128;  (2)  in  pay 
ment  of  a  bonus  of  2^  per   cent,  (free  of  income-tax),  L."/282, 
£20,410  ；  (3)  leaving  as  a  balance  to  be  carried  forward  £18,810. 


TEST  OF  MINERS'  SAFETY  LAMPS. 

A  supplementary  memorandum  has  been  issued  by 
the  Home  Office  in  view  of  questions  which  have  been 
raised  by  manufacturers  who  desire  to  submit  safety 
lamps  to  be  tested.  It  is  pointed  out  that  makers  should  sup- 
ply the  wicks,  and  they  may,  if  they  desire,  supply  the  oil,  for 
the  testing  of  their  own  lamps.  The  apparatus  necessary  For 
operating  the  locks  of  lamps  submitted  for  testing  (including 
magnetic  and  compressed  air  locks)  must  be  supplied  by  the 
maker.  A  temporary  exception  will  be  made  from  the  rule  as 
to  lamp  pillars.  Lamps  now  in  use  if  they  conform  to  an 
approved  type  in  all  respects,  except  that  they  have  only  four 
pillars,  may  continue  to  be  used  for  a  period  not  exceeding 
three  years  from  January  1st  next.  The  rule  requiring  double 
gauzes  will  not  be  applied  to  lamps  now  in  use  for  a  period  of 
two  years  from  January  1st  next.  If  a  lamp  submitted  for 
testing  fails  to  pass  the  iC  tests  of  glass  ， ，  the  makers  will  be 
allowed  to  submit  the  same  lamp  for  re-testing  with  a  dif- 
ferent glass  on  payment  of  an  additional  fee  of  £2.  Slight 
variations  in  the  form  of  a  lamp  (f.ff.,  improvements  in  the 
locking  devices)  may  be  made  without  the  lamps  being  re- 
tested,  providing  the  testing  officer  is  satisfied  they  are  of  such 
a  nature  as  not  to  affect  the  requirements  prescribed  for  the 
test.  A  lamp  containing  any  such  variation  may  be  submitted 
to  the  testing  officer,  who  will  examine  the  lamp  and  decide 
whether  or  not  the  variation  is  of  such  a  nature  as  to  render 
a  fresh  test  necessary.  The  fee  for  such  examination  is  £2, 
payable  in  the  same  way  as  the  fee  for  the  test.  If  a  fresli 
test  is  found  to  be  necessary,  this  fee  may  be  deducted  from 
the  fee  for  the  fresli  test. 


Institution  of  Electrical  Engineers  (Manchester   Section). ― The 

new  session  of  the  Manchester  local  section  of  the  Institution 
of  Electrical  Engineers  will  be  opened  on  November  1st  at  the 
Midland  Hotel,  Manchester.  The  chairman,  Mr.  A.  A.  Day, 
will,  we  regret  to  state,  be  unable,  from  reasons  of  health,  to 
be  present  and  read  his  address,  which,  however,  will  be  read 
by  the  vice-chairman,  Prof.  E.  W.  Marchant.  A  smoking 
concert  will  follow  the  address.  During  the  session  a  number 
of  interesting  papers  are  down  for  reading,  which  include  the 
following  ：  November  5tli，  (i  The  Turbo-Converter  ：  A  High- 
speed, Direct-current,  Generating  Unit,"  by  Mr.  F.  Creedy  ； 
November  19th,  Earthed  v.  Unearthed  Neutrals  on  Alter- 
nating-current Systems,"  by  Mr.  J.  S.  Peck  ；  December  3rd, 
1 1  Some  Problems  in  Traction  Development ~ Street  Railway 
Feeding  Networks,"  by  Mr.  J.  G.  Cunliffe  and  Mr.  R.  G. 
Cunliffe  ；  December  17th?  "  Electric  Welding,"  by  Mr.  P. 
Bucher  ；  January  14th,  1913，  lt  Starting  and  Speed  Control 
on  Induction  Motors,"  by  Mr.  F.  C.  Aldous  ；  January  28tb, 
"The  Use  of  a  Large  Lighting  Battery  in  connection  with 
Central  Station  Supply,"  by  Mr,  F.  H.  Whysall  ；  February 
11th,  "  Advertising  Electricity,"  by  Mr.  H.  C.  Palmer : 
February  25th,  "  Some  Recent  Developments  in  the  Man- 
chester Street  Lighting,"  by  Mr.  S.  L.  Pearce  and  Mr.  H.  A. 
Ratcliff  ;  March  11th,  "  Self-starting  Synchronous  Machines," 
by  Dr.  E.  Rosenberg  ;  April  1st,  "  Electric  Driving  of  Textile 
Factories,"  by  Mr.  W.  Browning  ；  April  8th ,  annual  general 
meeting  and  lecture  by  Prof.  E.  Rutherford. 
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NEW  PATENTS. 

Specifications  oj  the  following  are  now  published,  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  10d.  Address 
" Mechanical  Engineer/'  5Sy  New  Bailey  Street,  Manchester. 

MECHANICAL  1911. 

Fuel  briquetting  plants.    Rigby  &  Testrup'  14624. 

Treatment  of  phosphate  ore  and  the  obtaining  of  nitrogen  there- 
from.   Wallace  &  Wassmer.  14631. 

Carburetters  for  internal-combustion  engines.    Torrens.  14749. 

Valve-operating  means  for  internal-oombustion  pumps.  Sieraens- 
Schuckert-Werke .    14753  ■ 

Double-acting  internal-combustion  engines.    Pierard  16741. 

Drilling  and  borino;  machines  for  mining  and  quarrying.  Teakcl. 
17662. 

Signalling  arran<i«Mncnts  for  railways.    Dalen.  18780. 

Hydraulic  production  of  power  by  the  direct  operation  of  combusti- 
ble gases.    Coster.  18821. 

Sp(、ed- reducing  or  speed-multiplying  gears.  Bronner  &  Quick. 
18957. 

Hcnersible  rolling  mills.    Gatta.  20303. 
Aeroplanes.    Sugden.  20722. 

Treatment  of  iron  or  steel  for  the   i>ievention    of   oxidation  or 

rust.    R u<l ge-AV h it w o r th ,  Ltd"  and  Heatcote.  20798. 
tolling  mills.    Gatta,  20971. 

Process  of  applying  deposits  of  metal  or  metallic  coinpouiuls  to 

surfaces.    Schoop.  21066. 
llotary  engines.    Carbone.  21077. 

Rolling  mills  for  rolling  metal  sheets.    Gerrard.  '21354. 
l^otn ry  engines.    Read.  21271. 
Friction  clutches.    Hopper.  21310. 
Fluid-pressure  governors.    Wright.  21342. 
Production  of  gaseous  fuel.    Southey.  213(53. 
Tank  ships  or  vessels.    Hunter,  Black,  §  De  Rusett.  21445. 
Discharge  valves  for  ash  ejectors.    Trewent  &  Proctor.    214 Ki. 
-、 I  ulti-stage  rotary  pumps.  Parsons  &  Carnegie.  21490. 
Pumps.     Pierpont,   and  Lanston  Monotype  Corporation,  Ltd. 
21582. 

Variable-speecl  transmission  gearing.  Pinson  &  Blaxley.  22008. 
Integrating  apparatus  for  fluid  measuring  instruments.  British 

Thomson-Houston  Company.  22065 
Clasp  nuts  for  lathe  saddles.    Carwardme  &  Hingston.  22464. 
Packing  of  pistons.    Owen.  22692. 
Flying  machines.    Valentine.  22789. 

Air-starting  and  reversing  mechanism  for  internal-combustion  en- 
gines.   Tanner.    22867.  ― 

Steam  forging  presses.    Champigneul.  23596. 

Steam  superheaters  for  locomotives.   Robinson.  24659. 

Carburetters  for  internal-combustion  engines.    Fagard.  26912. 

Starting  internal-combustion  engines.  Clark,  Dyke,  and  Edwards. 
27103.  ' 

Pneumatic  stamps  for  crushing  ore  and  the  like.  Holmaii  and 
Holman.  27273. 

Apparatus  for  burning  finely-divided  fuel.  Babcock  &  Wilcox, 
Ltd.    27672,  27673,  and  27674.  . 

Apparatus  for  purifying,  cooling,  and  washing  gases.  Theisen. 
27696. 

Device  for  cutting  the  webs  of  double  T-girders.  Pels.  28068. 
Starting  devices  for  internal-combustion  engines.     Allison  and 

Skinner.  28372. 
Bearings.    Brown.    28813.  t 
Tap-wrenches  of  screwing  tackle.   Shaw  &  Todd.  29063. 
(； rhulino;  attachments  for  lathes.    Shaw  &  Keeling.  290G4. 
Combustion  product  engines.    Neuberger.  29135. 

1912. 

Variable-speed  gear.    Burnett.    2019.  - 
Two-stroke  cycle  explosion  engines.    Hardy.  2o76. 
"ashoklers.    Blakeley.  3254. 
Acetylene  gas  generators.    Marks.    3301 . 
Drive  chains.    Belcher.  3505. 

Hearings  for  shafts.  Burby.    3617.  . 
Liquid  fuel-sprayers  for  internal-combustion  engines. 

4352.  . 
Method  of  and  apparatus  for  the  generation  of  combustion-products 

uinler  pr(、ssmo  for  driving  turbines  and  other  fluid-pressure 

engines.  Ainley.  4569.  . 
Combined  explosion  or  internal-combustion  and  compressed-air 

engine.    Nolet.  4987. 
Hydraulic  transmission  apparatus.    Schneider.  5230. 
Loose  wheels  ； uid  pulleys.    Erlotti.  5965. 

Apparatus  for  indicating  speeds  at  a  distance.  Siemens  Bros,  and 
Co.  (5977. 

Gas  producers.    Klusmeyor  &  Meyei'.  7267. 
Rotary  engines,  pumps,  and  compressors.    Champenoy.  7535. 
Machines  for  making  lock-joined  angular  metal  tubing.  Slander. 
7593. 


Wedekincl. 


Power  transmission-devices  for  motor-driven  vehicles.  Vorhies. 
7887. 

Plant  comprising  an  explosion-engine  and  an  cti^i wo  using  pro- 
ducts of  combustion  expansively.    Norman  &  Pape.  8034. 
Dampers  for  steam-generator  flues.    Crosland  &  Scholes.  8(i(i9. 
Governing  turbines.     Bergman n   Elcktricitats-Werke  Akt.-Ges. 

(J079. 

Steam  supply  valve  with  pendulum  governor  for  ships'  cMginrs. 

Brouquiere.  9287. 
Flexible  shafts.    Schurmaiui.  9394. 
Variable-speed  gearing.    Douglas.  9982. 
Ships'  construction.    Jones.  10405. 

Valve-mechanism  for  internal-combustion  engines.  Roljinsoii . 
10944. 

Railway  rail  joints.    Keck.  11349. 

Automatic  railun y  coiiplings.    Posszert.  11788. 

Self-centring  chucks.    Ktempel.  1213G. 

(his- heated  crucible  furnaces.    Fletcher,    Russell,    &,    (:o.，  and 

Fletcher.  12402. 
W;»ter-tnl)o  hoilcrs  and  headers  therefor.  Bal>cock  &  Wilcox,  Ltd., 

and  Rosenthal.  12431. 
Safoty  valves.    Cockburn  &  MacNicoll.  14053. 
Cylinders  for  double-acting  piston  engines.    GJnimvald.    14G1 1  - 
Luln'icatin^;  of  high-speed  internal-combustion  engitii'S.     F.  K. 

Baker,  Ltd.，  and  Wilkes.  14792. 
Change-speed  gears.    Ch("i("uix.  16083. 

Point-cluui^iti^  nn'clin  iiisin  for  railways.    Pestalozza.  1G320. 
Discharge  of  coko  from  vertical  gas  retorts.    Toogood   and  Roljcrt 

Dempster  &  Sons,  Ltd.  17616. 
Hyd raulic  transmission  apparatus.    Schneider.  18894. 

ELECTRICAL  1911. 

Production  of  periodically- varying  currents  of  high  frequency. 

Weintraub.  14504. 
Electrical  switches.    Cox.  21037. 
Power   and   electrical   installation  of 

Lanchester.  21322. 
Dynamos.    Parsons  &  Law.  2149G. 
Automatic  electric  switching  appaiatus. 
Sloans  of  enclosing  electrical  apparatus. 

facturing  C'ompany.  22372. 
Calling  apparatus  for  telephones.    Wall.  23122. 
Electric  furnace.    Mettler.  25890. 

Type-printing  telegraph  apparatus.  Aktioselkabct  Hovlands 
RadioteleKraf.  26039. 

1912. 

Electric  lifts  of  the  alternating  type.    Moysey.  3144. 

Means  of  making  contact  or  operating  electric  signals  for  use 

principally  in  mines.    Fryar.  5919. 
Electric  time  switches.    Schmid.  6078. 

Apparatus  for  the  generation  of  electricity  from  the  motion  or 
currents  of  water.    Visser,  De  Goede,  &  De  Veen.  (59(32. 

Anode  supports  for  use  in  electro-plating.  Spirella  Company  of 
Great  Britain.  9148. 

Telephone  receivers.    Parr.  10616. 

Alternating-current  distribution  systems.  Sprong  &  McCoy. 
12682. 

Earthing  arrangements  for  electrical  systems.  Siemens  Schuckert- 

werke.  12738. 
Arc  lamps.    Moul.  14516. 
Electrical  junction  boxes.    Murray.  19534. 


power-propelled  vehicles. 


Howard  &  Allen.  21649. 
Curtis,  and  Adams  I\I an u- 


METAL  QUOTATIONS. 

TUESDAY,  OCTOBER  15th. 

Aluminium  ingot   82/-  per  cwt. 

"         wire,  according  to  sizes,  &c  from  】0^/-  ，, 

，，        sheets        ，，  ，，   ，  120/-  ，， 

Antimony  £36/-/-  to  £38/-/-  per  ton . 

Brass,  rolled   9|d.  per  lb. 

，，    tubes  (brazed)    lljd. 

，，       ，，     (solid  drawn)   lOd. 

，，       ，,     wire   9Jd. 

Copper,  Standard   £75/5/-  per  ton. 

Iron,  Cleveland   65/7^  ，, 

,， Scotch   71/7^  ,， 

Lead,  English    £21/15/-  ，， 

，， Foreign  (soft)    £21/7/6  ，， 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

"  "  ,，       medium   3/6  to  6/—  ,， 

，，  "  ，，       large   7/6  to  11/- ，， 

Quicksilver   £8/-/-  per  bottJe 

Silver   29^d.  per  oz. 

Spelter    £27/12/fi  per  ton. 

Tin,  block   £223/10/- ,, 

Tin  plates   15/7^  ,, 

Zinc  sheets  (Sileaian)   £31/5/-  ,, 

，，  (Stettin  ；  Vieille  Montague)   £31/10/-  ,, 
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UNRIVALLED  FOR  ALL  PURPOSES. 


Steam,  Highest  Pressures,  Oil  Pumping, 
Air,  Gas,  &c. 


THE 

UNITED  FLEXIBLE  METALLIC  TUBING  CO.,  Ltd 
Works :  PONDERS  END,  MIDDLESEX. 
Head  Office : 

112,  QUEEN  VICTORIA  STREET,  LONDON,  E.C. 


Tb«  man  stood  on  the  boiler  top,  whence  all  but  h©  had  flown, 
For  ono  and  then  another  of  the  blessed  joints  had  blown  ； 
'Twm  there  we  fotind  him  swearing,  when  we  took  him  nnderhand, 
Now  ft 霧10116  he's  always  wearing,  he's  found  "  NONLEAK  "  will  stand. 


WHY  NOT  WEAR  A  SMILEP 

NnNLEAK  Jointing 

IHUIlLtMIV  COMPOUND 

Will  Put  a  Stop  to  Leaking  Joints  &  Blow-outs. 


FBSB  7ROH  LSiJ) ! 

IMPROVES  WITH  AGBt 


TKWTDHQ  tUCPLSB.  WILL  NBVEB  BLOW  OUT,  8OAZ4B,  OB  HOT. 

J.  E.  TURNER  &  CO.,  Ltd.,  ^  "m",  BR^geRd^ ^二 k,. 


Second  and  Greatly  Enlarged  Edition. 

The  Testing  of  Engines, 
Boilers,  &  Auxiliary  Machinery. 

A  Treatise  on  the  Construction  and  Use  of  the  Instruments 
and  Methods  Employed  in  the  Testing  of  Prime  Movers  in 
the  Laboratory  and  Workshop         ::       ::       ：:       ;：  :: 

By  W.  W.  F.  PULLEN, 

Whitworth  Scholar  ；  Member  of  the  Institution  of  Mechanical  Engine$rs  ； 
Associate  Member  of  the  Institution  of  Civil  Eneinetrs. 

Price  13/-  post  free. 

CONTENTS.— Tables  and  other  Data.  Mechanical  Aids  to  Calculation.  Measure- 
ment of  Pressure.  Meaaurement  of  Temperature.  Measurement  of  Speed. 
Measurement  of  Power  Output.  Measurement  of  Power  Input  with  Dynamometer. 
Measurement  of  Power  Input  with  Indicator.  Indicator  Rigs  and  Accessories. 
Hints  on  the  Management  ot  Indicators.  Analysis  of  the  Steam  Engine  Indicator 
Diagram.  Other  Features  of  Steam  Engine  Diagrams.  The  Adjustment  of  the 
Slide  Valve.  iDternal-combufltion  EDgine  Diagrams.  Testing  Indicator  Springs. 
Measnrement  of  the  Quality  of  Steam.  Measurement  of  Quantity  of  Steam  and 
Water.  The  Testing  of  Steam  Enginep.  Fuel  Testing.  The  Analysis  of  Flue 
OftseB.  Boiler  Testing.  The  Testing  of  Auxiliary  Machinery.  The  Testing  of 
Internal-combastion  Engines. 

The  Scientific  Publuhing  Co.,  53,  New  Bailey  Street,  Manchester. 


No.  770 

Edited  by 
WILLIAM    H.  FOWLER, 

Wh.  Sc.,  M.Inst.C.E. 

Telegrams:   "Scientific,"  Manchester. 
Telephone  No.  8628  Central. 

SUBSCRIPTION  RATES. 

United  Kingdom :  12/6  per  annum,  post  free. 
Anywhere  Abroad  ： ― 

17/6*  per  annum,  post  free.    Thin  paper  edition 
*     21/-*  ，，  ，，  Thick  ，， 

*Foreign  Remittances  by  International  Money  Order  only. 
Note— Direct  annual  subscriptions  include  a  Free  Copy  of 
Fowler's  "  Mechanical  Engineers'  Pocket  Book." 

. Cheques  and  Postal  Orders  should  be  made  payable  to  the 
Scientific  Publishing  Company,  and  forwarded  to  our  Manchester 
Office,  53,  New  Bailey  Street. 

Advertisements,  displayed,  for  insertion  in  current  issue  shoukl 
reach  our  Manchester  office  not  later  than  first  post  Tuesday 
morning,  and  small  prepaid  advertisements  not  later  than  first 
post  Wednesday  morning. 


The  Inspection  of  Steam  Pipes. 

The  beneficent  action  of  the  Boiler  Explosions  Act  by  the 
searching  character  of  its  Board  of  Trade  enquiries  and  tlie 
publication  of  their  judgments  has  succeeded  in  preventing  to 
a  large  extent  the  occurrence  of  serious  boiler  explosions.  It 
is  true  the  number  of  enquiries  annually  held  lias  not  been 
greatly  diminished,  but  these  are  concerned  mainly  with  minor 
failures  of  auxiliary  apparatus  used  for  steaming  and  heating 
purposes  not  attended  with  disastrous  consequences,  and  many 
of  them  differ  little  from  what  are  usually  ranked  as  the  ordi- 
nary incidents  of  wear  and  tear,  but  it  is  well  to  remember  in 
this  connection  that  when  steam  at  liigli  pressure  is  suddenly 
liberated  into  a  confined  space  there  is  always  serious  risk  of 
serious  or  fatal  scalding  where  workpeople  are  present,  and  for 
this  reason  we  have  consistently  advocated  the  thorough 
periodical  inspection  of  all  auxiliary  steaming  apparatus  and 
their  connections,  and  particularly  steam  pipes.  They  con- 
stitute a  sphere  of  somewhat  ill-clefmed  responsibility.  When 
contracts  are  entered  into  with  engine  or  boiler  makers  the 
work  usually  ends  at  the  engine  or  boiler  stop  valve.  The 
connections  are  left  for  subsequent  consideration,  and  if  they 
are  not  carefully  thought  out  like  other  parts  of  a  power 
scheme,  there  is  a  risk  of  their  being  badly  arranged,  imper- 
fectly drained,  or  constructed  of  cast  iron  instead  of  steel,  and 
lastly,  to  make  matters  worse,  they  are  often  excluded  from 
the  periodical  inspection  which  main  boilers  and  large  steam- 
ing vessels  usually  receive,  their  small  diameter  and 
large  margins  of  strength  leading  many  owners  and 
users  to  regard  this  as  a  work  of  supererogation  and 
unnecessary  expense.  The  judgment  of  a  Board  of  Trade 
enquiry  held  at  Manchester  during  the  past  week  into 
the  circumstances  attending  a  fatal  steam  pipe  explosion  at 
the  Dan  Lane  Mill  of  the  Fine  Cotton  Spinners'  A'ssociatiou 
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at  Atherton  on  September  2 1st,  1911，  should  do  something  to 
dispel  this  delusion.  The  disaster  itself  strikingly  illustrates 
not  only  how  terribly  fatal  a  steam  pipe  failure  may  prove, 
but  also  the  way  such  failures  are  often  brought  about  and  how 
easily  they  may  be  avoided.  As  a  result  of  tlie  rush  of  steam 
which  took  place,  no  fewer  than  six  persons  lost  their  lives, 
while  three  others  were  badly  scalded.  The  pipe  itself  was  of 
cast  iron  and  an  inspection  of  its  broken  fragments  revealed 
the  existence  of  a  defect  to  which  cast-iron  pipes  are  particu- 
larly prone  unless  great  care  is  exercised  in  their  manufacture. 
Instead  of  having  a  uniform  thickness  of  between  |in.  and 
in.,  it  was,  owing  to  the  shifting  of  the  core  during  the 
moulding  operations,  very  uneven  along  a  longitudinal  line 
and  at  one  spot  was  little  more  than  -^-in.  thick.  The  pipe 
was  made  originally  when  the  engines  worked  at  1201bs.  on 
the  inch,  and  subsequently,  when  a  new  boiler  was  installed 
at  a  pressure  of  1601bs.  some  10  years  ago,  it  was  inserted  into 
the  connections  that  were  then  made.  That  it  should  have 
withstood  the  working  conditions  so  long  shows  how  large  the 
nominal  margin  of  safety  was  and  also  how  the  stresses  and 
fatigue  to  which  tlie  pipe  was  subjected  eventually  found  the 
weak  spot.  We  have  italicised  the  word  "  nominal,"  since  it  is 
important  to  recognise  that  the  expansions  and  contractions 
to  which  steam  ranges  are  subjected  impose  stresses  upon  them 
which  cannot  well  be  estimated,  but  which  are  often  severe 
and  therefore  demand  a  large  factor  of  safety-  We 
also  take  this  opportunity  of  pointing  out  that  for  such 
high  pressures  as  those  indicated  cast  iron  is  quite  unsuit- 
able. Ill  the  course  of  the  enquiry  a  dispute  arose  as  to 
whether  the  responsibility  for  the  weak  pipe  rested 
with  the  engineer  to  the  Fine  Cotton  Spinners' 
Association  or  with  Messrs.  Musgrave,  who  made  the 
alterations  in  1902.  Into  this  we  need  not  enter.  It 
is  sufficient  to  say  that  the  Board  of  Trade  Commissioners,  in 
giving  judgment,  expressed  the  opinion  that  Messrs.  Musgrave 
would  never  have  erected  a  composite  range  of  steam  pipes 
unless  they  received  special  instructions  from  the  persons 
employing  them,  and  that  such  instructions  in  some  form  or 
other  must  have  come  from  the  millowners  at  the  time,  while 
a  factor  of  greater  importance  was  that  no  steps  were  taken  to 
submit  the  pipes  to  periodical  inspection^  although  in  three 
years  after  they  were  installed  they  were  subjected  to  a  con- 
siderable increase  in  pressure.  This  continued  lack  of  pre- 
caution on  the  owners'  part  led  the  Commissioners  finally  to 
utter  a  warning  which  it  is  to  be  hoped  all  other  steam  users 
will  lay  to  heart.  The  court,  they  said,  "  are  sorry  to  hear 
that,  even  after  tlie  serious  consequences  which  followed  the 
explosion,  the  owners  have  not  thought  fit  to  insure  those 
pipes,  and  we  desire  to  say  that  if  pipes  charged  with  high- 
pressure  steam  are  not  properly  inspected  from  time  to  time, 
we  shall  have  to  take  some  steps  in  future  enquiries  to  make 
.sucli  order  for  costs  as  will  bring  the  owners  of  steam  pipes  to 
take  proper  precautions  for  their  safe  working."  After  this 
utterance,  it  will  be  impossible  for  millowners  to  plead  that 
they  did  not  consider  insurance  or  inspection  of  steam  pipes 
necessary,  or  to  evade  the  consequences  which  neglect  to  do  so 
will  in  all  probability  entail. 

INSTITUTE  OF  MARINE  ENGINEERS. 

Mr.  Summers  Hunter  delivered  his  presidential  address  at  a 
meeting  of  the  Institute  of  Marine  Engineers  held  on  Monday, 
October  14th,  afterwards  presenting  the  Denny  Gold  Medal 
awarded  to  Mr.  John  McLaren  (Member)  for  his  paper  on 
" Wireless  Telegraphy/'  read  December  11th,  1911.  In  the 
course  of  his  address  Mr.  Hunter  referred  to  the  slow  develop- 
ments in  the  early  stages  of  steam  power  ；  to  the  more  recent 
progress  of  naval  architecture  and  marine  propulsion  ；  and 
to  the  successful  development  of  tho  inieriial -combustion 
engine  ；  tlie  application  of  the  gas  producer  and  gas  engine 


to  marine  work,  and  to  the  later  system  of  electrical  propul- 
sion of  ships,  early  attention  to  which  had  been  directed 
through  the  Institute,  and  to  all  the  other  aids  to  progress 
and  economy.  The  success  of  the  turbine,  directly 
applied  to  fast  vessels,  lie  said,  had  led  to  its  adop- 
tion for  the  merchant  steamer,  where  it  could  be 
successfully  used  in  combination  with  the  reciprocat- 
ing engine  or  witli  gearing.  With  the  latter  method 
lie  was  particularly  impressed.  The  reliability  of  mechanical 
gearing  had  been  demonstrated  and  its  use  was  likely  to 
become  more  general.  Superheating  was  to-day  engaging 
considerable  attention.  There  were  now  some  700  vessels  of 
various  types  fitted  with  superheaters,  about  600  of  which 
were  owned  on  the  Continent  and  were  nearly  all  fitted  with 
the  Schmidt  type  of  superheater.  On  the  Continent,  a 
passenger  liner  about  800ft.  long  and  of  30,000  i.h.p.  was 
being  built  and  would  be  fitted  with  these  superheaters.  This 
vessel  would  have  twin-screw  triple-expansion  engines  and  t  he 
consumption  of  coal,  it  was  estimated,  would  be  from  10  to 
15  per  cent,  less  than  with  saturated  steam.  This  saving 
could  be  effected  in  almost  any  triple-expansion  engine,  and 
with  perfect  safety.  An  interesting  feature  of  this  system  was 
that  it  could  be  applied  to  almost  any  existing  marine  recipro- 
cating engine  without  structural  alterations.  This  was  an 
important  consideration  for  shipowners,  who  were  somewhat 
concerned  as  to  what  to  do  with  their  steam-driven  boats 
when  competition  with  oil  engines  and  other  motors  became 
more  acute. 

The  development  of  the  oil  engine  had  been  so  rapid  that 
already  there  were  as  many,  or  possibly  more,  varieties  of  the 
oil  engine  than  of  the  steam  engine.  On  inland  waters  and 
for  short  coastal  voyages  there  were  now  some  hundreds  of 
oil-driven  vessels  at  work,  chiefly  of  low  power  and  slow  speed. 
Of  ocean-going  vessels  there  were  at  present  about  six  of  3,000 
tons  up  to  6,000  tons  deadweight  at  sea,  four  of  which  had 
engines  on  the  4 -stroke  system,  and  the  rest  on  the  2 -stroke  ； 
but  lie  believed  there  were  at  least  27  or  28  under  construction ? 
of  which  17  had  4-stroke  engines  ；  nine  had  2 -stroke  single- 
acting  and  two  or  three  had  2-stroke  double-acting,  the  size  of 
the  vessels  varying  from  2，000  to  15,000  tons.  Each  of  ihe&e 
types  had  its  advantages  under  different  conditions.  Much 
had  been  written  and  said  about  the  motor  or  gas-driven 
warship,  but  as  yet  little  had  been  done  beyoud  realising  the 
advantage  of  a  deck  free  from  funnels  and  easily  protected 
from  attack  by  air-craft.  Before  long  we  might  see  warships 
of  all  sizes  specially  designed  for  local  waters,  leaving  the  long- 
voyage  or  ocean- going  warship  to  be  something  of  a  different 
design  altogether.  He  hoped  this  country  would  not  lag 
behind.  If  these  special  vessels  were  to  be  oil-driven  (as  was 
more  than  likely)  then  we  should  be  up  and  doing.  If  it  was 
possible  to  produce  a  warship  with  a  clear  deck  it  would  be  a 
superior  fighting  machine  and,  such  being  the  case,  the  war- 
ship and  the  merchant  ship  were  on  an  entirely  different  basis 
so  far  as  the  cost  of  oil  was  concerned. 

After  commenting  upon  the  improvements  effected  in 
methods  of  manufacture  and  foundry  practice,  Mr.  Hunter 
dealt  with  the  question  of  the  education  and  training  of  the 
engineers  of  the  future,  and  in  this  connection  said  he  was  very 
strongly  of  the  opinion  that  lads  who  could  take  advantage 
of  the  best  possible  training  should  have  at  least  a  year  in  the 
shops  immediately  after  leaving  school .  Afterwards  their 
time  should  be  divided  between  technical  colleges  and  the 
works.  Ordinary  apprentices  could  take  advantage  of  the 
system  also  by  qualifying  at  evening  classes.  In  commenting 
upon  the  work  of  the  Institute,  Mr.  Hunter  referred  to  the 
scheme  for  the  acquisition  of  premises  in  the  City  and  com- 
mended it  to  all  connected  with  the  shipping  industry  for 
support.  He  also  remarked  upon  the  efforts  being  made  to 
provide  a  suitable  memorial  to  the  engineers  of  the  "  Titanic  " 
as  a  permanent  record  of  their  devotion  to  duty.  A  vote  of 
thanks  was  heartily  accorded  to  Mr.  Hunter,  on  the  proposal 
of  Mr.  J.  T.  Milton  (Chairman  of  Council),  seconded  by  Mr. 
John  McLaren. 


Traction  Engine  Boiler  Explosion  in  a  London  Street. ― The 

boiler  of  a  steam  traction  engine  exploded  in  Queen  Street, 
lli  imiiersniith,  on  the  16th  inst.  The  driver,  who  was  seriously 
injured,  was  removed  in  an  unconscious  condition  to  the 
hospital,  but  two  other  men  who  were  thrown  from  the  engine 
escaped  unhurt. 
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TESTS  OF  A  1,000  H.P.  BABCOCK  &  WILCOX  BOILER.* 

BY  B,  N.   BUMP. , 

The  boiler  tested  was  erected  as  an  experiment  for  the  pur- 
pose of  determining,  by  test  and  by  continuous  operation  in 
the  regular  service  of  a  large  plant,  the  advantages  and  dis- 
advantages of  so  high  a  boiler  (24  tubes  high)  of  the  Babcock 
aud  Wilcox  type.  These'  tests  were  made  from  November, 
1911，  to  February,  1912.  They  were  expected  to  answer  the 
following  questions :  (a)  At  what  rating  will  the  highest 
efficiency  be  obtained  ？  (b)  Will  the  superheat  obtained  with 
the  superheater  located  above  the  24th  tube-  be  sufficient  to 
pay  for  the  installation  of  the  superheater  ？  (c)  Will  the  last 
pass  of  the  boiler  be  effective  ？  (d)  Can  the  exit  gas  tem- 
perature be  reduced  very  nearly  to  the  temperature  of  the 
steam  in  the  boiler  ？  (e)  If  the  exit  gas  temperatures  are 
close  to  the  steam  temperature,  will  pitting  occur  in  the  back 
end  of  the  boiler  due  to  the  sulphur  content  of  the  gas  ？ 


their  exit  between  the  downtakes,  and  tlirou^Ii  the  rear  wall 
to  the  stack.  The*  spaces  between  the  header,  both  front  anrl 
rear,  were  packed  with  asbestos. 

The  boiler  is  fired  by  a  6-retorfc  Taylor  stoker,  grate  area 
C2*46f>  sq.  ft"  not  including  any  dump  grate  area.  Tl'e  ratio 
of  boiler  heating  surface  to  grate  area  is  160  to  1.  The  ratio 
of  boiler  plus  superheater  surface  to  grate  area  is  188  to  ] . 
The  height  of  the  combustion  chamber  is  about  6'5ft.，  n\\<\ 
the  width  of  the  furnace  12ft.  7in.,  which  latter  is  greater 
than  the  width  of  the  stoker  to  allow  for  placing  a  cast-iron 
wind-box  on  either  side  of  the  stoker.  This  is  believed  to 
be  a  new  feature,  tried  as  an  experiment.  Previously  there 
had  been  trouble  from  the  formation  of  clinker  on  the  side 
walls  with  stokers  of  both  the  underfeed  and  overf&ed  type> 
owing  to  some'  coals  giving-  a  tough  sticky  clinker  which  is 
very  troublesome.  With  the  side  walls  against  the  stoker, 
clinker  forms  rapidly,  and  is  difficult  to  remove.  Setting 
back  tlie  side  walls  lessens  clinker  formation  to  some  extent, 
and  facilitates  the  removal  of  the  clinker. 


>l  /->"(<-  — J 


Fig.  1.— Longitudinal  Section  and  Fiiont  Elevation  of  Babcock  &  Wilcox  Boiler. 


The  boiler  was  built  up  of  one  regular  14-tube  section,  and 
above  this,  with  a  space  of  some  llin.  between  them,  was 
placed  a  l()-tube.  section.  The  headers  of  the  10-tube  and 
14-tube  sections  were  joined  by  short  nipples,  making  a  24 
liigli  header.  There  are  21  of  these  sections,  containing  a 
total  of  504  tubes.  The  tubes  are  4in.  diam.  and  18ft.  long. 
There  are  three  drums  42in.  diam.  and  24ft.  long.  The 
water-heating  surface  of  the  boiler  is  10,000'  sq.  ft.  Between 
the  top  tubes  and  the  drums  a  Foster  superheater  is  placed 
containing  1,750  sq.  ft.  of  superheating  surface. 

The  gases  make  three  passes  through  th©  boiler.  The 
baffles  are  arranged  to  give  a  gradual  decrease  in  space 
through  the  first  and  second  passes  in  the  direction  of  flow, 
wliich  teruls  to  maintain  the  velocity  of  tlie  gases  as  the 
temperature  decreases.  Tlie  gases  enter  the  superheater 
from  the  top  of  the  first  pass,  after  travelling  over  24  tubes. 
From  the  superheater  they  turn  downward  through  tlie 
second  pass  ；  upward  tlirougli  the  third  pass,  and  tlien  make 

*  Abstract  of  paper  read  before  the  American  Society  of  Mechanical  Engineers. 


A  brick  ledge  between  the  stoker  and  side  wall  is  objec- 
tionable, because  in  time  clinker  will  fasten  to  it  and  it  is 
almost  impossible  to  get  a  bar  between  clinker  and  ledge. 
The  cast-iron  wind-boxes  overcome  the  objections  to  the 
brick  ledge  by  cliilling  the  clinker  so  that  it  does  not  stick. 
A  bar  can  always  be  forced  between  the  clinker  and  wind- 
box  to  raise  the  clinker.  A  part  or  all  of  the  air  from  the 
blast  fan  is  passed  through  these  wind-boxes  on  its  way  into 
the  stoker.  After  six  months  of  continuous  service  there  is 
no  sign  of  burning  on  the  wind-boxes. 

Fig.  1  shows  a  front  and  side  elevation  of  the  uuit.  On 
the  side  elevation  the  locations  of  the  pyrometer  rods  and  gas 
sampling  tubes  are  shown.  The  furnace  temperatures  were 
feaken  tlirougli  the  three  openings  shown  just  under  tlie 
lower  tubes.  Tlie  other  gas  temperatures  were  taken  at 
positions  1  to  7  inclusive.  The  numbers  on  the  data  sheets 
and  charts  of  gas  temperatures  refer  to  these  positions. 

The  walls  were  lined  with  din.  of  firebrick  backed  up  by 
9in.  of  porous  insulating  brick.     The  outer  surfaces  of  all 
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walls  were  painted  with  two  coats  of  boiler  pitch  to  prevent 
any  filtration  of  air  through  the'  brickwork.  Against  these 
painted  surfaces  of  the  front  and  side  walls  85  per  cent, 
magnesia  covering  4in.  thick  was  placed.  The  magnesia  was 
held  against  the  brick  and  protected  by  a  thin  steel  shell. 
Asbestos  board  was  placed  on  the  top  half  of  the  drums,  then 
loose  mineral  wool  was  placed  over  the  entire  top  of  the 
boiler. 

The  tests  varied  from  18  to  48  hours  in  length,  although 
most  of  them  were  about  24  hours  long.  The  boiler  was 
examined  for  leaks  at  frequent  intervals,  and  the  boiler  tubes 
were  dusted  every  48  hours  in  the  intervals  between  tests. 
It  was  found  necessary  to  have  som©  suction  over  the  fire 
to  prevent  the  escape  of  gas  into  the  boiler-room.  This 
suction  was  kept  as  low  as  possible. 

The  first  19  tests  were  made  with  mixed  coal,  frcm  four 
different  mines  all  in  the  same  region.  Tests  Nos.  21  to  40 
were  all  run  on  coal  from  No.  29  mine,  lighter  than  that 
used  on  the  early  tests  and  giving  much  less  clinker  trouble. 
It  made  a  loose  fuel  bed  and  allowed  more  boiler  capacity 
with  less  draught  in  the  stoker.  For  best  combined  efficiency 
the  dry  coal  per  square  foot  of  grate  per  hour  is  about  261bs., 
or  nearly  2701bs.  per  retort.  The  quantity  of  coal  burned 
per  square  foot  of  grate  per  hour  was  increased  to  nearly 
631bs.，  witli  a  decrease  in  combined  efficiency  of  5*5  per  cent. 

The  radiation  and  iinacrounted-for  losses  have'  been  cal- 
culated for  those  tests,  for  whicli  there  were  ultimate  analyses 
of  the  coal .  The  tests  were  made  during  extremely  cold 
weather,  and  there  was  over  the  boiler  only  a  temporary 
building  affording  but  little  protection  from  the  elements  ； 
the  boiler-room  temperatures  were  so  low  at  times  the  boiler 
pressure  gauge  piping  and  the  water  column  blow-off  piping 
froze.  In  view  of  these  facts  and  the  draughty  condition  of 
the  boiler-room  the  radiation  and  unaccounted-for  losses  of 
from  5  to  7  per  cent,  are  worthy  of  note. 

The  theoretical  efficiency  was  calculated  on  the  assumption 
that  the  only  heat  loss  was  that  to  the  stack  when  the  com- 
bustion was  complete  without  excess  air,  and  the  temperature 
of  gas  leaving  the  boiler  was  equal  to  the  temperature  of 
the  wet  steam  in  the  boiler.  The  efficiencies  in  Table  I.  have 
been  calculated  for  those  tests  for  which  there  were  ultimate 
analyses  of  the  coal. 

It  may  be  possible,  unde'r  favourable  conditions,  to  reduce 
the  radiation  losses  to  2*5  per  cent.  With  thorough  mixing 
and  a  suitable  type  of  combustion  cliamber  the  heat  losses 
in  the  gas  may  be  expected  to  be  not  more  than  1*5  per  cent, 
greater  than  the  theoretical  gas  loss  ；  the  maximum  combined 
efficiency  which  may  be  attained  under  these  most  favourable 
conditions  is  about  85  per  cent. 


Table  I. ― Theoretical  Efficiencies. 


No.  of  Tests. 

Theoretical 
Efficiency 
per  cent. 

(Jombincd 
Efficiency 
per  cent. 

Gain  in 
Efficiency 
necessary  to 
attain  Theoretical 
Efficiency. 

8 

90-10 

79-00 

10-50 

11 

90-15 

78-14 

12-01 

16 

90-05 

76-18 

13-87 

18 

89-95 

75-20 

「 

25 

89-52 

75-79 

13-73 

35 

89-90 

78-33 

11-57 

39 

89-85 

78-65 

11-20 

The  best  combined  efficiencies  are  obtained  with  56  to  66 
per  cent,  of  the  boiler  rating.  The  efficiencies  fall  off  slowly 
as  the  quantity  of  steam  generated  is  increased.  The 
extreme  variation  in  efficiency  shown  by  the  individual  tests 
is  from  75*2  to  81'3  per  cent. 

The  gain  in  efficiency  due  to  the  superlieater  seems  to  bear 
no  definite  relation  to  the  amount  of  moisture  in  the  steam 
entering  the  superheater.  By  gain  in  efficiency  due  to  super- 
heater is  meant  the  heat  absorbed  by  the  superheater  in  per- 
centage of  the  total  heat  in  the  coal.  The  superheat  shows 
a  general  tendency  upward  with  the  increase  in  boiler  rating. 
For  60  per  cent,  of  the  boiler  rating  the  superheat  is  abowt 
lM?  Fall.,  and  for  120  per  cent,  rating  about  74°  Fall.  At 
GO  per  cent,  rating  tlie  weight  of  steam  passing  throu^li  ilio 
sii|KM*lieat  is  ]8,0()01bs.  per  hour,  the  amount  for  winch  the 
superheater   was   built.      The  pressure  drop  through  the 


superheater  for  its  rated  quantity  of  steam  is  5 lbs.  ；  at 
120  per  cent,  boiler  rating  the  weight  of  steam  passing 
through  the  superheater  is  double  that  for  which  the  super- 
heater was  designed,  and  the  pressure  drop  through  super- 
heater is  281bs. 

At  the  low  boiler  ratings  the  last  pass  of  the  boiler,  and 
in  fact  the  last  two  passes,  are  of  very  little  use.  The  best 
combined  efficiencies  were  obtained  when  running  between 
56  and  66  per  cent,  of  boiler  rating.  At  these  low  ratings 
the  drop  in  gas  temperature  through  the  second  and  third 
passes  altogether  is  about  20°  Fah.,  and  the  heat  absorbed 
is  very  small,  about  1*3  per  cent,  of  the  total.  These  two 
passes  have  50  per  cent,  of  the  boiler  heating  surface.  If 
the  second  and  third  passes  were  dropped  off  entirely,  the 
loss  in  combined  efficiency  would  be  about  1  per  cent,  at  the 
low  rating.  It  is  only  when  the  boiler  has  reached  75  per 
cent,  rating  or  more  that  the  gain  in  economy  in  the  last 
two  passes  is  sufficient  to  give  a  reasonable  return  upon  the 
investment  in  heating  surface.  While  the  exit  gas  tempera- 
tures were  reduced  almost  to  the  lowest  theoretical  limit 
which  can  be  reached  without  tlie  use  of  an  economiser,  it 
was  done  at  a  large  expenditure  in  heating  surface. 

When  running  at  about  50  per  cent,  of  boiler  rating  the 
temperature  of  the  gases  leaving  the  boiler  is  practically 
that  of  the  steam  in  the  boiler.  As  the  capacity  is  increased 
the  difference  between  the  temperature  of  the  gases  leaving 
the  boiler  and  the  temperature  of  the  steam  in  the  boiler 
increases.  The  increase  in  the  difference  between  these  two 
temperatures  seems  to  be  approximately  in  the  same  ratio 
as  tlie  increase  in  capacity,  so  that  for  an  increase  from  50  to 
100  per  cent,  of  tlie  boiler  rating  the  difference'  in  tempera- 
ture between  exit  gases  and  steam  increases  about  50°  Fah. 

An  examination  of  the.  boiler  after  more  than  six  months' 
service  showed  no  evidence  of  pitting  of  the  heating  surface 
of  the  last  pass  due  to  the  sulphur  content  of  the  coal  and 
low  exit  gas  temperature. 


Tai^le  II. ― 1,000  HJ?.  Boiler,  Bdsume  of  Principal  Results. 


Test  No. 

Per  Cent.  Rating 

1   Combined  Efficiency. 

1   Temperature    of  Gases 
leaving    Boiler,  Deg. 
Fah. 

I   COo    in    Gases  leaving 
1       Boiler,  Per  Cent. 

I   Per  Cent .  Combustible 
j       in  Dry  Refuse. 

B.T.U.  per  Lb.  Dry  Coal. 

Evaporation  from  and  at 
212°  Fah.  per  lb.'  Dry 
Coal  Combined  Unit. 

Quality  of  steam  leaving 
Boiler. 

i   Radiation  and  Unaccount- 
1      ed  for  Losses. 

1 

84-79 

78-02 

390 

10-32 

15-49 

14334 

11-525 

97-92 

3 

56-72 

80-89 

363 

10-30 

14541 

12.121 

97-83 

4 

61-77 

77-93 

368 

10-10 

10-09 

14517 

11-658 

97-93 

5 

59-48 

361 

9-39 

13.91 

14498 

11.818 

97-99 

6 

61-43 

80-76 

368 

9.00 

8.64 

14499 

12-067 

98-16 

7 

60-87 

81-00 

367 

9.00 

1.44 

14526 

98.20 

8 

60-60 

79-60 

367 

10-38 

3.90 

14493 

11.889 

98-11 

5.46 

9 

57-36 

77-71 

364 

10.16 

3.39 

14445 

11.567 

98-00 

10 

55.88 

81-30 

362 

10.02 

9-69 

14289 

11.972 

97-97 

11 

67.94 

78-14 

369 

10-30 

10.93 

14624 

11-775 

97-94 

6-42 

12 

66.43 

80-69 

373 

11.20 

17.91 

14454 

12.018 

98-11 

13 

68.86 

78-89 

375 

10.50 

18-08 

14396 

98-01 

14 

74-25 

78-64 

381 

10-59 

14-75 

14602 

11.833 

98.23 

15 

84.94 

76.88 

390 

10-44 

23-79 

14467 

11-461 

98-15 

16 

76.21 

76-18 

383 

10-54 

23-52 

14590 

11.453 

98.14 

6-99 

17 

76-77 

78-76 

383 

10.68 

21.10 

14618 

11.864 

98.20 

18 

89-08 

75-20 

401 

10.22 

20-05 

14645 

11.349 

. 98.00 

7.15 

19 

90-75 

75-42 

396 

10-77 

24-50 

14471 

11.247 

98-01 

21 

108-83 

76.21 

412 

10-75 

28.73 

14518 

11.401 

98.03 

22 

106.90 

75-50 

415 

10-89 

21-48 

14462 

11.252 

98-02 

23 

93-93 

76-18 

399 

■10.15 

17.80 

14263 

11.197 

97-84 

24 

107-66 

76-87 

412 

10-00 

25.76 

14522 

98-00 

25 

127-70 

423 

11.66 

30-68 

14415 

11-258 

97-9!) 

- 

26 

121-36 

75-93 

426 

11-35 

29.18 

14290 

11.181 

98-42 

27 

75-05 

77.28 

379 

10.17 

14-94 

14284 

11-375 

98-05 

29 

71-63 

78-70 

367 

10-01 

14-37 

14254 

― 

- 

98-10 

:50 

77-49 

369 

9-84 

16.23 

14430 

11-523 

08.11 

：{：5 

77.80 

76-48 

376 

9.24 

20-14 

14380 

11.33：} 

08-00 

34 

78-77 

374 

9.31 

7.«t!l 

14376 

11.670 

！ )8.05 

35 

li:i.l>5 

78-33 

376 

0-39 

7-07 

14455 

1 1  .ti(is 

98-04 

5.00 

：57 

G2.40 

79-08 

309 

9.42 

7-59 

14409 

卜 

98-10 

：！!) 

.r):{.08 

78-05 

300 

8-84 

4-G9 

14515 

1 1  •  7(i4 

07-80 

4.75" 

10 

53.72 

78-79 

3C0 

!)-4：5 

5-09 

14378 

11-075 

"7.!':; 

'IVsf"  l-li)  iiiclu.sivt!  with  Jiiixcd  coal  IVoni  mincfs  Nos.  24,  25，  27  and  29 
Tests  21-40  inclusive  wifch  coal  from  No.  20  mine  only. 
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DROP  FEED  LUBRICATOR. 

We  illustrate  herewith  a  patented  design  of  drop  feed  lubri- 
cator provided  with  automatic  means  for  closing  a  siphon 
system  attached  eccentrically  to  a  float,  which  has  recently  been 
placed  on  the  market  by  the  Stern  Sonneborn  Oil  Company, 
Ltd.,  Royal  London  House,  Finsbury  Square,  London.  In 
the  present  drop  feed  lubricators  which  have  been  provided 
with  a  float-carried  siphon,  and  in  which  it  has  been  proposed 
to  employ  an  adjustable  needle  valve  in  the  delivery  arm  of 
the  siphon,  it  has  been  found  necessary,  when  the  oil  has  run 
out  of  the  reservoir,  to  separately  fill  up  and  adjust  the  siphon 
attached  to  the  float  when  refilling  the  lubricator.  In  the 
design  under  notice  this  latter  disadvantage  is  entirely 
obviated,  and  for  this  reason  enables  the  feed  of  the  oil  feed  to 
be  regulated  once  and  for  all. 

Fig.  1  is  a  vertical  section  of  the  lubricator,  Fig.  2  is  a 
vertical  section  showing  the  device  in  position  when  the  oil  has 
been  exhausted  from  the  reservoir  and  the  siphon  closed,  and 
Fig.  3  is  a  similar  view  with  the  reservoir  filled  and  the'  siphon 
unclosing.    The  float  3，  guided  by  the  tube  2,  floats  upon  the 

oil  in  the  oil  reservoir  l，see  Fig. 
1，  and  to  the  float  is  eccentri- 
cally attached  a  siphon  consist- 
ing of  the  suction  tube  4  and 
the  fall  tube  5.  When  both  the 
suction  and  fall  tubes  4，  5，  are 
filled  with  oil,  a  uniform  feed 
of  oil  takes  place  which  is  inde- 
pendent of  the  level  of  the  oil 
in  the  reservoir  1，  in  conse- 
quence of  the  difference  of  the 
heights  Hx  H3  and  h  accord- 
ing to  the  formula  :  H2  ― 
― h)  =  H  where  H  =  the  height 
of  fall  of  the  oil. 

When  the  oil  has  run  out  of  the 
reservoir  1，  an  automatic  shut- 
ting-off  action  takes  place.  The 
O  uji  I     ^i^gKj    t      end  6  of  the  suction  tube  4， 
^ ^^v— —  -J  I  ^-i^^^^j    ]      which  is  bell-mouthed  (see  Fig. 

2),  moves  down  against  a  plate 
7  (or  against  the  base  of  the 
reservoir,  which   is  smoothly 
一,  ground  in  order  to   secure  a 

( F|  tight  joint),  and  closes  the  suc- 

l   ^-^O _ij  tion  tube  of  the  siphon  her- 

― >  -'  metically.    The  weight  of  the 

float  3  with  the  siphon,  only 
closes  the  reservoir  when  the 
centre  of  gravity  of  the  system 
lies  within  the  supporting  sur- 
face of  the  mouth  63  as  can  be 
seen  in  Fig.  2.  It  is  for  this 
reason  that  the  siphon  system 
is  arranged  eccentrically. 
In  consequence  of  the  hermetic  closure  made  by  the  mouth 
6  with  the  base  or  plate  7，  the  oil  contained  in  the  siphon 
cannot  run  out.  Equilibrium  is  set  up  in  the  siphon  and  the 
feed  or  delivery  of  the  oil  is  interrupted.  The  equilibrium 
is  destroyed  when  the  reservoir  is  refilled  with  oil.  When  the 
float  is  covered  with  oil,  as  shown  in  Fig.  3,  its  upward  thnrst 
indicated  by  the  arrow  A  acts  in  opposition  to  the  weight  of 
the  system  indicated  by  the  arrow  G.  In  consequence  of  the 
difference  of  the  points  of  application  of  these  two  forces,  a 
couple  of  forces  is  produced  whicli  when  calculated  from  the 
supporting  point  gives  A  .  /v  -  G  .  a  =  M  when  M  is  equal  to  the 
moment  of  the  couple  of  forces. 

The  moment  of  the  couple  of  forces  interrupts  the  hermetic 
closure.  Interruption  of  the  hermetical  closure  can  only  be 
produced  by  a  tilting  moment,  as  the  suctional  forces,  which 
are  produced  when  ground  parts  are  employed,  are  very 
strong.  A  tilting  moment  is,  however,  only  attained  by  the 
eccentric  arrangement  of  the  siphon  system  employed.  When 
tlie  liermetical  closure  is  destroyed  the  float  rises  and  floats  on 
tlu;  oil  contained  in  ihe  reservoir.  The  siphon  system  imme- 
diately again  commences  its  activity  automatically,  because 
during  ihe  interruption  it  remains  full   permanently  and 


delivers  the  quantity  of  oil  adjusted  once  for  all  at  the  point  of 
consumption.  The  oil  outlet  of  the  siphon  is  regulated  l)y  a 
screw-governed  needle  valve  8，  as  sliown  at  Pig.  1，  in  wliicli 
the  oil  passes  ttirougli  a  stop  cock  9  and  drops  t  lirou^li  an 


Fig.  1.— Drop  Feed  Lubrtcator. 


4 

G 

Fig. 


.  Fig.  3. 

Drop  B'jsed  Lubricator. 


inspection  glass  10.  When  the  oil  again  runs  out  of  the  filled 
reservoir,  closure  again  takes  place  and  the  above-described 
operations  are  again  repeated. 


THE  RELATION  OF  THE  "  HORSE  POWER M  TO  THE 
" KILOWATT,"- 

There  was  before  1911  no  precise  definition  of  the  horse- 
power that  was  generally  accepted  and  authoritative,  and 
different  equivalents  of  this  unit  in  watts  are  given  by  various 
books.  The  most  frequently  used  equivalent  in  watts,  both  in 
the  United  States  and  England,  has  been  the  round  number, 
746  watts  ；  and  in  1911  the  American  Institute  of  Electrical 
Engineers  adopted  this  as  the  exact  value  of  the  horse-power. 
It  is  obviously  desirable  that  a  unit  of  power  should  not  vary 
from  place  to  place,  and  the  horse-power  thus  defined  as  a 
fixed  number  of  watts  does  indeed  represent  the  same  rate  of 
work  at  all  places.  Inasmuch  as  the  "  pound  "  weight,  as  a 
unit  of  force,  varies  in  value  as  g  the  acceleration  of  gravity 
varies,  the  number  of  foot-pounds  per  second  in  a  horse-power 
accordingly  varies  with  the  latitude  and  altitude.  It  is  equal 
bo  550  foot-pounds  per  second  at  50。  latitude  and  sea  level, 
approximately  the  location  of  London,  where  the  original 
experiments  were  made  by  James  Watt  to  determine  the 
magnitude  of  the  horse-power. 

The  "  continental  horse-power,"  which  is  used  on  the  Con- 
tinent of  Europe,  differs  from  the  English  and  American 
horse-power  by  more  than  1  per  cent.,  its  usual  equivalent  in 
watts  being  736.  This  difference  is  historically  due  to  the 
confusion  existing  in  weights  and  measures  about  100  years 
ago.  After  the  metric  system  had  come  into  use  in  Europe, 
the  various  values  of  the  horse-power  in  terms  of  local  feet 
and  pounds  were  reduced  to  metric  units  and  were  rounded  off 
to  75  kilogram-metres  per  second,  although  the  original 
English  value  was  equivalent  to  76*041  kilogram-metres  per 
second.  Since  a  unit  of  power  should  represent  the  same  rate 
of  work  at  all  places,  the  "  ccntinental  horsepower  "  is  best 
defined  as  736  watts  ；  this  is  equivalent  to  75  kilogram-metres 
per  second  at  latitude  52°  307,  or  Berlin .  The  circular  gives 
tables  showing  the  variation  with  latitude  and  altitude  of  the 
number  of  foot-pounds  per  second  and  of  kilogram-metres  per 
second  in  the  two  different  horse- powers. 

These  values,  746  and  736  watts,  were  adopted  as  early  as 
1873  by  a  committee  of  the  British  Association  for  the 
Advancement  of  Science.  The  value,  0*746  kw.，  will  be  used 
in  future  publications  of  the  Bureau  of  Standards  as  the  exact 
equivalent  of  the  English  and  American  horse-power.  It  is 
recognised,  however,  that  modern  engineering  practice  is  con- 
stantly tending  away  from  the  horse-power  and  toward  the 
kilowatt.  The  Bureau  of  Standards  and  the  Standards  Com- 
mittee of  the  American  Institute  of  Electrical  Engineers 
recommend  the  kilowatt  for  use  generally  instead  of  tlie 
liorse-power  as  the  unit  of  power. 

*  Abstract,  Circular  of  the  U  S.  Bureau  of  Standards,  No.  34  ；  Jun e  191^. 
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HEAVY  OIL  ENGINES* 

BY  CAPT.  H.  RIALL  SANKEY,  B.E.  (RETIRED),  M.INST.C.E. 

(Continued  from  page  478.) 
Essential  Elements  of  a  Diesel  Engine. ― It  will  thus  be  seen 
that  the  Diesel  engine  can  work  either  as  a  four-stroke  or  as  a 
two-stroke  engine.  In  the  four-stroke  engine  the  following 
are  the  essential  elements,  illustrated  diagrammatically  in 
Fig.  9  ：  (1)  A  cylinder,  in  which  works  a  piston  connected  in 
the  usual  way  to  a  crank  shaft.  This  cylinder,  surrounded 
by  a  water  jacket  to  keep  it  cool,  is  fitted  with ― a,  an  air 
valve;  h,  a  fuel  valve ；  c,  an  exhaust  valve.  All  these  valves 
are  opened  by  a  two-to-one  shaft,  driven  by  the  engine,  and 
generally  closed  by  means  of  springs.  (2)  A  fuel  pump  regu- 
lated by  the  governor.  (3)  An  air  compressor  to  provide  high- 
pressure  air  for  pulverising  and  injecting  the  fuel. 


Fig.  9. 

In  the  case  of  the  two-stroke  Diesel  engine,  the  essential 
elements  are  the  same  as  those  given  above.  The  two-to-one 
shaft,  however,  runs  at  the  same  speed  as  the  crank  shaft  of 
the  engine,  and  a  low-pressure  air  compressor  or  blower  has 
to  be  added  for  supplying  the  scavenging  blast  of  air. 

The  cycle  of  operations  of  the  two  types  of  engines  can  also 
be  laid  out  on  a  time  base,  as  shown  in  Fig.  10.  In  this  figure 
it  is  assumed  that  each  stroke  occupies  one-sixth  of  a  second, 
that  is  to  say,  the  engine  is  running  at  180  revs,  per  minute. 
It  will  be  observed  that  in  the  four-stroke  cycle  the  exhaust 
pressure  is  slightly  above  and  the  air-suction  pressure  slightly 
below  atmosphere.  In  the  two-stroke  cycle  there  is  very 
little  time  for  the  exhaust  and  scavenge,  and  obviously  the 
turning  effort  is  far  better  than  in  the  four-stroke  cycle. 

Design  of  Diesel  Engines. ― As  already  stated,  the  essential 
part  of  the  Diesel  engine  is  the  fuel  valve,  and  it  requires 
special  design  ；  the  other  valves  are  like  those  adopted  for  gas 
engines,  and  the  method  of  driving  them  is  substantially 
similar.  All  the  other  parts,  a  list  of  which  will  be  given 
later,  are  similar  to  the  corresponding  parts  of  a  steam  or  of 
a  gas  engine,  and  in  a  general  way  their  design  follows  that 
adopted  for  those  engines.  The  differences  are  mainly  those 
of  dimensions,  brought  about  by  the  far  greater  pressures 
that  have  to  be  withstood.  As  regards  the  cylinder,  in  the 
case  of  a  steam  engine  the  high-pressure  cylinders  have  to  be 
designed  for  working  pressure  of  from  1501bs.  to  2001bs.  per 
square  incli,  whereas,  both  in  gas  and  Diesel  engines,  working 
pressures  of  at  least  5001bs.  per  square  inch  have  to  be  con- 
sidered. 

The  dimensions  of  connecting  rods  and  crank  shafts  depend 
on  the  maximum  forces  applied  to  them,  and  not  on  the 
average  forces,  and  both  in  gas  and  Diesel  engines  the  ratio  of 
ilie  maximum  to  the  mean  force  is  far  greater  than  in  the  case 
of  the  steam  engine  ；  this  leads  to  greater  scantlings.  Occa- 


sionally, however,  the  parts  of  all  these  engines  may  have  to 
withstand  much  higher  stresses,  due,  in  the  case  of  the  steam 
engine  to  wat/er-lia】nmer，  in  the  case  of  tlie  gas  engine  to  pre- 
ignition,  and  in  the  case  of  the  Diesel  engine  to  a  charge 
remaining  in  the  cylinder  unignited  and  causing  an  explosion 
at  the  top  of  the  next  stroke,  thus  increasing  the  pressure  to 
about  l,7001bs.  per  square  inch.  So  】ong，  however,  as  the 
stress  thus  produced  is  sensibly  below  the  elastic  limit  of  t'he 
material  no  harm  will  be  done. 

It  will  be  gathered  from  the  above  that  the  thickness  of 
cylinder  walls,  the  strength  of  cylinder  covers,  studs  for 
securing  the  cylinder  covers  to  the  cylinders,  the  framework 
generally,  the  connecting  rods,  and  the  crank  shaft,  will  be 
much  greater  in  the  case  of  the  Diesel  oil  engine  than  in  a 
steam  engine  of  equal  power  running  at  the  same  speed. 
These  increased  scantlings  of  the  Diesel  engine  produce  a 
feature  which  immediately  attracts  attention. 

Apart  from  the  power  to  be 
developed,  the  design  and 
dimensions  depend  also  on  the 
type  of  Diesel  engine  under 
consideration,  and  these  may  be 
classified  as  follows  ： ― 

Slow  speed,  100  revs,  to  200 
revs,  per  minute. 

High  speed,  300  revs,  to  600 
revs,  per  minute. 

Vertical  or  horizontal. 
Four-stroke,  single  acting  or 
double  acting. 

Two-stroke,  single  acting  or 
double  acting. 

One,  two,  three,  or  more 
lines  (an  eight-line  engine  has 
already  been  constructed). 

The  large  number  of  differ- 
ent designs  that  can  be  pro- 
duced by  combining  two  or 
more  of  these  various  types  is 
obviously  very  great,  and  at 
present  the  process  of  selection 
There  would  not  be  time  to  go  seriatim  through 
all  these  various  types,  but  a  few  of  them  will  be  described  in 
a  general  way.  A  good  idea  of  the  general  design  can  be 
obtained  by  studying  the  more  usual  arrangement  adopted 
for  a  single  line,  vertical,  four-stroke,  slow-speed  Diesel 
engine  of  100  b.h.p.,  of  the  kind  now  being  manufactured  by 
a  very  large  number  of  firms  in  this  and  other  countries. 

In  this  design  the  engine  is  single-acting,  and  the  piston 
is  of  the  variety  known  as  a  trunk  piston,  which  also  acts  as  a 
guide,  so  that  no  piston  rod  or  cross-head  guide  is  required, 
and  the  cylinder  can  be  placed  much  nearer  to  the  crank 
shaft,  thus  reducing  the  height  of  the  engine  materially.  The 


< 

is  going  on. 


COMPft[3S"ON  COMBUSTION 


Fig.  10. 


*  Howard  lectures  delivered  before  the  Royal  Society  of  Arts,  April-May,  1912. 
Reproduced  from  the  "Journal  of  the  Koyal  Society  of  Arts." 


vertical  section  of  such  an  engine  is  given  in  Figs.  11，  12,  and 
13，  and  the  various  important  parts  are  as  follows  ：  (1)  The 
base;  (2)  Bearings;  (3)  Lubricating  pump  ；  (4)  Crank  shaft  ； 
(5)  Flywheel  ；  (6)  Framing  ；  (7)  Connecting  rod  and  its  bear- 
ings; (8)  Trunk  piston  ；  (9)  Piston  rings  ；  (10)  Cylinder  and 
jacket;  (11)  Cylinder  cover  ；  (12)  Two-to-one  shaft ；  (13) 
Levers  for  actuating  valves  ；  (14)  Special  air  valve  levers  for 
starting;  (15)  Fuel  valve  ；  (16)  Exhaust  valve;  (17)  Air  suc- 
tion valve  and  pipe  ；  (18)  Air  compressor  ；  (19)  Compressed-air 
vessels;  (20)  Fuel  pump;  (21)  Fuel  tank  ；  (22)  Governor  and 
its  drive  ；  (23)  Exhaust  pipe  and  silencer. 

Each  of  these  parts  will  now  be  considered  in  the  order 
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named,  and  at  the  same  time  some  of  the  modifications  that 
are  made  by  various  constructors  will  be  described. 

Tn  tlie  design  shown  in  Figs.  12  and  13，  the  walls  of  the 
jacket  fylincler  form  part  of  the  framework  of  the  engine, 
thus  connecting  the  cylinder  cover  through  the  A  frame  to 
the  bass  and  making  a  fixed  link  in  the  kinematic  chain, 
known  as  a  slider  crank  chain,  to  which  all  such  reciprocating 


Fig.  11. 

engines  belong.  In  Fig.  11  the  jacket  cylinder  is  bolted  to 
the  A  frame,  or  rather  to  the  crank  chamber.  The  former  is 
the  more  usual  design  for  slow-speed  engines,  and  is  adopted 
by  Sulzer，  Willans  &  Robin- 
son, Burmeister,  and  Wain, 
and  many  other  builders,  even 
for  large  engines  ；  and  in  this 
case  the  engine  is  not  enclosed, 
the  A  frame  itself  forming  the 
necessary  shield  to  prevent  the 
splash  of  the  lubricating  oil. 
There  does  not  seem  to  be  any- 
special  reason  for  adopting 
a  closed  crank  chamber  in  the 
case  of  low-speed  engines,  and 
the  open  frame  has  many  ad- 
vantages, such  as  easier  inspec- 
tion whilst  running,  greater 
ease  in  getting  at  parts  for  re- 
pairs, and  greater  ease  for  the 
heat  to  radiate,  thus  keeping 
the  bearings  cooler.  In  the 
cases  referred  to  above,  the 
cylinder  proper  is  formed  as  a 
liner,  and  can  be  removed  by 

taking  off  the  cylinder  cover  and  without  dismantling  the 
engine.  In  some  cases  the  cylinder  and  liner  are  formed  in 
one  casting,  bolted  to  the  A  frame  or  to  the  crank  chamber,  as, 
for  example,  in  the  marine  engines  made  by  the  Maschinen- 
fabrik  Augsburg-Niirnberg  Company. 

1.  The  Base. ― This  is  in  the  form  of  a  box-casting,  with 
holes  through  it  for  bolting  to  the  foundations.  There  are 
facings  machined  to  take  the  flanges  of  the  A  frame  or  crank 
chamber,  and  seatings  are  machined  for  the  bearings.  In 
engines  of  1,000  h.p.  and  upwards,  Messrs.  Krupp,  Sulzer, 
and  Carels,  make  the  base  in  segments,  bolted  together  in 
situ. 

2.  Bearinr/s. — The  bearings  for  the  crank  shaft  are  usually 


of  white  metal  in  cast-iron  or  steel  shells.  Tlie  white  metal 
is  continuous  over  the  whole  bearings,  and  the  shell  must  be 
carefully  tinned  so  as  to  obtain  good  metallic  contact  between 
the  white  metal  and  the  shell,  in  order  to  reduce  the  heat 
resistance  which  would  otherwise  exist  between  the  surfaces  of 
the  two  metals,  so  as  to  conduct  away  the  heat  which  is  pro- 
duced by  the  friction  of  the  bearings. 

3.  Lubricdti Vnm p. 一一 When  forced  lubrication  is  used, 
which  is  the  arrangement  adopted  with  closed  crank 
chambers,  practically  any  type  of  forred  lubrication  pump  will 
do.  The  various  makers  have  their  own  design  on  which  they 
rely.  The  oil  pipes  connecting  the  lubricating  pump  to  the 
various  bearings  are  usually  made  of  copper.  The  oil  flows 
back  into  the  base,  and  after  being  strained  return  to  the 
pump.  Some  makers  have  an  independent  pump  for  lubri- 
cating cylinders,  in  which  case  the  oil  is  forced  through  small 
holes  at  the  base  of  the  liner  at  the  end  of  the  working  stroke. 
The  bearings  at  both  the  big  and  small  end  of  the  connecting 
rod  are  forced  lubricated,  but  in  small  and  medium  engines 
the  crank-shaft  bearings  are  lubricated  by  means  of  a  ring. 
In  large  engines  these  bearings  are  also  forced  lubricated. 

4.  Crank  Shaft. ― Forged  nickel  steel  is  used  by  many 
makers.  As  already  pointed  out,  the  crank  shaft  of  the 
Diesel  engine  is  subject  to  greater  inequality  of  torque  than 
that  of  the  steam  engine  ；  it  is  also  subject  to  heavy  shearing 
stresses,  and  in  the  case  of  single-acting  engines  to  reversal 
of  stress.  Thus  much  larger  diameters  are  required,  in  the 
same  way  as  was  found  to  be  necessary  in  the  case  of  the 
Willans'  engine,  and  the  effect  may  be  gathered  from  the 
following.  A  shaft  transmitting  100  h.p.  at  200  revs,  per 
】niiiute  by  pure  torque,  i.e.,  when  there  is  no  bending  stress, 
should  be  2'6  in  diameter  ；  but  when  exposed  to  the  maximum 
bending  stresses  likely  to  occur  in  practice,  the  diameter  must 
be  increased  to  4in.,  and  the  latter  may  be  taken  as  the  con- 
ditions of  working  for  an  ordinary  steam-engine  crank  shaft. 
To  meet  the  requirements  of  the  Diesel  engine,  as  stated 
above,  the  diameter  of  the  shaft  should  be  at  least  lOin. 

5.  Fly  wit  eel. ― The  flywheel  of  a  Diesel  engine,  like  that  of 
a  gas  engine,  must  contain  sufficient  energy  to  maintain  the 
velocity  fairly  constant  in  spite  of  the  want  of  uniformity  of 
torque  indicated  in  Fig.  10.      Four-stroke   engines  require 


Fig.  13. 

larger  flywheels  than  two-stroke  engines,  and  the  fewer  the 
cylinders  the  larger  the  flywheel  must  be.  To  give  some  idea 
of  the  size  of  the  flywheel,  it  may  be  stated  that  a  two-line, 
four-stroke,  250  b.h.p.  engine,  running  at  200  revs,  per 
minute,  requires  a  flywheel  weighing  15  tons,  and  since  the 
weight  of  the  engine  itself  is  40  tons,  it  will  be  seen  what  a 
large  proportion  the  weight  of  the  flywheel  bears  to  that  of 
the  rest  of  the  engine.    The  stored  energy  in  this  flywheel  is 
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4,320,000ft.-lbs.,  or  at  the  rate  of  about  17,000ft.-lbs.  per 
brake  horse-power.  Owing  to  the  want  of  uniformity  of  the 
torque,  the  fixing  of  the  flywheel  shaft  has  to  be  effected  with 
special  care. 

6.  Fn，m;mj* 一 In  Figs.  12  and  13  the  A  frames  are  of  cast- 
iron  box  section,  often  fitted  with  splasli  guards,  and  this  is 
the  usual  construction  with  slow-speed  engines.  Sometimes  a 
single  casting,  forming  a  crank  chamber,  takes  the  place  of  the 
A  frames  when  an  engine  has  several  lines  ；  this  is  always 
the  case  with  high-speed  engines.  Facings  are  macliined  a.i 
the  feet  to  marry  with  the  facings  niadiined  on  the  bed,  and 
if  the  jacket  cylinders  are  separate,  facings  have  io  l>e 
machined  on  the  top  of  the  A  frames  as  well. 

7.  ^  fo///t  crt'nuj  Rods. ― Solid  forgings  of  good  quality  carbon 
steel  are  used  ；  the  big  end  for  land  engines  is  generally  of  the 
flat-footed  type  to  bolt  on  to  the  big  end  bearings  or  brasses. 
These  brasses  are  often  made  of  phosphor-bronze,  but  many 
makers  use  steel  shells  lined  with  white  metal.  The  small 
end  is  often  slotted  out  to  carry  a  special  split  phosphor-bronze 
bearing,  and  a  screw  adjustment  is  fitted,  so  that  the  length  of 
the  connecting  rod  can  be  altered  within  small  limits  to  adjust 
the  compression  accurately.  When  an  open  A  frame  is  used, 
the  lubrication  of  the  small  end  is  effected  by  means  of  a  hole 


Fig.  14.  Fig.  15. 


drilled  through  the  gudgeon  pin,  which  comes  opposite  a  slot 
in  the  cylinder  at  the  bottom  of  the  stroke,  and  at  this 
moment  the  lubricating  pump  squirts  in  a  supply  of  oil.  For 
the  smaller  engines  a  connecting  rod  of  circular  section  "is 
used  ；  for  high-speed  engines,  in  order  to  obtain  lightness  and 
better  distribution  of  the  material,  a  round  section  with 
flattened  sides  is  employed,  and  some  makers  have  even  gone 
to  the  expense  of  using  flat  rods  milled  out  so  as  to  obtain 
an  H  section,  which,  of  course,  is  theoretically  the  best  section 
for  resisting  the  transverse  inertia  stresses.  Such,  a  section, 
however,  can  only  pay  commercially  with  high  speeds  and 
when  great  lightness  is  a  necessity.  The  big  end-bearing 
bushes  are  of  similar  design  to  those  adopted  for  steam 
engines,  the  only  difference  being  their  greater  weight  for  the 
same  horse-power. 

8.  Trunk  Piston. 一 The  trunk  pistons  are  made  of  cast 
iron,  generally  in  one  casting  ；  they  are  ribbed  inside  for 
strength  and  for  cooling,  and  a  through  hole  is  provided  for 
carrying  tlie  gudgeon  pin  of  the  connecting  rod,  as  shown  in 
Fig.  11.  The  top  is  generally  curved  so  as  to  relieve  the 
stresses  produced  by  the  heat,  and  this  shape  of  top  has 
probably  the  effect  of  producing  eddies,  which  increase  the 
rapidity  of  combustion.  This  question  of  eddy-forming  or 
turbulence  is  one  which  lias  only  recently  been  noticed,  and 
some  experiments  】na(le  a  short  time  ago  by  Mr.  Dugald  Clerk 
and  Dr.  Bertram  Hopkinson  showed  that  in  the  case  of  the 
gas  engine  it  is  a  most  important  factor  in  promoting  rapidity 
of  explosion.  This  is  a  matter  which  will  have  to  be  studied 
more  closely  in  connection  with  the  Diesel  engine. 

The  maxiinum  diameter  of  trunk  piston  that  can  be  safely 
run  without  water  or  oil  cooling  is  24in.  Above  this  diameter 
it  is  necessary  to  arrange  for  a  water  circulation  or  for  an  oil 
circulation.  Messrs.  Sulzer  adopt  an  arrangement  whereby 
oil  is  squirted  on  to  the  under  side  of  the  piston  at  the  top  of 


the  stroke  ；  the  oil  then  falls  in  a  shower  into  a  cup,  whence 
it  is  conducted  to  the  connecting  rod  to  lubricate  the  small 
end. 

The  piston  body  is  grooved  for  the  piston  rings,  and  is 
extended  to  form  a  guide.  There  are  also  grooves  without 
rings  placed  at  the  bottom  of  the  extension  to  hold  the  lubri- 
cating oil.  Messrs.  Krupp  and  Messrs.  Sulzer  water-cool  the 
piston  in  large  engines.  The  large  marine  engines  .of  the 
Maschinenfabrik  A ugsburg-Niirnberg  Company  are  oil-cooled. 
The  gudgeon  pin  is  made  of  case-hardened  steel,  and  is  fixed 
in  the  piston  body.  Special  care  lias  to  be  taken  to  ensure 
that  it  is  accurately  placed  in  the  piston  Inxly  so  as  not  to 
produce  any  cross  strains,  either  in  the  piston  or  in  the  con- 
necting rod,  and  these  arrangements  have  to  be  such  that  the 
pin  can  be  easily  withdrawn  for  repair  or  renewal.  Usually 
the  length  of  a  trunk  piston  is  1-8  times  the  diameter.  A 
considerable  clearance  lias  to  be  allowed  between  the  piston 
body  and  the  cylinder  ；  only  experience  can  tell  what  this 
amount  ought  to  be. 

9.  Piston  Binffs. — These  are  of  the  usual  Ramsbottom  type 
placed  in  the  grooves  in  the  piston  body.  Messrs.  Sulzer 
adopt  a  special  arrangement  for  machining  these  piston  rings 
to  get  uniform  pressure  at  all  points  ；  it  is  the  same  arrange- 
ment which  they  have  adopted  for  years  for  steam-engine 
piston  rings. 

10.  Cylinders  and  Jackets. ― The  general  design  of  these 
has  already  been  referred  to,  and  can  be  seen  from  the 
figures.  When  the  jackets  are  separately  cast  they  are  flanged 
at  the  lower  end  to  bolt  to  the  top  of  the  A  frame.  Great 
care  must  be  taken  to  machine  these  facings  truly  perpendicu- 
lar to  the  axis,  else  difficulties  will  arise  in  running  the 
engine.  The  studs  have  to  be  very  large  in  the  case  of  a  20in. 
cylinder,  for  example  eight  studs,  2iin.  cliam.,  are  required. 
A  special  cast-iron  mixture,  suitable  for  resisting  high  tem- 
perature, is  required  for  the  cylinder  liners. 

11.  ( '//Jififh'r  ( 'over. ― The  cylinder  cover  is  cast  with  the 
water-jacket,  and  is  arranged  for  taking  the  valve  seatings  of 
the  air,  fuel,  and  exhaust  valves.  There  are  through  holes  in 
the  cover  to  take  the  long  studs  fixed  in  the  top  of  the  jacket. 

Fig.  14  shows  a  form  of  construction  reconnnended  by  N. 
Brosne  for  cylinders  in  order  to  minimise  the  effect  of  the 
exceptional  stresses  due  to  possible  explosion  (instead  of  com- 
bustion), which  may  cause  pressures  of  from  100  to  150 
atmospheres  in  a  cylinder.  The  cylinder  head  consists  of  a 
flat  plate  stiffened  by  radial  and  circumferential  ribs  arranged 
so  that  the  seatings  of  the  various  valves  can  be  placed  between 
them.  The  head  is  closed  over  with  a  light  steel  cover,  thus 
forming  a  space  for  the  water  circulation.  There  is  a  stiff 
ring  of  hollow  section  placed  around  the  top  of  the  cylinder 
and  carrying  the  studs  for  bolting  on  the  cylinder  cover. 
This  ring  is  connected  to  the  framework  by  long  steel  bolts, 
which,  by  their  elasticity,  take  the  shock  of  any  exceptional 
explosion,  and  at  all  times  relieve  the  cylinder  walls  of  ten- 
sional  stress,  a  matter  of  importance  in  two-stroke  engines 
having  exhaust  openings  through  the  cylinder  walls  at  the 
bottom  of  the  stroke  when  these  walls  carry  the  stresses. 

12.  Two-to  -one  Shaft. — Tlie  two-to-one  shaft,  or  cam 
shaft,  which  is,  in  most  engines,  fitted  in  bearings  carried  on 
brackets,  either  bolted  or  cast  with  the  jackets,  approximately 
at  the  level  of  the  top  of  tlie  cylinder,  is  driven  by  helical  gear 
from  the  crank  shaft  by  the  intermediary  of  the  vertical  shaft, 
the  gearing  being  such  as  to  reduce  the  speed  in  the  propor- 
tion of  two  to  one,  so  as  to  give  a  proper  sequence  for  the 
four-stroke  cycle.  In  some  cases  the  cams  are  ground  to  the 
proper  shape  after  being  keyed  on  the  shaft;  other  makers 
grind  the  cams  to  a  "former,"  and  thus  obtain  satisfactory 
results.  In  some  of  the  larger  engines  the  two-to-one  shaft  is 
run  in  an  oil  bath.  In  the  American  type  of  engine  the  cam 
shaft  is  placed  inside  the  engine,  as  shown  in  Fig.  11.  In  the 
marine  Maschinenfabrik  Augsburg-Niirnberg  engine  the  cam 
shaft  is  placed  on  tlie  top  of  the  engine,  but  in  this  case  it  is 
a  two-stroke  engine,  and  the  cam  shaft  runs  at  the  same  speed 
as  the  crank  shaft. 

13.  Levers  for  Actuating  the  Valves. ― Ordinary  levers  of 
tlie  first  order  are  used  ；  they  have  to  be  very  stiff,  as  the  forces 
at  work  are  considerable,  and  there  must  be  no  perceptible 
deflection,  or  else  a  true  opening  in  the  valye  would  not  be 
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obtained.  At  the  cam  shaft  end  there  is  a  roller,  and  at  the 
valve  end  a  rocking  pin  with  a  round-end  bearing  in  a  cup 
on  the  top  of  the  valve  spindle.  These  levers  are  made  of 
cast  iron  or  malleable  cast  iron  or  of  steel.  Iu  many  designs 
a  hinge  is  arranged  so  as  to  throw  back  the  lever  when  it  is 
desired  to  lift  the  valve.  This  is  an  important  detail  for  over- 
hauling, and  is  illustrated  in  Fig.  15. 

14.  Special  Ltver  for  Starting. —— This  lever  works  the  air 
valve,  which  is  fixed  generally  to  only  one  cylinder.  Whilst 
the  engine  is  ruiining  it  is  out  of  action.  For  starting  the 
engine  its  roller  is  brought  into  contact  with  a  special  cam, 
bv  means  of  a  lever,  and  is  thrown  out  of  action  again  so  soon 
as  the  engine  begins  to  work  on  oil. 

{To  be  continued,) 


APPARATUS  FOR  BURNING  FINELY-DIVIDED  FUEL. 

The  arrangement  illustrated  has  been  primarily  designed  to 
adapt  so-called  "  round  flame  "  burners  employing  finely- 
divided  fuel  to  special  furnace  conditions  wherein  a  broad 
flattened  flame  is  desired.  The  burner  is  arranged  in  opera- 
tive relationship  with  a  casing  or  frame  having  an  opening 
for  the  admission  of  air  for  combustion,  this  opening  being 
larger  in  one  direction  than  the  other. 

Figs.  1  and  2  show  the  arrangement,  which  lias  been 
patented  by  Messrs.  Babcock  &  Wilcox,  Ltd.,  applied  to  a  boiler 
furnace  of  limited  head  room  and  great  width.  The  use  of  a 
burner  in  this  form  of  furnace  giving  a  conical  flame  circular 
in  section  is  objectionable  for  the  reason  that  the  flame  comes 
into  interference  with  the  floor  of  the  furnace  and  the  water- 
heating  surfaces  forming  the  upper  portion  thereof,  particu- 
larly at  the  entrance .  With  this  form  of  furnace  it  is  desired 
to  spread  the  flame  from  the  burners  across  the  furnace  in  the 
direction  of  its  width  without  using  an  excessive  number  of 
burners,  or  burners  which  in  themselves  produce  a  broad  flat, 
flame.  Any  suitable  form  of  burner  A  may  be  used  which 
will  properly  project  a  finely-divided  fuel  such  as  gas,  oil,  or 
solid  fuel  in  the  form  of  a  substantially  conical  flame,  into  the 
combustion  chamber  B. 

In  order  to  flatten  the  flame,  which  would  ordinarily  be 
produced  by  the  burner,  the  air  for  combustion  is  admitted 
through  an  opening  which  is  longer  in  one  direction  than  the 
other  and  which  permits  the  entrance  of  a  larger  volume  above 
and  below  the  flame  than  is  admitted  at  the  sides.  This  is 
accomplished  by  setting  a  box  or  frame  C  having  an  oblong 
or  oval  opening  into  the  furnace  wall,  the  burner  A  terminat- 
ing in  proximity  to  this  opening,  as  shown  in  Figs.  1  and  5， 
and  substantially  coincident  with  the  axis  thereof.  The 
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Figs.  1  and  l  -Akkangemknt  oi'，  Fuhnace  for  Burning  Finkly- 
iuvjdki)  fukt.. 

volume  of  air  admitted  above  and  below  the  flame  is  greater 
tlian  at  the  sides  and  this  has  the  effect  of  pressing  upou  the 
upper  and  lower  sides  of  the  flame  and  flattening 
horizontally. 

Fig.  6  shows  d i ag ram m atical ly  the  effect  of  admitting  air 
for  combustion  through  a  circular  opening  D，  equal  in  volume 
at  all  points  around  the  burner.  In  such  case  tlie  flame  will 
spread  out  in  a  conical  form,  circular  in  section,  as  indicated 
by  the  arrows.  With  the  major  axis  of  the  air  opening 
vertical,  as  shown  diagrammatically  in  Fig.  8，  the  flame  will 
be  flattened  as  indicated  by  the  arrows  ；  that  is,  with  • 
major  axis  horizontal.  If  the  air  opening  is  so  placed  that  * 
major  axis  is  horizontal,  as  shown  in  Fig.  7，  then  the  flame  wi 


be  narrowed  horizontally  and  increased  in  lieight,  as  indicatcfi 
by  the  arrows,  that  is,  the  flame  will  be  of  oval  shape  with  its 
major  axis  vertical.  As  shown  by  Figs.  7  and  8,  the  major 
axis  of  the  flame  will  be  practically  at  right  angles  to  the 
major  axis  of  the  opening  for  air  admission. 

If  it  is  desired  to  give  to  the  air  for  combustion  a  whirling 
or  rotating  motion,  there  is  placed  within  the  opening  a  series 
of  blades  inclined  at  an  angle  to  tlie  plane  of  tlie  opening.  A 
convenient  way  of  doing  this  is  to  make  the  blades  in  the  form 
of  a  plate,  either  a  casting  or  blades  of  sheet  metal  secured  to 
a  suitable  base.  In  Fig.  3  the  blades  E  are  secured  at  their 
inner  ends  to  a  central  ring  to 
provide  an  opening  through 
which  the  fuel  may  be  pro- 
jected, and  at  their  outer  ends 
to  an  oblong  frame  or  plate  F. 
By  using  such  a  device  the 
flame  is  not  only  flattened  by 
reason  of  the  oblong  form  of 
the  air  opening,  but  the  air  for 
combustion  is  deflected  from 
its  normal  direction  of  travel 
and  given  a  whirling  or  rotat- 
ing motion  by  which  are 
secured  a  continuous,  uniform, 
and  intimate  mixture,  making 
thereby  a  solid  flame. 

Instead  of  an  oblong  plate,  an  oval  opening  in  a  plate  G 
may  be  filled  with  blades  H  inclined  to  the  plane  of  the  plate, 
as  shown  in  Fig.  4，  to  deflect  the  air  and  to  give  it  a  whirling 
or  rotating  motion.    In  this  case,  as  with  an  oblong  or  oval 
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opening  without  the  blades,  the  greater  volume  of  air  admitted 
at  one  point  than  another  produces  a  flattened  flame.  In 
Fig.  5  is  shown  a  box  J  rectangular  in  vertical  section  which 
may  be  set  into  the  furnace  casing  and  which  has  at  the 
furuace  end  thereof  a  grating  of  vertical  blades  K  inclined  to 
the  plane  of  their  supports  so  as  to  deflect  the  air  without 
giving  it  a  whirling  motion.  All  of  these  forms  of  openings, 
in  which  the  area  for  air  admission  is  longer  in  one  direction 
than  the  other,  produce  substantially  the  same  flattening  effect 
on  the  flame.  The  major  axis  of  such  openings  may  be 
vertical  or  horizontal,  or  in  any  otlier  position,  to  produce  the 
flattening  in  tlie  desired  direction. 
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The  Iron  and  Steel  Institute. ~ The  following  changes  have 
taken  place  on  the  Council  of  the  Iron  and  Steel  Institute 
consequent  on  the  death  of  Mr.  W.  H.  Bleckley,  lion, 
treasurer :  Mr.  W.  Beardmore,  vice-president,  appointed 
hon.  treasurer,  and  Mr.  J.  M.  While,  member  of  Council, 
elected  a  vice-president,  to  fill  the  vacancy  thus  created . 
Lord  Airedale  of  Gledhow  has  been  elected  a  member  of 
Council  in  lieu  of  Mr.  While. 

The  Concrete  Institute. ~ -A  course  of  six  educational  lectures 
on  "Concrete:  Its  Properties  and  Manufacture,'7  will  be 
given  by  Mr.  H.  Kempton  Dyson,  Secretary  of  the  Concrete 
Institute,  at  5-30  p.m.,  on  November  12th,  19th,  26th, 
December  3rd,  10th,  and  17th,  1912.  The  lectures  will  be 
given  in  the  lecture  hall  of  the  Concrete  Institute,  at  Denison 
House,  296，  Vauxhall  Bridge  Road,  Westminster. 

Collapse  of  a  Crane. —— A  two -ton  crane  collapsed  on  Mon- 
day last  at  the  top  of  the  Tyne  Commissioners'  Offices  in 
Bewick  Street,  Newcastle,  where  building  extensions  are  in 
progress.  The  accident  occurred  while  the  men  were  at  work. 
The  crane  was  fixed  at  the  top  of  a  gantry,  about  30ft.  in 
height,  and  a  load  of  material  was  being  raised  when  the  crane 
toppled  over,  and  fell  with  a  loud  crash  on  the  flooring  of  the 
top  storey.  The  men  who  were  working  it  had  narrow 
escapes. 
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ON  A  NEW  METHOD  OF  REVEALING  SEGREGATION  IN 
STEEL  INGOTS  * 

BY  SIR  ROBERT  HADFIELD,  F.R.S. 

In  presenting  this  paper  the  author  suggests  that  it  should  be 
considered  with  and  as  bearing  upon  the  subject  of  his  paper 
on  "  Methods  of  Producing  Sound  Ingots,"  contributed  to 
the  present  meeting.  The  reason  for  this  is  that  the  research 
now  described  appears  to  offer  the  means  of  throwing  light 
upon  the  complex  problems  met  with  in  relation  to  the  pro- 
duction of  sound  steel  by  】iietliods  in  which  segregation  and 
piping  troubles,  if  not  entirely  absent,  are  largely  reduced. 
In  sound  steel  which  pipes,  unless  steps  are  taken  to  deal 
with  the  troubles  which  accompany  such  piping,  the  difficul- 
ties of  segregation  in  ingots  which  are  not  properly  fed  has 
not  perhaps  altogether  been  appreciated,  as  will  be  seen  from 
the  experiments  now  described. 

Whilst  knowledge  has  long  been  sought  as  to  the  changes 
which  take  place  in  the  interior  of  masses  of  steel  during 
cooling  down  from  the  molten  to  the  solid  state,  few  experi- 
ments of  a  definite  nature  have  been  undertaken.  This  has 
been  the  more  unfortunate  because  steel  of  any  nature  or 
type,  whilst  so  cooling  down,  is  subject  to  the  development 
of  defects  of  a  somewhat  serious  character.  These  chiefly 
come  under  the  terms  "  segregation  ，，  or  ' '  segregated  areas," 
and  are  largely  due  to  the  fact  that  the  two  chief  deleterious 
elements,  sulphur  and  phosphorus,  always  present  in  steel  to 
a  greater  or  lesser  extent,  liquate  and  separate  out  from  the 
mass  in  those  portions  of  the  ingot  or  casting  which  remain 
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Experiment  No.  5893. ― 2Ain.  ingot  (square)  showing  where  copper  penetrated. 
Total  length,  30ms. 

fluid  for  the  longest  period  of  time  during  the  cooling  down 
to  the  solid  condition.  Carbon  and  manganese,  also  to  some 
extent  nickel  and  chromium,  also  liquate,  but  they  are  not 
directly  harmful  in  the  same  way  as  the  two  elements  men- 
tioned. 

In  other  words,  it  is  well  known  that  at  a  certain  stage  of 
the  cooling-down  process  of  molten  steel  the  complex  pheno- 
menon of  liquation  is  met  with  and  causes  much  difficulty. 
Possibly  this  phenomenon  is  more  marked  in  its  harmful 
characteristics  in  iron  and  its  combinations  known  as  steel 
than  in  any  other  metallurgical  product.  This  is  no  doubt 
to  some  extent  due  to  the  high  temperature  which  is  neces- 
sarily employed  during  the  manufacture  of  steel,  which 
varies  from  probably  about  1,400°  C  in  alloy  steel,  such  as 
manganese  steel,  to  about  1,650°  C.  in  molten  steel  of  mild 
quality.  This  difficulty  is  intensified  because  of  the  peculiar 
behaviour  of  the  elements  present.  Whilst  sulphur  and 
phosphorus  give  the  most  trouble,  the  above  remarks  also 
apply  to  the  element  carbon  and  the  metal  manganese  alloyed 
with  iron,  and,  as  above  mentioned,  to  a  less  extent  as  regards 
nickel  and  chromium.  This  segregation  of  the  elements  re- 
ferred to  gives  a  brittle,  impure,  and  weak  stee】，  which  in  the 
finished  article  may  prove  not  merely  objectionable  but  dan- 
gerous.   There  is  no  proof  that  segregation  occurs  in  fluid 
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steel  itself,  that  is,  all  the  elements  are  then  well  fused  and 
not  segregated  ；  the  difficulty  begins  as  soon  as  the  mass  com- 
mences to  cool  down  ；  in  other  wor'Js,  segregation  appears  to 
be  a  function  of  the  lowering  of  the  temperature.  Whether 
this  arises  owing  in  some  way  to  the  lowering  of  the  tension  of 
coinbination  of  the  molecules,  if  nne  c;ui  use  tliis  term,  is  not 
certain.  In  any  case,  however,  tlie  difficulty  experienced 
seems  to  be  almost  entirely  confined  to  the  steel  remaining 
liquid  to  the  latest  stage,  probably  partly  through  want  of 
ferro-static  pressure  occurring  in  the  centre  of  the  mass. 
Thus,  a  steel  of  otherwise  suitable  composition,  that  is,  suffi- 
ciently low  in  the  deleterious  elemonts  sulphur  and  phos- 
phorus, wlien  cooled  down  will  show,  upon  analysis,  an  in- 
crease of  these  elements  at  the  segregated  areas  in  some  cases 
amounting  to  seven  or  eight  times  the  original  percentage. 
A  sample  of  steel  taken  whilst  fluid  from  the  upper  portion 
of  an  ingot  is  equally  as  pure  as  the  lower  portion.  The  diffi- 
culty only  arises  on  cooling  down,  and  in  that  portion  of  the 
ingot  or  casting  where  the  ferro-static  pressure  is  lowest. 

Such  segregated  area  if  not  removed  remains  in  the  cast- 
ing, and  becomes  drawn  out  during  the  forging  or  rolling,  or 
whilst  being  otherwise  manipulated  ；  thus  seriously  weak 
places  mechanically  will  occur  in  tlie  finished  article.  In  some 
cases  these  defects  get  removed  ；  for  example,  gun  ingots  are 
cast  solid,  and  are  afterwards  usually  bored  out  to  remove 
the  segregated  areas.  But  this  cannot  be  done  in  forgings 
requiring  a  solid  section,  so  that  the  centre  of  disturbance 
remains  present  in  such  areas,  in  some  cases  giving  rise  to  the 
production  of  articles  possessing  serious  internal  weakness 
wli i*'h  may  break,  if  not  at  once,  later  on  in  service.  This 
has,  for  example,  been  noticed  in  the  case  of  rails,  and 
dangerous  accidents  have  resulted  through  their  breakage. 

The  author  thought  that  if  it  was  possible  to  find  means 
of  ascertaining  how  this  segregation  arises,  useful  informa- 
tion would  be  obtained  and  methods  of  investigation  opened 
up  by  which  the  difficulty  could  be  dealt  with  and  overcome. 
He  therefore  presents  the  results  of  this  research  and  the 
methods  adopted,  which  to  his  knowledge  have  not  before 
been  tried.  They  are  simple,  and  yet  by  their  use  afford  con- 
siderable information  in  the  desired  direction,  that  is,  they 
show,  to  some  extent,  what  is  going  on  inside  the  molten 
mass  during  the  cooling  portion  of  the  process. 

The  research  commenced  in  this  manner.  It  was  reasoned 
that  possibly  some  addition,  preferably  metallic,  could  be 
made  to  steel  whilst  in  its  molten  or  partly  fluid  condition 
which  would  give  the  desired  effect.  Thus  upon  breaking  up 
the  ingot  when  cold,  if  it  would  show  the  presence  of  the 
added  metal  in  some  clear  and  definite  manner,  such  as  by 
difference  in  colour,  useful  information  would  be  obtained. 
The  author,  therefore,  after  a  considerable  number  of  experi- 
ments with  various  metals,  selected  copper,  which,  by  its 
slightly  higher  specific  gravity  as  compared  with  iron,  would 
have  a  tendency  to  fall  or  drop  down  the  central  portion  of 
the  ingot  being  experimented  upon  ；  moreover,  by  its  distinc- 
tive colour  at  the  parts  where  it  is  alloyed  with  the  iron  its 
presence  would  be  apparent. 

In  the  first  instance  (Experiment  No.  5,893,  Figs.  1  to  5)， 
a  small  ingot  2^in.  square  and  about  30in.  in  length,  was 
poured  into  an  ingot  mould  in  the  ordinary  way.  The  compo- 
sition was  ：  Carbon,  0*41  per  cent.  ；  silicon,  0'53  per  cent. ； 
manganese,  1*32  per  cent.  This  ingot  was  furnished  with  a 
sand  head,  as  shown  by  Fig.  6，  the  object  of  the  sand  head 
being  to  feed  the  shrinkage  taking  place  in  the  remaining  por- 
tion of  the  ingot.  In  other  words,  the  ingot  mould  itself 
being  of  cast  iron  and  the  ingot  head  of  sand,  the  molten 
metal  in  the  latter  remains  fluid  for  a  much  longer  time  and 
helps  to  feed  the  shrinkage  or  contraction  of  the  remaining 
portion  of  the  ingot  when  it  cools  down  to  the  solid  condition. 
A  similar  method  of  overconiint;  piping  with  a  suitable 
arrangement  for  carrying  on  the  compression  during 
is  dealt  with  very  fully  in  the  paper  on  "  Method  of  Produc- 
ing Sound  Ingots. " 

Soon  after  the  small  2Un.  ingot  was  cast,  a  few  ounces  of 
molten  copper  was  poured  into  the  centre  of  the  hollow  space 
remaining  in  the  sand  head,  about  l^in.  from  the  outside. 
The  time  which  elapsed  between  the  casting  of  the  ingot  and 
the  pouring  on  of  the  copper  into  the  hollow  space  was 
approximately  30  sees.    In  this  case,  the  result  of  pouring  the 
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molten  copper,  which  was  added  in  a  comparatively  cool  con- 
dition, that  is,  it  was  not  as  hot  or  fluid  as  it  should  have 
been,  appeared  to  be  to  chill  the  upper  portion  in  the  sand 
head.  At  first  it  was  thought  the  copper  had  not  penetrated 
the  molten  steel  of  the  ingot  at  all.  However,  on  breaking 
off  the  ingot  head  and  making  a  longitudinal  fracture,  it  was 
discovered  that  the  copper  bad  forced  its  way  through  a  hole 
in  the  centre  of  the  ingot  of  very  small  diameter,  and  pene- 
trated nearly  the  full  hntjth  of  the  ingot,  an  interesting 
result  and  somewhat  unexpected.  Figs.  1  to  5  show  the 
appearance  of  the  ingot  when  it  was  broken  up  under  the 
hammer.  The  cuprous  areas  are  indicated  in  black  as  they 
appeared  in  the  fractures  of  the  material. 

The  copper  had  penetrated  into  those  portions  of  the 
ingot  where  piping  usually  takes  place,  and  thus  indicated 
the  exact  location  where  what  may  be  termed  inter-crystal- 
line unsoundness  or  segregation  is  developed.  It  may  be  men- 
tioned that  this  particular  type  of  inter-crystalline  unsound- 
ness is  not  usually  seen  or  detected  in  the  fracture  of  an  ordi- 
nary ingot  when  cold  :  it  is  only  revealed  by  a  polished  sec- 
tion after  etching.  The  cuprous  areas  in  these  small  ingots 
probably  represent  these  segregation  areas. 

This  experiment  showing  interesting  promise,  the  research 
was  continued  on  several  ingots  6in.  square,  each  about  3^ft. 
in  length,  and  weighing  about  4  cwts.  The  design  of  these 
was  similar  to  the  small  ingot  just  referred  to,  that  is,  the 
iugot  itself  was  cast  in  an  iron  mould  with  the  head  portion 
of  sand. 

Into  the  head  of  the  first  6in.  ingot,  No.  7455/1978A,  151bs. 
of  fluid  copper,  previously  melted  in  a  plumbago  crucible, 
were  poured  half  a  minute  after  casting.  The  addition  of  the 
copper  was  carried  out  somewhat  earlier  than  at  first  in- 
tended, because  in  the  previous  experiment  on  the  ingot  of 
small  size  the  copper  appeared  to  cause  the  steel  in  the  head 
of  the  ingot  to  set.  In  the  case,  however,  of  the  6in.  ingot, 
the  copper  did  not  cause  the  steel  in  the  head  to  set  as 
expected  ；  most  of  it  descended  by  its  superior  gravity  almost 
bodily  to  the  lower  portion  of  the  ingot.  This  ingot  was 
parted  into  two  portions  so  as  to  give  a  central  longitudinal 
section  :  the  section  was  then  etched.  Fig.  6  shows  the  appear- 
ance of  the  ingot,  the  dark  portions  being  those  coloured  by 
the  added  copper.  From  the  results  obtained  it  will  be 
noticed  that  half  a  minute  after  casting  the  ingot  appears  to 
have  set  to  a  thickness  of  about  fin.  to  |in.  along  the  sides  and 
on  the  bottom.  In  the  cuprous  areas  will  be  noticed 
crystals  which  have  the  same  appearance  as  the  outside  enve- 
lope. 

As  in  this  6in.  ingot  the  copper  was  found  to  have  been 
added  somewhat  too  soon  to  give  a  full  indication  of  what 
occurred  on  the  steel  reaching  its  setting-  or  chilling-point, 
the  experiment  was  repeated  on  an  ingot  made  from  Heat 
No.  7501 /1978a.  In  this  case  15 lbs.  of  molten  copper  was 
added  after  a  period  of  3i  mins.  had  elapsed  after  casting. 
This  steel  settled  well  in  the  sand  test,  also  in  a  2^in.  ingot 
made  at  the  same  time,  but  the  larger  ingot  was  not  quite 
sound.  This  was  not,  however,  in  any  way  due  to  the  added 
copper,  but  to  the  interior  of  the  mould  being  slightly  damp. 
The  experiment  was  repeated  on  a  perfectly  sound  ingot  and 
the  results  were  the  same.  It  was  thought,  therefore,  interest- 
ing to  present  the  unsound  ingot  to  show  that  the  same  law 
applied  to  unsound  as  to  sound  steel.  The  dark  areas  in 
Fig.  6  show  the  cuprous  portions  of  the  ingots.  These  por- 
tions are  indications  of  the  state  in  which  the  interior  por- 
tion of  the  ingot  existed  3^  mins.  after  casting.  After  such 
a  comparatively  long  interval  of  time,  and  in  such  a  small 
ingot,  it  is  somewhat  remarkable  that  the  copper  should  have 
defended  so  deeply.  Tf  the  copper  is  added  too  early,  that 
is,  before  the  steel  solidifies,  it  displaces  or  penetrates  the 
n,olten  materia]  remaining.  Tf  the  copper  is  added  when 
solidification  is  completed,  then  it  does  nothing  more  than  fill 
UP  "ie  cavities,  or  strengthen  segregation  areas  which  are  not 
really  mechanically  solid. 

Tt  vvolllfl  appear  from  these  experiments  that  a  valuable 
sourf'e  of  information  is  opened  up  for  making  tests  with 
regard  to  rates  of  cooling,  segregation,  and  liquation.  More- 
over, these  results  show  that  the  interior  of  an  ingot,  even  of 
•small  size,  and  it,  will  be  therefore  more  so  in  a  large  ingott 


Fig.  (i.  Fir.  8.— Iugot  (lliu.  diiim  i,  into  head  of 

Dark  Areas  showing  which  ^8lbs.  of  molten  copper  was 

penetra  tion  of  Copper  poured  15  minutes  after  casting.  Not- 

in  ingot.  w  ithstanding  this  comparatively  long 

time,  the  copper  is  seen  to  hav^  found 
its  way  almost  to  the  bottom. 

not  been  so  apparent.  The  results  of  the  present  experiments 
seem  to  clearly  indicate  why  quick  cooling  is  advantageous. 
The  following  are  comments  upon  the  various  figures  ： — 

In  Fig.  7  are  shown  the  percentages  of  the  copper  found 
at  the  respective  portions  of  the  ingots  Nos.  7455/  1978a  and 
Ncs.  7501  /  1978a,  as  marked,  described  earlier  in  the  paper. 

A  sulphur  print  taken  from  ingot  No.  7455/ 1978a  clearly 
showed  the  distribution  of  copper,  the  cuprous  portions  being 
lighter  in  colour  than  those  which  are  free  from  copper.  It 
was  noticed  that  the  acicular  crystallisation  of  the  copper  free 
envelope  ends  abruptly  where  it  joins  the  cuprous  interior.  In 
the  cuprous  portion  the  sulphur  is  evolved  from  innumerable 
small  points,  whereas  in  the  copper  free  envelope  the  sulphur 
is  evolved  quite  differently,  giving  an  even  brown  coloura- 
tion. 

A  sulphur  print  of  ingot  No.  7501  /1978a  showed  the 
crystalline  structure  remarkably  well.  The  print  examined 
with  a  magnifying  glass  showed  that  the  sulphur  is  evolved 
from  innumerable  minute  points,  and  these  points  often  run 
into  lines  parallel  to  the  needle-like  crystals  formed  in  the 
matrix  of  the  ingot. 

Fig.  8  shows  a  larger  ingot  of  about  14in.  diam.，  into  the 
head  of  which  about  281bs.  of  molten  copper  was  poured 


remains  hotter  for  a  much  longer  period  than  has  been 
thought  to  be  the  case.  It  can,  therefore,  be  more  readily 
understood  why  segregation  proves  so  harmful,  for,  owing  to 
this  longer  time  of  cooling  and  the  reduction  in  the  ferro- 
static  pressure,  naturally  much  greater  opportunity  occurs 
foiJ  the  liquation  of  such  Iiarmful  elements,  sulpliur  anrl 
phosphorus.  The  more  quickly  the  steel  sets,  the  less  oppor- 
tunity is  therefore  given  for  this  segregation.  This  fact  has 
long  been  known  in  a  practical  wav,  but  the  reason  for  it  has 
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J 5  liiins.  after  casting.  The  Jiead  was  then  covered  wit li  (']i;u'- 
coal,  and  was  not  afterwards  disturbed.  The  ingot  was  allowed 
to  remain  in  its  inould  for  one  Lour.  The  material  was 
annealed  and  a  section  prepared,  sulpliur  printed  and  etclied. 
The  copper  was  found  to  have  penetrated  to  within  about 
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l'，i(;.  7.— Section  of  one  of  two  different  (3iu.  Ingots  of  the  following 
composition,  showing  the  Percentages  of  Copper  at  the  ditferent 
portions  of  the  Ingots. 


Analysis  of  the  Steel 


Ingot  No. 
7155/1978A …-, 
7501 /1978a …- 


Carbon 
per  cent. 
0'45 
0M2 


Silicon 
per  cent, 
036 
012 


i  these  Ingots. 
Sulpliur 


per  cent. 
0-U60 


Phosphorus 
j)er  cent. 


Manganese 


9in.  of  the  bottom,  as  will  be  seen,  thus  showing  thai  even 
15  mins.  after  casting  the  ingot  was  fluid  at  this  point,  and 
was  readily  permeated  by  the  copper. 

The  examination  of  the  sulphur  print  showed  that  there 
appeared  to  be  some  segregation  at  the  bottom  of  the  cuprous 
area.  The  cuprous  portion  could  be  picked  out  by  the  some- 
what different  appearance  to  the  rest  of  the  section. 

It  may  be  interesting  to  state  that  the  relative  contrac- 
tion of  copper  and  steel  is  as  follows : — 


Expansion  coefficient,  solid 
，，  "  molten 


(Specific  gravity,  «olid 
,,         ，，  molten 

T"t;il  cast  in*;  .shrinkiigc  th 
tcnipcraturc  


i  ！ l  1('  onJiimi  v 


Copper. 


Steel. 


0-00001678  O'OOOOll* 
No  data,  but  higher  than  for  the 
material  in  its  solid  condition 


8*95 
821 

1-42 


7"85 
6"88f 

1-50 


•  Mild  steel.      t  No.  i  "  Cleveland  "  foundry  iron,  which  is  *95  when  solid. 

Tlie  molten  specific  gravities  represent  figures  quoted  in 
the  "  Standard  Handbook  for  Engineers/'  from  researches  of 
Roberts- Austen  and  Wriglitson. 

Probably  what  lias  occurred  in  the  ingots  described  is  that 
upon  ； I'j'iitig  llic  copper  which  is  poured  on  to  the  top  of  the 
in^ot  a  pipe  is  formed,  and  the  copper  is  forced  into  this  by 
pressure.  As  the  ingot  cools  down,  more  pipe  is  formed  ；  the 
("I'^er  ytill  remains  fluid,  and  keeps  such  pipe  portion  filled. 


As,  however,  the  copper  contracts  more  than  the  steel,  the 
cavity  formed  by  piping  draws  upon  the  supply  of  molten 
copper  at  the  top  of  the  ingot.  This  expands  or  rises  slightly 
upon  setting  ；  nevertheless  it  contracts  more  than  the  sur- 
rounding steel.  Apparently  the  contraction  of  the  copper  and 
iron  do  not  take  place  in  the  same  relative  proportion  as 
might  be  expected. 

In  conclusion,  the  author  thinks  that  these  experiments 
should  throw  some  light  upon  the  nature  of  the  phenomena 
occurring  in  the  cooling  down  of  molten  steel  to  the  solid  con- 
dition. 


A  LARGE  WATER-COOLED  IRON-PIPE  RHEOSTAT. 

For  testing  a  large  sub-station  storage  battery  at  St.  Louis  it 
became  necessary  to  provide  a  rheostat  capable  of  dissipating 
continuously  the  power  represented  by  5,000  amperes  at  300 
volts.  A  water-cooled  pipe-grid  type  of  resister  was  decided 
u pon,  the  iron  pipe  to  act  as  the  conductor  while  being  cooled 
by  a  flow  of  water.  Preliminary  experiments  and  calculations 
indicated  that  about  600ft.  of  2in.  pipe  would  be  required . 
The  rheostat  was  assembled  as  shown  in  the  sketch,  for  which, 
along  with  the  accompanying  description,  we  are  indebted  to 
" The  Electrical  World."  Forty-seven  20ft.  lengths  of  double- 
strength  2in.  pipe  were  coupled  in  40ft.  pairs  and  connected  by 
standard  pipe  returns,  making  a  total  length  of  569ft.  of  pipe. 
It  was  soon  found  that  the  rheostat  could  not  be  cooled  suffi- 
ciently by  passing  water  from  end  to  end  through  the  569ft. 
of  pipe,  so  it  became  i necessary  to  tap  holes  in  the  return 
fittings,  threading  one  set  and  inserting  nipples  to  hold  the 
hose  connections  to  the  manifold  water-supply  pipe.  From 
the  other  ends  the  water  was  allowed  to  escape  and  waste. 

A  serious  problem  was  next  presented  in  making  au 
adequate  connection  between  the  battery  leads  and  the  iron 
pipe.  The  connections  between  the  battery  bus  and  rheostat 
consisted  of  ten  1,000,000  circ.  mil  cables  30ft.  in  length  on 


Copper  Straps  Wrapped 
unJ  Bolderod  to  Copper  Pipe 


1. 000.000  CM.  Cables 


Watek-Cooled  Iron-pipe  Rhkostat  for  Testing 
Stobage  Battery. 

each  polarity.  The  attachment  was  made  by  bending  ten  4in. 
by  Jin.  copper  straps  around  a  lin.  copper  pipe,  soldering 
them  to  its  tinned  surface.  To  the  flat  lugs  thus  provided  the 
cables  were  securely  clamped.  An  ordinary  pipe  fitting  con- 
nected the  copper  tubes  with  the  main  rheostat  pipe.  Water 
circulating  through  the  copper  kept  it  at  a  workable  tempe- 
rature and  prevented  tlie  solder  from  melting.  With  this 
rheostat  the  5,000  amperes  output  of  the  battery  was  satis- 
factorily dissipated  during  the  rated  one-hour  discharge, 
1,310  cub.  ft.  of  water  being  used  for  cooling.  Local  hob 
spots  in  the  pipe  were  quenched  by  playing  with  a  hose  or 
loading  on  snow.  The  pipe  grids  rested  on  bricks  placed  on 
sawhorses  to  prevent  th©  wood  from  charring. 

For  a  six-minute  test  of  the  same  battery  at  a  discharge 
rate  of  21,000  amperes,  two  3in.  pipe  sections  were  connected 
in  parallel,  one  section  beiug  154ft.  and  tlie  other  161ft.  long. 
Resistance  was  cut  out,  as  needed,  by  bridging  shortrcircuiting 
copper  straps  across  the  iron  pipe.  For  the  six-miuute  test 
at  an  average  20,000  amperes  discharge,  319  cub.  ft.  of  cooliug 
water  was  required.  The  rheostat  was  designed  and  the  tests 
carried  out  under  the  supervision  of  Mr.  K.  H.  Hansen, 
electrical  engineer  of  the  Union  Electric  Light  and  Power 
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INTERNATIONAL  ENGINEERING  AND  MACHINERY  EXHIBITION,  OLYMPIA.— III. 


Messrs*  S.  Redfern  &  Co.,  Swan  Lane,  New  Brown  Street, 
Manchester,  exhibit  their  well-known  specialities  in  the  shape 
of  flexible  metallic  packings  for  engines,  spiral  split  packings 
for  pump  and  hydraulic  work,  R.R.  red  jointing  for  all  kinds 
of  steam,  air,  or  water  joints,  "  Methusalite  ，，  air  pump  or 
condenser  valves  for  land  or  marine  engines,  and  "  Preservo  " 


Fig.  1.— Metallic -faced  Packing.   Wrssns.  S.  Redfeun  &  Co.,  xrAxcHESTrn. 

belt  food,  the  latter  being  a  perfectly  harmless  preparation 
for  preserving  all  kinds  of  belting  and  enabling  slack  belts  to 
transmit  full  load  without  slipping.  Illustrations  of  three  of 
Messrs.  Redfern's  packings  are  given  in  Figs.  1，  2，  and  3， 
Fig.  being  the  metallic-faced  packing  used  for  steam  engines, 
pumps,  and  hammers,  Fig.  2  the  spiral  split  packing  for 
hydraulic  work,  and  Fig.  3  the  "  Wedge  ，，  self-setting  steam 
packing.  These  packings  are  made  in  10ft.  and  15ft.  lengths 
and  for  use  lengths  are  cut  off,  so  that  when  placed  round  the 
rod  the  ends  do  not  quite  meet.  They  are  then  rubbed  with 
a  mixture  of  graphite  and  cylinder  oil,  placed  in  the  box,  and 
the  gland  screwed  down.  The  spiral  split  packing  shown  in 
Fig.  2  has  been  severely  tested  on  hydraulic  plungers  at 
2,0001bs.  per  square  inch,  and  it  is  claimed  lias  lasted  longer 
than  any  previously  used  packing.  Owing  to  its  construction, 
it  will  be  noticed  that  the  pressure  tends  to  keep  the  packing 
expanded  between  the  rod  and  box,  and  a  slight  pressure  on 
the  gland  also  expands  it. 

When  the  "  Wedge  •，  packing  is  used  the  round  section  or 
cushion  should  enter  the  box  first,  the  wedge  which  rests  on 
the  cushion  coming  next  to  the  rod,  and  not  less  than  three 
rings  should  always  be  used. 

Another  packing  newly  introduced  by  Messrs.  Redfern 
and  Co.  is  shown  in  Fig.  4.      This  is  intended  especially  for 


Fi«.  2.— Spiral  Spi.it  Packtno. 

M KSSRft.  S.  Ki;i)FKRN  &  Co., 
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Steam  I'ArKiNfi.    IV【i:ssits.  S.  Kkpfkun 

AND  CO.,  MaNCIIKSTIIR. 


hydraulic  work  and  is  made  of  clirome  tan  leather.  As  will  be 
seen,  it  is  made  in  strips,  the  section  of  each  strip  being  a 
bevel,  the  thin  edge  of  each  being  laid  alternately  until  the 
required  size  of  packing  is  made  up  and  then  the  whole  is 
securely  surrmnuled  by  a  plaited  covering  to  hold  the  strips 
together.    It  lias  been  tested  on  all  kinds  of  pumps  using  bofli 


hot  and  cold  water,  and  is,  it  is  claimed,  quite  suitable  for  use 
with  petrol,  paraffin,  and  ammonia.  The  packing  also  does 
not  get  hard  after  constant  use,  and  being  quite  soft  and 
flexible  the  gland  only  needs  very  slight  pressure  to  keep  it 
fluid  tight. 

Messrs.  George  Hatch,  Ltd.,  of  Queenhithe,  Upper  Thames* 
Street,  London,  show  a  collection  of  machine  tools  including 
11  Granat ,?  shaping  machines,  plain  milling  machines,  high- 
speed lathes,  radial  and  sensitive  drilling  machines,  ball  bear 
ing  disc  grinders,  and  spindle  straightening  presses.  From 
amongst  these  we  take  for  special  description  the  "  Express  '， 
radial  drilling  machine,  and  this  we  illustrate  in  Fig.  5.  As 
will  be  seen,  tlie  main  body  casting  is  of  box  section  and  this 
is  fitted  with  a  substantial  base,  having  T-slots  planed  out  of 
the  solid.  The  circular  table  is  made  to  swing  round  quite 
clear  of  the  baseplate  when  the  latter  is  required  for  drilling 
large  pieces  of  work  ；  and  yet,  as  will  be  seen,  is  always  handy 
and  convenient  for  use  for  smaller  articles.  The  machine  is 
fitted  with  wheel  and  lever  hand  feed  as  well  as  power  feed, 
a  balanced  spindle,  quick  return,  and  a  complete  tapping  and 
reversing  motion.  The  gear  gives  nine  changes  of  speed,  they 
being  changed  by  a  simple  sliding-key  arrangement,  and  tlie 
head  is  travelled  on  the  arm  by  means  of  the  usual  rack  and 
pinion.  The  spindle  has  a  radius  of  action  of  3ft.  6in"  its 
diameter  being  l;^in.  and  the  socket  2in.  diam.  Spindle  feeds 
with  back  gear  are  17,  31，  and  57  revs,  per  minute,  and  with- 
out the  back  gear  110，  198，  and  357  revs,  per  minute,  while 
the  spindle  feeds  per  revolution  are  *004in.,  '006in.，  and  '01  in. 
The  circular  table  is  24in.  diam.,  and  the  working  surface  of 
the  base  is  about  47in.  by  27in.      Altogether  it  is  a  well- 


Fig. 


-Chrome  Tan  Hydraulic  Packing. 

Manchester. 


Messrs.  S.  Kkpfern  &  Co., 


designed  and  powerful  tool,  while  the  workmanship  and  finish 
is  everything  that  could  be  desired. 

Messrs.  Crown  Works,  of  Chelmsford,  show  examples  of  their 
now  well-known  gauge  sets,  which  we  have  previously 
described  at  length  (see  the  "  Mechanical  Engineer  '，  for 
October  21st,  1910，  p.  509，  Vol.  XXVI),  magnetic  chucks 
of  various  forms  and  sizes,  demagnetisers,  small  generators, 
rotary  converters,  surface  plates,  and  a  model  of  a  neat  design 
of  setting-out  table.  It  is  only  in  recent  years  (at  anyrate  in 
this  country)  that  people  have  begun  to  realise  how  convenient 
it  is  to  hold  iron  and  st&el  work  for  grinding  or  light  machin- 
ing by  means  of  magnetic  chucks,  and  yet  it  is  almost  impos- 
sible to  accurately  finish  washers,  saws,  piston  rings,  and 
similar  work  unless  they  are  held  magnetically,  and  innumer- 
able examples  could  be  given  where  a  great  saving  of  time  in 
clamping  down  is  effected  by  using  them.  Several  designs  are 
shown,  such  as  flat  chucks  for  holding  work  on  surface 
grinders,  planers,  &c.  ；  special  forms  of  flat  chucks  for  finish- 
ing taper  work,  these  being  made  to  swivel  lengthways  on  a 
suitable  base,  and  adjustable  to  the  desired  angle  by  means  of 
a  knurled  screw  ；  and  chucks  for  holding  work  on  cylindrical 
grinders,  in  the  lathe,  &c.  All  are,  it  is  claimed,  absolutely 
waterproof,  and  the  winding  is  so  arranged  as  to  afford  the 
maximum  holding  power. 

Hardened  steel  articles  will,  however,  remain  strongly 
magnetised  after  being  held  on  a  magnetic  chuck,  and  in  cer- 
tain cases  this  may  be  objectionable.  To  overcome  this  diffi- 
culty the  demagnetiser  has  been  designed.  This  is  supplied 
with  continuous  current,  and  to  remove  all  traces  of  mag- 
netism it  is  only  necessary  to  pass  the  work  over  the  top  of  the 
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table  of  the  apparatus.  It  is  a  neatly-finished  t,ool，  the  over- 
all dimensions  of  which  are  21  in.  by  14in.  by  lOin. 

Messrs.  The  Power  Plant  Company,  Ltd.,  of  West  Drayton, 
Middlesex,  have  a  very  large  stand  devoted  to  the  exhibit  of 
gearing  and  flexible  couplings,  in  tlie  production  of  which  tlie 
firm  have  specialised.  Amongst  the  gears  shown  may  be 
mentioned  a  double-helical  staggered -tooth  type  suitable  for  a 


Fig,  5.—"  Express  "  Radial  Drilmn Machine. 
Messrs.  Geo.  Hatch,  Ltd.,  London. 

rolling  mill  and  capable  of  transmitting  600  h.p.  at  350  to 
35  revs,  per  minute  ；  triple-helical  (continuous-tooth  type) 
spur  and  bevel  gears  ；  and  double-helical  (continuous-tooth 
type)  bevel  gears.  Single  and  double  speed  reducing  and 
increasing  gear  was  also  shown  in  great  variety  and  suitable 
for  almost  any  class  of  work.  Flexible  insulating  and  revers- 
ing couplings  are  shown  in  10  sizes,  capable  of  transmitting 
from  3^  h.p.  at  1,400  revs,  per  minute  to  560  h.p.  at  750  revs, 
per  minute,  and  flexible  couplings  of  the  heavy  duty  type  to 
transmit  400  h.p.  at  350  revs,  per  minute.  The  insulating 
and  reversing  couplings  have  been  specially  designed  for  use 
in  cases  in  which  heavy  shocks  are  met  with  and  considerable 
overloads  may  have  to  be  withstood,  as  on  rolling  mills, 
electric  winders,  &c.  The  flexible  medium  being  in  compres- 
sion, the  strength  of  the  coupling  is  determined  by  the 
strength  of  the  metal  transmitting  the  power.  In  certain 
cases  it  is  therefore  advisable  to  make  the  couplings  in  steel 
which  would  of  course  be'  useless  in  many  makes  of  coupling 
which  are  limited  in  capacity  by  the  strength  of  their  flexible 
parts.  The  firm,  we  understand,  make  them  in  sizes  from 
HP  jj  p 

~ —  =  1'25  up  to  ^ : ~~ :  =  48,  where  n  =  the  number  of  revolutions 
n  r  n 

per  minute.      They  can  also  be  supplied  with  both  halves 

solid  or  both  halves  with  detachable  bosses. 

Messrs.  Hindle,  Maitland,  &  Co.,  of  100，  Deansgate,  Man- 
chester, exhibit  an  electrically-operated  press  suitable  for  use 
in  the  packing  trad©  and  pressing  industries.  It  is  perhaps 
the  most  novel  application  of  electricity  to  be  seen  at  the 
Exhibition,  and  although  it  was  shown  at  th©  recent  Electrical 
Exhibition  at  Manchester,  this  is  its  first  appearance  in 
London.  The  press  shown  is  a  small  one  suitable  for  pressures 
up  to  about  30  tons,  and  is  made  particularly  for  packing 
cotton  and  woollen  goods.  The  illustration,  Fig.  6，  shows  the 
general  arrangement,  and  it  will  be  noticed  how  very  compact 
and  self-contained  the  machine  is.  No  foundations  are  neces- 
sary, nor  are  there  any  water  troubles,  and  its  operation  is 
simplicity  itself.  To  compress,  the  switch  is  pushed  up;  and 
to  release,  it  is  ])ulled  down.  The  current  is,  however,  cut  off 
at  any  predetermined  pressure  in  tons,  quite  automatically, 
and  tliis  pressure  is  then  maintained  for  as  long  as  desired. 
A  ]>oiiit  which  will  appeal  to  the  user  is  the  economy  of  the 
press.  The  one  shown  in  tlie  illustration  will  bale  100  times 
working  up  to  its  full  capacity  for  one  unit,  and  this  usually 
costs  abou+>  on©  peimy  or  less.  A  hydraulic  press  doing  the 
same  work  would,  we  are  informed,  cost  50  times  as  much  if 


connected  to  the  London  hydraulic  power  mains.  In  addition 
to  an  indicator  directly  recording  tlie  pressure,  an  am  meter  is 
fitted  which  shows  the  current  flowing  at  any  particular 
instant,  and  another  meter  the  total  current  consumed.  Cir- 
cuit breakers  are  used  to  stop  tlie  motor  automatically  at  the 
desired  pressure,  and  this  pressure  is  then  inaint ained  by 
means  of  a  simple  brake  on  the  motor  spindle,  which  is  only 
released  by  an  electromagnet  when  tlie  motor  revolves.  As 
will  be  understood,  the  motor  only  revolves  during  the  actual 
period  the  press  is  being  operated,  and  so  only  demands 
energy,  at  any  instant,  proportionate  to  the  resistance  offered 
by  the  material  subject  to  pressure.  This  resistance  is 
extremely  low  during  the  greater  portion  of  the  upward  travel 
of  the  table  or  platen,  and  rises  abruptly  at  the  completion  of 
the  stroke.  The  motor  adopted,  being  series  wound,  auto- 
matically runs  three  times  faster  at  tlie  commencement  of  the 
operation  than  at  the  conclusion,  and  only  slows  down  towards 
the  end  of  the  stroke  when  tlie  resistance  of  the  material  com- 
mences to  suddenly  increase. 

Messrs.  Hindle,  Maitland,  &  Co.  also  show  two  electrical 
fires  on  their  stand,  which,  owing  to  their  neatness  and  low 
current  consumption  and  price,  should  meet  with  favour. 

Messrs.  Lassen  &  Hjort,  of  52，  Queen  Victoria  Street,  London, 
are  exhibiting  a  complete  Lassen  &  Hjort  water  softener 
actually  in  operation,  and  softening  the  London  water  supply 
from  the  】》iains  at  Olympia  from  17  degrees  of  hardness  down 
to  2  degrees  at  a  cost  of  less  than  ^d.  per  1,000  gallons,  the 
water  being  delivered  sparkling  clear  and  perfectly  suitable, 
not  only  for  steam  raising  and  industrial  purposes,  but  also  for 
drinking  and  domestic  use.  We  understand  that  Messrs. 
Lassen  k  Hjort  were  the  first  to  introduce  the  modern  lime 
" milk  ，，  process  of  water  softening,  which  revolutionised  the 
older  lime  "water"  treatment,  and  rendered  possible  the 
treatment  of  large  quantities  of  water  in  a  comparatively  com- 
pact plant  by  means  of  an  exact  system  of  measurement  of 
both  the  hard  water  and  the  chemicals  required  to  treat  it. 


Fig.  6.— Hindle's  Patknt  Electric  Baling  Phess. 

The  salient  feature  of  the  Lassen  &  Hjort  system  is  the  pro- 
vision made  for  the  exact  measurement  in  small,  definite  quan- 
tities of  hard  water  am!  dieinicals,  and  even  a  cursory  inspec- 
tion of  the  plant  makes  it  obvious  that  the  patent  measuring 
and  mixing  gear  gives  a  degree  of  control  over  the  softening 
process  which  must,  t-e»ul  towards  1  lie  a.t  1  aininent  of  great 
accuracy  in  treatment.  In  addition  to  the  complete  plant, 
the  firm  are  exhibiting  the  measuring  and  mixing  apparatus 
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of  a  large  softener  having  a  capacity  of  20,000  galls,  per  hour, 
which  could  not,  of  course,  be  shown  entire  on  the  stand. 
Special  attention  is  drawn  to  the  patent  positive  chemical  dis- 
charge valve  with  which  the  plant  is  fitted,  which  works  in 


Fig.  7, 


-Whittle  Patent  Belting.    Messrs.  Thos. 

Warrington. 


Whittle  &  Sons,  Ltd., 


complete  independence  of  the  head  of  solution  in  the  chemical 
container,  thus  making  it  possible  to  provide  for  the  delivery 
of  any  desired  quantity  of  reagent.  Another  interesting 
adjunrt  to  this  plant  is  the  makers'  patent  locking  gear,  an 
ingenious  arrangement  by  which  the  fall  of  the  tipper  is 
automatically  retarded  until  the  latter  is  completely  full.  The 
apparatus  is  thus  made  a  perfect  water  meter,  as  the  amount 
of  water  passing  through  the  plant  can  be 
ascertained  with  the  greatest  precision  by 
attaching  a  counter  to  the  tipper  shaft. 
A  very  neat  and  ingenious  automatic 
water  sampler  completes  the  equipment  of 
tlie  plant. 

Messrs.  Thos.  Whittle  &  Sons,  Ltd.,  Rose 
and  Crown  Street,  Warrington,  exhibit 
their  patent  belting,  the  construction  of 
which  will  readily  be  understood  by 
reference  to  the  accompanying  illustration 
(Fig.  7).  This  is  one  of  the  best,  in  fact 
we  might  say  it  is  the  best  belt  for  use  in 
V  pulleys  we  have  come  across.  It  is 
exceedingly  flexible,  can  be  run  quite 
slack,  and  lias  great  gripping  power  and 
strength,  and  one  of  its  chief  advantages  is 
tliat  it  requires  no  fastener,  as  each  link  is 
in  itself  a  connecting  piece,  and  it  can  be 
shortened  or  lengthened  in  half  a  minute. 
In  order  to  shorten  the  belt  it  is  only 
necessary  to  remove  a  link  at  any  point,  and 
in  cases  where  the  drive  is  very  short,  and 
a  full  link  would  be  too  much  to  take  out, 
short  links  are  supplied  for  the  purpose  of 
better  ad  justment.  The  belt,  it  is  claimed, 
is  not  affected  by  dust  or  grit,  and  works 
equally  well   wet  or  dry. 

Messrs.  Mayer  &  Schmidt,  of  Oflenbach- 
on-Main,  who  claim  to  have  the  largest 
works  for  grinding  machines  in  Europe, 
have  a  representative   exhibit  of  their 
manufactures  on  Stand  No.  252.  Several 
of  these  machines  are  shown  running,  in- 
cluding one  for  automatically  grinding  the  cylinders  of  motor- 
car, gas,  gasoline,  and  Diesel  engines,  and  suitable  for  cylinders 
up  to  800  mm.  diain.  and  2,500  mm.  long  ；  another,  known  as 
an  automatic  link  and  bush  grinder,  fitted   with  planetary 
rotation  of  the  spindle,  for  grinding  straight  and  curved  link 


motions  and  holes  and  bushes  in  locomotive  and  marine  work  ； 
and  a  third  for  rectifying  straight  faces  of  locomotive  parts, 
&c"  such  as  slide  bars,  connecting  rods,  valve  faces,  and  link 
motions,  as  well  as  for  all  other  surfacing  work,  and  especially 
the  grinding  of  straight  edges  and  surface  plates  of  cast  iron  or 
cast  steel.  Automatic  twist-drill  grinding  and  saw-sharpening 
machines  are  also  shown,  together  with  grinding  wheels  and 
materials  to  suit  all  purposes.  The  saw-sharpening  machines 
supplied  by  this  firm  will  sharpen  all  kinds  of  straight-toothed 
cold  saws,  circular  saws  for  wood,  also  bandsaws.  Once  set, 
the  machine  works  automatically,  grinds  accurately  and 
quickly,  and  offers  therefore  great  advantages  over  handwork. 
The  automatic  backward  and  forward  motion  of  the  emery 
wheel,  which  is  actuated  from  the  inside  of  the  column,  can 
be  regulated  according  to  the  size  of  the  saw  and  height  of  the 
teeth  from  the  outside  by  means  of  screws,  so  that  the  emery 
wheel  can  take  a  heavier  or  lighter  cut.  The  automatic  circu- 
lar feed  of  the  saw  is  also  easily  adjustable  whilst  the  machine 
is  in  motion.  This  adjustment  is  used  in  order  to  grind  off 
more  from  the  front  or  the  back  of  the  teeth.  For  this 
machine  extra  hard  emery  wheels  are  supplied,  which  wear 
away  very  slowly. 

Messrs.  The  United  Motor  Industries,  Ltd.,  of  45-46,  Poland 
Street,  London,  \V.，  exhibit  many  interesting  examples  of  the 
application  of  the  well-known  D.W.F.  ball  bearings,  including 
grinder  heads,  lathe  poppet  heads,  line  shaft,  bearing  hangers, 
&c.  A  machine  is  also  exhibited  to  show  the  excellence  and 
hardness  of  the  D.W.F.  steel  balls.  This  is  actuated  by  air 
pressure,  and  by  its  means  a  ball  is  forced  up  a  tube  and  on  to 
a  stage  immediately  above  a  hard  steel  plate.  From  this  point 
it  is  allowed  to  drop  on  to  the  plate,  and  its  rebounding  indi- 
cates the  hardness  of  the  ball.  On  the  stand  a  D.W.F.  ball 
sorting  machine  is  also  to  be  seen  at  work,  sorting  balls  accord- 
ing to  minute  differences  in  size.  The  balls  are  liberated  one 
at  a  time,  and  roll  down  the  edges  of  two  steel  blades,  which 
are  set  almost  parallel  to  one  another,  but  with  the  wider 


Fig.  8.— Spbed-reduction  Box,  with  Top  Half  of  Case  Removed.  Messrs.  The  Coventry  Chain*  Co.,  Ltd- 

space  at  the  bottom.  The  balls,  according  to  their  size,  drop 
off  at  various  points,  and  are  caught  in  a  series  of  pockets 
below. 

The  accuracy  of  balls  used  in  ball  bearings  is,  of  course,  a 
matter  of  the  utmost  importance.    It  is  held  by  many  that 
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Tottott  ^  of  an  inch  is  a  permissible  variation  in  the  size,  viz., 
diameter  and  sphericity  of  the  balls,  but  the  D.W.F.  Company 
are  at  variance  with  this  view,  and  rightly  so.  If  T 77 7700  th  of 
an  inch  is  tlie  limit  of  tolerance,  then  the  race  or  ball  must 
deflect  enough  to  allow  for  tliis  flifFerence,  with  the  result  that 
a  bearing  loaded  u])  to  its  catalogue  capacity  is  over-loaded  in 
those  balls  that  are  larger,  and  progressive  failure  is  the  result. 
All  balls  used  in  tlie  ball  bearings  made  by  the  D.W.F.  Com- 


Fig.  9.—"  Noiseless 


Citain  Kntkring  ihk  Tkkth  Ol-'  a  、Vm":L 
Chain  Company,  Ltd. 


MkkSUS.  TUP.  CoVKKTJtV 


pany  are  therefore  】na(le  and  guarantesd  to  be  within 
0*0000197in.  (under  one-fifth  of  "^11  of  an  im'h)  of  each 
other  as  to  size  and  sphericity.  The  accuracy  observed  in  the 
manufacture  of  D.W.F.  ball  bearings  is  thus  five  times  as 
great  as  if  T7T nth  of  an  inch  were  taken  as  a  permissible 
variation.  In  addition  to  extreme  accuracy  great  elasticity 
and  hardness  are  two  other  essential  features  of  a  perfect  ball 
bearing.  Endless  experiments  have  been  made  to  determine 
the  most  suitable  】naterial，  and  it  has  now  been  found  that 
a  special  form  of  chrome  crucible  cast  steel  is  the  ideal  one. 
Chromium,  as  an  alloy  in  crucible  steel,  imparts  to  it  the  pro- 
perty of  exceeding  hardness,  great  toughness,  homogeneity, 
high  resistance  to  shocks,  and  high  elastic  and  tensile  limits  ； 
it  also  prevents  the  formation  of  a  crystalline  structure,  and 
renders  the  steel  comparatively  free  from  the  liability  of  frac- 
ture in  hardening.  By  the  addition  of  a  small  percentage  of 
vanadium,  which  has  the  valuable  property  of  scavenging  out 
the  injurious  oxygen  and  nitrogen,  the  dynamic  strength  of  the 
steel  is  likewise  increased.  It  is,  we  are  informed,  from  a 
special  chrome  crucible  cast  steel,  containing  these  alloys  in 
their  correct  percentages,  that  the  D.W.F.  ball  bearings  are 
】】iade  (both  balls  and  races),  and  as  they  number  among  their 
subsidiary  plants  two  of  the  world's  leading  high-grade  tool 
steel  works,  the  steel  thus  obtained  is  always  of  the  same 
quality,  which  is  a  matter  of  great  importance  to  the  con- 
sistency of  the  finished  product.  We  may  mention,  in  conclu- 
sion, as  showing  the  output  of  the  D.W.F.  works,  that  the 
firm  grind  within  10  hours  60,000  balls  of  |in.  diam.，  and  the 


less  chains,  and  gives  a  reduction  of  32  to  1.  Such  a  box 
we  have  pleasure  in  illustrating  in  Fig.  8.  These  gears,  it 
should  be  noted,  may  be  driven  in  either  direction,  and  can  be 
arranged  with  the  lay  shaffc  either  in  front  or  behind  the 
driving  and  driven  shafts.  In  other  words,  they  may  be  either 
right  or  left  handed  to  suit  existing  conditions,  and  are  sup- 
plied as  a  standard  with  two  flange  couplings,  one-half  of  each 
being  bored  to  customers'  specifications. 

The  "  Noiseless  ，，  chain  drive  differs  very  mate- 
rially in  principle  and  action  from  that  of  chains  of 
the  roller  and  block  type,  and  its  many  advantages 
over  these  vastly  extend  the  field  of  application  of 
chain  as  a  power  transmitter.  Fig.  9  shows  the 
action  of  the  links  when  entering  or  leaving  the 
tseth  of  the  wheel,  from  which  it  will  be  noted  that 
there  is  no  sliding  friction  between  the  links  and 
the  teetli  during  the  time  of  engagement.  When 
new,  the  chain  lies  compactly  between  the  teeth, 
but  as  the  elongation  of  pitch,  due  to  wear,  which 
is  inevitable,  shows  itself,  the  chain  automatically 
accommodates  itself  to  tlie  teeth  of  the  wheel,  and 
hence  the  load  is  equally  distributed  between  all 
the  teeth  that  may  at  any  moment  be  between  the 
points  where  the  chain  enters  and  leaves  tlie  teeth. 
It  is,  of  course,  essential  that  the  profile  of 
the  lower  portion  of  the  link  is  in  perfect  sympathy  with  tlie 
tooth  form,  for  under  such  conditions  only  can  an  ideal  drive 
be  obtained.  With  the  "  Noiseless  "  type  of  chain  it  will  be 
seen  that  the  profile  of  the  link  (Fig.  10)  is  of  a  special  form, 
and  great  care  is  taken  to  ensure  the  working  angle  of  the  link 
being  absolutely  correct,  extreme  care  being  necessary  in 
drilling  and  reamering  the  holes  in  them.  It  will  be  noted 
that  the  links  are  arranged  in  pairs  (Fig.  10)，  and  these  are 
held  together  by  a  dead  hard  bush  forced  into  the  re  am  e  red 
holes  of  each  link,  thus  ensuring  stationary  and  hardened 
bearings  where  most  of  the  wear  inevitably  takes  place.  This 
form  of  manufacture  produces  a  strong  and  rigid  chain,  and 
eliminates  the  liability  of  the  bearing  parts  working  loose.  The 
double  links  are  assembled  alternately  to  form  the  various 
widths  in  combination,  and  the  whole  of  these  are  kept 
together  and  work  on  hardened  steel  rivets,  which  are  provided 
with  washers  at  their  extremities,  as  shown. 

Messrs.  The  Mctallurgo  Syndicate,  Ltd.,  of  Balfour  House, 
Finsbury  Pavement,  London,  E.C.，  and  Messrs.  The  Patent 
Castings  Syndicate.  Ltd.,  of  64，  Strode  Road,  Willesden 
Green,  London,  N.W.，  have  a  joint  exhibit  on  stand  No.  157. 
The  former  syndicate  exhibit  two  of  thsii  specialities  in  the 


Fig-SIO.— ,s  Noiselkss"  Chain,  with  Ckntrk  GutDK  Plates  to  Hun  ox 
Grooved  Wheels  (In  thi':  Standard  Pattehn  thkse  Guidl;  Pl\ti2s  are 
Fitted  on  the  Outside).   Mkssrs.  Thi':  Coventry  Chain  Company,  Jjtd. 

machines  are  so  accurate  that  before  the  balls  are  sorted  they 
already  have  an  accuracy  of  one-half  of  yn(1jnrT th  of  an  iiidi. 

Messrs.  The  Coventry  Chain  Company,  Ltd',  of  Spon  End, 
Coventry,  exhibit  chains  of  every  description  for  power  trans- 
mission, including  "  Coventry  ，，  noiseless  chains,  roller  and 
block  cliains,  also  a  noiseless  cliain  drive  in  motion  from  motor 
to  line  shaft,  and  roller  chain  drive  from  the  line  shaft  to  a 
" Coventry  ，，  speed-reduction  box,  which  is  actuated  by  noise- 


Fia.  11.—  Automatic  Turning  Mac h inf.  with  Patent  Self-selecting 
Feeds  and  R"'k-facing  Attachment,  ^fi^ssus.  Alfukd  Herbert,  Ltd., 
Coventry. 

sliape  of  Adamaiitiuin  bronze ― a  high-class  non-corrosive, 
anti-friction  metal  for  bearings,  gears,  propellers,  pumps, 
bushes,  motor  antl  lorry  work,  railway  and  marine  fittings, 
&c.，  supplied  in  ingot,  bar,  rod,  tube,  sheet,  wire,  castings, 
&c.，  and  "Oriiiolum" -— a  rich  golden  colour  alloy,  for  high- 
dass  electrical,  motor,  yacht,  architectural,  ecclesiastical  work, 
and  fittings  for  doors,  gates,  grids,  &c.  It  is  supplied  in  ingot, 
bar,  rod,  tube,  sheet,  wire,  castings,         The  Patent  Castings 
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Syndicate  exhibit  numerous  examples  of  die  castings,  made 
bv  them  in  a  variety  of  metals.  Such  castings  represent  one 
of  the  most  economical  and  at  the  same  time  efficient  ways 
of  producing  finished  parts,  and  they  are  largely  being  used 
nowadays,  and  superseding  the  old-fashioned  method  of  rough 
casting  "and  machining.  Screw  threads,  holes,  &c.  a々e  cast 
equal  to  tapping   or   reaming,  while   interchangeabihty  is 


Fig.  1-2.— No.  9  Combination  Turret  Lathe.   Messrs.  Alfred  Herbert,  Ltd.,  Coventry. 


secured  with  much  more  certainty  than  by  machining,  as  all 
cast  parts  are  exactly  alike,  and,  being  absolutely  accurate,  the 
time  saved  in  assembling  is  considerable.    No  fitting  work  is 
therefore  required,  and  the  pieces  only  need  assembling,  even 
when  there  are  several  such  castings  in  one  piece  of  apparatus. 
For  repetition  work  the  cost  is  very  much  lower  than  by  ordi- 
nary methods,  and  the  more  complicated  the  piece  the  greater 
is  the  economy  of  the  process.    Apparatus  made  in  several 
parts  in  order  that  it  may  be  machined  can  generally  be  com- 
bined into  a  single  casting,  thus  considerably  cheapening  the 
article,  and  giving  it  a  much  neater  appearance.     A  special 
feature  also  of  their  process  is  that,  where  necessary,  brass, 
steel,  or  other  metal  pins,  bushes,  tubes,  or  other  such  parts, 
can  be  cast  in,  and  many  parts  hitherto  considered  impossi- 
bilities owing  to  machining  difficulties  can  now  be  readily 
made.    Amongst  the  articles  shown  were  gears  of  all  descrip- 
tions, including  spiral,  bevel,  internal,  &c.，  typewriter,  adding 
machine,  phonograph,  meter,  and  electrical  instrument  parts, 
as  well  as  parts  for  safety  razors,  medical  instruments,  and 
automatic  machinery  in  general.      The  castings  shown  are 
beautifully  finished,  and  can,  we  understand,  be  nickelled, 
brassed,  polished,  or  bronzed,  or  supplied  with  any  other 
desired  finish. 

Messrs.  The    Hoyt  Metal  Company  of  Great  Britain,  Ltd.,  of 

26,  Billiter  Street,  London,  E.C.,  exhibit  various  qualities  of 
their  well-known  standard  babbitt  (or  anti-friction)  metals, 
the  range  shown  being  sufficient  to  cover  practically  every 
bearing  requirement  in  the  way  of  lining  metals.  Amongst 
these  we  noticed  their  "  copper-hardened, which  is  claimed 
to  be  the  best  anti-friction  metal  made  and  suitable  for  the 
heaviest  pressure  and  highest  speeds.  This  is  a  tin -base  metal  so 
blended  with  copper  as  to  ensure  the  wear-resisting  properties 
of  the  former  with  the  toughness  and  tenacity  of  the  latt&r 
metal .    The  firm's  "  Arrow  "  brand  anti-friction  metal  is  also 
shown.    This  is  toughened  with  copper  and  antimony,  and  is 
likewise  suitable  for  heavy  pressure  and  high  speeds,  but  is 
not  recommended  to  withstand  severe  pounding  or  jarring, 
such  as  the  above-mentioned  copper-hardened  will.  Other 
grades  exhibited  are  their  No.  1，  an  excellent  anti-friction 
metal  for  almost  universal  use,  for  heavy  pressure  and  medium 
speed,  or  medium  pressure  and  high  speed  ；  "  Star  ，'  brand  for 
medium  pressure  and  medium  speed,  or  light  pressure  and 
high  speed,  and  especially  recommended  for  railway  carriage 
and  wagon  and  tramcar  bearings  ；  No.  3  M,  a  metal  of  the 
magnolia  type;     No.  4  A,  suitable  for  light  pressure  and 
medium  speed,  such  as  small  engines,   flour  mills,  light  to 
medium  shafting,  caps  for  bearings,  repair  work,  &c.  ；  and 
No.  4,  one  of  the  cheapest  metals  on  the  market,  but  a  good 
alloy  for  light  services,  and  offered  where  the  question  of  price 


is  the  prime  consideration.  The  firm  claims  to  be  the  largest 
and  one  of  the  oldest-established  makers  of  anti-friction 
metals,  and  the  output  of  t  heir  four  works  aggregates  some 
7,500  tons  per  annum. 

Messrs.  Alfred  Herbert,  Ltd..  d,  Coventry,  lune  two  very 
large  stands  adjoining  each  other,  and  liere  are  exhibited 
about  30  up-to-date  labour-saving  machine  tools,  both  of  their 
own  make,  and  of  those  firms  they  factor. 
Seventeen  of  these  tools  are  driven  by  inde- 
pendent motors,  and  the  others  from  an  over- 
head countershaft.  On  the  smaller  of  the 
two  stands  machine  tools  are  also  shown  111 
operation,  together  with  a  collection  of  mis- 
cellaneous small  tools. 

It  is  obviously  impossible  for  us  to  more 
than  call  attention  to  most  of  these,  but  the 
three  machines  we  illustrate  and  describe  at 
length  may  be  taken  as  typical  of  the  others 
shown.    Amongst  the  tools  exhibited  atten- 
tion may  be  drawn  to  the  following  :  A  12in. 
by  36in.  universal  grinder,  the  work  head  of 
which  is  reversible,  one  end  being  used  for 
live  spindle  and  the  other  end  for  dead  centre 
work,  the  internal  attachment  being  kept 
permanently  in  position  ready  for  use;  a 
ball-bearing  twist  dfill  grinder  in  which  the 
spindle,  countershaft,  and  loose  pulley  run 
on  ball  bearings  and  in  which  there  is  an 
automatic  water  supply  without  pump  ；  a 
3-spindle  ball-bearing  drill  with  one  geared  spindle,  each 
spindle  having  four  drilling  speeds.    Any  spindle  can  be  run 
at  any  speed  without  regard  to  the  speed  of  the  other  spindles, 
the  standard  spindles  drilling  up  to  lin.  and  tapping  up.  to 
|in.,  and  the  geared  spindles  drilling  up  to  l^in.  and  tapping 

up  to  |in.  . 

Capstan,  hexagon  turret,  and  combination  turret  lathes 
are  also  shown,  as  well  as  other  lathes  for  special  purposes  ； 
together  with  grinding,  drilling,  boring,  milling,  gear  bob- 
bing, and  shaping  machines.  In  fact,  a  tool  adapted  to 
machine  almost  every  job  likely  to  be  met  with  in  the  shops, 


Fig.  13.— No.  22  Singlk-pulley  Milling  Machine. 

Herbert,  Ltd.  Coventry. 


Messrs.  Alfred 


and  that  in  the  minimum  of  time,  and  with  the  greatest 
accuracy  and  precision.  Fig.  11  shows  an  auto-turning 
machine  exhibited  by  Messrs.  Herbert,  Ltd.  This  is  a  tool 
having  many  distinctive  features,  amongst  which  we  may 
niention  the  following  ：  All  operations  are  automatic  except 
chucking  :  the  machine  stops  automatically  at  the  conclusion 
of  the  work  ；  there  is  a  patent  self-selecting  feed  motion 
giving  seven  feeds  to  each  cam,  and  no  changing  of  cam  angles 
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are  necessary  to  vary  the  feed  ；  threading  with  a  solid  die  can 
be  done  if  required,  and  tapping  can  be  done  right  or  left 
hand  with  solid  taps ；  the  capstan  has  independent  self- 
selecting  dead  stops  to  each  tool,  and  there  are  two  indepen- 
dent cross  slides,  working  simultaneously  when  required. 

The  head,  as  will  be  seen,  is  a  box  casting,  so  that  all  the 
gears  run  in  an  oil  bath,  ensuring  quietness  and  freedom  from 
wear.  Two  ratios  of  gear  are  provided,  the  change  from  one 
to  the  other  being  made  by  the  handle  at  the  front  of  the  head. 
The  pulleys  provide  a  total  range  of  16  spindle  speeds  with 
either  a  two-speed  automatic  change  running  in  one  direction, 
or  a  forward  and  reverse  motion  for  tapping.  Four  ratios  of 
automatic  speed  changes  are  thus  obtainable  without  changing 
any  pulleys  or  gears,  the  variable  ratio  being  of  great  advan- 
tage when  doing  a  variety  of  work  on  the  same  machine.  The 
starting  and  stopping  lever  actuates  a  brake,  which  quickly 
brings  the  spindle  to  rest  as  soon  as  the  belts  are  on  the  loose 
pulleys,  and  the  loose  pulleys  running  on  annular  ball  bear- 
ings are  therefore  quite  free  from  lubrication  troubles.  The 
belts  are  moved  automatically  on  to  the  loose  pulleys  at  the 
end  of  the  cycle  of  operations,  thus  stopping  tlie  machine 
ready  for  taking  the  finished  work  out  of  the  chuck  and  insert- 
ing a  fresh  piece.  To  restart  the  machine  after  chucking,  all 
that  is  necessary  is  to  trip  the  feed  lever. 

The  capstan  slide  and  its  operating  drum  are  adjustable  by- 
rack  and  pinion  into  various  positions  to  and  from  the  chuck, 
to  accommodate  work  of  varying  lengtli ,  and  the  top  slide  has 
an  additional  rack  and  pinion  motion  to  facilitate  tool  setting. 
Tlie  capstan  slide  has  self -selecting  adjustable  dead  stops  im 


Fig.  14.— Vulkan  Eeversing  Electro-magnetic  Clutch. 
Messrs.  C.  E.  Lugard  &  Co.  Chester. 


each  tool,  which  are  indispensable  for  facing  to  exact  lengths 
and  for  preventing  drills  or  boring  tools  from  jumping  forward 
and  jamming  when  breaking  through  at  the  end  of  the  cut. 

The  capstan,  as  will  be  seen,  is  square,  its  flat  faces  being 
accurately  surfaced  and  scraped  exactly  square  with  the 
spindle.  An  overhead  support  makes  it  very  steady,  and  a 
shock  absorber  relieves  the  indexing  bolt  of  the  momentum 
of  the  capstan  when  rotating.  As  a  result  of  this  and  of  other 
features  in  the  design,  the  capstan  indexes  at  a  moderate 
speed  and  without  any  shock,  and  thus  will  remain  accurate 
for  years. 

The  patent  "  self-selecting  "  feed  motion  gives  seven  feeds 
for  each  cam,  the  changes  of  feed  being  made  automatically  as 
each  tool  comes  into  action.  The  range  of  feeds  is  thus  suffi- 
ciently wide  to  provide  for  drilling  hard  materials  out  of  the 
solid  at  one  end  of  the  scale,  or  for  reaming  with  a  coarse 
traverse  at  the  other,  so  that  the  cam  angles  never  need  to  be 
changed  for  varying  work.  The  result  is  that  a  very  great 
variety  of  work  can  be  don©  with  the  standard  cams,  and  each 
operation  can  be  adjusted  or  "  tuned  ，'  up  to  give  the  maxi- 
mum output  without  affecting  other  operations.  The  feed 
changes  are  made  in  the  following  way  ：  A  disc  at  the  right- 
hand  end  of  the  machine  carries  six  adjustable  change-feed 
dogs,  viz.,  one  for  each  too].  These  dogs  can  be  set  anywhere 
round  the  disc.  Each  dog  has  seven  holes  corresponding  to 
the  seven  feeds,  and  is  provided  with  a  pin  which  can  be 


placed  in  the  hole  corresponding  to  the  feed  required.  As  the 
cam  shaft  rotates  the  pin  automatically  sets  the  feed  before 
the  tool  begins  to  cut.  It  will  be  seen  that  the  setting  and 
changing  of  tlie  feeds  by  this  device  are  simplicity  itself. 

The  feeds  are  driven  from  the'  headstock,  but  the  quick  or 
idle  motions  are  driven  by  a  constant-speed  shaft  at  the  back 
of  the  machine,  and  therefore  never  vary,  the  idle  motions 
taking  place  always  at  the  most  efficient  speed.  The  whole 
range  of  seven  feeds  can  be  raised  or  lowered  in  rate  by  change 
gears  giving  14  feeds  in  all  for  each  cam,  and  we  understand 
Further  feed  ranges  of  seven  each  can  be  provided  by  addi- 
tional change  gears  when  required. 

Fig.  12  shows  Messrs.  Herbert's  No.  9  combination  turret 
latlie  as  exhibited.  This  is  a  massive  tool,  of  the  all-gear 
head  type,  and  its  general  design  will  be  understood  by  a 
reference  to  tlie  illustration.  Provision  is  made  in  this  lathe 
for  cutting  right  or  left-hand  screws,  the  leader  being  reversed 
by  a  lever  in  the  feed  box.  The  nut  is  also  connected  with 
the  tool  slide  in  such  a  way  that  when  it  is  withdrawn  from 
tlie  leader  by  the  liand  lever  on  tiie  saddle  the  tool  or  chaser 
is  simultaneously  withdrawn  from  its  cut,  and  vice  versa, 
without  either  turning  the  screw  or  moving  it  endwise.  The 
cross  feed  is  provided  with  an  adjustable  graduated  index  disc, 
and  by  using  this  as  a  measure  of  the  pressure  on  the  dead 
stops  very  accurate  diameters  can  be  turned. 

In  addition  to  the  chasing  gear,  the  apron  has  interlocked 
automatic  longitudinal  and  cross  feeds.  Automatic  and  dead 
stops  are  provided  for  both  motions,  there  being  eight  in  all. 
All  the  stops  liave  fine  adjustment  screws,  and  the  fixed  stop 
on  the  feed  box  lias  an  adjusting  screw  by  which  all  the  saddle 
stops  can  be  adjusted  in  unison  to  suit  variations  in  the  work. 
The  interlocking  feature  entirely  prevents  the  possibility  of 
damage  by  having  two  feeds,  or  the  feed  and  the  chasing  gear, 
in  operation  at  the  same  time. 

The  main  turret,  as  will  be  noticed,  is  hexagonal.  Box 
tools  and  cutter  heads  can  be  bolted  to  its  faces,  and  boring 
bars,  drills,  and  reamers  can  be  carried  by  the  tool  holes, 
which  also  enable  long  work  to  pass  clear  through  the  turret  - 
The  turret  is  inclined  so  as  to  enable  long  tools  to  clear  the 
pilot  wheel.  It  is  indexed  by  hand  in  either  direction  and  can 
be  rigidly  clamped  after  indexing.  The  taper  attachment  will 
deal  with  either  internal  or  external  tapers,  and  taper  threads 
can  be  chas&d  as  easily  as  parallel  threads,  owing  to  the  fact 
that  the  tapering  motion  does  not  conflict  with  the  quick 
withdrawing  mechanism.  This  is  an  unusual  feature,  but  is 
very  valuable  where  much  taper  turning  or  threading  is 
required.  An  indicator  fitted  to  the  machine  enables  dead 
lengths  to  be  obtained  within  the  finest  limits  of  error.  Its 
effect  is  to  ensure  absolutely  uniform  pressure  on  the  stops 
independent  of  changes  in  the  pressure  on  the  cutting  tools,  as 
they  become  dull  -  It  consists  of  a  disc  rotating  with  the  pilot - 
wheel  shaft  on  the  turret  slide.  The  disc  carries  three  adjust- 
able dogs  having  index  lines  upon  them.  The  boss  on  the  slide 
is  furnished  with  a  fixed  disc  marked  with  three  lines  to  corre- 
spond with  those  on  the  dogs.  When  extreme  accuracy  is 
required  one  of  the  dogs  is  set  so  as  to  come  opposite  one  of 
the- index  lines  when  the  turret  slide  is  held  hard  up  against 
the  dead  stop.  The  dog  thus  forms  an  accurate  means  of 
securing  uniform  pressure  on  the  dead  stop. 

Fig.  13  shows  Messrs.  Herbert's  No.  22  single  pulley 
milling  machine.  This  has  been  designed  for  heavy  milling 
and  large  output,  and  its  general  design  will  be  understood 
by  a  reference  to  the  illustration.  At  the  Exhibition  it  was 
shown  at  work  taking  a  heavy  test  cut  on  cast  iron  and  using 
a  cutter  8in.  in  width.  It  is  fitted  with  automatic  cross  and 
vertical  feeds,  and  all  feeds  have  automatic  stops  in  both 
directions.  The  auto-feeds  are  also  operated  by  the  firm's 
patent  dial-feed  motion. 

Messrs.  Henry  Rossell  &  Co.,  Ltd  ,  of  Waverley  Works,  Shef- 
field, exhibit  their  "  Victory  ，，  high-speed  twist  drills  in  great 
variety,  and  have  on  their  stand  several  drilling  machines  in 
operation  to  demonstrate  their  claim  that  their  drills  possess 
tlie  combination  of  toughness  and  great  penetrative  power. 
The  firm  make  their  own  steel  from  which  the  drills  are  made, 
and,  as  showing  the  demand  there  is  for  them,  inform  us  tliat 
they  are  at  present  building  a  larger  factory  in  which  is  being 
installed  the  most  up-to-date  machinery  for  their  manufacture. 

Messrs.  The  Patent  File  and  Too!  Company,  Ltd.,of  8,  White  Street, 
Moorfields,  London,  E.C.,  exhibit  a  complete  assortment  of 
t  heir  now  、vell- known  a  Dreadnought  '  milling  files.  Tlieso 
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Fig.  15. ~ A utom atic  Slide  Rkst.  Messrs 
C.  E.  Lugabd  &C'o.,  Chestek. 


iiles  are  to  all  iuteuis  and  purposes  hand  milling  or  planing 
tools.  They  are  made  from  a  high  quality  Sheffield  tool  steel, 
the  teeth  being  semi-circular  in  shape.  This  principle  of  the 
circular  tooth,  combined  with  an  unbroken  cutting  edge,  pro- 
ducing a  shearing  cut,  is  only  found  in  the  "  Dreadnought  n 
file.  It  will,  it  is  claimed,  cut  every  tiling,  including  iron, 
steel,  brass,  copper,  tin,  lead,  babbitt  meta^,  aluminiuiu, 
horn,  wood,  marble,  &c.，  and  leave  au  absolutely  smooth  and 
finished  surface.  A  working  exhibition  is  also  given  of  the 
method  of  re-sharpeuing  or  grinding  these  files,  and  public 
tests  on  the  Herbert  file  testing  machine  are  also  given  daily. 

Messrs.  David  Hart  &  Co.,  of  Wenlock  Road,  City  Road,  Lon- 
don, N.，  exhibit  several  types  of  weighing  machines,  in  the 

'  ^   -.      manufacture  of  which 

they  have  specialised. 
Amongst  these,  we 
notice  several  sizes  of 
portable  machines  and 
a  21  cwt.  Dormant 
weighing  machine,  the 
latter  being  fitted  with 
a  ticket-printing  ap- 
paratus attached  to  the 
steelyard.  The  chief 
advantage  claimed  for 
their  machines  is  that 
they  have  no  loose 
weights  whatever,  the 
goods  on  the  platform 
being  weighed  by 
means  of  two  sliding 
weights  on  the  steel- 
yard, one  representing 
cwts"the  other  lbs.  ，& c. ， 
or  any  other  subdivisions.  When  these  weights  are  both  at 
zero  they  simply  balance  the  weight  of  the  platform  and  other 
working  parts  of  the  machine.  To  ascertain  the  weight  of 
goods  the  large  weight  is  moved  along  the  steelyard  until  it 
almost  balances  the  goods  ；  the  small  weight  is  then  moved 
along  until  a  perfect  balance  is  obtained,  and  the  exact  weight 
of  the  goods  is  then  indicated  by  the  position  of  the  sliding 
weights,  in  cwts"  qrs.,  lbs"  &c.,  or  in  auy  system  of  weights 
desired,  ou  a  plainly  engraved  scale.  This  arrangement  pre- 
vents mistakes,  and  obviates  the  necessity  for  any  mental 
calculation  of  loose  weights,  &c.  As  the  weights  are  never 
taken  off  the  steelyard,  they  cannot  be  lost  or  mixed  with  the 
weights  of  other  machines,  or  be  placed  on  dirty  substances, 
and  thus  they  do  not  become  heavier  by  being  clogged  with 
dirt.  The  firm  claim  that  each  machine  they  turn  out  is 
carefully  tested  and  adjusted  to  its  full  capacity  and  guaran- 
teed to  be  perfectly  accurate  on  every  part  of  the  platform 
and  not  in  the  middle  only.  It  is  therefore  quite  immaterial, 
in  weighing,  on  what  part  of  the  platform  the  goods  to  be 
weighed  are  placed. 

When  the  machine  is  out  of  use,  or  being  loaded  or 
unloaded,  wear  and  damage  to  the  centres  are  entirely  pre- 
vented by  the  relieving  apparatus,  which  unhooks  the  steel- 
yard, entirely  disconnecting  it  from  the  working  parts  of  the 
machine,  at  the  same  time  lowering  the  platform  on  to  solid 
supports,  and  the  levers  to  the  bottom  of  the  box  or  frame, 
leaving  the  steelyard  in  a  level  position,  by  which  arrangement 
the  knife- edge  centres  are  preserved  from  wear  during  the  act 
of  lifting  the  platform  into  a  position  for  weighing  and  letting 
it  down  into  a  dormant  state  again.  When  the  machine  is 
out  of  gear,  no  centre  in  it  can  be  affected  by  any  weight 
placed  on  the  platform,  and  thus,  wlien  fixed  in  a  warehouse 
floor,  any  amount  of  traffic  may  he  taken  over  it  without  the 
least  injury  to  tlie  working  parts.  The  frames  also  are  made 
with  solid,  close  bottoms  to  exclude  damp,  and  all  the  centres 
work  in  cups  of  oil.  The  machines  may  therefor©  be  fixed  in 
damp  places  without  injury  to  them.  The  platforms  are 
carried  on  a  species  of  universal  joint.  They  can  thus  swing 
freely  in  any  direction  without  grinding  or  damaging  the 
centres,  or  disturbing  the  levers  or  any  of  the  undei'parts. 

Messrs.  The  Stern  So 賺 bom  Oil  Company,  Ltd  ,  of  16，  Finsbury 
Square,  London,  E.C.,  exhibit  lubricating  oils  and  greases  in 
endless  variety,  and  suitable  for  almost  every  requirement,  as 
well  as  a  new  product  known  as  "  Screwol,"  which  is  a  soluble 
oil  for  use  as  a  lubricant  when  macliining  metal.    This  oil 


readily  forms  a  soapy  compound  with  water,  which,  it  is 
claimed,  as  regards  practical  utility  and  efficiency,  far  exceods 
any  mixture  of  soap  and  water  as  hitherto  used,  and  in  this 
connection  a  practical  demonstration  is  given  on  the  stand  on 
a  lathe  supplied  by  Messrs.  Redman  &  Sons,  of  Halifax.  The 
oil  will  mix  wit  h  up  to  95  per  cent,  of  water,  and  this  propor- 
tion is  recommended  for  general  use.  It  may  also  be  used  for 
machinery  which  is  constantly  in  contact  with  water,  such,  for 
example,  as  that  used  in  pum]>ing,  mining,  and  boring,  where 
it  prevents  the  formation  of  rust  and  minimises  friction. 
Tests  have,  we  understand,  been  carried  out  with  mixtures  of 
u  Screwol  "  and  water,  and  soap  and  water,  in  various  pro- 
portions, steel  and  cast  iron  being  immersed  in  them  and  the 
effects  noted  from  time  to  time.  Whatever  the  period  of 
immersion,  the  cast  iron  retained  far  more  of  its  natural  lustre 
and  suffered  much  less  discoloration  in  the  "  Screwol  ，，  and 
water  mixture.  Similarly  the  steel  showed  little  or  uo 
diminution  of  its  brightness  and  the  dark  spots  were  com- 
paratively few.  Soap,  on  the  contrary,  produced  entire  dis- 
coloration of  the  iron,  mingled  with  many  dark  spots,  whilst 
the  steel  became  much  corroded,  showing  numerous  large  dark 
spots.  Further,  the  loss. of  weight  produced  by  the  action  of 
the  oil  and  water  was  much  less,  varying,  it  is  stated,  from 
about  one-half  to  one-sixth  of  that  caused  by  soap  and  water. 

Messrs.  C  E.  Lugard  &  Co"  of  Chester,  show  their  now  well- 
knowu  "  Vulkan  "  drive  fitted  to  a  "  Stirk  ，，  planer  ；  a  model 
of  a  11  Vulkan  ,}  clutch,  7ft.  3in.  diam.，  weight  Q>\  tons,  as 
supplied  to  Messrs.  Cochrane  &  Co.)  Middlesbrough,  in 
February,  1910，  capable  of  transmitting  1,000  h.p.  at  75 
revs. ― the  largest  magnetic  clutch  in  the  world  ；  a  rapid 
automatic  slide  rest  capable  of  turning  up  26  pairs  of  stan- 
dard railway  wheels  in  nine  hours ；  and  the  "Pillow" 
flexible  coupling.    This  latter  we  have  previously  described. 

Fig.  14  shows  a  section  of  the  "  Vulkan  "  reversing  electro- 
magnetic clutch.  It  consists,  as  will  be  seen,  of  a  cast-steel 
shaft,  drilled  for  lubrication,  a  disc  armature,  fixed  to  the 
shaft  (1),  and  two  electromagnetic  bodies  running  loose  on 
the  shaft.  Each  magnetic  bedy  is  fitted  with  an  annular 
energising  coil  (2)  wound  for  any  convenient  voltage,  and  a 
ventilating  ring  (3).  The  disc  armature  is  fitted  with  a 
thrust  ring  (4),  adjustable  and  renewable  without  dismantling. 

Continuous  current  is  supplied  to  one  of  i»he  energising 
coils  througli  tlie  slip  rings,  and  as  soon  as  the  circuit  is 
closed  the  loose  running  magnetic  body  is  held  by  magnetic 
attraction  to  the  disc  armature.    The  magnetic  faces  of  the 
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Fig.  16.— Automatic  Slide  Kest.   Messrk.  C.  E.  Lugahd  &  (Ja,  (Jhksteu. 

clutch  are  kept  apart  by  the  thrust  ring  leaving  an  air  gap 
between  them,  any  heat  generated  being  thus  dissipated  by 
the  ventilating  ring.  To  reverse,  the  current  is  switched 
over  from  one  energising  coil  to  the  other. 

The  advantages  claimed  for  this  drive  are  that  no  lubrica- 
tion  of  the  rubbing  surfaces  is  necessary  ；  that  there  is  no 
loss  of  efficiency  if  lubricated  accidentally  ；  that  it  will  eugage 
or  disengage  without  shock,  is  easily  controlled,  has  small 
current  consumption,  and  that  it  is  simple  and  compact . 
When  applied  to  planing  machiues,  which  may  be  old  or  new 
ones,  no  striking  gear  or  shifting  belts  are  necessary,  and 
lliere  is  a  constant  speed  for  auy  length  of  stroke. 
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The  automatic  slide  rest  shown  by  Messrs.  Lugard  &  Co. 
we  have  pleasure  in  illustrating  in  Figs.  15  and  16.  This  has 
been  designed,  as  mentioned  before,  for  profile  turning  work, 
usually  requiring  skill  and  close  attention  if  the  result  is  to 
be  accurate.  Automatic  slide  rests  have  been  devised  with 
an  extended  template,  which  gives  an  irregular  feed,  and 
fails  to  produce  a  correct  shape  of  flange  ；  with  a  template 
corresponding  to  the  outline  along  which  the  guide  is  driven 
by  gearing  revolving  on  a  curved  rack  ；  this  increases  the 
number  of  slides,  and  places  the  template  too  far  from  the 
work,  so  that  the  tool  springs  on  heavy  cuts,  and  owing  to 
the  shape  of  the  rack  teeth  gives  an  uneven  feed  ；  and  with 
a  template  along  which  tlie  guide  is  driven  by  an  apparatus 
which  follows  as  far  as  possible  the  form,  and  as  the  profile 
roller  must  be'  driven  during  part  of  the  cycles  against  the 
full  pressure  of  the  tool,  the  rest  binds  on  the  steep  parts  of 
the  curve,  and  it  is  not  always  possible  to  turn  back  by  hand. 
Any  of  the  above  systems  may  be  used  for  light  finishing 
cuts,  but  for  heavy  cuts  on  modern  high-speed  lathes  they  are 
quite  unsuitable. 

The  template  of  the  rapid  patent  automatic  slide  rest 
consists  of  an  outer  and  inner  closed  curve  of  the  same  shape 
as  the  profile  to  be  turned.  Between  these  two  curved  sur- 
faces two  case-hardened  rollers  are  placed,  one  being  the 
driver  and  the  other  the  driven,  which  are  interspaced  by 
two  or  more  case-hardened  friction  rollers.  The'  driver  is 
fitted  on  to  a  pin  fixed  on  the  top  of  the  worm-wheel  drive, 
the  driven  is  fitted  on  to  a  j)in  fixed  below  the  slides  of  the 
rest,  and  the  transmission  between  the  two  is  made  through 
the  intermediate  friction  rollers.  Tlie  size  and  shape  of  these 
rollers  lias  been  determined  after  a  great  number  of  experi- 
】nents，  with  the  result  that  no  binding  is  possible  at  any 
part  of  the  curve,  and  the  tool  can  always  be  moved  in 
either  direction  by  hand  without  using  the  handle,  and  even 
on  the  heaviest  cuts  the  movement  is  quite  easy  with  the 
handle  provided. 

The  rapid  automatic  slide  rest,  as  will  be  seen,  is  fitted 
with  two  templates,  one  for  the  flange  and  one  for  the  tread, 
both  of  which  ran  be  easily  and  quickly  changed,  and  it.  will 
be  noticed  that  two  tools  operate  at  one  and  the  same  time. 
To  obtain  tlie  best  results,  however,  a  modern  high-speed 
lathe  should  be  fitted  with  two  ordinary  slide  rests,  each  fitted 
with  two  tools,  arranged  as  back  rests,  and  used  for  turning 
the  sides  of  the  wheels.  Also  two  rapid  automatic  rests 
arranged  as  front  rests,  and  used  for  turning  the  flange  and 
tread.     Thus  eight  tools  are  working  at  once. 


Fatal  Crane  Accident. ~~ A  plate  inspector  was  killed  in  Messrs. 
Stewarts  &  Lloyds'  Clydesdale  Steelworks,  Mossend,  on  the 
15th  inst.  by  a  plate  weighing  15cwt.  falling  upon  him.  The 
plate  was  suspended  by  a  crane  when  the  clutch  slipped,  and 
the  heavy  weight  came  upon  the  unfortunate  man,  fracturing 
his  skull. 

New  Large  Battle-ship  laid  down  at  Portsmouth, ― The  first 

keel  plate  of  a  new  type  of  battle-ship,  which  is  to  be  built  in 
record  time,  was  laid  down  at  Portsmouth  on  Monday  last. 
The  vessel,  we  understand,  is  to  be  launched  in  the  exceedingly 
short  period  of  four  months  from  the  laying  of  the  keel.  To 
this  end,  an  enormous  quantity  of  building  material  is  already 
alongside,  ready  for  the  workmen,  who  will  be  employed  in 
day  and  night  shifts.  Although  the  usual  secrecy  is  being 
observed  as  to  the  features  of  the  vessel,  it  is  understood  that 
she  will  liave  a  greater  displacement  and  be  somewhat  longer 
than  any  other  existing  vessel. 

The  Effects  of  Deficiency  of  Oxygen  on  the  Light  of  a  Safely  Lamp. 

At  a  meeting  of  the  South  Staffordshire  and  Warwickshire 
Institute  of  Mining  Engineers  recently  held  at  Birmingham  a 
paper  on  tliis  subject  by  Dr.  J.  S.  Haldane  and  Dr.  T.  L. 
Llewellyn,  was  read.  It  stated  that,  roughly  speaking,  every 
diminution  of  01  per  cent,  in  the  oxygen  caused  a  diminution 
of  3'5  per  cent,  of  the  value  of  the  light  in  pure  air,  or  for 
every  17  per  cent,  of  diminution  in  the  value  of  the  light  in 
fresh  air  there  was  a  diminution  of  about  0.029  per  cent,  in  tlie 
oxygen.  With  the  oxygen  reduced  to  19*0  per  cent.,  the 
niiiiimum  percentage  allowed  by  the  Coal  Mines  Act  for  pur- 
poses of  ordinary  work,  t  ho  liglii  would  be  diminished  by 
70  per  cowi .  under  tlie  conditions  of  the  experiment. 


SOME  ASPECTS  OF  WIRE  DRAWING.* 

BY  PEKCY  LONGMUIR,  M.MET.  (SHEFFIELD). 

Goerens,  in  his  admirable  paper  on  "  The  Influence  of  Cold- 
working  on  the  Properties  of  Iron  and  St&el，，，  touches  on 
many  aspects  of  value  to  wire^drawers.  Perhaps  one  of  the 
most  important  points  developed  is  that  of  what  may  be 
termed  "  low  ''  temperature  annealing.  For  example,  h© 
states  ： 十'' A  further  deduction  may  be  drawn  in  reference  to 
the  annealing  temperature  that  is  necessary  for  the  annealing 
of  cold-worked  material.  This  is  that  the  temperature  of 
allotropic  changes  need  not  be  reached  for  tlie  establishment 
of  the  equilibrium  and  the  dispersion  of  the  cold-hardened 
condition.  Heating  at  520° ― or  580°,  according  to  the  kind 
of  material ― for  a  short  time  suffices  to  restore  the  normal 
properties  of  the  materials  almost  completely." 

Three  papers  of  considerable  importance  to  thei  students  of 
wire-drawing  pract  ice  are  :  (1)  "  Iron  and  Steel'  Wire  and  the 
Development  of  its  Manufacture/'  by  J.  P.  Bedson,  "  Journal 
of  the  Iron  and  Steel  Institute/'  1893，  No.  II.  (2)  "Wire 
and  Wire-drawing,"  by  J.  D.  Brunton,  "  Journal  of  the  West 
of  Scotland  Iron  and  Steel  Instilute,"  1900.  (3)  "  The  Heat 
Treatment  of  Wire,''  by  J.  D.  Brunton,  "  Journal  of  the  Iron 
and  Steel  Institute/'  1906，  No.  II. 

These  papers  deal  with  points  relating  to  the  more 
practical  side  of  wire-drawing.  Thus  Bedson,  in  1893，  drew 
attention  to  the  importance  of  lubrication  :  "  .  .  .  the 
wire-drawer  taking  great  care  that,  as  the  rod  passes  through 
the  plate,  plenty  of  tallow  or  other  lubricant  is  applied  to  the 
rod  at  the  point  of  admission  to  the  conical  hole  of  the  plate, 
otherwise  the  piece  would  scrap  and  eventually  '  pull  the  hole 
out,'  and  thus  deform  it  from  its  original  size."  In  this  paper 
and  the  ensuing  discussion  the  embrittling  effect  of  acids  on 
steels  is  evidenced. 

Brunton,  in  his  paper  of  1900，  describes  the  cleaning 
house  as  the  very  heart  of  a  wire  mill — "  .  .  .  and  unless 
every  attention  is  paid  to  this  portion,  there  will  be  endless 
trouble  in  the  subsequent  processes  and  tons  of  wire  spoilt." 
Again,  in  his  1906  paper,  Brunton  uses  the  term  "  brittleness 
of  pickling,"'  and  this  aspect  has  been  subsequently  developed 
by  Burgess,  under  the  heading  of  the  embrittling  effect  of 
acids. 

In  1911  the  present  author  J  quoted  a  few  results  of  this 
embrittling  effect  shown  on  rail  steel  rolled  down  to  5 -gauge 
rod.  The  foregoing  summary  indicates  that  attention  has 
been  directed  to  threo  points :  (1)  Annealing  temperatures, 
including  physical  condition  of  rod.  (2)  Lubrication.  (3) 
Cleaning.  In  addition  to  these,  the  following  factors  may  be 
instanced  ：  (4)  Rate  of  flow,  including  amount  of  reduction 
per  draft.  (5)  Contour  of  hole.  (6)  Efficiency  of  the 
coating  '  on  the  wire. 

There  are,  of  course,  other  conditions,  but  the  six  quoted 
are  really  fundamental  to  the  wire-drawing  industry.  It  is 
questionable  whether  any  of  these  conditions  have  received 
serious  attention  from  the  industry  except  in  isolated 
instances.  Indeed,  the  industry  as  a  whole  is  ruled  by 
traditional  empiricism  ratlier  than  by  exact  knowledge. 
Further,  the  student  of  actual  practice  is  confronted  by  real 
difficulties  in  the  form  of  accumulated  prejudice  rather  than 
recorded  fact. 

Regarding  the  subject  as  a  whole,  one  of  the  chief  features 
is  the  physical  condition  of  the  rod.  If  cold-working  is  to  be 
effective,  the  rod  must  b©  uniform  throughout  its  length. 
With  the  long  lengths  of  to-day,  perfect  uniformity  in  the  rod 
" as  rolled  "  is  impossible,  and  of  necessity  the  finishing  tempe- 
rature of  the  back  end  differs  materially  from  that  of  the 
front  end.  There  is,  therefore,  a  corresponding  difference  in 
the  condition  of  the  rod,  and,  generally  speaking,  it  will  be 
found  gradually  to  increase  in  hardness  from  the  beginning  to 
the  end  of  tlie  coil.  This  difference  between  the  ends  may  be 
comparatively  light,  but  unless  the  rod  is  initially  equalised 
througliout,  its  effect  will  he  felt  in  the  later  stages  of  draw- 
ing. Various  tests  have  been  made,  and  Table  I.  is  quoted 
as  typical  of  a  case  in  which  special  efforts  were  taken  to 
(Misuro  unit'onn  comlitioiis  in  rolling. 

*  Abstract  of  p:ipt>r  prrsontcd  before  fcho  Irou  aud  Steel  Institute,  October,  1912. 
t  "  Journal  of  the  Iron  and  Sict-1  Institute."  Carnegie  Volume,  1911,  p.  398, 
J  "  Journal  of  tlie  Iron  and  Stool  Institute,"  1911，  No. 】, p.  163. 
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Table  I. 一 丄)) mhuate  Length  of  Bod,  1,154/i.  Analysis. 

Per  Cent. 

Carbon    0.68 

Silicon    0.20 

Mangaues.-   0-75 

Sulphur   0-03 

Phosphorus    0-03 


Locality. 

Beginning  of  Coil. 

End  of  Coil. 

Max.  Stress. 

Tons  per 
Square  Inch. 

Elongation 
pei*  Cent,  on 
•2  Inches. 

Max.  Stress. 

Tons  per 
S(iuave  Inch. 

per  Cent,  on 
2  Inches. 

4  feet  from  end... 

47.2 

16.5 

50.1 

14.5 

47-0 

14-0 

50.4 

13-5 

6  \\ 

47. 2 

50-0 

14.5 

47., i 

13-5 

0 

13-0 

8    \\  " 

49.1 

14-0 

50-7 

I3.5 

9    ，，  ，， 

47-4 

15.0 

50.4 

13-0 

47-6 

14-7 

50.6 

13.6 

The  difference  between  the  back  and  front  end  is  in  this 
favourable  case  only  3  tons  per  square  inch  on  the  maximum 
stress.  Slight  as  this  difference  may  appear  to  be,  it  would, 
iu  the  absence  of  a  normalising  process,  have  a  very  material 
effect  on  the  "  flow  '•  of  the  wire  during  drawing. 

Industrial  "  flow  "  demands  equality  of  section,  therefore 
the  reduction  in  area  effected  by  drawing  through  a  plate  must 
be  uniformly  consistent  throughout  the  length  of  the  wire. 
The  general  tendency  is  to  put  cold  work  on  a  hot  rolled  rod 
before  any  normalising  has  been  effected,  and  in  these  cases 
the  effect  of  cold  working  is  such  as  to  develop  a  habit  which 
persists  through  later  annealing  stages.  This  habit  may  take 
the  form  of  "  non-sizing  M ― that  is,  pulling  out  the  hole,  or 
acute  local  brittleness.  In  either  case  the  wire-drawer 
usually  blames  the  steel,  and,  so  far  as  the  Yorkshire  wire- 
drawing districts  are  concerned,  the  usual  phrase  is:  "  The 
composition  has  been  altered." 

Many  cases  have  been  investigated,  and  in  not  one  instance 
has  composition  been  found  to  be  at  fault.  In  all  cases  the 
steel,  considered  as  steel  only,  has  been  found  to  be  correct, 
but  its  manipulation  has  been  wrong.  One  of  the  first  studies 
in  manipulation  is  that  of  obtaining  physical  uniformity 
throughout  the  length  of  the  wire,  and  it  is  here  that  the 
least  work  has  been  done. 

If  the  rod  as  hot  rolled  is  not  in  a  state  of  equilibrium, 
then  cold  work  intensifies,  and  to  some  extent  fixes,  its  con- 
dition, and  later  heat  treatment  does  not  necessarily  remove 
a  "  fixed  habit."  The  first  care  of  the  wire-drawer  should 
therefore  be  that  of  effective  normalisation,  and  this  may  be 
attained  by  patenting  or  annealing.  In  either  case  the 
process  must  have  some  relation  to  the  thermal  transforma- 
tions of  the  steel  in  question . 

A  study  of  current  wire-drawing  practice  reveals  the  fact 
that  generally  annealing  operations  have  no  relation  to 
thermal  transformations.  Temperatures  are  rarely  taken, 
and  the  only  guide  is  empirical  judgment.  Over  a  variety  of 
practice  the  range  in  temperature  may  be  estimated  to  vary 
from  550°  to  700°  C.  Both  temperature  and  time  decrease 
with  the  reduction  of  the  wire  in  size.  This  would  indicate 
that  wire-drawers  have  to  some  extent  intuitively  recognised 
that  only  the  effect  of  cold  working  lias  to  be  removed,  and 
therefore  Goerens'  "  low "  temperature  annealing  has  long 
been  recognised  in  practice. 

The  effectiveness  of  this  annealing  is  open  to  question,  and 
not  only  is  the  "  flow  "  less  the  lower  the  temperature,  but 
further,  tlie  resulting  hardness  is  greater.  Advantage  can  be 
taken  of  this  fact  when  working  to  a  definite  hardness  value 
i"  either  cold  rolled  strip  or  drawn  wire.  By  suitable  adjust- 
ment of  annealing  temperatures  to  cold  work  a  given  hardness 
can  be  obtained,  to  a  certain  extent,  irrespective  of  the  com- 
position of  the  steel.  This  emphasizes  the  fact  that  if  anneal- 
ing temperatures  are  to  be  seriously  studied,  then  a  sharp  line 
must  be  drawn  between  the  first  and  the  later  annealings. 
Tlie  first  annealing  should  relate  solely  to  the  condition  of  the 
hot- rolled  rod,  whilst  later  annealings  have  a  relation  to  the 
stresses  developed  by  cold-working. 

Table  II.  gives  the  tensile  values  obtained  from  successive 
stages  of  cold-working.    It  will  be  noted  that  only  one  heat 


treatment  is  involved,  and  this  is  an  initial  one  before  cold 
work  commences  ： ― 

Taklk  II. ― Analysis. 

Per  Cent. 

Carbon   0.(57 

Manganese    《>.78 

Silicon    0*  121; 

Sulphur   0.027 

Phosphorus   0-032 


Condition. 


Patented 
CleaiKxl  u 


blue 


Drawn- 


2ml 
:inl 
4th 
5th 
(ith 


Size  in 

Inches. 

Max.  Stress. 

Tons  per 
Stiuare  Inch. 

Elongation 
Per  Cent,  on 
2  Indies. 

Keduction 
of  Area 
I*er  Cent. 

！  0-365x0.228 

48-00 

l.l.O 

39-75 

49-00 

J2-r> 

10.7 

50.1'i 

10-8 

20-4 

Keduction  in 

Width. 

Thick- 
ness. 

0  035 

0-057 

G4-4 

5-0 

23-2 

' 0-025 

0-043 

71-32 

4.0 

22.：] 

0017 

O  (»2：{ 

78-00 

6.5 

23.0 

0013 

0  019 

85-18 

4-0 

20-0 

0*020 

0-018 

92-24 

4-3 

18-2 

； 0*006 

0-008 

98.21 

4.9 

20.0 

In  this  case  the  total  reduction  involved  in  the  six  drawings 
is  about  82  per  cent.,  and  the  effect  of  this  is  shown  in  raising 
the  maximum  stress  of  the  wire  from  48  tons  per  square  inch 
in  the  rod  to'  98  tons  per  square  inch  in  the  final  product. 
Patenting  temperature  ranged  from  900°  to  950°  C. 

In  this  class  of  wire  uniformly  high  patenting  temperatures 
are  essential,  and  the  primary  object  is  to  obtain  a  perfectly 
normalised  rod.  With  unequal  or  erratic  patenting  it  is 
possible  to  obtain  from  one  rod,  when  drawn  down  to  final 
size,  maximum  stress  values  ranging  from  80  to  120  tons  per 
square  inch.  Ineffective  or  irregular  patenting  is  responsible 
for  many  faults  found  later  in  the  finished  wire.  In  Table 
III.  further  results  are  given  ；  these  represent  a  patented 
wire  of  lower  carbon  content  than  those  of  Table  II. ： —— 

Table  III. ― Analysis, 

Per  Cent. 

Carbon   0*57 

Manganese    0-73 

Silicon    0-108 

Sulphur   0.029 

Phosphorus   0-029 


Condition. 

Size  in  Inches. 

Max.  Stress. 

Tons  per 
Square  Inch. 

Elongation 
Per  Cent,  on 
2  inches. 

0.296 

56-2 

17-0 

0-257 

65.2 

5.0 

，，       2nd  hole   

0-222 

ZD 

8.0 

0-184 

77.9 

6.5 

0-262 

56.2 

15.0 

Diawn,  1st  hole  

0-239 

73.  (i 

a.o 

，，       2nd  hole   

0.192 

78.8 

6.0 

O.Kil 

84-9 

6.5 

The  effect  of  initial  size  in  the  case  of  treated  and 
untreated  rod  is  to  some  extent  shown  in  Table  IV. : —— 

Table  IV. ― Analysis, 

Per  Cent. 

Carbon    0»50 

Mangatiese   0*90 

Silicon    0.06 

Sulphur    0.039 

Phosphorus    0-051 


Condition. 

Rod  as  rolled. 
Maximuui  Stress.  Tons 
per  Square  Incli. 

Kod  annealed  at  700"  C. 
Jlaximmn  Stress.  Tous 
Per  Square  Inch. 

4  G.  Rod   

CO 

64. 0 

55. 0 

4(i.O 

45-0 

(i!).0 

2  G. rod   

45.  .5 

45-3 

03. 0 

Annealing  applies  to  the  rolled  rod  only,  and  during  draw- 
ing 110  further  heat  treatment  was  applied.    The  effect  of 
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initial  size  is  shown  to  some  extent,  and  also  the  difference  in 
condition. 

Tables  III.  and  IV.  represent  experimental  conditions  ； 
various  studies  have  been  made  of  "  flow  "  whilst  drawing 
under  the  conditions  of  commercial  production.  Of  these, 
two  examples  may  be  quoted  :  thus  Table  V.  embodies  tensile 
results  at  various  stages  in  the  working  down  of  a  medium 
carbon  steel  -  It  will  be  noted  that  the  first  two  holes  drawn 
represent  work  on  an  untreated  rod,  and  the  maximum  stress 
is  raised  ta  81  tons  per  square  inch.  In  later  stages  this 
value  is  not  again  reached.  Each  annealing  stage  represents 
a  temperature  range  of  700°  to  750°  C. 

It  has  been  stated  that  cold  work  can  be  so  adjusted  as  to 
give,  within  limits,  hardness  irrespective  of  composition. 
This  is  illustrated  in  Table  VI.,  in  which  the  results  obtained 
from  a  rod  of  1'04  per  cent,  carbon  are  given.  This  flat  wire 
is  purposely  not  overworked  between  the  annealing  stages,  in 
Hi  at  after  drawing  and  rolling  a  fair  amount  of  later  work  lias 
lo  he  put  on  the  wire  in  order  to  bring  it  into  its  final  】narket- 
able  form .  Hence,  the  wire  is  maintained  in  a  soft  condition 
as  regards  its  carbon  content,  and  the  requisite  hardness  is 
obtained  by  oil  tempering. 

Table  V. ― Analysis. 

.  Por  Confc. 

Ca  rbon    0-54 

Maiigunesu   1  »07 

Silicon    0-051 

Sulphur  (below)  0.0(H) 

Phosphorus    0.0H0 


and  t'he  maximum  stress  rose  from  43 J  to  100  tons  per 
square  inch. 

Table  VI. ― Analysis. 


GatiKo. 

Keduc- 
tiou  in 
Dvaw- 
in«. 
Inch. 

Tensile. 

Condition. 

Draw- 
ing. 

After 
Draw- 
ing. 

Max. 
Stress. 
Tons  per 
Square 
Inch. 

Blong. 
per 
Cent, 
on  2 
I  nebes. 

Reduced 
Area 
per 
Cent. 

5 

57-00 

16-00 

36.50 

As  rolled . 

5 

52-00 

19.00 

41.90 

Cleaned  and  blued. 

5 

0.042 

70.00 

5-00 

25-70 

After  drawing  1st  hole. 

9 

0-029 

81-20 

23-70 

After  drawing  2nd  hole. 

9 

34-25 

47-85 

69-40 

After  annealing. 

•) 

34.25 

47-85 

69-12 

Cleaned  and  blued. 

«J 

11 

0.033 

53-10 

16.40 

58-82 

After  drawing  3rd  hole. 

11 

13 

0-023 

61.25 

11-70 

52-30 

After  drawing  4th  hole. 

1：{ 

36.50 

38-50 

75-46 

After  annealing. 

13 

37-00 

43.75 

75-40 

Cleaned  and  blued . 

13 

15  C.E. 

0-022 

54.50 

11.70 

55-26 

After  drawing  5th  hok'. 

15  G.E. 

17  G. 

0-012 

(»4-r>o 

7-00 

54-17 

After  drawing  6th  hole. 

17 

38-00 

37.50 

79-50 

After  annealing. 

17 

37-50 

39-00 

79-50 

Cleaned  and  blued. 

17 

18| 

0.012 

56.50 

7-00 

66-60 

After  drawing  7th  hole. 

l»i 

21i 

0.010 

64.00 

5.45 

55-55 

After  drawing  8th  hole. 

Two  entirely  distinct  types  of  steel  were  drawn  down  in 
successively  small  reductions.  Both  steels  were  annealed  in 
the  rod  at  700°  to  720°  C.，  and  then  drawn  down.  Beyond 
this  preliminary  annealing  no  heat  treatment  was  applied, 
and  the  results  typify  the  effect  of  "flow"  by  light  drafts. 
One  steel  contained  ： ― 

Per  Cent- 

Carbon    0'10 

Manganese   0*89 

Silicon   0-06 

Sulphur    0-103 

Phosphorus    0*307 

This  steel  was  decidedly  abnormal  as  regards  its  contents  of 
sulphur  and  phosphorus,  yet  its  "  flow  "  was  remarkably  good . 
Commencing  at  roughly  5-gauge,  it  admitted  of  reduction  to 
23-gauge  without  any  intermediate  heat  treatment.  The 
maximum  stress  values  rose  from  about  36  tons  to  112  tons 
per  square  inch.  Beyond  23-gauge  the  wire  would  not  admit 
of  further  reduction. 

The  other  steel  was  of  the  following  analysis  ： ― 

Per  Cent. 

Carbon   0-48 

Manganese    0-87 

Silicon    0.058 

Sulphur    0.030 

Phosphorus    0-050 

In  this  case  it  was  only  posaible  to  reduce  down  lo  17-gaugCj 


Carbon  .... 


Vcr  Cent. 
. 1.04 
. 0.07 


Gau^c  of  Wire 
l;eforc  Drawing. 

lloducfcion  in 
Drawing. 

Tensile. 

State  of  W  ire  in 
Process. 

lirondtli. 
Inch. 

Thick- 
ness. 
Inch. 

I  neb. 

Thick- 
ness. 
Inch. 

Max. 
Stress. 

Tons 
per 
Siiunve 

per 
Cent, 
on  2 
Inchos. 

Re- 
duced 
Arc;' 

per 
Cent. 



0-260 

01 42 



— 

— 

65*  04 

9-80 

35*97 

As  rolled. 

0'2()0 

(I- J-12 

41-00 

18'50 

51*35 

After  annealing  1st 

time. 

0*2(HJ 

0142 

3<)-85 

18*00 

5135 

After  uleaning 

and 

blueing. 

O-2G0 

0  14^ 

0*020 

0*037 

r>ii(io 

1 ()-()() 

7*70 

After  drawing 

1st 

hole. 

*f'2:ii 

Ollii 

3689 

17-00 

5385 

After  annealin"  2nd 

time. 

0234 

0-113 

18-75 

35*85 

After  cleatiing 

and 

blueing. 

0-2；(4 

0-113 

003G 

0011 

5240 

900 

500 

After  drawing 

2nd 

hole. 

019S 

0102 

34  01 

27  00 

5IJ-42 

After  annealing  3rd 

time. 

0198 

0102 

3301 

25  00 

58*53 

After  cleaning 

and 

blueing. 

0198 

0-102 

0030 

0  025 

4S-47 

1250 

4.'i07 

After  drawing 

3rd 

hole. 

0*1(18 

0077 

3500 

40(H) 

5113 

After  annealing 

4th 

time. 

0108 

0  077 

3500 

40*00 

5113 

After .  cleaning 

;uul 

blueing. 

0'1(58 

0077 

0012 

0-006 

41  00 

43*65 

After  drawing 

4th 

hole. 

Incr.  in 
Breadth. 


A'//,  r/  i, I  \\  i r<:-r<jUiii[} . 


0-156 

0 

071 

35  00 

40 

50 

5227 

As     annealed  5tk 

time. 

0 

156 

0 

071 

35  00 

40 

50 

52-27 

Cleaned  and  blued. 

0 

156 

0 

071 

0016 

0-033 

55  00 

10 

90 

3070 

After  1st  rolling. 

0 

172 

0 

038 

38or> 

39 

00 

47. "!l 

As     annealed  6th 

time. 

0 

172 

0 

038 

:w-o.-> 

30 

00 

:{0-7ti 

Cleaned  and  blued. 

0 

172 

0 

038 

0-020 

0014 

57-00 

00 

19-88 

After  2nd  rolling. 

0 

192 

0 

024 

39-50 

31 

75 

5000 

As    annealed  7th 

time. 

0 

192 

0 

024 

38-00 

31 

75 

50-00 

Cleaned  and  blued . 

0 

192 

0 

024 

0012 

0-006 

42-20 

12 

50 

24  34 

After  3rd  rolling. 

In  neither  case  did  the  increase  in  tensile  strength  possess 
an  exact  ratio  to  the  amount  of  "  flow."  The  steadying  effect 
of  the  elongation  after  fracture  was,  however,  significant. 

The  foregoing  notes  are  presented  with  the  one  object  of 
arousing  interest  in,  and  possibly  discussion  of,  wire-drawing 
problems.  Contact  with  these  problems  leads  to  the  conclu- 
sion that  dogmatism  is  impossible,  but  the  field  for  study  and 
research  is  exceedingly  wide.  The  author's  most  cordial 
thanks  are  due  to  Mr.  P.  Leather  for  his  ready  assistance  in 
conducting  tests  and  experiments. 


Two  Men  Electrocuted. — An  accident  occurred  at  the  Devon- 
shire Works  of  the  Staveley  Coal  and  Iron  Company  on  the 
17th  inst.?  when  two  workmen  received  fatal  shocks  from  an 
electric  cable.  Considerable  use  is  made  of  electricity  at  the 
works,  both  for  lighting  and  power,  and  overhead  cables  run 
from  the  generating  house  to  various  parts  of  the  company's 
extensive  premises.  The  two  men  were  engaged  in  painting, 
and  one  of  them  was  at  work  on  an  electric  standard,  when, 
it  is  presumed,  he  accidentally  touched  a  high -tension  cable 
carrying  over  6,500  volts,  and  was  unable  to  release  himself. 
The  other  mau,  who  was  at  work  elsewhere,  promptly  went  to 
his  mate's  assistance,  but  as  soon  as  he  touched  his  body  he 
himself  received  a  charge  of  electricity  and  was  rendered  help- 
less. An  alarm  was  given  and  the  current  cut  off,  when  it  was 
found  that  the  two  men  were  terribly  injured  and  expired 
shortly  after  admission  to  the  hospital. 
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THE  VAUCLAIN  DRILL* 

BY  A,  C.  VAUCLAIN  AND  HENRY  V.  WILLE. 

Speaking  generally,  there  can  be  no  better  definition  of 
economical  drilling  than  "  rapid  drilling  ，， 一 the  saving  of 
time.  The  fact  that  a  drill  will  cut  at  some  phenomenal  speed 
or  will  consume  such  and  such  an  amount  of  power  means 
nothing  so  far  as  productive  capacity  is  concerned.  The 
object  in  view  is  the  removal  of  chips.  The  productive 
possibilities  of  any  metal-cutting  tool  are  limited  by  its  stress 
and  lieat-resisting  capacities.      The  temperature  at  which  it 


Fir'.  1.— Common  Type 
of  Twist  Dbtix. 


Fig.  2.— Common  Ttpe 
of  Flat  Dkill. 


Fig.  3. 
Showing  included 
Angle  op  Cutting 
Edges  of  118°. 


will  continue  to  operate  successfully  depends  upon  the  excel- 
lence of  material  and  manufacture,  but  the  rapidity  of  heat 
generation  and  the  stresses  set  up  in  the  tool  depend  upon  the 
design  of  the  tool  and  the  selection  of  feeds  and  speeds.  With 
a  given  excellence  of  material  and  manufacture,  the  strength 
of  the  tool  must  depend  upon  the  extent  and  disposition  of 
the  section.  The  size  of  the  drill  is  necessarily  limited  by  the 
size  of  the  hole  to  be  drilled.  The  section  of  the  drill  has  a 
lesser  area  than  that  of  the  hole,  since  space  must  be  provided 
for  the  discharge  of  chips  from  the  hole.  The  design  of  the 
drill  should  therefore  be  that  which  will  give  it  the  maximum 
of  strength  and  strength  conservation. 


Fig. 


-iLT.rSTRATINri  SPLTTTINfi  ACTIONS  BY  MKANS  OP  WlRK 
HKLD  IN  Visi:. 


Cutting  stress  is  practically  independent  of  the  cutting 
speed  and  with  a  given  feed  is  proportional  to  the  lip  angle  of 
the  cutting  edge.  The  cutting  stress  does  not  increase  as 
rapidly  as  the  feed.  The  rapidity  with  which  cutting  heat  is 
generated  depends  upon  the  cutting  speed,  the  depth  of  feed 
and  the  lip  angle  of  the  cutting  edge.  Since  both  the  stress 
and  heat  are  influenced  by  the  keenness  of  the  cutting  edge, 
it  is  desirable  that  the  lip  angle  be  as  small  as  possible.  But 
it  must  be  blunt  enough  to  carry  off  the  heat  and  to  support 
the  chip  pressure,  which  falls  more  or  less  back  of  the  actual 


Fig.  5.— Diagram  illustrating  principle  of  Vauclain  Drill. 
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Fig.  6.— CF.NTKAii  Edges  of  Fig.  5  shown  bkvellkd. 

cutting  edge,  according  to  the  depth  of  feed.  Since  the  chip 
is  torn,  not  cut  from  the  work,  rupture  between  work  and  chip 
precedes  the  actual  cutting  edge.  The  heavier  the  feed,  the 
farther  back  from  the  cutting  edge  will  its  pressure  fall  upon 
the  tool.  Under  ideal  conditions,  the  torsional  capacity  of 
the  drill  should  be  its  limit  of  cutting  strength.  This  does 
not  obtain  in  the  present  commonly  used  types  of  drill,  and 
they  break  down  very  considerably  below  their  torsional 
strength .    Why'this  is  so  will  be  explained  later  in  detail. 

The  feed  remaining  constant,  the  horse-power  consumption 
will  be  proportional  to  the  speed.  This  is  true  both  of  the 
power  consumed  by  tlie  machine  and  that  consumed  in  cutting. 
The  speed  remaining  constant,  the  power  consumed  in  cutting 

*  Abstract  of  paper  read  before  tbe  American  Society  of  Mechanical  Engineers, 


does  not  increase  as  rapidly  as  the  feed,  and  the  power  con- 
sumed by  the  machine  remains  constant  for  all  feeds.  From 
this,  it  will  be  seen  that  the  most  economical  method  of  chip 
production  is  by  giving  preference  to  the  feeds,  rather  than 
the  speeds.    Power,  time,  and  drills  will  be  saved  thereby. 

Figs.  1  and  2  illustrate  the  section  scheme  of  drills  now 
commonly  used.  While  there  are  many  modifications  of  these, 
the  figures  suffice  to  illustrate  their  common  characteristic, 
which  is  that  the  cutting  edges  A  and  B  pass  to  one  side  of  the 
axis  of  motion  of  the  drill  instead  of  through  the  axis.  In 
this  respect  there  is  no  difference  between  Figs.  1  and  2.  It 
will  be  seen  that  in  this  scheme  the  drill  lias  four  distinct 
edges,  A,  B,  C，  and  D,  and  that  the  usual  name  given  to  it  of 
" two-lip  "  drill  is  not  correctly  applied. 

Referring  to  Fig.  3，  it  is  customary  for  the  included  angle 
E  to  be  of  118°  and  the  cutting  edges  C  and  D，  Figs.  1  and  2, 

therefore  have    an  unfavour- 
able lip  angle.     These  edges 
constitute  what  is  commonly 
called  the  chisel  point  and  their 
cutting  resistance  is  very  great. 
The  cutting  edges  A  and  B  cut 
more  freely  than  the  cutting 
edges  C  and  D  and  a  tendency 
to  longitudinal  fracture  of  the 
Fig.  7.— Showing     Fig.  8.— Showing   ^^11       ^  lin  +V,PrpKv     ThU  i*q 
Fig.  6  ground  to     appearance     op  ailU  1S  set  UP  uiereDy* 丄 ms  1S 
form  a  drill.  Drill  when  TwisTEDthe  cause  of  the   splitting  of 

drills.  In  explanation  of  this 
splitting  tendency,  Fig.  4  represents  a  section  of  brittle  wire 
A  held  in  vise  jaws  B.  If  sufficient  pressure  is  applied,  as 
indicated  by  arrows  X  and  Y,  the  wire  will  break  at  R  and  S， 
due  to  the  resistance  of  the  vise  and  to  the  forces  X  and  Y 
tending  to  revolve  it  about  its  axis. 

Those  portions  of  the  wire  not  within  the  vise  jaws  repre- 
sent, in  the  drill,  the  cutting  edges  A  and  B,  Fig.  1，  free 
cutting,  due  to  their  favourable  lip  angle.  That  portion  of 
the  wire  held  within  the  jaws  represents  the  cutting  edges  C 
ajad  D，  or  the  chisel  point,  embedded  in  the  work  and  having 
to  overcome  a  high  cutting  resistance  due  to  the  unfavourable 
cutting  lip  angle  of  these  edges.  Under  very  heavy  feeds, 
Miese  two  edges  tend  to  stand  still,  while  edges  A  and  B  con- 
tinue to  cut,  with  the  result  that  the  drill  is  fractured  in  a 
manner  similar  to  tlie  breaking  of  the  wire  in  Fig.  4.    Tn  tlie 


Fig.  9.— Successive  Sections  showing  development  of  Bab  op  Fig.  5 
into  form  adapted  for  vauclain  drill. 

drill  the  width  of  the  vise  jaws  becomes  infinitesimal  and  the 
fractures  R  and  S  coincide  and  constitute  the  longitudinal 
splitting  of  the  drill. 

In  the  commonly  used  types  of  drills  there  are  but  two 
methods  of  reducing  the  chisel  point,  viz.,  by  thinning  the 
drill  at  its  centre,  or  by  pointing.  By  the  former  method  the 
resistance  to  longitudinal  splitting  becomes  lowered  and  by 
the  latter  method  the  cutting  edges  lose  their  support  at  and 
near  the  centre  of  the  drill. 

By  the  foregoing  it  will  be  seen  that  the  feed  possibilities 
of  the  ordinary  types  of  drills  are  not  very  great .  Either  the 
drill  will  split  or  its  cutting  edges  will  break  under  heavy 
feeds,  long  before  its  torsional  capacity  is  reached.  Summed 
up,  the  disadvantages  of  this  type  of  drill  are  as  follows  ： 
(a)  Its  weakness,  (b)  The  unfavourable  cutting  lip  angles  of 
the  chisel  point  create  a  tendency  to  longitudinal  splitting  of 
the  drills.  (c)  If  the  chisel  point  is  reduced  by  central 
thinning  of  the  drill,  the  resistance  to  longitudinal  splitting  is 
lowered,  (d)  If  the  chisel  point  is  reduced  by  pointing,  the 
cutting  edges  are  deprived  of  their  essential  support  at  and 
near  the  centre  of  the  drill,  (e)  Essential  central  thickness 
and  cutting  edge  support  are  obtained  only  in  connection  with 
a  considerable  chisel  point.    (,)  The  tendency  to  longitudinal 
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splitting  is  increased  by  any  increase  in  the  extent  of  the  chisel 
point.  (f/)  The  resistance  to  penetration  due  to  the  cliisel 
point  is  very  great  and  is  increased  by  any  increase  in  the 
extent  of  the  chisel  point.  (//)  Ti  is  not  adapted  to  heavy 
feeds,  and  must  therefore  b&  used  under  the  conditions  of 
moderate  feeds  and  high  speeds,  the  least  economical  method 
of  chip  production.  (/)  There  are  four  cutting  edges,  two  of 
wliicli  do  not  pass  through  the  axis  of  motion,  hence  the  aggre- 
gate lengtli  of  the  cutting  edges  is  excessive.  This  is  produc- 
tive of  greater  torque,  hence  of  power  consumption. 

The  Vauclain  drill  is  a  "  heavy  feed  "  drill  adapted  to  the 
most  economical  method   of   metal    cutting  and   of  great 

strength,  due  to  its  design. 
In  order  better  to  describe 
the  drill,  the  section  scheme 
will  first  be  explained  dia- 
gramraatically  and  the  devel- 
opment of  the  actual  section 
will  then  be  illustrated.  In 
Fig.  5  is  shown  a  bar  com- 
prising two  flat  bars  over- 
lapping and  integrally  con- 
nected ， as  indicated .  By 
bevelling,  as  shown  at  O 
and  P,  Fig.  6，  the  edges  A 

Fig-  10.— Diagram  showing  kxact  form  op  and  B  are  made  to  meet  at 

Construction  of  Drill.  丄 t_         •      c  u  0. 

Circle  A  =  Circumference  of  drill  ；  Diam.  of  the  axis  OT  the  bar.  Oince 
circle  B=  Adianieter  of  dnli;  diam  of  circle  these  bevelled  Surfaces  arft 
C=     diameter  of  anil  ；  S  =  -  U  of  diameter  .  . 

of  drill  ；  T  =  ?ff  of  diameter  bf  drill  ；  xy  at  an  angle  with  the  axis  the 

indicate  cutting  edges.  i  ,  -       i  , 

integral  connection  between 
tlie  two  flat  bars  remains  unbroken.  Fig.  7  indicates 
how  the  end  of  the  bar  would  appear  when  ground  to  form  a 
drill  and  Fig.  8  how  it  would  appear  if  twisted. 

Fig.  9a  again  shows  the  section  or  end  view  of  the  bar  in 
its  original  form.  Introducing  fillets  at  R  and  S  gives  the 
form  shown  in  Fig.  9b,  and  removing  the  corners  W  and  V 
modifies  it  as  in  Fig.  9c.  In  Fig.  9d，  by  adding  areas  X  and 
Y  to  the  section,  its  torsional  value  is  increased.  Fig.  10 
shows  the  exact  section  profile  and  in  Fig.  11  is  reproduced  a 
photograph  of  three  of  these  drills.    By  examination  of  the 


Fig.  11.— Examples  op  the  Vauclain  Drill. 

illustrations  it  will  be  seen  that  the  chisel  point  is  eliminated 
without  central  thinning  of  the  drill  and  without  weakening 
the  cutting  edges. 

The  improved  design  of  this  drill  lias  brought  about  the 
following  important  features :  (a)  Essential  central  thickness 
is  secured,  (b)  Cutting  edges  are  properly  supported  at  all 
points,  (c)  Chisel  point,  with  its  unfavourable  lip  angles,  is 
eliminated  without  weakening  drill  or  cutting  edges. 
(d)  Cutting  edges  pass  through  axis  of  motion,  (e)  There  are 
only  two  cutting  edges.  (f)  Aggregate  length  of  cutting 
edges  is  reduced  to  minimum. 

As  a  result  of  these  features  the  following  advantages  are 
secured :  (f/)  Increased  strength  and  reduced  liability  io 
splitting,  (h)  It  is  adapted  to  heavy  feeds,  the  most  econo- 
mical method  of  cutting  metal.  (i)  Productive  capacity  i? 
increased.  (j)  Horse-])ower  consumption  per  unit  of  metal 
removed  is  reduced.  (/*)  Life  of  drill  is  increased  and  fre- 
quency of  grinding  is  less.  (/)  Distress  in  machine  is  less  and 
resistance  to  penetration  is  reduced.  (w)  Better  holes  are 
produced  and  afterwork  of  reaming  is  】ess. 


AUTOGENOUS  WELDING  OF  ALUMINIUM-COPPER  AND  ITS 

ALLOYS.* 

BY  DR.  F.  (  ARNKVALI. 

In  a  previous  ])upcr,  ])r(isonto<l  in  tlio  October  (1911)  meeting 
of  the  Iron  and  St'e(kl  Institute,  doalio^  with  a  s(M"io8  of  investiga- 
tions ('oncerning  tlie  oxy-jicct vIcih1  autogenous  welding  of  iron 
and  steel,  I  pointed  out  that  the  enormous  development  which 
this  process  has  undergone  within  the  last  decade  in  regard  to 
wrought  iron,  steel,  and  cast  iron  lias  led  to  its  extension  to 
other  metals  of  commou  usi',  suck  ； is  ('(>pp(>r  with  its  chief  alloys 
and  aluniiiiiiun.  Tlu1  <'n 屮 iri ('； U  niunii(ir,  however,  in  whick  tiic 
process  lias  bc(Mi  applied  in  this  new  field,  and  tlie  lack  of  sys- 
tematic and  complete  researches,  have  conduced  to  results  so 
diverse,  often  imaginary  and  discordant,  as  to  permit  of  the 
formation  of  contradictory  opinions,  and  thereby  to  arrest  its 
possible  further  development.  With  tlie  view  of  eliminating 
tlieso  uncertainties  and  coiitriulictions  in  regard  to  the  new 
process,  and  with  the  view  also  of  increasing  the  knowledge 
thereof  and  of  obtaining  data  of  practical  utility,  I  have  under- 
taken, as  complementary  to  the  series  of  investigations  carried 
out  on  iron  and  steel,  the  study  of  the  oxy-acetylene  welding  of 
various  metals  (iron  excepted)  largely  used  in  modern  industry, 
particularly  copper  hi  id  its  |>rim'ipa.l  alloys  and  aluminium. 

The  investigations  which  I  have  conducted  were  planned  on 
the  same  method  as  those  already  published  in  regard  to  iron 
and  steel,  and  were  subject  to  analogous  criteria.  I  have  en- 
deavoured to  comply  with  all  the  conditions  essential  for  obtaining 
favourable  results,  and  to  overcome  as  far  as  might  be  the  diffi- 
culties wliicli  most  frequently  attend  the  autogenous  welding 
of  metals.  At  the  same  time,  I  have  tried  to  reproduce  as  closely 
as  possible  the  conditions  which  can  be  obtained  in  practice. 

I  propose  to  divide  this  group  of  researches  on  the  oxy-acetylene 
autogenous  welding  of  metals  largely  used  in  practice,  other  than 
iron,  into  two  groups,  as  follows  :  (1)  Oxy-acetylene  autogenous 
welding  of  copper  and  its  principal  alloys  ；  (2)  oxy-acetylene 
autogenous  welding  of  aluminium. 

Copper. — A  first  series  of  experiments  was  carried  out  with 
pure  copper,  containing  9!**!)  per  cent,  of  the  metal,  the  welding 
metal  being  copper  wire  of  equal  purity ?  supplemented  in  certain, 
cases  by  a  small  quantity  of  phosphorus,  in  order  to  obviate 
possible  oxidation  of  the  metal  during  tlie  process  of  welding. 
The  samples  were  cut  off  round  wire-drawn  rods,  measuring  35 
millimetres  (l|in.)  iu  diameter  ；  each  sample  was  sawn  half 
through,  and  the  edges  were  thrust  apart  in  the  form  of  a  V  at  an 
angle  of  about  45°.  After  welding,  some  of  the  samples  were 
cooled  in  air,  while  others  were  subjected  to  various  thermic 
and  dynamic  processes  ；  and,  being  thus  prepared  for  mechanical 
experimentation,  were  so  treated  as  to  undergo  a  notable  diminu- 
tion of  their  original  diameter  (in  order  to  ascertain  the  success 
of  the  welding  operation),  care  being  always  taken  that  the  weld 
should  be  in  the  centre  of  the  sample.  Before  and  after  the 
mechanical  tests,  from  each  sample  a  portion  was  taken  from 
the  zone  of  welding,  and  a  portion  from  the  immediately  neigh- 
bouring zone,  for  purposes  of  microscopic  examination.  In 
Tables  I.  and.  II.,  a  summary  is  given  of  the  experiments  and 
observations  made  in  this  first  series  of  researches.  A  microscopic 
study  of  the  samples  was  directed  to  the  zone  of  welding,  including 
the  structure  of  the  portion  added,  for  tlie  weld,  also  the  original 
structure  of  the  metal  and,  its  structure  in  the  intermediate  stage. 
This  research  exhibits  clearly  the  change  induced,  by  the  process 
of  welding  in  the  mechanical  properties  of  the  metal,  as  also  the 
profound  alteration  of  its  structure,  as  may  be  seen  by  comparing 
Figs.  1  and,  2  (enlarged  80  diameters  ；  etching  by  an  aqueous  10 
per  cent,  solution  of  nitric  acid).  • 

Tlie  first  figure  exhibits  the  structure  of  the  original  heated 
metal  (sample  1，  Table  I.),  and  the  second  tlie  structure  of  the 
welded  zone  (sample  2,  Table  I.).  In  this  last,  the  great  develop- 
ment which  the  crystals  of  copper  have  undergone  will  be  noted, 
a'  development  due  to  the  high  temperature  attained  by  the  fused 
metal  in  process  of  welding.  The  suboxide  formed  during  tins 
process,  and  dissolved  within  the  】netal，  may  be  observed  in  the 
form  of  little  globules  disseminated  within  the  crystals.  In  those 
samples  where,  on  the  contrary,  the  metal  used  for  the  weld 
consisted  of  phosphorised.  copper,  the  suboxide  is  practically 

*  Abstract  of  paper  read  before  the  Institute  of  Metals,  September,  ]912. 
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Xo.  of  Measurements  of 
Sam  Sample  in 

pie.*  Millimetres. 


Thermal  and 
Mechanical 
Treatment. 


Average 
Ultimate 

Stress. 
Kgs.  per 
Square  Mm. 


Average 
Average  Contracted 
Elongation.  Diameter 
per  cent.        in  Mm. 


Average  Hard- 
ness. Brinell.f 
500  Kgs. 
Ball  10  Mm. 
Diameter. 


Remarks. 


*  Two  sarnplen,  j)ro|)arc(l  ,md  treated  in  the  same  way,  correspond  to  each  number. 

卞 The  Brinell  te.sts  were  carried  out  on  samples  other  than  those  subjected  to  the  torsional  tests. 


eliminated  ；  but,  coincidently  with  that  elimination,  very  slight 
modifications  in  the  mechanical  properties  of  the  metal  are 
observable.  This  shows  that  the  small  quantities  of  suboxide 
disseminated  in  the  zone  of  welding  have  but  little  effect  in  the 
way  of  modifying  the  properties  of  the  metal.  This  difference 
of  structure  between  the  original  metal  and  the  metal  added  in 
welding  may  be  easily  noted  by  direct  observation,  without 
even  the  aid  of  the  microscope.  A  close  examination  of  a  section 
of  the  above-mentioned  example  2  (Table  I.)  cut  from  the  piece 
subjected,  to  the  torsional  test,  near  the  zone  of  rupture  and 
etched  by  an  aqueous  50  per  cent,  solution  of  nitric  acid,  showed 


zone. 


Fig.  l. 

that  the  metal  was  not  deformed  by  the  strain  to  which  it  was 
subjected  ；  that  the  rupture  did  not  take  place  in  the 
fused  and  welded  zone,  but  in  a  neighbouring  zone, 
following  the  margin  of  the  weld-surface  in  the  original 
metal  that  had  not  undergone  fusion.  A  more  minute  investi- 
gation, while  showing  continuity  between  the  welding  material 
and  the  original  metal,  also  revealed  in  this  intermediate  zone 
the  presence  of  innumerable  tiny  vesicular  cavities.  They  were 
recognisable  even  by  direct  observation  of  the  fractured  surface  of 
the  sample,  imparting  to  it  a  peculiar  loose  granulation  apparently- 
due  to  the  presence  of  oxide.  A  micrograph  was  obtained 
showing  precisely  the  characteristic  texture  of  this  intermediate 


At  the  bottom,  the  fused  portion  of  the  original  niHa 
and  the  welding  material  was  compact  and  non-vesicular  ；  on 
the  other  liand,  cavities  were  numerous  in  f he  /one  <，f  metal 
which  had  not  been  subjected  to  fusion.  Th<'  s;uu('  obscrvuf  ion 
may  be  extended  to  all  tlie  welded  samples  of  coppor  in  which 
fracture  lias  taken  place.  Examination  of  the  fractured  surfaces 
of  pieces  of  welded  copper  which  luul  been  subjected  to  the 
torsional  and  shock  tests  showed  that  the  rupture  of  th(;  welded 
samples  had  taken  place  along  the  margin  of  the  chamfer.  Tl"' 
explanation  of  this  apparently  curious  fact  is  easy  enough,  if  、v(» 
consider  under  what  conditions  the  welding  of  copper  takes 
place.  The  great  thermal  conductivity  of  "屮 ！"'r,  for  one  tiling, 
is  well  known  ；  this  conductivity,  indeed,  is  so  great  as  to  make 


Fig.  2. 

the  process  of  welding  big  masses  extremely  difficult,  if  not 
impossible.  We  know  also  how  easily  that  metal  absorbs  gases 
at  high  temperatures.  In  the  oxy-acetylene  process  of  welding, 
the  tongue  of  the  flame  is  rich  in  hydrogen  and  in  carbon  mon- 
oxide, products  of  combustion  which  are  easily  absorbed  by  the 
metal  during  the  heating  up  that  precedes  fusion,  prolonged  as 
it  is  by  the  high  thermal  conductivity  of  the  metal. 

When  the  internal  surface  of  the  parts  which  are  to  be  welded 
begins  to  melt,  then  the  metal  used  for  the  weld  is  applied  thereto, 
its  fusion  taking  place  with  extreme  rapidity,  the  period  of 
heating  being  very  briefer,  as  the  material  used  consists  of  fine- 
drawn wire.    Cooling  and  solidification  also  ensue  quickly  ；  while. 


Table 


I)iameter=  15     .  • 

Useful  length  =  150 
Do. 


Do. 


Do. 

Diameter  二  12 

Useful  length  =  1(H) 
Do. 

Do. 
J)o. 

Do. 


Reheated  

Cooled  in  air  after  welding 


Do. 

Reheated  

Not  repeated   

As  Sample  2   

As  Sample  4   

Hammered    and  reheated 
after  w*'l(l"i 乂. 

Do. 


0-38 


44-  f>  in  the  weld 


43  0  do. 


36-0  do  

54  0   

35 •  0  in  the  weld 


34 

5 

do. 

0 

do. 

40 

0 

do. 

Not  welded. 

Welded  with  pure  copper  ； 
rupture  in  the  weld  ；  frac- 
ture coarsely  and  irregularly 
granular  ；  vacuoles  (small) 
present. 

Welded     with  phosphorised 
copper  ；  rupture  in  the  weld  ； 
in edium- gra i n ed  fracture. 
Do.  do. 

Not  welded. 

Welded    with    pure    copper  ； 
rupture  in  the  wekl  ；  coarsely 
granular  fracture. 
Do.  do. 

Do.,  medium-grained  fracture. 

Welded  with  phosphorised 
copper  ；  rupture  in  the  weld  ； 
mecliuin-grained  fracture. 


230  43-4 

10-  5  2-6 

12-3  31 

11-  3  4-8 
24  O  400 

12-  9  20 
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No.  of 
Sam- 


Initial  Dimensions 
of  iSamplc. 


Thermal 
Treatment. 


Indicated 
Angle. 


Breaking 

Test. 
Kgr.  Mm. 


Mean  Chemical  Analysis. 


Of  the 
Metal, 
per  cent. 


Of  the  Welded 
Zone, 
per  cent. 


Remarks. 


*  Sec  Table  II. 


from  the  mass  of  metal  which  heated  up  more  slowly,  that  is, 
from  the  original  surface  of  the  chamfer,  the  gases  absorbed  in 
great  quantity  during  the  period  of  heating  wliicli  preceded  the 
actual  welding  are  eliminated  coincidently  with  the  fall  of 
temperature. 

But  the  elimination  of  these  gases  is  not  complete,  as  the 
main  mass  of  the  added  welding  material  is  at  tliis  time  quite 
solidified,  and  so  t  heir  occlusion  del  ermines  t  lie  formation  of 
small  vacuoles  along  the  original  surfaces  of  the  welded  parts, 
that  is,  along  the  surfaces  of  chamfer.  These  surfaces,  pitted 
with  vacuoles  and  considerably  oxidised  (despite  the  precautions 


Fig.  3. 

observed  during  the  process  of  welding),  constitute  a  plane  of 
weakness  when  the  metal  is  subjected  to  strains  and  stresses, 
and  it  is  consequently  along  them  that  fracture  takes  place. 

The  inevitable  existence  in  the  zone  of  welding  of  a  weak 
surface,  of  low  resisting  power,  being  admitted,  it  will  be  easily 
understood  how,  when  carrying  out  mechanical  processes  on  the 
weld,  as,  for  example,  by  hammering,  which  are  intended  to 
assimilate  the  structure  of  the  welded  portion  to  the  original 
structure  of  the  metal,  we  obtain  a  very  low  efficiency  factor, 
if  not  one  equivalent  to  zero.  This  will  be  noted  on  referring 
to  the  data  set  forth  in  Table  I.,  and  for  this  reason  I  have  not 
thought  it  opportune  to  insist  on  these  mechanical  processes  in 
tlie  course  of  the  various  series  of  experiments. 

Of  greater  efliciency,  on  tin1  otJier  hand,  are  thermal  processes 
HUcli  as  r<'lic;itii)^  for  ； iltoul  lwtlf  <mi  hour  to  750°  or  800°  C,，  to 


which  several  samples  were  subjected  after  welding,  as  may  be 
gathered  from  the  results  set  forth  in  Tables  I.  and  II.  A 
favourable  effect  on  the  mechanical  properties  of  the  welded 
metal  might  be  expected  from  this  treatment,  as  it  tends  to 
relieve  the  strain  often  set  up  within  the  metal  during  the  process 
of  welding,  and  to  restore  li<»mog('ii('ity  to  its  structure.  We 
may  note  iti  this  respect  the  results  obtained  from  the  Brinell 
tests  of  hardness  (see  Table  I  ). 

Table  Tl, 一 Shock  Tests  with  the  Charpy  Apparatus  on  Pris- 
matic Bods,  10x10x60  millimetres,  with  semi-circular 
notch  half-tvaj/  down,  2  millimetres  deep  (distance  of  sup- 
ports, 40  viillimetrcs). 

Bob  (weight)  =  22 •  45  kilogrammes. 
h=  1  *  3363  metre. 


No.  of 
Sample. 

Initial 
Dimens'ns 

Thermal 

Angle 

Break- 

of the 

Treatment. 

of  the 

ing  Test. 

Remarks. 

Sample. 

Indicat'r 

Kgs.  Mm 

1 

Rods,  3r> 
mm.  in 
iliam. 

110° 

8-936 

Not  welded. 

2 

Do. 

Reheated  . . 

109° 

0-J94 

Not  welded. 

Do. 

Cooled  in  air 
after  weld- 
ing. 

139° 

2-464 

Welded  with  phosphor- 
ised  copper  ；  medium- 
grained  fracture. 

4 

Do. 

Do. 

134° 

3*407 

Welded  with  pure  cop- 
per ； coarsely  granular 
fracture. 

5 

Do. 

Reheated 
after  weld- 
ing. 

132° 

3-807 

Do.  do. 

Bronze. ― A  second  series  of  analogous  investigations  was 
carried  out  on  three  ordinary  types  of  bronze,  which,  for  the  sake  of 
brevity,  are  here  designated  as  A，  B,  and  C.  Their  chemical 
composition  was  as  follows  ： ― 


A. 

B. 

- c:  '•  i'  _ 

Per  cent. 

Per  cent. 

Per  cent. 

94-2 

87-9 

87-1 

Tin  

5-7 

] 1-01 

9-3 

1-53 

3-48 

The  metal  was  in  the  form  of  rods,  measuring  25  millimetres 
(lin.)  in  diameter,  cast  in  moulds  of  well-dried  earth,  so  as  to 
ensure  homogeneity  of  the  alloy.  As  welding  material,  very 
tliin  rods  of  bronze  of  exactly  similar  composition  were  used. 
The  experiments  were  (•onductpd  in  the  same  manner  as  the 
first  series.    But  we  must  at  once  observe  that  in  every  cine, 
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despite  all  the  precautious  taken,  innumerable  vesicular  cavities 
were  formed  in  the  zone  of  welding  over  the  entire  surface  of 
the  weld.  For  this  reason  I  have  thought  it  advisable  to  limit 
investigation  to  tests  of  fragility  and  to  microscopic  examiuatioii : 
the  former  were  carried  out,  assuredly  not  in  the  expectation  of 


Fig.  4. 

determining  with  precision  the  mechanical  properties  of  the 
metal  (more  or  less  modified  in  process  of  welding),  but  in  order 
to  ascertain,  at  all  events  approximately,  how  far  its  resisting 
power  had  diminished.    In  the  accompanying  Table  III.  are 

set  forth  the  results  of  the  ex- 
periments and  the  observations 
to  wliicli  they  gave  rise. 

Microscopic  examination  of 
the  various  samples  has  con- 
firmed the  experimental  re- 
sults. The  great  heat  to  which 
the  metal  is  subjected,  and  the 
sudden  variations  of  tempera- 
ture which  occur  within  it  dur- 
ing the  process  of  welding  and 
in  the  course  of  the  subsequent 
cooling,  each  play  their  part  in 
modifying  profoundly  the 
structure  of  the  metal  in  the 
zone  of  welding.  High  tem- 
peratures, facilitating  the  oxi- 
dation of  the  fused  metal  by 
means  of  the  action  of  the 
oxygen  of  the  atmosphere,  de- 
termine, in  the  first  place,  the 
oxidation  of  those  constitutive 
elements  of  the  alloy  which 
have  most  affinity  for  oxygen 
- ~ as,  for  instance,  tin,  zinc, 
and  lead.  This  oxidation  re- 
veals itself  in  the  decreased 
proportion  of  those  elements 
which  in  part  are  volatilised 
and  in  part  pass  into  the  slag 
in  the  form  of  oxides  ；  also  in 
the  formation  of  bubbles  or 
vesicles,  arising  from  the  par- 
tial reduction  of  these  very 
oxides  by  the  excess  of  metal 
(the  metallic  】nass)  present  ； 
also  in  the  lowering  of  tlic 
mechanical  properties  of  the 
zone  of  welding  caused  by  the 
innumerable  vacuoles  set  uj) 
within  it,  and  accentuated  by  the  diffusion  of  tin  dioxide  (8n02) 
in  the  mass  of  the  alloy,  partly  in  the  shape  of  acicular  inclusions. 

Moreover,  the  high  temperature  attained  in  the  course  of 
the  process  of  welding,  with  alloys  of  low  tin  content  (alloy 


A),  in  which  really  a  single  constituent  is  present ~ a  "  mixed 
crystals  "  of  copper  and  tin ~ determines,  as  we  liavc  seen  in  the 
case  of  pure  copper,  a  commouceuHMit  of  ignition  of  tlic  metal, 
with  tlie  consequent  formation  of  big  granules. 

Finally,  the  rapid  variations  of  tcinp(Matur(i  duiiii^  。"' 
process  of  welding,  determine ― in  the  case  of  bronzes  of  higher 
tin  content,  wherein  two  constituents  are  present,  namely, 
the  a  and  /3  mixed  crystals  of  copper  and  tin ― an  irregular 
and  very  conspicuous  sub-division  of  these  constituents,  imparting 
to  the  metal  a  heterogeneous  structure.  This  will  be  seen  on 
referring  to  Fig.  3  (enlarged  80  diameters,  etclied,  with  a  4  per 
cent,  hydrochloric  acid  solution,  of  ferric  chloride),  which  illus- 
trates the  structure  of  the  zone  of  welding  of  sample  B  2  (Table 
III.).  Here  we  see  clearly  the  minutely  irregular  distribution  of 
the  "  solid  solution  "  0,  whicli  is  made  the  more  manifest  by 
comparison  with  Fig.  4,  representing  the  well-developed  homo- 
geneous structure  of  the  original  reheated  metal  (sample  Bl, 
Table  III.). 

The  localisation  of  the  surface  of  fracture  in  the  samples  of 
welded  copper  to  the  margin  of  the  chamfer  is  again  observed 
in  the  case  of  the  zone  of  welding  of  bronzes.  The  consequent 
structural  modification,  partly  analogous  to  that  undergone  by 
copper,  is  illustrated  in  Fig.  5  (usual  enlargement,  usual  etching) 
which  represents  the  passage-zone  between  the  fused  welding 
material  and  the  original  surface  of  sample  C  2  (Table  III.). 
Towards  the  top  of  this  figure  we  notice  numerous  vacuoles, 
while  those  are  absent  in  the  fine-textured  welding  material, 
made  up  of  small  inaulw  of  load  aud  of  "  solid  solution  '?  fi, 
immersed  in  a  sea  of  "solid  solution  "  a. 

Admitting  all  that  precedes,  we  may  reasonably  expect 
that  an  appropriate  reheating  of  the  welded  portion  will  prove 
even  more  efficacious  than  in  the  case  of  copper,  because,  in 
addition  to  relieving  the  internal  strains  of  the  metal  set  up  by 
the  process  of  welding,  it  tends  to  restore  to  it  an  improved 
homogeneity  of  structure. 

{To  be  continued,) 


IMPELLERS  FOR  TURBO-COMPRESSORS  OR  CENTRIFUGAL 

PUMPS. 

The  accompanying  illustrations  show  a  construction  of 
impeller  for  turbo-compressors  or  centrifugal  pumps,  the 
invention  of  the  Warwick  Machinery  Company  (1908),  Ltd., 
83，  Cannon  Street,  London,  E.C.,  and  Mr.  R.  H.  Collingham. 
The  impeller  is  in  the  shape  of  a  disc  having  blades  or  vanes 
secured  to  or  formed  integral  with  the  disc  on  both  sides.  A 
single  entrance  is  provided  on  one  side  for  the  fluid  to  pass  to 
the  impeller  and  apertures  are  formed  in  the  disc  to  allow  tlie 
fluid  to  pass  to  the  side  remote  from  the  entrance.    The  blades 


IMPKLLEU  FOlt  TURBO-COMrUESSOUS  UB  CENTRIFUGAL  PUMPS. 

are  formed  so  that  some  at  least  extend  to  the  nave  or  boss  of 
the  disc,  the  longer  vanes  on  the  inlet  side  being  bent  so  that 
the  edges  meet  the  incoming  fluid  with  as  little  shock  as 
possible.  The  area  of  the  apertures  through  the  disc  is  made 
sufficient  to  allow  the  incoming  fluid  to  flow  in  as  unrestricted 
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a  manner  as  possible  to  the  side  of  the  impeller  remote  from 
the  inlei  so  that  during  operation  a  portion  of  the  fluid  drawn 
into  the  casing  will  pass  through  the  apertures.  If  the 
number  aud  lengths  of  the  blades  or  vanes  of  both  sides  of  the 
disc  are  equal,  the  pressure  head  generated  along  both  sides 
of  the  impeller  will  be  equal  and  there  will  be  no  end  thrust 
due  to  unbalanced  forces,  consequently  no  thrust  bearings  or 
other  balancing  devices  are  required  to  take  up  the  unbalanced 
t  hrust  or  produce  an  equal  and  opposite  tlirust.  The  position 
of  the  disc  or  w&b  may  be  varied  from  the  centre  so  that  the 
widths  of  the  vanes  on  either  side  will  differ  and  the  amounts 
of  fluid  passing  through  on  each  side  will  be  unequal .  The 
actual  position  of  the  web  is  fixed  by  theoretical  and  practical 
considerations  in  each  case. 

Referring  to  the  illustrations,  A  represents  the  central  web 
or  disc,  upon  both  sides  of  which  are  blades  or  vanes  B  either 
secured  to  or  formed  integral  with  the  web.  Some  of  these 
blades  as  shown  extend  to  the  nave  or  boss  of  the  disc.  The 
incoming  fluid  enters  the  impeller  through  the  aperture  C  and 
the  inner  edges  of  these  blades  on  the  entering  side  of  the 
impeller  are  curved  so  as  to  meet  tlie  incoming  fluid  with  as 
little  shock  as  possible.  In  order  to  allow  some  of  the  fluid  to 
pass  to  the  other  side  of  the  impeller  apertures  D  are  formed 
through  the  disc  A.  This  construction  permits  of  a  consider- 
able reduction  in  the  over-all  dimensions  of  turbo  pumps  or 
compressors  as  compared  with  double  inlet  impellers,  especially 
when  a  plurality  of  impellers  are  used  in  series  with  each 
other.  It  is  also  very  well  adapted  for  dealing  with  gases 
and  liquids  at  high  temperatures  or  for  such  fluids  as  contain 
tar  or  other  impurities,  as  small  clearances  between  the 
impeller  and  casing  are  unnecessary. 


MISCELLANEA. 

Boiler  Explosion  at  Birmingham.— The  formal  investigation 
ordered  by  the  Board  of  Trade  to  be  held  into  the  boiler 
explosion  which  occurred  at  the  premises  of  the  late  firm  of 
Messrs.  W.  H.  Butcher  &  Co"  30，  Princip  Street,  Birming- 
ham, is  fixed  for  hearing  in  the  Council  House,  Birmingham, 
on  Wednesday,  the  30th  inst.,  at  11  a.m. 

The  Institution  of  Mechanical  Engineers, ― The  first  monthly 
general  meeting  of  the  coming  session  will  be  held  on  Friday, 
the  25th  inst"  at  8  p.m.,  when  papers  on  i(  Characteristic 
Dynamical  Diagrams  for  the  Motion  of  a  Train  during  the 
Accelerating  and  Retarding  Periods/'  by  Prof.  W.  E.  Dalby, 
and  "  Theory  and  Experiment  in  the  Flow  of  Steam  through 
Nozzles/'  by  Prof.  J.  B.  Henderson,  D.Sc,  of  Greenwich,  will 
be  read. 

"Electrit"  Grinding  Wheels.— A  new  abrasive,  termed  "  Elec- 
trit,"  is  made  from  pure  aluminium  oxide  by  melting  it  in 
an  electric  furnace  at  a  temperature  of  about  3,000°  C.  (5,400° 
Fah.).  Its  specific  gravity  is  less  than  that  of  emery  aud 
corundum,  but  its  hardness  is,  it  is  stated,  considerably  higher, 
about  9^  on  the  10。  hardness  scale.  The  grain  of  "  electrit  ，， 
is  almost  amorphous,  resistant  under  pressure  ar.d  shock,  tough 
and  not  brittle.  "Electrit"  grinding  wheels  are  bound 
ceramically,  are  proof  against,  moisture  and  acids,  aud  can  be 
used  either  for  wet  or  dry  grinding. 

West  of  Scotland  Iron  and  Steel  Institute— The  21st  session 
of  the  West  of  Scotland  Iron  and  Steel  Institute  opened  on 
Friday  last,  when  Mr.  Walter  Dixon  delivered  his  presidential 
address.  During  the  session  papers  will  be  read  by  Mr.  F. 
Rogers  (Sheffield)  on  the  li  Resistance  of  Steel  to  Shock," 
Prof.  Coker  (London)  on  "Colour  Photography  of  Interval 
Stress  in  Bodies  of  Engineering  Form,"  Prof.  Turner  (Bir- 
mingham) on  "  Puddling/'  Mr.  C.  O,  Bannister  (London)  on 
Regeneration  and  Recuperation  of  Waste  Heat,"  besides 
papers  by  Profs.  Campion  and  Longbottom  (Royal  Technical 
College,  Glasgow),  and  by  Mr.  F.  W.  Matthewman  (Sheffield). 

The  Smoke  Nuisance. ― The  Manchester  Branch  of  the  Smoke 
Al);itornent  League  of  Great  Britain  sent  a  deputation  to  the 
'l'r;i(im"r  Profits  Committee  of  the  Manchester  Corporation  on 
the  16th  inst.  in  order  to  submit  proposals  which  would  en- 
courage the  use  of  gas  and  electricity,  and  thus  reduce  the 
smoke  nuisance  in  the  city.    Prof.  Chapman  said  that  it  was 


generally  agreed  by  economists  that  it  was  right  for  the  com- 
munity to  make  profits  in  certain  directions  in  order  to  sub- 
sidise their  work,  but  they  must  choose  the  right  articles  to 
tax.  Gas  and  electricity  were  pre-eminently  the  wrong  articles, 
as  their  taxation  meant  the  pollution  of  the  atmosphere.  Gas 
cooking  was  now  about  at  the  margin  of  profitableness.  A 
small  reduction  in  price  might  mean  a  big  increase  in  use,  and 
would  therefore  pay  the  community  well.  The  smoke  in  Man- 
chester was  responsible  for  driving  people  out  of  Manchester, 
and  for  the  rateable  value  not  increasing  as  fast  as  it  should. 
The  committee  promised  to  give  the  matter  due  considera- 
tion. 

Dynamometer  Car  for  Japan. ― Prof.  E.  C.  Schmidt,  of  the 
University  of  Illinois,  has  been  commissioned  by  the  Japanese 
Government  to  design  a  railway  dynamometer  car  for  the 
Imperial  Government  Railways.  The  car,  which  will  be  con- 
structed under  the  supervision  of  Prof.  Schmidt,  and  is 
expected  to  be  delivered  next  spring,  is  to  be  48ft.  long,  8ft. 
6in.  wide,  adapted  at  present  for  3ft.  Gin.  gauge,  with  pro- 
vision for  changing  later  to  4fi.  8Ain.  gauge.  It  is  to  be 
equipped  with  vacuum  brakes,  and  the  design  of  such  details 
as  drawbar,  buffers,  journal  boxes,  &c.;  is  to  conform  to 
Japanese  railway  standards.  The  car  is  to  be  of  the  hydraulic 
dynamometer  type  such  as  has  been  developed  at  the  Uni- 
versity of  Illinois.  The  recording  apparatus  will  permit  the 
measurement  of  tractive  efforts  up  to  80，0001bs"  and  will 
provide  also  for  the  measurement  of  speed,  time,  distance, 
vibration,  buffer  thrust,  &c.  The  car  and  the  apparatus  will 
be  designed  for  a  maximum  speed  of  85  miles  per  hour.  Axle 
generator  and  storage  battery  will  be  provided  to  supply 
current  for  operating  the  recording  apparatus  and  for  lighting 
purposes. 

Battery-driven  Train.  ―  The  first  railroad  train  operated 
by  storage  batteries  equipped  with  multiple  unit  control 
recently  ran  a  trial  trip  over  the  Long  Island  Railroad,  when 
the  distance  of  25  miles  was  covered  in  57  minutes,  and  the 
return  journey  in  53  minutes.  The  train  is  equipped  with 
Edisou  storage  batteries.  It  has  been  built  for  the  United 
Railways  of  Cuba  and  is  intended  for  service  on  a  branch  from 
Havana  about  100  miles  long,  on  which  a  steam  locomotive 
drawing  one  coach  is  now  employed.  It  consists  of  three  cars, 
each  equipped  with  four  200-volt  motors  and  216-cell  Edison 
batteries.  Th©  important  feature  is  that  more  than  one  car 
is  operated  by  a  single  controller  according  to  the  multiple 
unit  control  system .  The  battery  has  a  capacity  of  60  to  100 
miles  with  seven  hours'  charging,  but  by  giving  it  short  inter- 
mediate charges  during  the  day's  work  a  higher  efficiency  and 
a  greater  mileage  can  be  secured.  The  power  consumed  by 
the  train  on  its  demonstration  run  was  about  4  kw.  per 
train  mile. 

Institution  of  Engineers  and  Shipbuilders  in  Scotland. ― The 

syllabus  for  the  56th  session  of  the  Institution  of  Engineers 
and  Shipbuilders  in  Scotland  has  just  been  issued .  The 
session  was  opened  on  October  22nd  by  a  meeting  in  the 
Rankine  Hall  of  the  Institution,  39，  Elmbank  Crescent, 
Glasgow.  At  this  meeting  the  president ~ Mr.  E.  Hall- 
Brown,  now  general  manager  of  the  Middlesbrough  works  of 
Messrs.  Richardsons,  Westgarth,  &  Co.，  delivered  his 
inaugural  address.  During  the  session  a  number  of 
important  papers  will  be  read,  among  those  arranged 
being :  <(  Development  iu  Auxiliary  Units  Between  Exhaust 
Pipe  and  Boiler,"  by  Mr.  William  Weir;  il  Recent  Develop- 
ments in  Wireless  telegraphy,"  by  Mr.  J.  Erskine-Murray, 
D.Sc.  ；  11  Subdivision  of  Ships,"  by  Mr.  J.  Brulin,  D.Sc, 
chief  surveyor  to  the  Norske  Veritas  ；  "  Boat-loweriug 
Appliances,"  by  Mr.  Axel  Welin  ；  "  Oil-carrying  Steamers," 
by  Mr.  J.  Montgomerie,  B.Sc.  ；  "Injuries  to  Ste«l  Sub- 
sequent to  Its  Manufacture,"  by  Mr.  Cecil  H.  Desch,  D.Sc, 
Ph.D.  ；  "Oil  Fuel  for  Power  Purposes/'  by  Prof.  Thomas 
Gray,  D.Sc"  Ph.D.,  and  Prof.  A.  L.  Mellanby,  D.Sc.  ；  and 
" Moulding  Machinery  for  Foundry  Purposes,"  by  Mr. 
Thomas  Macdonald. 

Cleaning  Evaporator  Tubes, ― At  present,  says  L.  W.  Thur- 
low  in  the  "  International  Sugar  Journal,"  there  is  much 
lack  of  system  in  the  selection  of  suitable  means  for  removing 
scale  from  the  evaporator  tubes  of  multiple-effect  apparatus 
used  in  cane-sugar  factories.    When  the  scale  consists  chiefly 
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of  calcium  oxalate,  sulphate,  and  carbonate,  it  is  of  little  use 
applying  sodium  hydrate  (caustic  soda),  as  the  surface  of  the 
incrustation  remains  quite  hard.  Hydrochloric  acid  alone 
has  but  little  effect,  as  this  only  slightly  disintegrates  the 
surface.  The  most  effective  means  is  to  treat  first  with  a 
boiliug  solution  of  sodium  carbonate,  and  then  with  dilute 
hydrochloric  acid.  The  sodium  carbonate  should  be  a  3  per 
cent,  solution,  aud  the  hydrochloric  acid  1  per  cent.  Fill  the 
evaporator  with  a  3  per  cent,  solution  of  sodium  carbonate 
and  raise  the  temperature  to  the  boiling  point,  without  a 
vacuum,  as  a  high  temperature  is  desirable.  Every  half- 
hour  titrate  a  sample  of  the  evaporator's  contents  against 
standard  acid,  and  continue  the  boiling  until  the  figures  are 
constant  :  the  transformation  from  oxalate  and  sulphate  into 
carbonate  is  then  complete.  Now  run  off  the  liquid  in  the 
evaporator,  fill  it  up  again  with  water,  and  then  add  the  1  per 
cent,  solution  of  hydrochloric  acid.  Heat  to  boiling  and  again 
titrate  against  standard  alkali.  The  reaction  is  generally  com- 
plete within  one  hour. 

The  Corrugated  Ship. 一 At  the  Royal  United  Service  Insti- 
tution, Whitehall,  on  the  16th  inst"  Captain  G.  S.  Macilwaine, 
R.N.,  read  a  paper  on  the  corrugated  ship.  The  author  said 
the  corrugated  ship  followed  a  number  of  digressions  from  the 
normal,  some  of  them  more  or  less  ephemeral,  and  was,  he 
believed,  destined  to  a  more  prolonged  life  than  some  of  its 
predecessors.  The  claims  put  forward  for  the  ship  were  that 
she  was  stronger  than  the  plain  ship,  that  she  was  steadier  at 
sea,  that  her  stability  was  greater,  that  vibration  was  much 
reduced,  and  though  her  tonnage  remained  the  same,  her  capa- 
city for  cargo,  both  bulk  and  weight,  had  increased,  that  her 
construction  facilitated  the  handling  of  cargo  in  her  holds, 
that  her  cost  of  construction  was  not  greater  and  in  time 
would  probably  be  less  than  that  of  the  plain  ship,  that  she 
was  handier  aud  answered  the  helm  more  quickly,  and  that  she 
was  faster  for  the  same  horse-power,  or  more  economical  in 
fuel  for  the  same  speed.  He  had  no  hesitation  in  saying  that 
of  the  two  the  corrugated  ship  was  much  less  vulnerable 
than  her  plain  sister,  that  she  would  stand  collisions  of  all 
sorts  better,  and  in  case  of  injury  would  be  more  easily  re- 
paired, and  that  she  was  in  every  way  much  stronger  than 
the  plain  ship.  The  lecturer  gave  particulars  of  the  "  Moiii- 
toria  ，，  and  the  "  Hyltonia，"  two  corrugated  vessels,  bearing 
out  his  contentions.  He  explained  that  the  space  between  the 
corrugations  seemed  to  act  as  a  conduit  pipe  supplying  the 
screw,  which  in  its  turn  seemed  almost  to  ])!ay  the  part  of  a 
pump,  drawing  a  solid  mass  of  water  along  the  ship's  side  in 
wliich  to  work.  The  corrugated  principle  was  applicable  to 
vessels  of  all  sorts,  from  the  yacht  to  the  most  heavily 
armoured  battle-ship.  If  he  were  right,  the  birth  of  the  cor- 
rugated idea  meant  nothing  short  of  a  revolution  in  tlie  build- 
ing of  ships,  whether  pleasure,  life-saving,  mercantile,  or 
Imperial. 

Flotation  of  Ores. ― At  a  meeting  of  the  Institution  of  Mining 
and  Metallurgy  held  in  London  on  the  18th  inst.,  Mr.  J.  W. 
Ashcroft  read  a  paper  dealing  witli  ''  The  Flotation  Process  ，， 
as  applied  to  the  concentration  of  copper  ore  at  some  mines 
in  New  South  Wales.  The  former  mill  using  water  washing 
gave  a  concentrate  carrying  about  20  per  cent,  of  copper  with 
an  extraction  of  74  per  cent.,  but  since  smelting  was  aban- 
doned and  the  ore  shipped  the  】iigh  cost  of  transport  necessi- 
tated better  working.  The  oil  flotation  process  has  been 
proved  successful  in  raising  the  extraction  to  86  per  cent.,  and 
the  tenor  of  the  concentrate  to  22  6  per  cent,  of  copper.  Tlie 
ore,  after  crushing  and  sizing,  is  mixed  with  a  very  small  pro- 
portion of  eucalyptus  oil,  which  is  manufactured  cheaply  in 
the  district,  arirl  the  froth  which  is  produced  buoys  away  most 
of  the  copper  minerals,  these  being  recovered  by  settlement  in 
a  tank.  The  cost  of  installation  was  shown  to  be  quite  25  per 
cent,  less  than  the  former  mill,  and  the  cost  of  running  the 
flotation  process  was  no  more  when  calculated  on  a  basis  of 
the  higher  grade  of  product  got.  The  process  also  possesses 
the  advantage  over  other  similar  processes  in  that  no  acid  is 
required,  and  the  solutions  do  not  require  to  be  heated.  Mr. 
Asli'-roft  described  improvements  made  to  effect  greater  saving 
by  regulating  the  ore  feed  and  the  thickness  of  the  pulp, 
acrurate  control  of  the  oil  supply  and  the  speed  of  the  stirrers 
also  being  important. 


INDUSTRIAL  AND  TRADE  NOTES. 

Fatalities  from  Industrial  Accidents. —- Uiiw'  o\'  w';mi*'ii.  thn 
limnber  ol  w orkjicoplc  reported  as  killed  in  tho  <'oms('  ot  Ui"ir 
employment  (luring  vSept(*inl)cr  was  '210.  】）m  ing  the  niiic  nioiiths 
t'lulod  ScptiMiihtM-j  the  total  liumlw  of  workpeople  reported  as 
killed  ill  the  course  of  their  omployrncnt  (exclusive  of  seamenj 
was  2,173.  The  number  of  seamen  killed  in  the  same  period  was 
1,740.  • 

Yates  &  Thom,  Ltd. ― This  engineeiin^  firm  reports  a  profit  for 
the  year  ended  August  10th  of  £16,172,  making,  with  .€H,.j2!i 
brought  forward,  a  total  of  £24,701.  Debenture  interest  absorbs 
£4 ; 040,  depreciation  £5,000,  and  preference  interest  £6,215.  The 
directors  recommond  a  dividend  on  the  ordinary  shares  of  2i  ]>er 
cent,  for  the  year,  absorbing  £2}S2o}  leaving  £*>,G21  to  be  carried 
forward. 

The  New  Light-armoured  Cruisers.— It  is  understood  that  five  oi 
the  new  light-armoured  cruisers  are  to  have  Parsons  turbines  aii<I 
three  Brown-Curtis  turbines.  The  Parsons  ships  will  ijo 
Beardmore's  three  and  Vickers's  two.  Faii-field's  ship  is  to  have 
Brown-Curtis  turbines,  and  so  are  the  two  ships  which  are  to  be 
built  at  Chatham  and  Pembroke  respectively.  The  contractors 
for  the  machinery  of  the  dockyard  ships  are  the  Thames  Ironworks 
Company. 

Oil  Engines  for  a  Naval  Tank  Ship. ― The  Admiralty  have,  we 
are  informed,  placed  contracts  for  marine  oil  engines  greater  in 
power  than  any  yet  put  in  hand  for  the  British  naval  service. 
Messrs.  Vickers,  Ltd.,  have  been  entrusted  with  the  work,  and 
the  new  engines,  which  are  of  the  Vickers  design,  are  to  be  fitted 
in  a  vessel  460ft.  long  with  oil  tanks  to  carry  8,000  tons,  for  the 
supply  of  fuel  oil  for  warships  at  sea.  There  will  be  two  engines 
iii  the  ship  driving  twin  sci  ews;  and  each  of  these  will  have  eight 
cylinders.    Messrs.  Vickers  will  also  build  the  vessel. 

The  Tecs  and  Armour-plate  Making. ― A  scheme  is,  we  learn;  under 
consideration  for  establishing  armour-plate  works  in  South 
Durham,  or  on  the  Yorkshire  bank  of  the  Tees.  The  inakiiig  of 
armour-plate  is  at  present  confined  to  a  few  firnis,  and  Sheffield 
is  the  most  important  centre  oi:  the  trade.  The  new  undertaking 
is  intended  to  compete  with  Sheffield  for  a  share  ot  the  "oik. 
Armour- plate  making  is  a  highly- specialised  industry,  and  the 
laying  down  of  the  necessary  plant  is  a  very  costly  matter.  The 
profits,  however,  are  reputed  to  be  huge,  and  up  to  now  the 
prices  have  been  the  more  easily  regulateil  because  of  the  small 
mimber  of  firms  in  the  business. 

Federation  of  Iron  and  Steel  Workers. ― The  ambitions  scheme  pro- 
moted some  time  ago  for  the  federation  of  all  trade  unions  in 
the  iron  and  steel  trades  has  received  a  set-back  by  tlie  hostility 
ot  the  British  steel  smelters,  perhaps  the  most  important  union 
in  tho  group.  The  result  of  the  ballot  gives  a  majority  of 
out  of  a  total  membership  of  27,885  against  the  scheme.  Only  a 
few  months  ago  the  sfceei  smelters  declared  heavily  iu  favour  ot 
au  amalgamation  of  all  unions  in  the  steel  trade,  but  the  scheme 
tell  through  owing  to  the  opposition  of  the  smaller  unions. 
Ultimately,  howevej'j  a  compromise  was  reached  by  which  t、vo 
small  unions  were  absorbed  by  the  steel  smelters. 

furness, Withy, &  Co. ，  Ltd. — Iii  a  circular  issued  a  i'e、v  days  ago  to 
shareholders  in 丄'， unless,  Withy,  &  Co.,  Ltd.,  the  directors  state 
that  they  find,  after  further  consideration  of  the  proposals  for 
enlarging  the  capital,  that  the  special  reasons  making  "  the 
early  adoption  ot  that  course  desirable  i  ave  disappeared,  since  the 
increased  profits  accruing  under  existing  trade  conditions  will 
enable  tho  directors  to  provide  for  the  payment  of  the  additional 
properties  recently  acquired.  Applying  the  surplus  profits  in  this 
maimer  they  regard  as  preferable  to  increasiug  the  sliare  capital.' 
The  board  propose  in  luturo  to  pay  quarterly  dividends  on  the 
oidinary  shares  of  2^  per  cent.,  free  of  income-tax,  making  10 
l)cr  cent,  per  amuuii,  the  arrangement  to  take  effect  on  31st  inst., 
when  an  interim  clividend  of  5  per  cent,  will  be  paid  for  the  two 
quarterly  periotls  ending  on  that  date. 

Motor  Barge. ― The  United  Alkali  Company,  Ltd.,  who  a  re  large 
users  of  barges,  decided  a  little  while  ago  to  expeHment  with 
a  Thornycrot't  set.  The  boat  in  w  hi  eh  this  is  fitted,  the  "  E.  K. 
Muspratt,"  is  a  ketch  84ft.  long  and  21ft.  Oin.  beam,  with  a 
cargo-carrying  capacity  of  200  tons,  and  is  now  engaged  in  trading 
on  the  Mersey  and  various  ports  around  the  Lancashire  coast. 
The  engine  has  four  cylinders,  Gin.  bore  by  Sin.  stroke,  driving 
a  propeller  at  350  revs,  per  minute,  aud  is  placed  att  of  the 
cargo  hold,  so  that  the  cargo  capacity  is  not  affected.  The  fuel  is 
paraffin.  On  a  run  of  over  400  miles  the  average  fuel  consump- 
tion proved  to  be  47  pint  per  broke  horse-power  per  hour.  Tlio 
longest  continuous  run  the  vessel  has  yet  】nacle  was  of  approxi- 
mately 12  hours'  duration,  and  、、ith  a  cargo  of  103  tons  she 
attained  a  speed  of  7\  knots  with  the  tide.  On  hor  trials  a  mean 
speed  of       knots  was  obtained. 
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Accident  Prevention. 一 In  a  recent  paper  on  "  Education  in  Acci- 
dent Prevention/'  Mr.  M.  W.  Mix,  the  president  of  the  Dodge 
Mil iiufactmiiiK  Company,  snid  that  in  order  to  'bring  the  matter 
oi  safety  directly  to  the  (Mnployes  of  his  coin])any,  tho  manaso- 
DKMit  propnrcfl  ；'  plan  oi'  vd'.n  ation  and  ('oni】"、titi(>"  hotwccu 
(lepju'tnionts  and  tli(、ir  l、）ivin('ii,  in  tlio  ionn  oi  ;i  j)OiTiintago 
st'oro  hoard.  The  start  in^  point  is  1,000.  Kach  division  is 
peualisofl  ； tocordiii^  to  its  acciilents,  minor  acci<lents  ot  Irss  tli;i n 
onv  (li、v，s  ;vl>senco  not  Ik"iik  coiisidored.  The  i'oivnicii  of  all  of  tin; 
divisions  scoring  1 ,000,  or  those  holding  tho  first  three  places 
Ik«1ow  1,000,  receive  prizes  of  personal  interest  each  month.  The 
foreman  scoring  the  largest  number  of  first  monthly  prizes  for 
one  year  receives  a  special  prize  at  the  end  of  the  year.  All 
divisions  holding  a  percentage  for  the  year  of  1,000,  or  the  highest 
iiiinual  percentage,  receive  two  days'  extra  pay. 

The  Utilisation  of  Peat. ― The  Peat,  (〕ol、<、，  ； uid  Oil  Syndicato  lias 
been  formed,  with  offices  at  Doncaster,  to  manufacture  from  peat 
foundry  coke  for  steel  smelting.  The  company  claims  to  have 
perfected  a  new  process  for  the  utilisation  of  peat  from  the  exten- 
sive peat  moors  around  DoiK-aster  and  district,  of  which  tlioi-e 
are  thousands  of  acres  v;u  \  in^;  in  cKii)th  from  4 It.  to  10it.，  and 
containing  millions  of  tons  of  fuel  and  by-pioducts.  For  soiih- 
time  experiments  have  been  made  with  poat  to  provo  its  com- 
mercial value  as  a  fuel,  with  the  result  tliat  this  company  i 卜 mow 
about  to  commence  the  mamihu-tuie  troin  peat  of  a  iomuli  \  (  "1、'' 
for  steel  smelting,  its  special  features  being  tlie  low  porcenta^os 
of  sulphur  and  ash ― viz.,  0*04  sulphur  and  4*70  ash.  Exhaustive 
tests  nave  been  made  to  warrant  the  company's  erection  of  a 
plant  to  manufacture  the  colie  for  steel  smelting  and  tor  use  in 
suction  gas  plants,  instead  of  anthracite  coal.  It  is  understood 
that  n  site  has  been  seen  red  for  the  works,  with  siding  acconnnu- 
diitiou  comniunicating  direct  、vitli  the  peat  moors. 

The  Boilermakers'  Society. ― The  report  of  the  Boilermakers' 
Society  for  the  month  of  September  states  that  the  ballot  which 
took  place  du ring  the  month  on  the  question  of  admitting  to 
membership  the  iron  ami  steel  'shipbuilders  omployed  in  r".v;i I 
dockyards  re.sulted  in  the  rejection  ot*  the  proposal  by  a  large 
majority.  Tlie  members  of  tlie  society  are  being  asked  to  vote 
at  the  iVovember  meetings  for  or  against  the  federation  of  Liver- 
pool shipwrights  with  th^  Boilermakers'  Society.  The  arrange- 
ment wnich  has  been  agreed  to  by  tlie  Liverpool  Shipwrights' 
Society  is  that  the  shipwrights  should  make  quarterly  payments 
equal  to  Id.  per  week  per  member,  and  that  dispute  benefits 
should  be  paid  by  the  Boilermakers'  Society  at  the  rate  of  8s.  per 
week  for  eight  weeks,  subject  to  the  sanction  of  the  Joint  Com- 
mittee. It  the  arrangement  is  accepted  by  the  boilernia kers  the 
agreement  will  remain  in  force  for  two  years. 

Employment  in  the  Engineering  Trades. ― The  employment  retmns 
of  the  Board  of  Trade  for  September  show  that  the  state  ot  the 
labour  market  continued  good,  and  was  slightly  better  than  a 
month  ago.  It  showed  a  considerable  improvement  ou  a  year 
ago,  when  it  had  not  quite  recovered  from  the  effects  of  tlie  dis- 
putes in  the  railway  and  other  transpoit  trades.  The  upward 
movement  in  wages  continued.  Compa red  with  a  juonth  ;i^o, 
there  was  some  improvenKMit  in  the  coal-n)ining,  pig-iron,  iron  and 
steel,  and  engineering  trades.  Employment  continuoci  good  in 
shipbuilding,  and  very  good  in  tinplate  niamii'acture.  (Jompaied 
with  a  year  ago  nearly  all  industries  showed  au  improvement3 
which  was  most  marked  in  the  pig-iroiij  iron  and  steel,  engiuei'i- 
ing,  and  shipbuilding  trades.  In  tlie  383  trade  unions,  with  a  net 
membership  of  877，8丄1，  making  returnsj  18； 785  (or  2'1  per  cent.) 
were  returned  as  unemployed  at  the  end  of  September,  1912, 
compared  with  2-"2  per  cent,  at  the  end  of  August,  1912,  and  2*9 
per  cent,  at  the  end  of  September ,  1911.  The  changes  in  rates 
of  wages  taking  effect  in  September  were  all  increases,  and 
a  mounted  to  £15,400  per  week  on  the  wages  of  260,000  work- 
people. 

Electric  Steel-smelting  on  Tyncsidc. — Steel-melting  by  electricity 
is  to  be  adopted  throughout  in  some  new  steelworks  to  be  erected 
on  the  Tyiieside  l>y  the  Stobie  Steel  Company,  of  Sheffield.  They 
\\  ill  })a  the  first  big  steelworks  in  Great  Britain  solely  engaged 
it)  the  electrical  manufacture  of  tool  steels,  alloy  steels,  and  other 
material.  Not  only  the  melting,  but  the  further  processes  will 
all  ))n  eai  ri(»d  out  by  electricity.  Such  an  important  project  would 
undoubtedly  have  been  carried  out  in  Sheffield  had  not  the 
cli urges  for  current  been  much  more  favourable  on  the  North- 
east Coast.  At  first  the  installations  will  consist  of  a  15- ton 
thivo-pliasc  sicel-nielting  furnace,  a  five-ton  two-phase  furnace  for 
！ special  steels,  and  a  3  cwt.  alloy-melting  furnace.  They  have 
been  desigiied  and  built  "by  Mr.  Victor  Stobie,  who  has  made  a 
special  study  of  eloctric  steel-mdtiiig.  Experiments  have  been 
('； m'i(»(l  out  for  two  years,  nnd  the  present  scheme  is  the  outcome. 
A  two-ton  Stol)ie  electric  steol-melting  furnace  is  shortly  to  be 
hiiilt  for  a  Sheffield  steelworks,  and  a  15-ton  furnace  is  also  pro- 
jected for  a  steelworks  in  tho  North . 


Canadian   Iron  and  Steel  Production  in  I9H. 一 Tho  American  Iron 

and  Steel  Association  has  recently'  publislicd  statistics  relating  to 
tlie  production  ol'  sUhA  ingots  and  of  rolled  iron  and  stoel  in 
('； (luring  tho  past  year.  The  pmdiicti(m  of  all  kinds  ol' 
！ st(、t、l  ingots  ； md  (:istings  in  Oai  ada  in  1 1)11  a'm»'iiit<、(l  to  700,87 丄 
^t-oss  tons,  ； ijj;;niist  7  H  ,U2  I  ions  in  19】0，  an  iiict'cnsc  ol'  18,!)  17  tons, 
or  nearly  jkm-    cent.      The    production    of    Hossemer  steel 

;uiH)iint<Hl  to  189,7^7  tons  in  1911,  against  199,570  tons,  and  open 
lioarth  hUhA  to  t'^)\  ,07 1  tons,  against  542,354  tons.    Of  tltp  toiiil 
oi'   opoii  lion rtii    st(M-l   in    1911，   581,222   tons    、v(、re    ingots  ;nid 
V,),oH2  tons  castings,  against  524,191  tons  of  ingots  and  18,163  tons 
of  ciistin^s.    All  the  ()p(、n- hearth  ingots  were  made  by  the  ，，； ts"; 


process.      The  following 
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26,642 

14,833 

Nail  plate,  bars,  &c  

207,534 

265,711 

323,427 

Total   

G62,741 

739,811 

77.3,121 

The  total  production  of  forged  iron  and  steel  by  rolling-mills 
and  sto*'l\\  oiks  in  ('； m:、<l:i  in  amounted  to  about  18,832  tons, 

of  which  about  787  tons  were  iron  and  about  18,045  tons  sUm-I. 
Jn  1911  there  were  27  works  in  six  provinces  which  made  steel 
ingots  or  castings  or  rolled  iron  or  steel  into  finished  forms, 
against  "21  works  in  six  provinces  in  1U10. 

British  Trade  with  Russia. — J'，igmvs  contained  in  a  Consular 
repoi*t  just  issued  showing  the  imports  into  Moscow  for  the  last 
live  >(.'；! is  from  tlie  iour  chief  countries  reveal  the  fact  that  Ger- 
many;  Fnuirt',  a iid  tiic  United  States  have  made  great  advances, 
while  British  imports  have  remained  almost  stationary.  Certain 
In  ;i  iiches  of  indiistrv,  s;i\s  the  i^iitish  Consul,  which  oi>ce  w fir 
j)r:i('ti('iill,y  British  inoiutpolics  ； i to  now  being  exploited  by  foreign 
competitors.  This  is  especially  the  case  with  spinning  machinery, 
w  Iiicli  at  one  time  w  as  almost  entirely  in  the  iiands  of  British 
Hrms,  partly  been  use  th<\st?  hi  nis  led  the  way  in  this  particular 
industry^  and  partly  hocause  the  managers  of  the  numerous  mills 
were  nearly  all  Englishmen.  Of  late,  however,  other  continental 
firms  have  entered  into  the  market.  They  supply  cheaper 
machinery ,  and  aided  by  their  trade  banks  can  give  longer  credit 
than  British  firms  are  either  able  or  willing  to  give.  As,  too, 
the  number  of  British  mill  managers  is  decreasing,  the  report 
says,  it  is  evident  that  although  British  supremacy  in  this  line  is 
not  likely  to  be  threatened,  British  firms  will  no  longer  enjoy  the 
monopoly  which,  once  was  theirs.  To  meet  competition  in  all 
lines  ot  inaimfactures  the  British  agent  considers  the  following 
； ife  essential  ：  Know  ledge  of  local  conditions,  commercial  travellers 
w  ith  a  knowledge  of  llussian  and  catalogues  iu  llussian  with 
1> rices  in  llussian  money 3  and  ability  to  give  credit.  "  British 
hrms,  h(>  concliitlesj  "  <-annot  compete  with  foreign  firms  which 
are  backed  by  their  own  trade  bankSj  and  until  the  United 
Kingdom  ostahlisJios  local  banks  in  Russia  and  falls  into  line  in 
this  respect  with  other  nations,  British  firms  will  always  be  at 
a  sci'ious  (lisadvantiige  as  fa r  as  the  Russian  market  is  coi'CeiJied. " 

Wages  in  the  Coal  Trade. ― A  conference  of  the  employers  and 
"mknu'ii  s  representatives  oil  the  Coal  Conciliation  Board  tor  the 
h'cdoiated  area  was  held  iu  London  on  Monday  last,  to  turther 
consider  the  application  ot  the  miners  i'or  an  ndvance  of  5  per 
cent. 】ii  wages.  TJie  following  resolution  、vas  unanimously 
adopted  ：  {1)  That  the  Conciliation  Board  be  continued  until  the 
31st  clay  ot  March,  1915，  determinable  thereafter  by  a  three 
months  notice  on  either  side,  with  a  minimum  of  50  per  cent, 
above  the  1888  rate,  and  a  muximum  of  Go  per  cent.  The  pro- 
cedu re  regulations  of  the  present  Board  to  apply.  (2)  That  an 
advance  ot  5  per  cent,  iu  wages  be  paid  to  all  underground  work- 
men and  those  on  the  pit  banks  and  screens  manipulating  the 
coal,  by  putting  ou  the  reduction  of  5  per  cent,  made  as  from 
the  first  making-up  day  after  the  20th  of  March,  1909,  such 
advance  to  commence  as  from  the  third  making-up  day  iu  October 
instant.  (3)  That  the  above  advance  be  applied  as  regards  piece 
and  day  wage  men  either  upon  the  basis  rate  of  1888  or  on  the 
list  rate,  as  has  been  the  case  hitherto,  and  where  workmen  are 
paid  by  contract  and  not  earning  the  minimum  rate  fixed  by  the 
joint  district  aboard  for  the  district  there  shall  be  paid  to  the 
workmen  and  those  employed  by  them  an  addition  to  the  minimum 
5  per  cent,  on  the  1888  rate  so  long  as  wages  remain  at  oo  pet- 
cent,  on  the  standard  rate  of  1888.  In  the  event  of  a  reduction 
oi'  wages  the  above  addition  is  to  be  subject  to  such  reduction." 
This  decision  means  that  about  400,000  men  employed  in  tho 
coal  mines  of  North  Wales  and  England,  excepting  NorthumU'r 
land  and  Durham,  will  receive  Is.  per  week  increase,  the  sum 
m\olvod  being  about  £1,000,000  per  annum. 

Dick,  Kerr,  &  Co.，  Ltd. — At  the  ordinary  genoval  meeting  of 
sh;i rcholdcMs  of  J)i('k，  Kerr,  &  Co.,  Ltd.,  held  a  few  days  ago,  the 
Chairman  said  it  would  be  seen  that  the  company  had  had  a  poor 
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vear ― i"(Wd，  the  poorest  von r  since  the  fomidaiion  of  the  busi 
ness.  Last  year  the  directors  indulged  in  an  oxtromoly  modorat*' 
forecast,  saying  that  should  their  hopes  be  fulfilled  the  ])rospocts 
of  a  satisfactory  result  were  encouraging.  The  prospects  u("(、 
encouraging  at  that  time.  The  contracts  entered  into  during 
the  last  five  years  had  been  taken  in  the  face  of  ^rivnt  com 
petition,  and  as  much  of  tlie  conipaii'v's  、v  )rl<  was  jtervssarily 
accepted  a  long  time  before  it  could  l>o  executed,  a  c()iisitloral)lc 
number  of  contracts  finished  last  yea r  were,  in  fact,  taken  when 
such  competition  was  at  its  keenest.  In  the  immediato  past  the 
railway  and  coal  strikes  affected  more  particularly  their  nuum- 
facturin^  business  at  Preston.  The  net  result  in  this  dopartnient 
was  that  with  the  works  order-book  at  the  maximum  their  net 
production  during  the  12  months  iMider  review  was,  with  t!io 
exception  of  one  year,  the  minimum  since  they  entered  the  field 
10  voars  ago.  The  same  remarks  in  respect  to  strikes  applied  to 
the  rontractiii^  department.  The  contracts  the  coni])any  Iiad  in 
hand  for  this  yea r  tbey  hoped  would  be  reinunorativo.  Th o 
order-book  was  healthy,  the  Preston  Avorks  being  fuller  tlinn  they 
had  ever  been  of  the  class  of  manufacture  best  suited  to  it. 
In  fonclusiou,  he  remarked  that  whilst  the  directors  were  dis- 
appointed in  the  result  of  the  year's  trading,  they  were  convinced 
that  there  were  many  grounds  for  hope  that  the  result  rovealed 
by  the  profit  and  loss  account  was  one  such  as  only  came  occa- 
sionally Avithin  the  experience  of  any  trading  concern,  and  to 
til  at  concern  in  particular.  There  never  was  a  time  in  its  history 
\vhen  its  organisation  was  more  complete  or  when  its  reputation 
to  procluce  the  best  article  stood  higher. 

Liabilities  in  Machinery  Contracts. — T\w  "  Law  Kt'u'n  t"  ior 
OctobtM*  gives  particulars  of  a  case  of  w liich  noto  should  l>e  nuulc 
In  all  makers  and  purchasers  of  engineering:  inachincM'v.  as  it  li;is 
an  important  hearing  on  tlie  question  of  damages  in  the  <iveiit 
of  disputos  respecting  the  failure  of  !na(  hiiit、r.v  to  c*oni]>ly  w  it  i 
specification.  Tlie  litigation  in  qiiostioii.  wliich  lias  lx»oii  (Irag^iiig 
on  tor  yea  i  s.  arose  l»t»twee?i  the  British  Wostiu^house  Cornpany 
and  tRe  Underground  Electric  Railway  of  London.  The  former 
sought  payment  from  the  】a.tter  for  certain  turbines  they  h;ul 
supplied,  but  which  failed  to  satisfy  the  specified  conditions  of 
oconom y .  The  railway  company  accepted  the  niachimvs,  lnit 
reserved  their  right  to  claim  damages  for  breach  of  conti'act. 
Subsequently,  to  avoid  the  continuous  loss  of  economy,  they 
pulled  out  the  defective  machines  and  replaced  them  with  Parsons 
tnrhines,  and  it  appe;i red  that  if  they  had  not  done  this  the 
accumulated  loss  would  have  been  greater  tlian  the  pri('(、  paid 
for  the  Parsons  machines.  Their  loss,  in  fact,  had  they  adhtMetl 
to  tl»e  Westijighouse  machines  for  their  normal  life,  would  have 
been  the  difference  between  the  actual  rmiiiiiig  and  the  specified 
l  umiing  over  this  term  of  years.  When  the  case  was  put  to  an 
arbitrator  he  found  that  the  railway  company  were  entitled  to 
tt'f-over  the  costs  of  providing  the  Parsons  machines,  and  the 
Court  of  Appeal,  to  whom  the  case  、vas  subsequently  ret'on-cd , 
sui>ported  this  decision,  although  the  Parsons  machines  at  the 
ti"i«>  of  replacement  were  so  superior  that  it  would  have  paid  the 
railway  company  to  have  inseited  them  even  if  the  Westiii^hoiisc 
machines  had  in  the  first  instance  worked  in  accordance  with 
tlx*  contract.  Lord  Justice  Buckley  illustrated  the  principle  involved 
"、 follows :  "  Tf  ,"  he  siiid,  "  a  man  who  has  taken  a  third-class  tickot 
from  London  to  the  North  hy  one  of  the  ^ieat  ('()mpii""'s  is,  by 
the  negligence  of  tliat  company,  damaged  hy  their-  })i-oacli  of 
coiitruft  to  convey  him,  and  he,  to  rednc**  tlie  daina^es,  ^ocs  to 
anotlu'i  of  the  great  foni[)anies,  and  takes  a  ticket  l>y  the  next 
train  on  that  line.  ;ukI  is  thus  cnalilcd  rt'arli  his  destination 
by  the  contract  time,  l)ut  cannot  trav'H  by  that  train  unless  lie 
iakns  a  first-class  ticket,  his  damuges  nui y  u p11  l>i>  the  whole  of 
Hi*1  sum  he  has  to  pay  for  that  ticket,  although  the  result  is  that 
ho  has  enjoyed  a  greater  luxury  of  travel. ' 

The  Features  of  a  Year's  Shipbuilding. —— Lloyd's  l{('gi'sU'r  of  Hritis'i 
； I nd  Koifign  Shipping  has  just  issued  a  report  of  the  society's 
operations  (luring  t!io  vea  r  1911-12.  It  shows  that  at 
the  end  of  June  last  10,455  merchant  vessels,  registering  about 
21;J  riiillion  tons  gross,  held  classes  assigned  by  the  committee  of 
Moyd's  Register.  Details  of  these  show  that  6, -J 94  were  Britisli . 
of  13,283,684  tonnago,  and  3,951  vessels  belonged  to  foreign 
( ountries,  comprising  3,271  steamers,  of  7,3Go,f)04  tonna^iv 
During  tho  year  classes  were  assigned  by  the  corrmiittee  to  6S 4 
new  vessels,  with  registered  gross  tonnage  of  1,4(>8,166.  Of  this 
total  about  f)8i  per  cent,  were  built  for  the  United  Kingdom  and 
about  31^  per  cent,  for  the  British  Colonies  and  foreign  countries. 
Compared  with  the  i)rw,'(liiig  12  montlis,  the  pres(3iit  return 
indicates  an  inor (！ as(i  ot  HH9,69(J  tons.  The  success  of  the  first 
vcssols  fitted  witli  engines  of  the  Diesel  t'ypo  had  already  led  to  a 
ver.v  fonsidorablo  increase  in  the  construction  of  such  vessels, 
csp*-;  i;illy  in  Hollaiul  and  Germany.  The  develo])ment  had  been 
w  jitched  by  the  society's  chief  engineer  surveyor,  w ho  liad  made 
a  special  atudy  of  internal-corribustit)n  engines.  It  was  felt,  how- 
ever, that  the  time  had  hardly  arrived  for  the  provision  of  rules 


oh  the  subject.  At  the  present  time  thcr*;  were  being  built  under 
tlie  sii jx  rvisioii  of  Uovd  s  ic^istci'  I)"'s(，l  ('ngin*，s  for  34  vessels, 
23  of  which  were  of  ton na^t^s  r;ui^iiiK  Iroin  2,(XJ0  to  10，00(). 
The  demaiul  for  new  st'':mi''rs  i'it('M(l(>(l  tor  carrying  oil  in  hulk, 
which  last  yvnv  was  unusuiilly  brisk,  had  enormously  increased. 
Since  July  1st,  1911，  10  vessels  (of  66,911  tons)  intended  to  be 
used  for  this  purpose  had  boon  iissi^ii(»d  tlie  society's  classifica- 
tion, whilst  th("'n  、、（"e  now  preparing  and  in  course  of  construc- 
tion at  home  and  abroad  87  vessels,  registering  479,(J00  tons,  the 
plans  for  m  hicli  liavo  boon  approved  hy  the  committee.  Ten  of 
the  vessels  aro  .">2ott.  in  length  and  of  about  10,000  tons  gross, 
these  vessels  boing  lai'^or  than  any  ； yet  constructed  for  carrying 
oil  in  bulk.  Tl""v  、、； is  a  (、； it  devolo])ineiit  in  the  use  of  oil  fuel 
instead  of  coal.  At  the  present  time  oil  fuel  l>iuikors  Ave  re  being 
constructed  in  4o  ()i 卜 （arrving  vessels,  whilst  complete  oil  burniiiK 
installations  are  to  be  fitted  in  :V)  of  thv  former  and  in  nine  of 
the  latter.  In  the  society's  register- l>()ok  there  are  now  1,392 
vessels  fitted  with  wireless  tele^ra|)hic  installations,  as  compared 
with  1,013  at  this  date1  last  year,  and  030  fitted  with  .submarine 
si,mialling  apparatus,  ns  ('()nij>ar('(l  w  itli 厂 hist  vc;i v. 

Regulation  of  Wages  in  the  Iron  Trade. 一 The  Industrial  Council 
met  in  London  on  the  15th  inst. ,  Sir  Thomas  RatclifFe  Ellis  pro 
siding  in  the  absence  of  Sir  George  Ask  with,  the  chairman.  Mr. 
William  Thackeray,  reproscntii)^;  the  Ironmasters'  Association  of 
the  North  of  England,  stated  that  for  the  purpose  of  fixing  、vaws 
there  was  the  sliding  scale  of  1889  and  there  was  also  the  Arbi- 
tration Board,  w  ith  a  Stam!i"g  I^otVroe  for  settling  disputes  about 
omployment  as  well  as  dealing  with  wages  questions.  There  had 
bt、t"i  vory  few  difficulties  in  the  way  of  carrying  out  the  decisions 
of  tho  referee.  Ho  could  not  suggest  any  nietliod  better  than 
the  pi-escnt  one,  but  he  did  not  think  the  organisation  the.v  ； it 
present  possessed  should  receive  statutory  sanction  or  be  made 
(•ompiilsoiy.  Their  present  metliod  ('()vt、re(l  works  not  in  the 
union,  and  they  had  foutid  the  moral  force  in  the  management 
sufficient  for  settling  disputes  betw  een  (iin])loyors  and  employefl. 
All  the  ironworkers  in  tho  works  contributed  to  the  Arbitration 
Board.  Mr.  William  Hawdon,  on  behalf  of  the  Cleveland  Iron- 
niasttM-.s1  Association,  w  liich  reju-espnts  ])i<> ；  iron,  said  that  in  1897 
a  sliding  sr;il('  wns  resolved  upon  to  lo^ulate  wages,  so  that  they 
lni^lit  be  adj listed  according  to  tho  selling  price  of  tlie  material 
j)rodHced.  Tn  addition  to  the  agiv(、in(、"t  as  to  、vages  there  w 
another  W(、ri'ing  to  the  general  -coiiditioiis  of  laboui*.  In  tlio 
wa^os  agreement  thpiv  "as  a  claust1  to  tin1  (effect  that  any  disnute 
should  be  referred  to  arbitration,  and  it  "was  an  undeistoofl 
thing  that  the  same  coin-so  wouhl  he  talcen  in  the  event  of  any 
difference  as  to  conditions  of  work.  Tn  the  last  20  years  there 
liad  been  only  two  or  th ree  st<>t)pag,'s.  If  the  committee  failed  to 
agree  there  was  an  agreement  to  refer  to  an  umpire,  and  tliat 
was  tlie  arrangement  he  thought  should  be  adopted.  Their 
opinion  was  that  the  Trades  Disputes  Act  should  be  altered  or 
amended,  for  while  it  gave  power  to  trade  unions  to  negotiate 
collectively  、vith  the  employers  for  an  increase  or  reduction  of 
wages,  trade  unions  were  legally  absolved  from  responsibility  for 
their  action  and  damage  done  by  individual  members  in  breaking 
such  agreements.  He  thought  if  they  made  a  bargain  with  the 
union  and  they  gave  a  certain  order  to  the  men  the  union  ought 
to  be  responsible. 

Education  for  Workmen. ~ In  tli"s(、  days  of  high  technical  tiain- 
iiig  and  a  coniimious  ； uid  |H(»s.sin<i*  deniiincl  for  more  and  more 
education  for  workmen,  it  requires  some  courage  to  utter  so 
heteiodox  ii  statement  as  that  made  hy  Mr.  Walter  Dixon  in  the 
coin'se  of  his  presidential  address  at  the  West  of  Scotland  Iron 
and  Steel  Institute,  and  yet  Air.  l>ix"n  is  not  alone  amoni: 
though tt'ul  men  in  believing  that  many  of  the  cinreiit  ideas  of 
elementary  education  call  for  serious  aniendment.  Much  that  is 
taught  is  of  little  practical  value,  and  tends  only  to  generate  in 
imperfectly  traintnl  minds  a  sense  of  envy  and  disappointment. 
Mr.  Walter  Dixon  said  that  enquiries  made  amongst  those  who 
had  collectively  the  control  of  about  200,000  men  in  the  iron  and 
steel  and  allied  industries  showed  it  was  the  \u\aniraous  opinion 
that  any  book-learning  outside  the  rudiments  of  the  "  three  R，s  " 
was  outside  the  requirements  of  the  avocation  of  90  per  cent, 
to  95  per  cent,  of  the  usual  manual  workers.  In  other  words, 
the  work  Avhich  these  men  were  called  upon  to  do,  the  labour 
which  they  had  to  perform  in  their  daily  avocation,  would  be  as 
efficiently,  as  successfully,  and  as  expeditiously  performed  if  the 
inrii  liad  no  school  education  whatever  outside  and  beyond  "  the 
tli roc  R、.'，  Of  the  remaining  o  per  cent,  to  10  per  cent.,  amongst 
whom  were  to  be  found  the  chargemen,  foremen,  and  other 
leaders,  most  of  these  would  attain  to  the  leading  positions  in 
which  they  found  themselves,  thio"gli  and  by  their  own  initiative, 
if  three-quarters  of  the  existing  aids  to  learning  were  abolished, 
and  that  the  plethora  of  educational  facilities  did  not  raise  more 
than  about  1  per  cent,  or  2  per  cent,  from  the  worker  to  the 
overseer  stage.  Incidentally  ho  mentioned,  without  comment,  a 
further  widespread  opinion  that  of  the  90  per  cent,  to  95  per 
cent.,  not  only  woul  1  the  work  be  done  equally  well  and  efficiently 
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were  the  workmen  devoid  of  their  present  so-called  "education," 
but  it  would  be  done  more  expeditiously  and  more  satisfactorily, 
inasmuch  as  there  would  be  less  unreasonable  restlessness,  aiirl 
less  unreasonable  discontent,  the  inevitable  result  and  the  danger 
of  a  universal  "  little  knowledge  "  cansino;  the  men  to  be  a 
constant  and  easy  natural  prey  of  those  who  had  the  little  more, 
though  equally  inadequate,  knowledge.  The  further  unanimous 
opinion  was  that  leaders,  foremen,  and  overseers  were  in  an 
overwhelming  degree  born,  not  made,  and  therefore  that  all  ini ccd 
school  education  beyond  that  already  indicated ― at  least,  all 
forced  teclniical  education ― was  for  the  majority  whose  lives  must 
be  devoted  to  manual  labour  not  nccossaiy— indeed,  perlia]>s 
liaimful. 


NEW  PATENTS. 

Specifications  of  the  following  are  now  published,  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  lOd.  Address 
(t  Mechanical  Engineer^1  53,  New  Bailey  Street t  Manchester. 

MECHANICAL  1911. 

Fire-tube  boilers.  Pielock.  15352. 
Superheaters.    Woodroffe.  19214. 

Cai'bm'etters  for  internal- combustion  engines.    Gottniann.  19333. 
Central  buffer  and  draw  gear  for  railwav  vehicles.  Si)(、n((、r 
19516. 

Stemn  regenerative  accumulators.    M orison,  and  Coutraflo  Con 

denser  and  Kinetic  Air  Pump  Company.  21197. 
Hock  drills.  -  Knapp.  21257, 

Propelling  of  vessels  by  means  of  ste;un  and  inienial  combustion 

engines.    Thompson.  212!)^. 
Steam  generators.    Turn  bull,  Da  v  is,  iV  Tm'i" 川 II.  21338. 
Air  or  gas  compressors.    Williams.  21347. 
Machines  for  horin^  coal .    Buckk-\  A-  Smitli.    21433. - 
( '(unlnnation  tool.    Ironside.  21523. 

( 'Onstruction  of  smelting  and  fusing  turnaccs.    Gov^n.  21.088. 
Apparatus  for  spraying,  liquid  fuel.    Polliak  (V  Howson.  21681. 
Sleeve-valve  internal -combustion  engino.    De  Riclielle.  21810. 
Fireboxes  for  locomotive  boilers.    Saw  ver  A-  Now  ton.    2188U - 
Process  and  apparatus  for  itianufacturing  sectional  wow .  AVehei'. 
21S95. 

Two-stroke  cycle  inieriial-coiiibustion  png;iiios.  Ling-Bevingtoii. 
22722. 

Flaid-pressuie  regulating  valves.    Lake.    23007  and  23018. 
Valveless  internal-combustion  engines.    Lemperiere  23133. 
Tool-holders  for  grinding  machines.    Lumsden.  23605. 
Gas  generators.    Nickles.  24169. 
Chain  grate  stokers.    Rosenthal  &  Davy.  24336. 
Friction  clutches  and  brakes.    Scarborough.    24469.      ' ' 
Locking-nut.    Theobald.  26289. 

Metallic  packing  for  piston  rods,  &c.    Griffiths.  27080. 
Lubricating  apparatus.    Senkoff.  28142. 
Gas  purifiers.    Milbourne  &  Bell.  28153. 
Pouring  gates  for  moulds.    Mills  &  Joyce.  29348. 
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Ferguson  Super- 


Steam  superheaters  for  locomotive  engines. 

heaters,  Ltd.,  and  Ferguson.  1361. 
Valves  for  internal-combustion  engines.    Beach  -  2938. 
Wooden  belt  pulleys.    Wottle.  3947. 
Spring  coupling  for- shafts.    Robert  Bosch.    4598.  ' 
Vacuuni  breaking  devices  used  iu  connection  with  exhaust  steam 

condensers.    Amor.  5001. 
Method  of  treating  cast-metal  ingots.    Russell.  5519. 
Duplex  piston  engines.    Levahn  Motor  Company  A/S.  5959. 
Pattern  for  foundry  mouldings.    Pipher.  6744. 
Steering  gear  for  marine  vessels.    Vigo.    8233. .  - - 

Machines  for  planing  and  shaping  metals.    Dowding.    8281 . 
Carburetters  for  internal-combustion  engines.    Fielding.  9457.- 
Driving  belt  or  chain.    Price.  9606. 
Mechanical  stokers.    Babcock  &  Wilcox,  Ltd.  9693. 
Automatic  couplings  for  railway  vehicles.    Coles.  9728. 
Kxhaust  silencers  for  internal-combustion  engines.    Clarke.  12647 
Shaft  bearing.    Bell.  13344. 

Piston  packings  for  hydraulic  machines  and  engines.  Heindl. 
13595. 

Lubricators  for  piston  rods.    Palomo  y  Ooitiandia.  13600. 

-、 Ieta】  beams  or  girders.    Nowell  &  Nicholas.  13653. 

Apparatus  for  smoke  prevention  and  fuel  economising  in  steam 

generators.    Roth  well.  13724. 
Rotary  engine.    Scrivener.  14116. 
Reversing  gear  for  engines.    Koenemaam.  14591. 
Nut  lock.    Panalle.  15475. 

Propelling  means  applicable  for  use  with  aeronautical  machines, 
marine  vessels,  and  road  vehicles.    Porter.  15735. 


ELECTRICAL,  1911. 

Electrijp  furnaces.    Queneau.  19305. 

Method  of  electrically  bonding  rails.    Vedovelli.  21720. 

Telephone  instruments.    Derriman.    21812  and  21814. 

Telephone  systems .    Derriman .    21815 . 

Vapour  electric  apparatus.    Hewitt.  21827. 

lOIcctric  in'canclescent  lamps.    Gast.  22779. 

Electric  lamps.    Fulper.  22925. 

Photometric  apparatus  for  indicating  and  measuring  changes  in 

electrical  pressure.    Dow.  23931. 
Wireless  telegraphy.    Gardner.  25278. 

1912. 

Electric    frequency-indicating    instruments.      British  Thomson 

Houston  Company.  628. 
Trolleys  or  overhead  collectors  for  electrically-driven  vehicles. 

Francq  &  Francq.  7772. 
Arc  lamps.    Schaffer  &  Heimanu.  8140. 

A  ppy  ratus  for  winding  incandescent  electric  lamp  filaments  on 
their  supports.  Soc.  Fi'angaise  d'Incandescence  par  le  Gas 
(System  Auer).  10092. 

Plug  connections  for  electrical  work.    Warner.  17151. 


METAL  QUOTATIONS. 

TUESDAY,  OCTOBER  22nd. 

Aluminium  ingot   82/-  per  cwt. 

"         wire,  according  to  sizes,  &c  from  102/-  ,, 

，，        sheets        ,,  ,，   ，  120/-  ,, 

Antimony  £37/-/-  to  £39/-/-  per  ton . 

Brass,  rolled   9|d.  per  lb. 

，，    tubes  (brazed)   11  Jd. 

，，       ，,     (solid  drawn)   lOd. 

，，       ，,     wire   9Jd. 

Copper,  Standard   £74/17/0  per  ton. 

Iron,  Cleveland  -.   6t>/3  ，， 

，， Scotch  •   72/3  ,, 

Lead,  English    £20/15/-  ，， 

-，， Foreign  (soft)    £20/10/-  ，， 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

,，  ，，  ，,       medium   3/6  to  6/-  ，， 

，，  ，，  ，，       large   7/6  to  11/- ,， 

Quicksilver   £8/-/-  per  bottle 

Silver   29-^d.  per  oz. 

Spelter    £27/12/6  per  ton. 

Tin,  block   £229/-/-  ,, 

Tin  plates   15/7|  ,, 

Zinc  sheets  (Silesian)   £31/5/ -  >, 

，，  (Stettin  ；  Vieille  Montagne)   £31/10/-  ，, 


The  Cruiser  "  New  Zealand's "  Speed  Record. ― The  cruiser 

"New  Zealand,"  built  by  the  Fairfield  Shipbuilding  and 
Engineering  Company,  Glasgow,  and  given  by  New  Zealand 
to  the  British  Navy,  has  completed  exhaustive  trials.  She 
attained  a  speed  of  over  27  knots,  which  is  the  fastest  on 
record  for  a  vessel  of  her  displacement.  The  "  New  Zealand  " 
will  return  to  Fairfield  from  Portsmouth  within  a  few  days 
for  completion  prior  to  being  handed  over  for  commission. 

Proposed  Union  of  Birmingham  Technical  Societies. ― Efforts 

are  now  being  made  to  form  a  Midland  Technical  Union, 
aud  a  provisional  committee,  comprising  members  of  all  the 
important  scientific  and  technical  organisations  in  the  district, 
has  been  appointed  to  deal  with  the  matter.  The  immediate 
object  of  this  provisional  committee  is  the  establishment  of  a 
technical  library  ；  joint  office  premises  for  the  local  technical 
and  learned  societies  in  the  Midlands  may  follow.  The  socie- 
ties considering  the  scheme  are :  The  Midland  Association  of 
Gas  Engineers  and  Managers,  the  Staffordshire  Iron  and  Steel 
Institute,  the  Surveyors'  Institution  (Warwick  and  Worcester 
committee),  the  Institution  of  Mechanical  Engineers,  Institu- 
tion of  Electrical  Engineers  (Birmingham  section),  Associa- 
tion of  Mining  Electrical  Engineers  (Warwickshire  and  South 
Staffordshire  branch),  Birmingham  Association  of  Mechanical 
Engineers,  Birmingham  Architectural  Association,  Birming- 
ham Metallurgical;  Society,  Midland  Junior  Gas  Association, 
Institute  of .  Metals  (Birmingham  section),  Institution  of 
Civil  Engineers  (Birmingham  Association  of  Students),  and 
the  Society  of  Chemical  Industry.  If  these  societies  decide 
to  form  a  Midland  Technical  Union  it  will  be  the  means, 
not  only  of  strengthening  separate  organisations,  but  of  bring- 
ing a  large  number  . of  people  with  interests  more  or  less  allied 
] nt n  closer  association. 
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The  "PERFECT"  VISE 


MODEL 


Dept.       j.  PARKINSON  A  SON 


Second  and  Greatly  Enlarged  Edition. 

The  Testing  of  Engines, 
Boilers,  &  Auxiliary  Machinery. 

A  Treatise  on  the  Construction  and  Use  of  the  Instruments 
and  Methods  Employed  in  the  Testing  of  Prime  Movers  in 
the  Laboratory  and  Workshop         ::       ::       ::       ::  :； 

By  W.  W.  F.  PULLEN, 

W  httworlh  Scholar  ；  Membtr  of  the  Institution  of  Mechanical  F.niinetrs  ； 
Associate  Member  of  the  Institution  of  Civil  Engine$rs. 
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CONTENTS.— Tables  and  other  Data.  Mechanical  Aids  to  Calculation.  Measure- 
ment of  Pressure.  Meaeurement  of  Temperature.  Measarement  of  Speed. 
Measurement  of  Power  Output.  Measnrement  of  Power  Input  with  Dynamometer. 
Measurement  of  tower  Input  with  Indicator.  Indicator  Rigs  and  Accessories. 
Hints  on  the  Management  of  Indicators.  Analysis  of  the  Steam  Engine  Indicator 
Diagram.  Other  Features  of  Steam  Engine  Diagrams.  The  Adjustment  of  the 
Slide  Valve.  Internal-combustion  EDgine  Diagrams.  Testing  Indicator  Springs. 
Measurement  of  the  Quality  of  8 team.  Measurement  of  Quantity  of  Steam  and 
Water.  The  Testing  of  Steam  Engine?.  Fuel  Testing.  The  Analysis  of  Flue 
Oases.  Boiler  Testing.  The  Testing  of  Auxiliary  Machinery.  The  Testing  of 
Intern al-combastioD  Engines- 
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Edited  by 
WILLIAM    H.  FOWLER, 
Wh.  Sc.,  M.Inst.C.E. 


Telegrams :    • '  Scientific, 、 '  Manchester. 
Telephone  No.  8628  Central. 

SUBSCRIPTION  RATES. 


United  Kingdom  ：  12/6  per  annum,  post  free 
Anywhere  Abroad  ： ― 

17/6*  per  annum,  post  free.    Thin  paper  edition. 

21/-#  "  ，，  Thick  " 

*Foreign  Remittances  by  International  Money  Order  only. 

Note. ― Direct  annual  subscriptions  include  a  Free  Copy  of 
Fowler's  "  Mechanical  Engineers'  Pocket  Book." 

Cheques  and  Postal  Orders  should  be  made  payable  to  the 
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High-lift  Centrifugal  Pumps. 

Although  the  high-lift  centrifugal  pump  has  come  into  vogue 
to  a  considerable  extent  during  the  last  few  years,  the  prin- 
ciple of  its  working  has  been  known  for  a  long  period. 
Osborne  Reynolds  was  the  first  to  demonstrate  its  practical 
application,  and  pumps  of  this  kind  were  constructed  over 
30  years  ago.  But  although  the  principle  is  simple,  the 
reliable  details  of  construction  necessary  to  ensure  adoption 
in  practice  has  required  a  good  deal  of  ingenuity  and  careful 
working  out,  and  it  was  owing  to  defects  in  this  direction  that 
early  attempts  were  not  very  successful,  resembling  in  this 
respect  the  early  developments  of  the  steam  turbine.  The 
action  of  single-wheel  fans  or  pumps  is  simple,  air  or  water 
entering  at  the  hub  of  a  rotary  impeller,  consisting  of  radial 
arms  working  in  an  enclosed  case,  is  ejected  at  the  circum- 
ference with  a  velocity,  depending  on  the  speed  of  rotation,  by 
the  action  of  centrifugal  force,  and  this  velocity  is  converted 
partly  into  pressure  and  partly  into  internal  eddying  or  heat, 
according  to  circumstances.  In  tlie  case  of  fans  this  eddying 
effect,  owing  to  the  low  density  of  air  and  the  purpose  for 
which  it  is  generally  used,  is  not  of  serious  consequence,  while 
it  is  not  a  serious  item  even  with  water  when  the  pressure  is 
low  and  the  water  moves  with  slow  velocity.  For  this  reason 
the  single  impeller  centrifugal  pump,  on  account  of  its 
simplicity  and  cheapness,  has  been  widely  adopted  when  large 
quantities  of  water  have  had  to  be  pumped  with  small  suctions 
and  against  low  heads,  as  in  harbour  and  drainage  works.  It 
is  evident  that  if  the  pressure  head  created  by  a  single  impeller 
can  be  used  as  a  starting  pressure  of  a  second  and  the  delivery 
of  this  again  for  a  third,  the  final  pressure  head  may  be 
made  very  great  without  using  the  high  rotational  speed 
which  would  be  necessary  if  attempt  were  made  to  produce  it 
in  a  single  casing.  This,  in  brief,  is  the  theory  of  action  of 
the  high-lift  centrifugal  pumps  as  they  are  produced  to-dav. 
But  its  full  realisation  in  practice,  as  we  have  intimated,  has 
been  a  matter  of  slow  development  and  the  difficulties  have 
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not  been  easily  overcome.  A  most,  interesting  description  of 
them  was  given  on  Sal  ur<l;i v  hist  in  a  p;q)er  by  Mr.  W.  E. 
Millington  bel'orc  tlie  Manchester  Associat ion  of  Engiii:':'rs, 
which  we  reproduce  in  det;iil  elsewhere,  and  evitlenn'  <)t.  the 
success  with  whicli  the  difficulties  have  been  overcome  is 
afforded  by  the  variety  of  purposes  to  whicli  t  his  t  vj)(' 
of  pump  is  now  being  applied  and  t  he  extent  to 
which  it  is,  on  grounds  of  cli3aj)iiess  and  efficiency, 
replacing  pumps  of  the  ordinary  reciprocating  type  which,  by 
comparison,  all  labour  under  the  objection  that  the  flow  of 
water  through  them  is  more  or  less  intermittent  and  1 1 1  e i  r 
mechanism  more  complicated  ； m(l  t  hus  more  liable  to 
derangement  and  more  costly  to  repair. 

The  chief  difficulty  experienced  in  the  early  days  of 
the  multiple-stage  centrifugal  pump  was  the  economic  con- 
version of  the  velocity  of  discharge  frojn  i  lie  several  units  into 
static  pressure  to  avoid  internal  eddying,  which,  when  con- 
verted into  heat3  is  irrecoverably  lost.  To  ofTeci  this  a  con- 
siderable amount  of  abstruse  calculations  were  at  one  time 
indulged  in  and  much  mystery  made  of  the  curves  whicli 
should  be  followed  in  tlie  passages  guiding  the  delivery  water 
from  one  stage  to  the  inlet  aperture  of  the  succeeding  stage. 
Experience  has  shown,  however,  that  there  is  not  so  much  in 
this  as  some  designers  have  pretended  and  that  considerable 
latitude  is  permissible,  provided  the  passages  themselves  are 
ample  and  sudden  enlargements  and  sharp  bends  avoided. 

Another  and  greater  difficulty  that  has  since  arisen  as 
this  type  of  pump  has  become  popular  and  competition  lias 
led  to  higher  speeds  and  greater  pressure  heads,  is  the  thrust 
exerted  in  the  direction  of  the  axis,  through  the  difference  of 
pressure  on  the  sides  of  the  guide  vanes.  An  analogous  effect 
is  produced  in  many  types  of  steam  turbines,  and  as  in  their 
case,  many  devices  have  been  adopted  in  pumps,  with  a  view 
to  balancing  this  thrust  and  reducing  the  friction  which  must 
otherwise  result.  The  use  of  thrust  bearings  was  an  obvious 
way  out  of  the  difficulty,  but  this  has  been  attended  with  so 
much  trouble  that  designers  of  centrifugal  pumps  have  been 
forced  to  consider  some  way  of  effecting  the  balancing  auto- 
matically. Considerable  ingenuity  has  been  spent  in  this 
direction  and  a  variety  of  methods  are  employed.  Many  of 
them  are  described  in  the  paper  referred  to,  and  it  is  suffi- 
cient to  say  that  they  have  proved  very  efficient  in  practice 
and  permit  pumps  of  this  kind  to  be  operated  with  relatively 
unskilled  labour.  For  this  reason  they  are  now  extensively 
applied  in  mines  and  colonial  work  where  skilled  labour  is 
difficult  to  obtain. 

While  pumps  of  this  kind  are  capable  of  dealing  practically 
with  as  great  suction  and  delivery  heads  as  almost  any  type  of 
reciprocating  pump  for  ordinary  work,  they  possess  certain 
limitations  of  which  it  is  well  to  make  note,  for  a  failure  to  do 
so  may  lead  to  disappointment.  They  cannot,  for  instance, 
be  subject  to  the  wide  changes  of  suction  and  delivery  head 
permissible  with  reciprocating  pumps  and  are  therefore  not 
suitable  when  serious  fluctuations  of  this  kind  occur.  It  has 
to  be  remembered  that  the  head  due  to  friction  increases 
approximately  inversely  as  the  fifth  power  of  the 
diameter  of  the  pipe  and  that  since  slight  changes 
may  affect  efficiency  the  suction  and  delivery  heads 
must  be  designed  in  the  first  place  for  the  most  economical 
friction  head  in  any  given  case,  and  the  small  limits  of 
allowable  variation  in  this  respect  are  well  illustrated  by  the 
characteristic  curves  of  an  example  in  Mr.  Millington' & 
paper.  These  show  that  if,  in  the  ca&e  of  a  pump  designed  to 
deliver  250  galls,  per  minute  against  a  iiead  of  175ft  .  wlien 
running  at  a  speed  of  1,400  revs,  per  minute,  the  head  were 
increased  to  185ft. (八, '-， less  t  han  (；  per  cent.)  tli&  delivery 
would  be  reduced  to  200  galls.  (/.,.，  by  20  per  cent.),  and  that 


if  the  head  were  increased  to  200ft.  (i.e.,  hy  13.\  per  cent.)  the 
pump  at  the  speed  named  would  not  deliver  any  water  at  all. 
On  t  lie  other  hand,  if  the  actual  head  were  only  155ft.  instead 
of  175fi.  the  delivery  would  be  increased  to  300 galls.,  with  an 
expenditure  of  only  9  per  cent,  increase  of  power.  The  point 
obviously  needs  bearing  in  mind  when  pumps  are  operated  by 
altsrn-ating-current  motors  whose  speed  is  constant,  and  shows 
also  the  desirability  of  providing  a  margin  of  power  to  prevent 
overloading  should  the  head  be  less  than  that  for  which  it  is 
designed. 

It  needs  also  t'o  t>e  rerneniberetl  tJwit  the  speeds  and  propor- 
tions of  i  1 1 ese  piurips  are  designed  to  act  in  water,  not  in  air, 
and  that,  if  the  pump  becomes  charged  witli  air  the  speed  will 
noi  suHice  to  produce  a  vacuum  and  t  he  suHioii  may  be  de- 
stroyed and  the  pump  fail  to  lift  ；  for  this  reason  air  leakages 
or  pocket's  in  the  suction  pipe  are  more  objectionable  than  in 
reciprocating  purrips.  For  a  similar  reason  also,  centrifugal 
pumps  tie&d  some  method  of  priming  with  water  to  begin  with. 
A"。i  i  ii  ，  owing  to  tlie  complete  absence  of  valves  in  the 
nieclifu»istn  of  the  pump,  it  is  necessary,  especially  with  high 
lifts,  to  provide  a  non-return  valve  in  the  delivery  main  to 
prevent  shock  from  "  water-hammer  "  in  the  event  of  the 
pump  being  suddenly  stopped  for  any  reason  through  the 
column  of  water  falling  back  on  the  suction  foot  valve.  It  is 
also  desirable  to  insert  a  sluice  valve  in  the  delivery  pipe  as 
close  to  the  pump  as  possible,  as  this  permits  the  water 
delivered  to  be  reduced  from  a  1 1  y  cause.  This  method  of 
regulation,  it  may  be  noted,  is  economical,  as  is  shown  by  the 
low  running  torque  of  ])iini])s  when  ihe  valve  is  shut,  and 
further,  is  not  attended  with  any  dangerous  increase  of 
pressure.  One  of  the  special  advantages  of  this  type  of  pump, 
in  fact,  is  that  the  load  imposed  on  a  motor  when  starting  a 
pump  is  very  light,  as  the  power  is  practically  nil  at  very  low 
speeds  and  gradually  increases  as  the  speed  increases  up  to 
normal.  Attempts  to  diminish  the  quantity  of  delivery  by 
diminishing  speed  are  liable  to  be  very  disappointing  and  are 
probably  responsible  for  some  of  the  troubles  met  with  by 
inexperienced  attendants,  since  the  efficiency  falls  so  rapidly 
with  any  reduction  from  the  speed  for  which  the  pump  is 
designed.  A  reduction  of  5  per  cent.,  for  instance,  may 
suffice  to  stop  delivery  altogether,  though,  on  the  other  hand, 
the  delivery  may  be  increased  by  increasing  the  speed.  With 
due  attention,  however,  to  the  limitations  of  working  of 
multiple-stage  centrifugal  pumps  and  to  the  good  mechanical 
construction  imperative  where  rotating  parts  run  with  small 
clearances,  such  pumps  have  a  wide  and  growing  field  of  use- 
fulness. From  their  nature,  however,  they  need  to  be  h igh- 
class  machines,  and  •  notwithstanding  their  fundamental 
simplicity,  should  be  treated  as  such.  They  are  not  suited 
to  dirty  water  or  the  rough  and  tumble  duties  which 
occasionally  fall  to  the  lot  of  the  ordinary  reciprocating  type, 
although,  where  conditions  permit,  they  are  in  some  ways 
superior. 


Launch  of  a  New    Dreadnought. ― There  was  launched  at 

Devonport  Dockyard  on  the  24th  ult.，  the  "  Marlborough, ,J 
whicli  is  the  20th  battle-ship  of  the  Dreadnought  class  con- 
structed for  the  British  Fleet.  The  vessel  belongs  to  the  Iron 
Duke  class,  and,  in  addition  to  a  main  armament  of  ten  13*5iu. 
guns,  will  mount  sixteen  Gin.  guns.  The  former  fire  a  pro- 
jectile weighing  l，4001bs.，  and  the  latter  fire  1001b.  shells. 
Compared  with  H.M.S.  "  i)readnought，"  the  "  Marlborough  " 
is  70ft.  longer,  8ft.  wider,  and  when  completed  will  be  7,000 
tons  heavier  than  the  first  of  her  class.  Her  actual  length  is 
580ft. ，  beam* 90ft.,  and  displacement  25,000  tons.  The  order 
for  the  engines  has  been  placed  with  R.  &  W.  Hawthorn, 
Leslie,  &  Co.,  Lk】.，  and  will  comprise  Parsons  steam  turbines, 
； m.;mged  for  four  screws.  The  specified  horse-power  is  33,000, 
with  a  speed  of  not  less  than  21  knots. 
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DEVELOPMENT  IN  MARINE  ENGINEERING. 

Siu  Charles  Parsons,  in  his  presidential  address,  delivered  at 
the  opening  meeting  of  the  29th  session  of  the  North-east 
Coast  Institution  of  Engineers  and  Shipbuilders,  referred  to 
the  changes  that  had  taken  place  in  the  last  28  years  in  marine 
eugineering  and  shipbuilding.  He  also  traced  the  history  of 
the  application  of  steam  for  the  propulsion  of  vessels,  the 
"Comet,"  in  1812,  being  the  first  real  practical  success  in 
British  waters,  and  said  it  indeed  seemed  that  the  reciprocat- 
ing engine  was  not  now  capable  of  much  further  improvement  . 
The  turbine  alone  had  superseded  the  reciprocating  engine  in 
fast  vessels,  chiefly  because  of  its  superior  economy  iu  fuel,  the 
direct  result  of  its  greater  range  of  expansion,  or,  in  other 
words,  its  power  of  utilising  the  expansive  energy  of  steam 
right  down  to  the  pressure  iu  the  condenser,  and  fulfilling 
more  completely  the  laws  discovered  by  Watt.  The  total 
horse-power  of  the  world's  shipping  had  been  recently  esti- 
mated at  about  26,000,000,  and  of  this  about  8,500,000  was 
now  provided  by  turbiues.  The  turbine  was,  however,  ill 
adapted  for  direct  coupling  to  the  screws  of  slow  ships,  but  the 
application  of  gearing  removed  this  embargo,  and  by 
its  use  both  the  propeller  and  the  turbine  were  allowed 
to  run  at  such  speeds  of  revolution  as  were  most  suitable  to 
give  the  greatest  propulsive  horse-power  in  proportion  to  the 
steam  used.  The  three  principal  types  of  reduction  gear  at 
present  were  the  hydraulic,  the  electric,  and  the  helically  cut 
mechanical  gear.  Which  of  these  was  preferable  depended  on 
considerations  of  efficiency,  first  cost,  weight,  durability,  and 
reliability. 

The  supersession  of  jet  condensers  by  surface  condensers  in 
the  fifties  had,  lie  said,  removed  to  a  large  extent  the  difficulty 
arising  from  the  presence  of  salt  in  the  boilers,  inseparable 
from  jet  condensation.  Coudeusers,  however,  had  to  be  kept 
tight  and  feed  make  up  apparatus  provided  of  sufficient  capa- 
city to  supply  the  boilers  with  fresh  water.  At  one  period 
these  conditions  could  not  always  be  ensured,  but  of  late  years 
condenser  troubles,  which  generally  took  the  form  of  corrosion 
and  perforation  of  the  tubes,  had  been  largely  overcome,  feed 
filters  had  been  introduced,  and  as  a  consequence  superheaters 
were  now  being  adopted  more  extensively  and  successfully. 
The  present  position  seemed  to  be  that,  with  reasonable  care 
to  the  exclusion  of  salt  from  the  boilers,  well- designed  super- 
heaters were  a  practical  success  at  sea,  and  resulted  in  a 
considerable  and  important  saving  of  fuel. 

The  application  of  the  Diesel  engine  to  large  vessels  such 
as  the  "  Selandia/'  and  Dr.  Diesel's  recent  enthusiastic 
advocacy  of  heavy  oils  at  the  Institution  of  Mechanical 
Engineers,  and  Sir  Marcus  Samuel's  statements  as  to  the 
amount  and  probable  price  of  such  oils  had,  he  observed, 
tended  to  distort  the  public  mind  upon  this  subject.  For 
comparatively  small  and  moderate  powers,  as  viewed  by  the 
marine  engineer,  internal-combustion  engines  had  proved 
eminently  satisfactory,  and  the  economy  of  fuel  for  such  sizes 
was  very  much  superior  to  that  of  steam  engines  ；  chiefly 
because  they  had  almost  entirely  superseded  the  latter  for 
small  powers.  On  the  other  hand,  as  the  size  increased  their 
relative  superiority  diminished,  until  in  the  case  of  the  largest 
steam  units,  as  compared  with  the  largest  internal-combustion 
units  hitherto  constructed,  there  was  very  little  difference  in 
the  consumption  of  fuel  between  the  two.  At  the  present 
time  the  position  seemed  to  be  that,  in  regard  to  marine  work, 
the  only  satisfactory  means  of  constructing  a  large  internal- 
combustion  unit  of  power  for  gas  or  oil  was  to  multiply  the 
cylinders. 

From  the  discussion  at  the  Institute  last  summer  on  tlie 
relative  merits  of  tlie  internal-combustion  engine  using  oil  or 
gasified  coal,  as  compared  with  the  steam  engine  and  steam 
turbine,  when  applied  io  a  modern  cargo  vessel  of  average 
size,  it  appeared  that  a  lower  price  for  oil  than  50s.  seemed 
to  be  needed  to  enable  it  to  compete  as  fuel  in  internal- 
combustion  engines  with  coal  burnt  under  boilers  and  modern 
steam  engines  and  geared  turbines.  There  were,  however, 
exceptional  cases  of  vessels  that  had  to  perform  very  long 
voyages  carrying  their  own  fuel  where  the  advantages  of  a 
minimum  consumption  were  paramount.  On  the  other  hand, 
there  were  cases  less  favourable  to  oil,  and  the  short  experi- 
ence of  large  oil  engines  on  board  ship  made  speculation 
difficult  as  yet,  and  it  remained  for  further  experience  over  a 
term  of  years  before  definite  figures  were  available  as  to 
u{>keep  and  reliability. 

With  regard  to  gas  turbines,  lie  mentioned  that  a  few 
experiments  which  he  made  many  years  ago,  some  of  them 


directed  to  ascertain  tlie  possibility  of  the  gas  turbine,  con- 
vinced him  that,  with  the  metals  now  ai  disposal,  the  cylinder 
and  piston  was  the  best  way  of  utilising  the  power  of  gaseous 
explosions,  and  tiiat  to  attempt  to  cause  flame,  whether  at 
full  heat  or  cooled  by  admixture  of  steam  or  water  to  impinge 
on  blades  was  the  wrong  method  of  utilising  the  power. 
He  had  studied  the  subject  very  closely  up  to  the  present  time, 
and  was  still  of  the  same  opinion.  On  the  whole  lie  was 
inclined  to  think  that  possibly  a  more  hopeful  course  than  that 
of  working  on  the  lines  of  the  gas  turbine  or  the  gas-propelled 
water  turbine  would  be  found  in  some  form  of  rotary  engine 
of  the  piston  type,  in  spite  of  such  constructions  having,  after 
numerous  attempts,  been  failures  as  steam  engines. 

FIELDING'S  CARBURETTER  FOR  OIL  ENGINES. 

The  carburetter  shown  in  the  accompanying  sectional  view 
has  recently  been  patented  by  Mr.  A.  Fielding,  Dawson's 
Croft,  Salfoi'd,  Manchester.  It  has  been  designed  more 
particularly  for  the  engines  of  motor  vehicles,  and  with  a 
view  to  enable  the  heavier  hydro-carbons  to  be  used.  The 
arrangement  comprises  a  float  chamber  A  containing  the 
petrol  or  other  hydro-carbon,  a  float  N，  an  adjustable  jet  B, 
and  a  mixing  chamber  C.  Around  the  jet  B  is  secured  a 
cone  D.  On  this  cone  is  fitted  a  second  cone  E，  both  cones 
being  surrounded  by  a  cylinder  F,  so  constructed  as  to  be 
a  sliding  fit  in  the  mixing  chamber  C，  and  connected  to  a 
wire  G  actuated  by  a  lever  under  the  control  of  the  driver, 
and  is  held  normally  down  in  the  position  shown  by  a  spring 
H.  In  the  mixing  chamber  C  are  three  slots  S  forming  air 
ports,  which  are  gradually  opened  as  the  sliding  cylinder  F 
is  raised,  and  so  allowing  atmospheric  air  to  rush  into  the 
mixing  chamber  C  past  the  jet  B. 

In  operation,  when  the  engine  is  starting  or  is  running 
dead  slow,  the  sliding  cylinder  F  is  raised  sufficiently  to  allow 
primary  air  to  rush  in  at  a  high  velocity  through  the  ports 
S  in  the  direction  indicated  by  the  arrow  1，  up  the  cone  D 
and  past  the  jet  B,  and  as  the  speed  of  the  en  gins  increases 
the  sliding  cylinder  F  is  raised  further  and  secondary  air 


Fiklding's  Cahburettek. 
is  admitted  through  the  ports  S  and  rushes  at  a  high  velocity 
up  the  second  cone  E，  as  indicated  by  the  arrow  2,  and  past 
the  jet  B，  and  if  the  sliding  cylinder  F  is  raised  still  further, 
tertiary  air  from  the  ports  S  enters  the  mixing  chamber  and 
rushes  up  the  outside  of  the  cone  E.  When  running  down 
hill  the  supply  of  air  and  petrol  or  like  hydro-carbon  may 
be  cut  off  partially  or  wholly  as  required,  and  when  entirely 
cut  off  the  engine  will  draw  in  and  pump  air,  which  enters, 
as  indicated  by  the  arrow  4，  through  a  series  of  apertures 
J  in  the  mixing  chamber  C,  thus  scavenging  and  cooling  the 
power  cylinder.  As  soon  as  the  carburetter  is  again  brought 
into  action  by  raising  the  sliding  cylinder  F  the  apertures  J 
are  closed,  and  the  admission  of  air  to  the  jet  B  takes  place 
as  already  described. 

From  the  foregoing  it  will  be  readily  understood  that 
the  degree  of  richness  of  the  explosive  fluid  mixture  is  con- 
trolled by  the  position  of  the  sliding  cylinder  F，  acting  in 
conjunction  with  the  cones  D  and  E，  the  cylinder  F  being 
raised  or  lowered  iu  accordance  with  the  required  speed  of 
tlie  engine  and  the  requirements  of  its  load  or  the  work  to 
be  done.  Further,  for  high  speeds  the  velocity  of  the  air 
currents  will  be  higher,  and  as  for  high  speeds  a  weaker 
mixture  is  required,  the  velocity  of  air  past  the  jet  will  be 
less  as  the  sliding  cylinder  F  is  raised,  since  extra  air  will 
enter  and  pass  up  round  the  cone  E,  as  indicated  by  the 
arrows  2  and  3,  and  the  lower  the  speed  the  richer  the 
mixture  if  the  cylinder  F  be  partly  closed. 
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HEAVY  OIL  ENGINES.* 

liY  CAPT.  H.  KIALL  SANKEY,  R.E.  (KKTIKED),  M.INST.C.E. 

{Continued  from  pcuje  6L3.) 
15.  Fuel  Valve. ― The  details  of  these  valves  vary,  but  in 
all  of  t licm  arrangements  are  adopted  to  break  up  or  pulverise 
the  oil  by  violently  blowing  it  against  surfaces  placed  oppo- 
site to  small  holes.  Thus,  as  shown  in  Fig.  16，  a  series  of 
discs  having  numerous  holes  are  slung  on  to  a  central  stem  ； 
the  holes  are  staggered  so  that  those  in  one  disc  are  opposite 
the  spares  iti  the  holes  of  the  next  disc.  At  the  bottom  of  the 
row  of  discs  there  is  a  grooved  conical  casting  fitted  into  a 
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coir*  t  hroii^li  which  the  pulverised  oil  has  io  rush, 
； Mid  llience  throTigh  a  small  hole  at  the  bottom  of 
the  valve  casing  placed  on  a  level  with  the  cylinder 
top,  and  which  is  closed  at  other  times  by  a  needle  valve. 
The  lift,  of  the  needle  valve  is  only  about  "5in. ;  great 
care  is  therefore  necessary  in  fitting  the  levers  actuating  the 
fuel  valve. 

The  fuel  valve  of  the  American  Diesel  engine  is  shown  in 
Fig.  17，  and  it  is  placed  horizontally.  As  the  injection  valve 
opens,  air  and  oil,  being  divided  into  small  streams  by  a  circle 
of  holes,  are  forced  into  the  injection  nozzle,  where  these 
streams  impinge  upon  each  other,  thus  atomising  the  fuel. 

16.  Exhaust  Valve. — The  exhaust  valve  is  an  ordinary 
niusliroom  valve,  opening  into  the  cylinder  and  held  against 
its  seat  by  a  spring,  as  shown  in  Fig.  18，  and  opened  by  the 
exhaust  lever  at  the  proper  point  of  the  stroke,  viz.,  at  about 
75  per  cent.  This  valve  is  allowed  to  close  at  about  1  per  cent, 
after  the  dead  centre. 

17.  Air  Suction  Valve. —— This  is  substantially  the  same  as 
the  exhaust  valve  (see  Fig.  18).  It  opens  4  per  cent,  before 
the  upper  dead  centre,  and  closes  2  per  cent,  from  the  bottom 
dead  centre.  Both  the  exhaust  and  air  valves  have  their  own 
seating,  which  is  secured  into  the  cylinder  cover.  This  per- 
mits of  harder  cast  iron  being  used  for  the  valve  seatings,  and 
assists  overhauling  and  cleaning  of  the  valves,  because  the 
valve  and  its  seating  can  be  bodily  removed  and  replaced  by 
spares.  The  valves  open  inwards  into  the  cylinders,  and  are 
held  on  their  seats  by  springs.  As  already  stated,  they  are 
opened  by  means  of  rocking  levers. 

18.  A  ir  Compressor. ― The  air  compressor  has  to  be  cap- 
； iU"  o\'  compressing  air  up  to  l，0001bs.  per  square  inch,  and 
inust,  therefore  be  at  least  of  the  two-stage  variety.  Many 
makers,  however,  sucli  as  Care  Is  and  Sulzers,  adopt  a  three- 
«tage  roi'i pressor.    Betweien  the  stages  the  air  is  cooled.  The 
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compressor  is  driven  from  the  end  of  the  crank  shaft  by  a 
crank.  Usually  it  is  of  the  reciprocating  type,  either  vertical 
or  horizontal,  and  in  many  cases  the  Reavell  type  of  com- 
pressor is  used,  as  in  the  Willans-Diesel  engines.  It  is  a  vital 
part'  of  the  engine,  and  is  probably  one  of  those  most  likely 
to  give  trouble. 

19.  Com  pressed  -  air  Vessels. ― There  are  generally  three  of 
these  vessels,  or  storage  bottles ~ two  to  act  as  reservoirs  for 
starting  the  engine,  and  a  smaller  one  acting  as  an  air  vessel 
on  the  compressor  to  keep  the  pressure  steady.  They  should 
be  placed  as  close  as  possible  to  the  engine,  and  are  connected 
thereto  by  copper  pipes.  There  is  a  gauge  to  show  the  pres- 
sure of  air  being  delivered  to  the  engine,  which  varies  from 
about  9501bs.  per  square  inch  for  full  load  to  7501bs.  per 
square  inch  for  quarter  load.  If,  however,  the  load  is  varying 
continually  the  pressure  must  be  maintained  for  the  maximnni 
load.  The  object  of  reducing  the  pressure  is  as  follows ― a 
definite  air  supply  is  required  for  burning  the  oil.  This  air 
is  partially  supplied  by  the  air  compressed  in  the  cylinder  and 
p;tri  ly  by  that  injected  to  pulverise  the  oil.  At  light  loads  less 
air  is  needed  than  at  heavy  loads,  and,  as  the  air  compressed 
in  the  cylinder  is  constant  in  amount,  that  introduced  by 
injection  must  be  reduced,  which  is  effected  by  reducing  the 
pressure.  The  two  starting  vessels  are  conneoted  to  one  of  the 
engine  cylinders,  and  the  connection  is  made  by  a  special  lever 
and  cam,  as  already  described,  and  the  compressed  air  is 
admitted  at  each  stroke  until  firing  takes  place.  Water  collects 
in  the  storage  bottles,  and  therefore  drainage  should  be  pro- 
vided. The  air  supply  is  more  than  three  times  that  theoreti- 
cally required,  and  the  supply  is  the  same  whether  the  engine 
is  running  fast  or  slow ― a  point  which  is  of  interest  only  for 
marine  engines. 

20.  Fu rl  /'〃〃'〃.一 The  design  shown  in  Fig.  ]9  consists  of 
an  ordinary  plunger  pump  worked  by  an  eccentric  off  the  two- 
to-one  shaft.  On  the  plunger  lifting,  the  foot  valve  opens 
and  oil  is  sucked  in.  On  the  return  stroke  the  foot  valve  is 
held  open  by  the  governor  until  just  sufficient  oil  remains  to 
deal  with  the  load  then  on  the  engine.  This  quantity  of  oil 
is  then  forced  through  the  fuel  valve.  Makers  disagree  as  to 
whether  each  cylinder  should  have  its  own  fuel  pump,  or 
whether  one  larger  fuel  pump  should  be  supplied  for  all  the 
cyMnders.  In  the  former  case,  the  casing  of  the  pump  con- 
tains a  plunger  for  each  cylinder,  each  with  its  own  delivery. 
In  the  other  case  the  oil  is  delivered  into  a  chamber,  from 
which  copper  pipes  lead  to  the  fuel  valve  of  each  cylinder,  with 
an  adjusting  valve,  so  that  each  cylinder  will  get  the  same 
amount  of  oil. 


Fig.  17. 

21.  Fuel  Tank. ― A  small  tank  is  provided  with  sufficient 
head  for  the  oil  to  flow  by  gravity  to  the  fuel  pump.  Tlie  cas 
ing  should  be  warmed  to  make  the  oil  more  fluid,  and  this  can 
be  done  by  means  of  the  exhaust.  The  oil  is  pumped  from 
barrels,  or  from  a  storage  tank,  into  the  fuel  tank  by  means  of 
a  hand  pump. 

22.  Governor. ― The  usual  ceni  rifngal  loaded  type  of 
governor  is  used,  driven  from  the  vertical  shaft  already  re- 
ferred to,  and  it  acts  on  the  foot  valve  of  the  fuel  pump. 
There  is  generally  an  arrangement,  actuated  by  a  small  hand- 
wheel  working  on  a  spring,  as  shown  in  Fig.  19，  for  altering 
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the  tuel  valve  and  the  air  com  pressor,  t  ho  framing,  ('rank 
shaft,  and  comiect  ing  rod.  ()t  hers,  such  as  the  (,am  sliat't  aixl 
cylinders,  are  inoflifierl,  and  in  order  to  sr;iv("ige  the  exhaust' 
and  introduce  pure  air  into  the  cylinder  at  the  hot 丄 0111  of  t  lie 
stroke,  as  already  inentioned,  an  air  blower  or  pressor, 
capable  of  giving  a  pressure  of  from  41bs.  to  81bs.  per  stjiiarc 
inch,  has  to  he  provided  in  addition.  As  regards  removal  of 
the  exhaust,  two  systems  are  adopted.  『ii  one  of  these,  as 
adopted  for  smaller  engines  l)y  Messrs.  Sulzer  and  (*y  Messrs. 
Carels,  scavenging  valves  are  placed  in  the  cylinder  r(m'r， 
wlii(，h  are  similar  in  ronstriutt  ion  to  i  lie  exhaust  valves.  I  n 
the  larger  engines  ； ui(l  in  1  lie  marine  erigines,  liowev^r,  t  lie 
scavenging  valves  are  placed  at  the  bottom  oi*  the  <-yliiuler. 
They  are  also  placed  in  the  air  pipe,  and  t  lien  aro  in  ado  as 
piston  valves. 

Iii  the  other  arrangement  adopted,  for  example,  hy  tho 
Maschinenfabrik  A ugsburg-Niirnberg  Company,  ports  are  cui 
in  the  cylinder  which  are  uncovered  by  t  he  piston  al  t  lie  hot 
torn  of  the  stroke.  The  air  enters  the  cylinder  by  the  ports 
on  one  side,  and  the  exlmust  i.s  expelled  at  t he  other  side  ol' 
the  cylinder,  as  is  done  in  many  two-stroke  petrol  engines— 
for  example,  the  Day  engine.  Figs.  20  and  21  show  the  two 
arrungeineiits  above  described. 

The  air  1)1  ast  is  also  obtained  in  two  different  ways — (1)  by 
a  separate  blower,  and  (2)  by  enlarging  the  piston  at  the 
bottom  to  form  an  air-compressing  cylinder  placed  under  the 
combustion  cylinders.  Messrs.  Carels  usa  a  double-acting  pump 
driven  by  levers  cff  the  cross-head,  following  the  marine  prac- 
tice of  driving  the  air  pump.  Messrs.  Sulzer  use  an  air  com- 
pressor driven  bv  an  eccentric  from  the  crank  shaft.  Another 
arrangement  is  to  have  separate  vertical  compressing  cylinders 
driven  direct  by  the  crank  shaft,  and  in  the  marine  Maschinen- 
fabrik Augsburg-Niirnberg  Company  engines,  for  the  two- 
stroke  single-acting  engine  a  large  trunk  piston  arrangement 
is  used,  while  for  the  two-stroke  double-acting  engine  they 
use  a  separate  blower. 

The  scantlings  of  the  two-stroke  engine  are  substantially 
the  same  as  those  of  the  four-stroke  engine  of  the  same  cylin- 
der diameter,  but  it  must  be  remembered  tliat  nearly  double 
the  power  is  obtained.  The  turning  effort  is  better,  as  will  be 
obvious  from  Fig.  10，  and  therefore  a  smaller  flywheel  can  be 
used  to  obtain  the  same  degree  of  regularity.  The  fuel  con- 
sumption per  brake  horse-power  is,  however,  somewhat  higher 
owing  to  the  extra  work  required  for  the  air  scavenging,  and 
the  stroke  of  the  engine  has  to  be  made  about  10  per  cent. 


Fig.  -20. 

longer,  to  allow  for  the  idle  portion  of  tlie  travel  while  cover- 
ing or  uncovering  the  lower  exhaust  ports.  The  initial  cost 
is  stated  by  Dr.  Diesel  to  be  about  20  per  cent,  less  than  tliat 
of  tlie  four-stroke  cycle. 

Four  cubic  feet  of  free  air  compressed  to  from  41bs.  to  81bs. 
per  square  inch  is  an  ample  allowance  per  brake  horse-])o\ver 
per  minute.  Thus,  in  the  case  of  two  5,000  b.h.p.  engines, 
40,000  cub.  ft.  of  free  air  would  be  required  to  be  compressed 
per  minute  to  about  5】bs.，  and  this  would  probahlv  be  most 
effectively  done  by  means  of  a  turbo-blower. 

Another  estimate  is  that  100  cub.  ft.  of  air  at  21"  s.  p-'r 


the  setting  of  the  governor,  by  means  of  which  the  speed  of 
the  engine  can  be  varied  from  5  to  10  per  cent,  whilst  ilio 
engine  is  running. 

23.  E  r/iaust  Pipe. ― Heavy  cast-iron  breeches  pieces  are 
takeu  from  each  cylinder  exhaust  and  connected  into  one  pipe. 
These  are  led  generally  downwards  to  a  large  silencing  vessel. 
The  pipe  then  rises  again,  and  can  be  fitted  at  the  top  with 
any  ordinary  baffle  type  of  silencer. 

The  ordinary  slow-speed  Diesel  engine  weighs  from  5001bs. 
to  6001bs.  per  brake  horse-power,  as  against  lOOlbs.  per  brake 
horse-power  for  a  steam  engine  of  the  same  number  of  cylin- 
ders, of  the  same  power,  and  running  at  the  same  speed.  Tn 
the  case  of  the  steam  engine,  however,  the  weight  of  tlie  boiler 
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and  accessories,  such  as  condensers,  feed  pumps,  air  pumps, 
&c"  must  be  added,  and  this  weight  is  approximately  2501bs. 
per  brake  horse-power,  or  a  total  of  3501  bs.  per  brake  horse- 
power. By  increasing  the  speed  and  lightening  the  scantlings, 
as  is  done  with  the  engines  used  in  torpedo  boats  and  sub- 
marines, the  weight  of  the  Diesel  engine  lias  been  reduced  to 
about  501  bs.  per  brake  horse-power,  or  even  less. 

The  above  description  refers  specially  to  vertical  engines, 
h'm  comparatively  recently  the  Maschinenfabrik  Augsburg- 
Niirnberg  Company  have  placed  on  the  market  a  horizontal 
Diesel  engine.  According  to  Dr.  Diesel,  this,  at  first,  was 
merely  a  vertical  engine  placed  on  its  side.  The  more  recent 
examples,  however,  are  substantially  the  same  as  the  horizon- 
tal gas  engines  of  the  well-known  make  of  the  Maschinenfabrik 
Augsburg-Niirnberg  Company,  and,  according  to  these 
makers,  the  horizontal  engine  really  becomes  of  advantage 
after  about  500  b.h.p.  The  main  reasons  for  preference  are 
based  on  the  facilities  for  overhauling,  and  there  is  the  further 
advantage  that  cylinders  can  be  readily  placed  in  tandem.  The 
design  of  the  tandem  double-acting  Diesel  oil  engine  is  almost 
indistinguishable  from  that  of  their  horizontal  double-acting 
gas  engine  ；  the  exhayst  valve  is  the  same,  the  air  gas  valve 
is  replaced  by  an  air  valve,  and  the  sparking  plugs  by  the 
fuel  valve.  In  the  case  of  this  horizontal  Diesel  engine  the 
valves  are  actuated  by  cams,  whereas,  in  the  case  of  the  gas 
en^,ine>  eccentrics  are  used  in  combination  with  variable  ful- 
crum levers.  This  difference  in  valve  driving  is,  however,  to 
a  great  extent,  a  matter  of  taste. 

For  large  engines  the  pistons  have  to  be  cooled,  and  if  the 
engine  is  vertical  any  leakage  of  cooling  water 一 which  some- 
，hat  readily  occurs— will  fall  into  the  crank  chamber  and  will 
interfere  with  the  lubricating  oil.  For  this  reason,  it  has  been 
found  necessary  to  cool  the  pistons  of  vertical  engines  by 
[r,eans  of  oiI，  as  is  done  by  Messrs.  Sulzer.  In  the  case  of  the 
horizontal  engine,  the  cooling  water  cannot  mix  up  with  the 
lubricating  oil,  and  there  is  no  difficulty  therefore  in  water- 
pooling  the  pistons  in  exactly  the  same  way  as  is  done  with 
horizontal  gas  engines. 

The  details  of  construction  just  described  have  special 
refe.renc;e  t0  the  four-stroke  engine.  Many  of  them,  however, 
apply  aJso  to  the  two-stroke  engine  without  alteration,  such  as 


542 


THE    MECHANICAL  ENGINEER. 


[November  1，  1912 


square  inch  are  required  per  second  for  a  2,500  i.h.p.  engine, 
which  is  equivalent  to  2*8  cub.  ft.  of  free  air  per  brake  horse- 
power per  minute.  The  volume  swept  by  the  scavenging  air 
pump  should  be  considerably  greater  than  that  swept  by  -the 
engine  piston,  say,  1*8  times.  For  marine  work  it  is  desiraltle 
to  have  two  scavenging  pumps  ― one  as  a  stand-by. 

Marine  Diesel  Engine. ― Up  to  the  present  single-acting 
engines  have  been  considered,  but  either  the  four-stroke  or 
the  two-stroke  type  can  be  arranged  to  work  double-acting 
In  this  case  the  ordinary  box  piston  has  to  be  used,  together 
with  a  piston  rod  and  its  gland.  The  piston  rod  has  to  be  of 
large  diameter  owing  to  the  stresses  to  be  resisted,  and,  owing 
to  the  high  temperatures  to  which  they  are  exposed,  consider- 
able difficulties  have  arisen  with  the  piston  glands. 


Compression 


Cornhust;on  a,  f  xpanston 


Exhoi/sf  »  Scavenging 


diagram  descriptive  of  working  two-cycle  engine. 
Fig.  21. 


For  marine  work  a  special  type  of  Diesel  engine  has  been 
developed,  because,  in  the  first  place,  a  reversing  engine  is 
needed,  and,  secondly,  space  and  weight  are  of  extreme  im- 
portance. This  last  requirement  has,  of  course,  a  greater 
importance  in  the  case  of  destroyers,  submarines,  and  such 
like,  than  for  tramp  steamers.  Thirdly,  flywheels  are  objec- 
tionable, and  ready  starting  and  stopping  are  essential.  Dr. 
Diesel  says :  "  It  can  now  be  stated  with  certainty  that  the 
marine  engine  of  the  future  is  to  be  of  the  double-acting, 
two-stroke  cycle  type." 

In  a  recent  design  of  the  Maschinenfabrik  Augsburg- 
Niirnberg  Company  marine  engine  of  the  single-acting  type,  a 
piston  rod  without  gland  has  been  connected  to  a  cross-head 
working  on  the  ordinary  guides  as  in  a  marine  engine.  The 
piston  rod  is  not  rigidly  fixed  to  the  piston,  but  is  connected 
thereto  by  means  of  a  pin.  This  gives  freedom  to  the  piston 
and  prevents  any  cross  stresses. 

The  reversing  of  marine  engines  was  originally  effected 
either  by  means  of  clutches  or  else  electrically.  Later, 
arrangements  were  adopted  for  altering  the  timing  of  the 
valves,  but  in  the  four-stroke  cycle  the  solution  is  somewhat 
complicated.  For  example,  in  the  "  Selandia  "  the  two-to- 
one  shaft  is  lifted  bodily  and  displaced  longitudinally  so  as 
to  bring  another  set  of  cams  into  operation,  then  on  stopping 
and  restarting  the  engine  runs  in  the  opposite  direction. 

With  the  two-stroke  cycle  the  solution  is  extremely 
simple,  because  a  shift  of  30°  is  sufficient  to  alter  the  lead  of 
the  valve  from  the  "  ahead  "  to  the  "  astern  "  position.  This 
shift  is  effected  in  the  Maschinenfabrik  Augsburg-Niirnberg 
Company  engine  by  having  a  coupling  on  the  vertical  shaft 
with  two  stops  30°  apart.  The  coupling  comes  against  one 
stop  for  the  ahead  position,  and  to  go  astern  there  is  lost 
motion  to  the  extent  of  30°  to  come  up  to  the  other  stop. 
In  the  Carels  engine  the  vertical  driving  shaft  has  spiral 
wheels,  which  are  revolved  by  the  starting  gear  to  give  the 
necessary  shift  of  30°.  Tlie  reason  why  a  shift  of  30°  will 
reverse  a  two-stroke  engine  will  best  be  seen  by  the  valve 
diagram  shown  in  Fig.  22.*  On  the  left-hand  diagram,  F 
shows  the  point  of  fuel  admission,  y  being  the  angle  of  advance. 
Ff  is  the  point  at  wliich  the  fuel  valve  closes.  S  is  the  point 
at  which  the  exhaust  opens  with  a  lead  angle  of  tt,  and  S; 
is  the  point  of  closing  the  exhaust.  Tt  will  be  seen  that  the 
angle  e  is  equal  to  the  angle  between  F  and  F、  less  twice  the 


angle  of  advance,  and  is  also  equal  to  the  angle  between  S 
and  less  twice  the  angle  of  lead.  Hence,  if  the  timing  of 
all  the  valves  is  shifted  by  the  angle  e，  as  indicated  by  the 
dotted  lines  in  the  right-hand  diagram,  the  opening  and  dos- 
ing of  the  valves  will  be  correctly  adjusted  for  reversing. 
This  angle  e  is  about  30°,  and  the  shift  is  effected  as  above 
described. 

As  regards  the  general  design  of  marine  Diesel  engines, 
according  to  Mr.  Milton  only  the  cylinders  should  be 
" Diesel,"  and  the  motion  and  framework  should  follow 
exactly  present  marine  practice. 

Number  of  Cylinders. ― The  number  of  cylinders  to  be  em- 
ployed is  a  somewhat  vexed  question,  and  the  tendency  is  to 
use  a  great  many,  and  for  two  reasons :  First,  unless  water- 
cooled  or  oil-cooled,  24in.  seems  to  be  the  largest  cylinder  pos- 
sible, and  from  such  a  cylinder  at  200  revs,  per  minute  the  brake 
horse-power  obtainable  is  400  on  tlie  2 -stroke  cycle.  When  . 
the  piston  is  either  water-cooled  or  oil-cooled,  much  larger 
cylinders  can  be  employed,  and  it  would  appear  that  2,000  h.p. 
per  cylinder  is  then  obtainable.  Experiments  have  been 
made  with  these  large  cylinders  by  the  Maschinenfabrik 
Augsburg-Niirnberg  Company  and  by  Messrs.  Sulzer,  and,  so 
far,  have  been  satisfactory  ；  but  no  doubt  some  time  must  yet 
elapse  before  it  can  be  said  with  certainty  that  the  present 
arrangements  are  really  practically  satisfactory.  The  second 
reason  is  that  many  cylinders  are  needed  to  obtain  a  uniform 
turning  moment,  depending  again,  however,  on  whether  the 
engine  is  four-stroke  or  two-stroke,  and  whether  it  is  single- 
acting  or  double-acting. 

For  land  work,  so  far,  moderate  sizes  are  being  used,  and 
large  flywheels  are  not  objectionable,  and  are  in  some  cases 
necessary  to  cope  with  the  external  changes  of  load.  Some- 
times the  rotor  of  a  dynamo  supplies  a  large  portion  of  the 
flywheel  effect.  Four  lines  appear  to  be  the  maximum  used  ； 
three  lines  are  very  common,  and  for  smaller  sets  two  lines 


Fig.  22. 

and  even  one  are  suitable.  For  marine  engines,  however,  fly- 
wheels are  objectionable  for  manoeuvring  and  reversing 
reasons,  and  as  a  rule  the  engines  are  of  larger  power,  and 
hence  six  lines,  and  even  eight  lines  are  common.  Except  for 
horizontal  engines  tandem  cylinders  are  not  used. 

(To  be  continued.) 


' Ko produced  by  permiBKion  of  the  "  Engineer.' 


Institute   of   Metals  ：    Birmingham   Section. ― At  the  annual 

meeting  of  the  Birmingham  section  of  the  Institute  of  Metals, 
Prof.  Turner  said  a  good  metallurgist  required  many  qualifi- 
cations beyond  his  scientific  training.  He  was  confronted, 
on  the  one  hand,  with  problems  dealing  with  large  outputs, 
mechanical  handling,  rapid  transit,  the  standardisation  of 
patterns,  and  huge  capitalisation.  On  the  other  hand,  the 
metallurgist  had  to  deal  with  the  microscope  or  ultra- 
microscope  in  connection  with  tlie  properties  of  metals,  and 
the  effect  of  minute  pieces  of  impurities  or  of  changes  of  tempe- 
rature upon  those  properties.  In  the  local  metal  trades,  Prof. 
Turner  added,  a  subject  of  great  interest  at  the  present  time 
was  the  effect  produced  upon  metals  by  working  them  iu  a 
cold  state,  as  tlie  result  of  which  they  became  harder,  stronger, 
and  less  ductile.  Only  certain  metals  could  be  hardened  in 
this  way,  and  these  only  within  definite  ranges  of  temperature. 
Prof.  Turner  then  proceeded,  by  means  of  lantern  slides,  to 
illustrate  modern  conceptions  of  the  internal  structures  of 
metals  and  the  growth  and  arrangement  of  the  constituent 
crystals.  He  showed  liow  those  crystals  were  broken  up  and 
deformed  during  the  process  of  working,  and  how,  when  these 
hardened,  a  metal  could  be  caused  to  recrysi  allise  and  soften 
by  proper  heat  treatment.  In  conclusion,  he  laid  special 
stress  on  the  evil  effects  of  ini])i,o|)er  annealing. 
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DEVELOPMENT  IN  AUXILIARY  UNITS  BETWEEN  EXHAUST 
PIPE  AND  BOILER.* 

BY  WILLIAM  WEIR. 

I  propose  to  set  out  first  the  sequence  in  which  the  principles 
involved  in  the  development  of  auxiliary  machinery  were 
originally  enunciated,  and,  thereafter,  to  consider  the  prac- 
tical embodiment  of  these  principles  in  various  forms  of 
apparatus,  together  with  some  typical  results  of  perforniance 
The  chain  of  auxiliary  machinery  involved  in  the  treat- 
ment of  exhaust  steam  from  the  exhaust  pipe  to  the  boiler 
is  constituted  by  the  following  links  ：  Condenser,  circulating 
pump,  aii  pump,  feed-heating  apparatus,  feed-pumping 
apparatus,  and  feed  make-up  apparatus. 
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All  important  engineering  developments  appear  to  take 
place  in  two  stages,  an  initial  stage  characterised  by  the 
consideration  of  and  experimental  research  into  the  pheno- 
mena, and  the  discovery  and  formulation  of  the  main  prin- 
ciples governing  these  phenomena  ；  and  a  second  stage 
characterised  by  the  development  of  the  design  and  details 
of  the  apparatus  necessary  to  perform  the  desired  functions. 

The  latter  stage  involves  the  modifications  necessitated  bv 
experience  in  actual  working.  The  fact  that  present-day 
interest  is  more  largely  concerned  with  the  perfecting  of 
the  apparatus  itself  makes  it  the  more  necessary  to  keep  in 
view  and  to  record  the  main  principles,  for,  while  the  details 
of  design  are  merely  temporary  phases,  the  principles  are 
permanent.  In  stating  the  principles  I  have  arranged  them 
according  to  the  respective  apparatus,  and  have  annexed 
the  approximate  dates  when  they  were  enunciated  ： ― 
Surface  Condensers. ― 1879. 

1. '  In  an  efficient  surface  condenser  the  steam  should  take 
such  a  course  that  it  will  flow  over  all  the  tubes  and  at  a 
uniform  velocity,  and  no  spaces  should  be  left  which  permit 
of  short  circuiting. 

2.  The  steam  inlet  to  a  condenser  should  be  arranged  as 
far  as  possible  from  tlie  air  outlet. 

3.  The  circulating  water  course  should  be  as  nearly  as 
possible  opposite  to  that  of  tlie  steam. 

4.  To  obtain  the  maximum  liot-well  temperature  the 
entering  steam  should  make  contact  with  the  condensed 
water. 

5.  To  obtain  4，  separate  outlets  should  be  provided  for 
air  and  condensed  water.  . 

6.  To  obtain  4,  separate  pumps  must  be  employed  for  air 
and  water,  but  on  emergency  the  water  pump  should  handle 
air  and  water,  and  the  air  pump  also  liandle  water. 

7.  To  obtain  maximum  efficiency  from  the  air  pump  it 
should  be  cooled  itself,  or  the  air  and  vapour  cooled  in  the 
suction  passage. 

1891. 

8.  The  provision  of  an  air-cooling  compartment  in  a  sur- 
face condenaer. 


*  Paper  read  before  the  Institution  of  Engineers  and  Shipbuilders,  in  Scotland, 
October  22nd,  1912. 


9.  Submerged  cooling  surface  for  specially  cooling  con- 
densed steam. 

10.  Extraction  of  condensed  water  by  a  pump  controlled 
by  float  gear  in  the  condenser. 

Feed  J I  eating. ― 1871. 

1.  In  marine  installations  tlie  use  of  auxiliary  exhaust 
steam  for  feed  heating. 

2.  Heating  feed  water  of  surface-condensing  engines  up  to 
the  temperature  of  the  low-pressure  cylinder  exhaust  by 
passing  the  feed  water  into  a  heater  arranged  between  the 
low-pressure  cylinder  and  the  condenser. 

Nate. ― This  shows  an  early  appreciation  of  the  pressure 
and  temperature  difference  between  the  condenser  and  the 
low-pressure  cylinder  imposed  by  ports  and  passages. 

1876. 

3.  Heating  feed  water  by  a  part  of  tlie  steam  used  in  the 
engine  before  tlie  expansion  of  the  steam  is  complete. 

4.  Feed  lieating  at  successive  pressure  stages  with  portions 
of  steam  which  have  worked  to  different  extents  in  a  multi- 
expansion  engine. 

Air  and  Condensed-water  Pump. ― 1871. 

1.  The  pumping  of  water  at  its  evaporation  temperature 
by  means  of  one  pump  discharging  into  another  to  create  an 
artificial  liead  on  the  second  puiiij). 

1871. 

2.  The  provision  of  3-way  steam,  water,  and  air  eductors 
for  removing  air  from  condensers. 

1879. 

3.  Separate  pumps  for  air  and  water. 

4.  Rotary  continuous-action  pumps 
pumps  for  condensers. 

1880. 

5.  The  provision  of  a  steam  jet  to  give  a  head  or  pressure 
to  water  drawn  from  a  condenser  to  enable  it  to  pass  to  the 
air  pump. 

Feed  Pumps.— 1880. 
1.  Feeding  boilers  by  an  independent  steam  pump,  the 
speed  being  controlled  by  a  float  acted  on  by  the  feed  water. 
Boiler  Corrosion. ― 1876. 

1 .  The  separation  of  air  and  corrosive  gases  from  feed 
water  to  prevent  boiler  corrosion  by  subjecting  the  feed  water 
to  an  increase  in  temperature  with  a  reduction  of  pressure 
in  a  direct-contact  feed  heater. 

2.  Preventing  boiler  corrosion  by  taking  the  feed  water 
direct  from  the  condenser  and  discharging  it  to  the  boiler. 
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Fig.  2.— Frictionai^  Head  Diaoraji.      A,  |in.  tube  ；  B,  fiu,  tube. 

Evaporators. 一 1884. 

1.  Using  tlie  vapour  from  the  evaporator  to  do  work  in 
the  main  engines. 

2.  Using  steam  which  has  already  done  work  in  the  main 
or  auxiliary  engines  in  the  evaporators. 

Xnte. ― This  is  the  system  universally  used  in  H.M.  Navy, 
and  is  termed  the  "  closed  exhaust  system." 

General. ― 1884. 
Working    steam    through    one    expansive    stage  in  an 
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auxiliary  engine,  and  then  working  the  same  steam  through 
additional  stages  or  stage  in  the  main  engines. 

This  practice  is  now  almost  universal  on  turbine- 
propelled  warships,  as  the  auxiliary  exhausts  invariably  are 
connected  to  the  low-pressure  turbine. 

The  foregoing  main  principles,  naturally  coincided  with  an 
investigation  into  and  enunciation  of  a  very  large  number  of 


Fk;.  3.— Kkpk:  si:ntativk  Tvbk  I'lati':  Diacuams. 

subsidiary  factors,  but,  broadly  speaking,  the  developments 
in  actual  practice  which  I  now  propose  to  indicate  have  pro- 
ceeded from  the  above  enunciations,  while,  in  addition,  the 
apparatus  has  required  to  conform  to  the  many  known 
physical  laws  and  conditions  affecting  the  various  problems. 

Surface  Condensers. 
In  dealing  with  the  question  of  condenser  design  I  shall 
adhere  to  the  method  of  development  already  indicated  ；  con- 
sidering first  the  physical  conditions  affecting  the  problem, 


and  from  them  deducing  certain  general  principles.  Tlie 
application  of  these  principles,  involving  tFie  use  of  experi- 
mental data,  will  then  form  the  basis  of  design.  Viewed 
broadly,  a  surface  condenser  is  an  apparatus  wherein  a  heat 
exchange  takes  place  between  exhaust  steam  and  sea  water. 
The  main  factors  controlling  this  exchange  are :  (1)  The 
temperature  difference  between  the  steam  and  the  water  ； 
(2)  the  velocity  of  the  steam  ；  (3)  tlie  velocity  of  the  water  ； 
(4)  the  presence  of  non-condensable  gases  in  the  steam  ；  and, 
to  a  lesser  extent,  (5)  the  mean  temperature  of  the  steam 
and  water. 

Tlie  conilit inns  to  which  a  well-designed  condenser  for 
marine  use  and  for  any  specific  vacuum  and  sea  temperature 
should  cod t'onn  are:  (1)  Minimum  weight  and  space  ；  (2) 
ininiinum  power  absorbed  by  circulating  pump  ；  (3)  minimum 
cooling  of  condensed  water  ；  (4)  minimum  variation  of  pres- 
sure on  the  steam  side. 

The  principles  of  correct  design  should  emerge  when  the 
effect  of  the  above  desiderata  on  tlie  factors  governing  the 
heat  exchange  is  considered.  Assume  in  the  first  place  that, 
as  the  result  of  experience,  it  is  found  that  the  most  practical 
constructional  form  of  apparatus  in  which  the  steam  and 
water  can  be  brought  into  contact  is  one  in  which  the  water 
passes  through  a  number  of  small  tubes  inside  a  containing 
vessel  In  which  the  st.carri  is  introduced.  If  the  apparatus 
is  to  be  limited  to  this  type,  it  follows  that  the  province  of 
roiMlenser  design  lies  in  the  proportioning  of  the  respective 
pat  lis  of  tlie  two  fluids.  Tlie  paths  may  conveniently  be 
considered  separately  and  the  conditions  of  each  noted.  The 
steam  path  must  be  sucli  that  the  maximum  velocity  is 
attainable  witli  the  niinini um  loss  of  head.  Obviously  then 
the  path  must  be,  as  nearly  as  possible,  straight,  and  the 
velocity  must  be  maintained  constant  in  value.  The  first 
condition  precludes  the  use  of  baffle-plates,  the  second  necessi- 
tates a  v a ry i n cross-sectional  area,  wliich  should,  in  fact, 
vary  in  proportion  to  the  condensation.  The  only  other 
factor  directly  influencing  tlie  contour  of  the  steam  path  is 
the  quantity  of  non-condensable  gases  present  Maximum 
efficiency  requires  that  this  quantity  should  be  kept  at  a 
mininnmi.    This  constitutes  tlie  function  of  tlie  air  pump. 

It  is  to  be  noted  tliat  tlie  steam  path  has  been  considered 
without  reference  to  its  condition ― condensed  or  non- 
condensed.  Where  one  ])iunp  is  used  both  as  air  pump  and 
condensed -water  pump,  tlie  path  of  the  steam  will  necessarily 
be  identical  with  that  of  the  condensed  water.  Where 
separate  pumps  are  used,  however,  it  will  be  possible  to 
treat  the  vapour  and  water  differently,  and  to  give  them 
different  paths.    Whether  it  will  be  advisable  to  do  so  or 


Table  I. — Typical  "  Unifluoc"  Condenser  Data  and  Performances. 
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not  will  depend  on  wliether  the  transmission  rate  is  affected 
bv  the  state ~- liquid  or  gaseous ― of  the  material  on  the 
steam  side  of  the  tubes,  always  remembering  that  equal 
velocities  are  assumed.  Careful  experiment  and  the  results 
of  experience  on  a  large  number  of  installations  have  failed 
to  reveal  anv  reaction  of  this  kind  on  the  transmission  rate. 
Practical  considerations,  however,  which  limit  the  closeness 
of  pitch  of  tubes,  prevent  the  attainment  of  high  velocities 
with  water  except  when  held  in  suspension  in  a  gaseous 
medium.  One  is  accordingly  led  to  the  conclusion  that,  in 
a  condenser  of  homogeneous  construction,  submerged  tubes 
are  not  compatible  with  the  highest  overall  efficiency. 

To  summarise,  then  :  The  ste  im  path  in  a  condenser 
should  be  straight  and  of  decreasing  cross-sectional  area,  and 
should  contain  no  submerged  surface. 

I ^et  the  water  path  be  now  considered.  As  there  is  no 
change  in  volume  of  the  water,  and  as  its  heat-transf erring 
value,  per  unit  temperature  difference,  is  not  appreciably 
changed  during  its  course,  its  velocity,  and  hence  the  cross- 
sectional  area  of  its  path,  should  be  uniform.  The  veloi-it v 
chosen  will  depend  on  the  mode  of  variation  of  the  heat- 
transmission  rate  with  velocity  and  on  the  permissible 
expenditure  in  obtaining  that  velocity.  In  considering  the 
correct  quantity  of  circulating  water  to  use,  it  must  be  borne 
in  mind  that  the  quantity  of  water  chosen  will  necessarily 
define  its  outlet  temperature.  The  actual  quantity  will  then 
be  a  matter  of  compromise  between  expenditure  of  pumping 
it,  and  its  reaction  on  the  length  of  water  path  required 
before  the  outlet  temperature  which  it  entails  is  attained. 
In  actual  practice,  however,  the  mode  of  variation  of  those 


1 

Via.  4    lOxii  \  i  st  lir.xn  Diagram. 

factors  makes  the  best  compromise  fairly  obvious.  A  large 
number  of  outside  circumstances  may  thus  have  to  be  taken 
into  consideration  before  the  correct  water  path  is  found,  but 
their  effect  on  the  design  of  the  condenser  may,  in  every 
case,  be  readily  seen  from  th-e  above  considerations. 

Having  thus  deduced  tlie  principles  of  design,  it  now 
remains  to  demonstrate  the  mode  of  application  of  those 
principles  to  the  experimental  data  in  concrete  cases.  To 
take  the  water  path  first,  the  variation  of  heat-transmission 
rate  with  velocity  of  water  flow  is  as  shown  in  Fig.  1.  The 
variation  of  friction al  head  with  velocity  (for  the  size  of 
tube  commonly  used)  is  shown  in  Fig.  2.  These  values,  in 
conjunction  with  circulating  pumj)  and  engine  efficiency,  will 
enable  the  expenditure  on  circulating  water  to  be  contrasted 
with  its  heat-abstraction  value. 

In  connection  with  Fig.  1，  it  must  not  be  assumed  that 
tlie  rates  indicated  are  in  every  sense  absolute.  Under  cer- 
tain favourable  conditions  much  higher  rates  have  been 
achieverl,  but  the  apparatus  necessary  is,  to  a  certain  extent, 
of  abnormal  proportions,  and  in  practice  such  a  conrlensing 
plant  would  not  represent  a  satisfactory  compromise.  All 


condensing  j)lants  are  to  some  extent  influenced  in  their 
design  hy  non-teclinical  factors,  and  are  corresj>ondin^lv 
open  to  criticism  by  those  ignorant  of  these  factors. 

Having  thus  briefly  indicated  the  most  important  factors 
in  surfaro-condenser  design,  reference  to  Table  I.  will  slif>\v 
a  number  of  examples  typical  of  modern  practice  for  widely 
varying  conditions,  together  with  t  lie  performances  of  these 
installations.  One  of  the  most  interesting  installations  is 
No.  8，  where  economy  in  circulating  water  was  necessary,  and 
No.  9  is  also  exceptional  as  showing  the  j>ertonnance  of  one 
of  the  installations  with  engine-driven  "  Dual  "  air  pumps. 
No.  10  shows  the  overload  performance  on  a  turbine  yacht 
where  light  weiglit  of  ('on(lensing  plant  was  of  great  impor- 
tance. I"  tlie  case  of  the  reci])rocatiiig-eiigine  installations 
tlie  vat-ua  bein^  carried  are  too  lii^li  for  e^'onoinical  running, 
but  in  every  example  t  lie  trials  were  made  to  show  high 
flc^rees  of  vacua  as  being  of  interest  in  connection  with  tlie 
condenser  perfornui nces  apart  from  the  main  maclniiery. 
Installations  Nos.  11  and  12  show  the  result  of  distiller  trials, 
such  apparatus  being  designed  as  condensers,  and  the  per- 
formances are  inserted  for  their  comparative  interest. 

Fig.  3  shows  three  typical  tube-plate  diagrams  showing 
how  uniform  velocity  is  attained  by  contour  of  shell  and 
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varying  pitch  of  tubes  to  suit  special  conditions  of  sj>ace. 
Table  II.  also  gives  some  interesting  figures  regarding  the 
weights  of  condensers. 

As  indicated,  adherence  to  th-e  principles  of  design  enun- 
ciated in  the  foregoing  results  in  a  type  of  condenser  wherein 
no  attempt  whatever  is  made  to  achieve  what  has  been 
termed  sectional  or  compartmental  drainage,  and  as  tliis  is  a 
feature  for  which  many  revolutionary  claims  have  been 
made,  it  merits  attention.  .  In  condensers  possessing  this 
feature,  it  is  stated  that  the  water  of  condensation  is  inter- 
cepted and  removed  to  the  hot-well  as  soon  as  it  is  formed —— 
the  basis  idea  being  that  the  heat-transmission  rate  will 
thereby  be  improved  and  the  hot-well  temperature  increased 
for  a  given  vacuum.  So  far  as  experiments  carried  out  by 
my  firm  have'  shown,  no  influence  on  the  transmission  rate 
by  the  interception  of  this  water  can  be  traced,  while  the 
claim  for  higher  hot-well  temperature  is,  I  think,  no  longer 
supported.  The  most  interesting  feature  of  this  question 
concerns  the  means  employed  to  achieve  the  sectional  or 
compartinental  drainage,  and  consideration  of  this  involves 
knowledge  of  one  of  the  rudimentary  phenomena  whirl i 
exist  in  surface  condensers.  Necessarily,  the  carrying  out 
of  this  drainage  feature  includes  the  subdivision  of  tlie 
condenser  by  baffle-plates  or  collectors  lying  approximately 
parallel  to  the  steam  path,  the  angle  of  deflection  presumably 
representing  the  extent  to  which  gravity  is  to  assist  in  tlie 
interception  and  removal  of  the  condensed  water.  Now  the 
velocity  of  steam  flow  in  a  high-vacuum  condenser  might  be 
taken  as  500ft.  per  second,  which  represents  340  miles  per 
hour,  and  consideration  of  this  simple  statement  explains 
the  fallacy  of  sectional  drainage,  together  with  the  impossi- 
bility of  its  practical  achievement.  Another  misconception 
with  reference  to  condenser  design  concerns  the  use  of  what 
might  be  termed  an  inverted  condenser,  i.e.,  one  in  which 
the  steam  admission  is  at  tlie  bottom  and  the  air  extraction 
at  the  top.  It  has  been  stated  tliat  in  such  a  condenser  the 
steam  will  not  readily  rise,  but,  as  a  matter  of  fact,  the 
steam  will  rise  with  the  velocity  already  indicated,  and  if 
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space  considerations  permitted  the  adoption  of  such  con- 
densers, their  performance  would  be  quite  as  good  as  that 
of  existing  installations. 

Before  leaving  this  subject  it  is  necessary  to  point  out  the 
extreme  difficulty,  at  present,  of  accurately  recording  high 
degrees  of  vacua.  In  the  first  place,  this  is  due  to  the  almost 
invariable  inconsistencies  of  the  ordinary  types  of  vacuum 
gauge  ；  and  secondly,  to  the  effect  of  the  liigli  velocity  of  the 
steam  in  the  exhaust  pipe  affecting  the  readings.  These 
velocity  considerations  also  demand  that  careful  attention 
should  be  given  to  the  design  of  abnormal  shapes  of  exhaust- 
bends.  Fig.  4  shows  an  example  of  one  means  of  counter- 
acting the  tendency  of  the  steam  issuing  from  the'  turbine 
blades  to  maintain  its  direction  of  flow,  and  in  condensers 
with  separate  compartments  to  cause  unequal  distribution. 
The  provision  of  directing  blades  in  the  exhaust  branch  gives 
the  necessary  direction  to  the  steam  "without  actually  sub- 
dividing the  exhaust  pipe  from  the  turbine  to  the  condenser. 
[To  be  continued.) 


SOURCES  OF  ENERGY  AVAILABLE  FOI<  POWER.* 

BY  DR.  H,  S.  HELE-SHAW,  F.B.S.,  M.INST.C.E.,  M.I.M.E. 

I  ask  you  to  consider  a  wide,  but,  I  hope,  interesting,  aspect 
of  power,  viz.,  the  available  sources  from  which  it  can  be 
derived.  For  very  cogent  reasons  this  matter  is  attracting 
more  and  more  attention.  It  may  be  worth  while  to  sum- 
marise .what  are  really  our  available  sources  of  power,  and 
to  state  one  or  two  conclusions  as  to  economies  which  are 
possible.  Lord  Kelvin,  some  30  years  ago  at  the  British 
Association,  summarised  the  stores  of  energy  as  follows  ：  (1) 
The  food  of  animals  ；  (2)  natural  heat  ；  (3)  solid  matter  found 
in  elevated  positions  ；  (4)  the  natural  motions  of  water  and 
air  ；  (5)  natural  combustibles  (as  wood,  coal  gas,  oils,  marsh 
gas,  diamond,  native  sulphur,  native  metals,  meteoric  iron) ； 
(6)  artificial  combustibles  (as  smelted  or  electrically  deposited 
metals,  hydrogen,  phosphorus).  Which  list  boils  down  into 
three  divisions,  viz,  :  (1)  Heat  radiated  from  the  sun  (which 
is  either  directly  or  indirectly,  the  source  of  power  of  animal 
effort),  of  water  power  by  wheels,  rivers,  steam  engine,  wind- 
mills, and  the  power  of  wind  ；  (2)  the  motions  of  the  earth, 
moon,  and  sun,  giving  tidal  effects  ；  and  (3)  terrestrial  or 
meteoric  sources  of  energy,  such  as  hot  springs,  native  sulphur, 
or  the  heat  of  newly-fallen  meteoric  bodies  ；  which,  summed 
up,  he  expressed  as  represented  by  tides,  food,  fuel,  wind, 
and  rain.  Taking  these  sources  of  power  as  used  in  this 
country,  we  will  consider  them  in  the  following  order :  (1) 
The  coal  problem  ；  (2)  the  liquid  fuel  supply  in  the  form  of 
mineral  oils  and  petrol,  and  of  any  possible  vegetable  substi- 
tutes for  these  ；  (3)  water  and  wind  power  ；  (4)  certain  sug- 
gested sources  of  energy,  such  as  the  internal  heat  of  the 
earth  and  the  possibilities  of  radium.  ' 

(1)  The  Coal  Supply. ― The  Royal  Commission  on  this  sub- 
ject, in  their  report,  estimate  that  there  are  in  round  numbers 
one  hundred  thousand  million  tons  in  our  known  coalfields 
in  the  United  Kingdom.  The  present  annual  output  is 
about  230,000,000  tons.  The  rate  of  increase  is  about  2\  per 
cent,  per  annum,  but  the  Commissioners  consider  that  this 
rate  is  not  likely  to  continue  ；  but  that,  with  the  exhaustion 
of  the  shallower  collieries,  the  output  will  gradually  become 
slower,  followed  by  a  stationary  period,  and  then  by  a  decline. 
Assuming  the  present  rate  of  output  to  be  maintained,  our 
coal  resources  would  last  more  than  400  years  ；  but,  of  course, 
long  before  that  time,  even  supposing  fresh  coalfields  to  be 
discovered,  the  price  would  rise  enormously,  and,  whatever 
other  source  of  power  was  available,  this  would  modify  the 
conditions  of  existence,  quite  apart  from  seriously  crippling 
our  industries.  More  than  two-thirds  of  the  coal  used  in  this 
country  is  for  engineering  and  manufacturing,  the  remainder 
for  domestic  purposes.  Dr.  Beilby  gives  an  estimate  as  to 
the  possible  economies  and  the  amount  of  coal  actually  used. 
Of  the  total  171  million  tons  actually  used  he  estimates  there 
is  a  possible  saving  of  47i  million  tons.  Dr.  Beilby  points 
out  that  a  great  saving  might  be  effected  by  the  use  of  reco- 
very ovens  instead  of  beehive  ovens  in  coking  coal,  and  that 
a  fair  indication  of  what  is  going  ("i  in  this  direction 
is  the  increase  in  the   annua,]    production    of  sulphate  oF 

*  AbBtract  of  presidential  uddross  delivered  before  the  Association  of  Kn^incurs- 
in-Chargc.  . 


ammonia  in  coking ― from  17,400  tons  in  1903  to  nearly 
83,000  tons  in  1909.  Dr.  Beilby  remarks :  "  If  the  present 
increasing  rate  of  conversion  is  continued,  within  the  next 
few  years  the  greater  part  of  the  16,000,000  to  18,000,000 
tons  will  be  turned  into  coke  in  this  way,  and  a  saving  of 
2,000,000  to  3,000,000  tons  of  fuel  accomplished."  This  is 
only  one  kind  of  saving  that  might  be  effected.  Prof.  Vivian 
Lewes  points  out  that  the  rapid  advance  made  by  gas  as  a 
fuel  in  stoves,  cookers,  &c.，  has  reduced  the  consumption  of 
coal  for  dom^tic  purposes,  and  that  if  the  whole  of  our  fuel 
could  have  the  smoke-forming  tar  and  fertilising  nitrogen 
extracted  at  the  gasworks,  it  would  mean  a  great  economy 
and  also  a  cleansing  of  town  air. 

The  progress  in  the  use  of  gas  engines  has  been  extra- 
ordinary ； but  before  discussing  it,  it  might  be  well  to  con- 
sider possibilities  of  improvement  in  the  steam  engine 
itself.  To  the  steam  turbine  we  owe  a  considerable  advance 
towards  possible  limits  of  thermal  efficiency  of  the  steam 
engine.  The  Hon.  Sir  Charles  Parsons  states  that  the  upper 
limit  of  temperature  to  which  working  is  possible  has  been 
nearly  reached,  and  remarks :  "  The  highest  efficiency 
realised  by  any  steam  engine  up  to  the  present  is  about 
12ilbs.  of  steam  per  kilowatt-hour,  equivalent  to  91bs，  per 
shaft  horse-power,  or  a  little  over  lib.  of  good  coal,  or  about 
•851b.  of  oil  burnt  under  a  good  boiler.  This  result  has 
been  obtained  with  units  of  10,000  li.p.  working  at  full  load, 
with  a  steam  pressure  of  2001bs.  gauge,  superheated  to  a 
temperature  of  300°  C,  and  exhausting  into  a  vacuum  of 
lin.  (absolute)  of  mercury.  It  represents  a  conversion  of 
about  70  per  cent,  of  the  available  energy  of  the  steam  into 
mechanical  power,  or  a  conversion  of  about  one-fifth  of  the 
heat  in  the  fuel  into  mechanical  work."  His  final  conclusions 
are:  "  In  practice,  a  temperature  is  soon  reached  beyond 
which  the  increased  deterioration  of  the  superheater  boiler 
and  engines  more  than  counterbalance  the  saving  in  fuel,  so 
that  pnaht u  ui  this  direction  in  soon  reached,  and,  in  fact, 
has  a! rend  tj  he  en  n  carl  ij  a ppnxn-h  r/I .  At  the  lower  end  of 
the  cycle  the  temperature  of  the  condenser  being  determined 
by  that  of  the  circulating  water,  there  is  not  much  scope 
for  improvement.  Tiaere  is,  however,  a  probability  of 
improvement  in  boiler  and  engine  efficiencies  by  reduction  of 
petty  losses,  which  in  the  aggregate  represent  a  loss  nearly 
equal  to  the  total  energy  realised  as  mechanical  work.  These 
losses  are  about  equally  divided  between  the  boiler  and  the 
engine,  and  have  for  many  years  been  the  subject  of  much 
careful  thought  and  investigation.  The  conclusion  at  present 
appears  to  be  that  the  boiler  and  the  steam  engine  may  be 
improved  by  improvements  in  combustion,  in  the-  efficiency  of 
heat  transfer  in  the  boiler  and  superheater  to  the  working 
fluid,  and  in  the  engine  itself,  but  tJiat  no  farther  substan- 
tial an -prove  ment  is  'possible  in  the  condenser.1' 

Coming  next  to  the  internal-combustion  engine,  Dr. 
Dugald  Clerk  remarks :  "  It  is  possible  in  a  large  gas  engine 
to  increase  the  indicated  thermal  efficiency  to  about  50  per 
cent. ,  but  in  such  an  engine  the  mechanical  efficiency  obtained 
would  be  about  40  per  cent.  The  smaller  gas  engines  do 
not  give  quite  such  good  results,  but  the  falling  off  is  not 
great."  Dr.  Clerk  further  remarks :  "A  large  amount  of 
power  can  still  be  obtained  from  the  blastfurnace  gases 
evolved  at  ironworks.  Assuming  10,000,000  tons  of  pig  iron 
to  be  made  in  Britain  per  annum,  and  allowing  for  the  free 
gas  available  after  heating  the  blast,  about  700,000  h.p. 
could  be  continuously  developed  without  burning  any 
additiatuff  furl.  Some  of  this  gas  is  used  for  motive 
power,  but  the  greater  part  of  it  is  wasted.  The  gases 
evolved  in  coking  processes  can  be  collected  and 
used  for  motive  power.  From  this  source  it  is  possible 
to  obtain  about  140,000  h.p.  continuously.  Engineers 
are  engaged  in  attempting  to  use  all  sources  of  motive 
power,  and  at  no  time  have  they  paid  greater  attention  to 
waste  gases  and  waste  heat  than  at  present.  The  waste 
heat  carried  away  in  the  exhaust  gases  of  gas  engines  is 
utilised  in  many  cases  for  raising  steam,  and  about  2^1bs. 
of  steam  at  over  lOOlbs.  per  square  inch  pressure  can  be 
obtained  per  hour  per  brake-horse-power.  The  exhaust  steam, 
")()，  t'roni  rolling  mill  engines  and  other  engines  using  little 
exi>aiision  is  heing  applied  to  operate  low-pressure  steam 
t  ui-biiies.    Practically  all  the  waste  heat  from  gas  engines, 


November  1,  1912]  THfi   MECHANICAL  ^NGiN^BR. 


54^ 


amounting  to  about  50  per  cent,  of  the  total  beat  of  combus- 
tion, could  be  used  in  some  such  manner."  Dr.  Clerk 
concludes :  "  It  is  evident  that  if  steam  power  could  be 
entirely  replaced  by  power  obtained  by  internal-combus- 
tion the  fuel  consumed  would  be  reduced  one-half.  It  may 
be  asked,  then,  by  scientific  men,  Why  not  legislate  so  as 
to  enforce  the  use  of  gas  power  ？  Apart  from  the  varied 
monetary  interests  which  would  make  it  impossible  to  carry 
any  such  law,  the  law,  even  if  carried,  would  be  of  most 
doubtful  benefit.  Great  industrial  inventions  cannot  be 
perfected  in  a  few  years,  and  any  attempt  to  force  the  rate 
of  progress  usually  ends  in  financial  disasters  which  discredit 
the  rising  industry.  The  monetary  reward  of  successful 
competition  with  steam  is  so  great  that  engineers  may  be 
trusted  to  forward  the  application  of  the  new  form  of 
motive  power." 

(S)  Mineral  Oils  and  Spirrt  and  their  Substitute. ― Considering 
next  the  available  supplies  of  petroleum  and  petrol  for  use  as 
motive  power,  we  have  a  summary,  given  by  Sir  Boverton 
Redwood,  of  the  whole  output,  in  which  the  quantity  pro- 
duced per  annum  all  over  tLe  world  is  put  down  as  approxi- 
mately 38,000,000  tons.  Sir  Boverton  Redwood  remarks  ： 
If  the  whole  of  this  crude  petroleum  were  employed  as  fuel 
in  steam  raising,  it  would  not  replace,  allowing  for  its  higher 
thermal  efficiency,  much  more  than  5  per  cent,  of  the  world's 
output  of  coal  :  whilst,  if  used  in  internal-combustion  engines, 
it  would  be  equivalent,  as  a  source  of  power,  to  about  15  per 
cent,  of  the  coal.  Only  a  small  proportion,  however,  of  the 
crude  petroleum  can  be  regarded  as  available  for  use  as  a 
source  of  power,  for  by  far  the  larger  part  is  in  demand  as 
an  illuminating  agent  and  as  a  lubricant  for  machinery."  His 
conclusions  are  that  "  it  is  not  probable  that  there  can  be  any 
general  substitution  of  petroleum  for  coal  as  a  source  of 
power,  although  there  is  undoubtedly  opportunity  for  mak- 
ing provision  for  a  larger  use  of  liquid  fuel  for  certain 
selected  purposes  in  which  its  advantages  are  conspicuous, 
especially  in  ships  of  war." 

In  a  report  of  the  committee  of  the  Motor  Union,  the 
subject  of  the  possible  substitutes  for  mineral  oil  and  petrol 
spirit  from  vegetation  were  considered,  although,  owing  to 
the  convenient  nature  of  petrol  spirit  in  actual  use  and  the 
price  at  which  it  can  at  present  be  obtained,  alcohol  is  not 
largely  produced  for  use  for  fuel  purposes.  The  committee, 
however,  owing  to  the  rise  in  the  price  of  petrol  and  the 
small  probability  of  the  price  dropping  again  to  the  previous 
low  figure,  came  to  the  following  conclusion :  "  That  there 
can  be  no  possible  doubt  that  alcohol  might  be  made  com- 
mercially successful  in  competition  with  petrol  were  the 
Excise  restrictions  less  prohibitive."  And  the  committee 
further  stated  that  owing  to  the  great  strictness  of  the  Excise 
authority,  the  process  of  dematuring,  &c.，  brings  the  total 
cost  of  alcohol  up  to  a  price  which  may  be  very  materially 
reduced,  and  that  if  this  were  so,  alcohol  would  prove  a 
serious  competitor  with  petrol.  The  destruction  of  timber 
all  over  the  world  has  practically  put  the  use  of  wood  as  a 
fuel  out  of  consideration,  and  although  the  Governments  in 
various  countries  are  systematically  spending  large  sums  on 
afforestation ― Germany  and  France,  for  instance,  are  spend- 
ing between  them  more  than  £2,000,000  annually ― it  is 
unlikely  that  timber  will  ever  compete  with  coal  or  petro- 
leum as  fuel,  considering  the  modern  requirements  in  the 
direction  of  power.  The  chief  use  of  timber  will  in  the  future 
not  be  for  fuel,  but  for  purposes  of  construction,  and  its 
cultivation  will  be  promoted  for  its  effect  upon  the  rainfall 
of  the  country. 

(3)  Water  and  Wind  Power.— As  Mr.  W.  F.  Reid  remarks, 
two  centuries  ago  nearly  the  whole  of  the  mechanical  power 
utilised  in  Great  Britain  was  derived  from  wind  and  water: 
the  total  power  derived  to-day  from  these  sources  in  this 
country  is  comparatively  insignificant.  There  m  a  good  deal 
of  popular  misconception  on  the  subject  of  such  power.  It  is 
generally  assumed  that  the  power  of  both  wind  and  water 
costs  practically  nothing.  Quite  apart,  however,  from  the 
rental  of  the  necessary  land,  the  upkeep  of  wind  and  water 
mills  is  by  no  means  a  negligible  (juantity  ；  but  the  really 
unsatisfactory  feature  of  such  power  is  its  uncertainty  and 


intermittent  character.  The  familiar  siglit  of  tall  chimney 
stacks  in  secluded  valleys  in  this  country  where  paper,  cloth, 
or  cotton  mills  were  placed  many  years  ago,  in  order  to  take 
advantage  of  the  local  water  power,  and  the  fact  that  steam 
plant  is  an  accessory  of  so  many  modern  installations  of 
water-power  in  other  countries,  shows  that  it  is  cheaper  to 
duplicate  the  motive  power  plant,  and  use  fuel  as  an  alterna- 
tive when  water  is  not  available,  than  to  allow  the  valuable 
concern  to  stand  idle.  The  storage  of  water  in  this  country, 
made  possible  by  its  great  waterworks,  is  largely  for  domestic 
purposes,  and,  even  if  this  were  not  the  case,  a  simple  cal- 
culation shows  the  comparatively  small  amount  available  for 
power  from  the  rainfall.  In  this  matter,  I  am  afraid  I  can- 
not agree  with  Mr.  Reid  when  he  says  that,  even  if  we  do 
not  get  our  share  of  the  direct  rays  of  the  sun,  yet  indirectly 
we  receive  our  full  proportion  of  the  energy  derived  from 
that  source.  Taking  his  estimate  for  that  small  part  of  the 
country  where  the  rainfall  exceeds  60in.  per  annum,  and  that 
lin.  of  rain  per  acre  is  equivalent  to  100  tons  of  rainfall, 
this  only  amounts  to  6,000  tons  per  annum  per  acre,  and, 
assuming  an  available  fall  of  400ft. ，  this  would  give  an  actual 
working  horse-power  for  300  days  in  the  year  and  10  hours 
in  the  day  of  1  h.p.  per  acre ;  whereas  the  radiant  energy 
received  by  the  earth  in  favourable  localities  may  be  estimated 
as  at  least  10,000  h.p.  per  acre ― that  is  to  say,  10,000  times 
as  much.  We  shall,  however,  no  doubt,  agree  with  Mr. 
Reid  that  a  good  deal  might  be  done  to  conserve  the  water 
power  now  running  to  waste  in  this  country  ;  although,  even 
if  this  is  done,  we  cannot  ever  hope  to  derive  power  from  this 
source  with  an  effect  such  as  may  be  witnessed  in  other  coun- 
tries, where  such  storage,  in  conjunction  with  a  suitable 
transmission,  has  been  a  source  of  great  wealth  in  the  pro- 
motion of  industries  in  such  countries  as  Italy,  Switzerland, 
and  Sweden,  or  even  on  a  still  larger  scale  on  the  American 
continent. 

There  is,  of  course,  the  other  source  of  water  -power,  viz., 
the  tides.  Prof.  Marshall,  in  his  fascinating  "  Economics  in 
Industry,"  gives  a  calculation,  based  on  the  rental  of  10s. 
an  acre,  and  an  average  rise  and  fall  of  the  tide,  which  proves 
that  at  present  tidal  power  cannot  compare  with  steam 
power,  even  putting  the  cost  of  coal  against  the  rental  of  the 
necessary  land ― that  is,  of  course,  in  this  country.  Dr.  Louis 
Bell,  a  few  years  ago,  discussed  this  question  in  "  Cassier's 
Magazine,"  and,  taking  as  an  illustration,  the  problem  of 
the  possibilities  of  the  40ft.  tides  in  the  Bay  of  Fundy,  showed 
that  for  two  runs  of  five  hours  each,  more  than  50,000  h.p. 
were  available  per  square  mile  of  reservoir,  and  that  if  the 
area  between  two  headlands — three  miles  apart  (an  area  of 
400  square  miles) ― could  be  converted  into  a  tidal  basin, 
more  than  20,000,000  h.p.  would  be  available  per  day  ;  but 
be  pertinently  remarks  that  to  utilise  it  would  require  an 
engineering  feat  more  tremendous  than  anything  yet 
attempted  by  man.  These  figures,  however,  are  interesting, 
at  anyrate  as  showing  there  are  sources  of  power  which,  in 
the  event  of  the  exhaustion  of  our  fuel  supply,  may  at  some 
future  date  have  to  be  utilised,  though  the  conditions  gene- 
rally involved  appear  to  make  the  probabilities  of  such  use 
not  likely  to  occur  until  centuries  have  elapsed.  There  are, 
of  course,  other  ways  of  using  tidal  power,  such  as  taking  the 
power  from  a  floating  ship,  but  a  simple  calculation  is  enough 
to  show  the  unpractical  nature  of  such  a  scheme.  Let  us 
suppose  a  vessel  of  1,000  tons,  moored  in  a  river  where  the 
tide  rises  and  falls  an  average  of  20ft.  This  would  give  an 
average  working  horse-power  for  24  hours'  continuous  effort 
something  like  2  h.p.  Still  less  hopeful  is  the  task  of  extract- 
ing power  from  a  tidal  mill  in  which  the  flow  of  the  tide  turns 
the  paddles  by  the  surface  action.  Such  contrivances  are  to 
be  seen  in  the  floating  baths  on  the  Rhine  and  other  rivers 
where  the  use  of  the  water  power  is  really  for  pumping,  the 
action  being  similar  to  that  of  the  earliest  irrigation  water- 
mills  of  the  East. 

Concerning  the  action  of  the  wind,  as  Lord  Kelvin  re- 
marked many  years  ago,  a  considerable  proportion  of  the 
ships  of  the  world  are  still  propelled  by  wind  power,  and 
there  are,  of  course,  an  enormous  im mber  of  windmills  scat- 
tered over  the  surface  of  the  world.  Yet  it  takes  a  fairlv 
large  windmill  to  produce  any  reasonable  effect.  For  instance. 
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in  ； in  example  given  by  Weisbach,  a  windmill  with  four  sails, 
ench  24ft.  long  and  From  6ft.  to  9ft.  broad,  making  16  revs, 
per  minute,  and  actuated  by  a  fairly  good  wind,  having  a 
\olocity  of  20ft.  per  second,  has  as  its  highest  theoretical 
effect  only  about  5  h.p. ― that  is  to  say,  a  wimlmill  of  this 
size  would  only  produce  the  effect  of  a  steam  engine  using 
from  lOlbs.  to  ]51bs.  of  coal  per  hour,  or  a  total  in  a  week 
of  10  hours  per  day  somewhere  about  5  cwts.  The  coal  in 
(juestion  would  only  cost  from  3s.  to  4s. ，  and  the  steam  engine 
would  have  the  enormous  advantage  of  uniformity  of  effect, 
and  this  with  a  continuity  of  action  which  cannot  be  ensured 
i:i  the  employment  of  the  wind. 

In  conclusion,  let  us  consider  what  other  possibilities  there 
jire,  and  take  first  the  direct  heat  of  the  sun，s  rays.  In 
countries  like  California,  where  the  sunlight  is  continuous 
； iiul  rain  occurs  practically  only  at  night,  the  direct  rays 
of  the  sun  (as  already  remarked)  nuiy  be  considered  to  repre- 
sent something  like  10,000  】i.p.  available  through  at  least 
eight  hours  of  the  day.  The  first  attempt  that  we  know  of 
to  employ  this  heat  for  actual  motive  power  was  by  the  great 
Swedish  inventor,  Ericsson,  who,  in  this,  as  in  other  respects, 
was  quite,  in  advance  of  his  time.  Tlie  method  of  Ericsson 
was  to  concentrate  the  rays  of  the  sun  by  a  large  number  of 
re  (lectors  upon  a  boiler,  and  to  employ  both  a  steam  engine 
and  the  hot-air  engine  of  his  own  invention.  Dr.  Louis  Bell, 
i.i  •'  Cassier's  Magazine/'  gives  an  account  of  a  recent  type 
of  such  apparatus.  The  mirror  construction  takes  the  form 
of  the  frustrum  of  a  short,  hollow  cone,  with  its  base  turned 
towards  the  sun.  The  base  of  the  cone  is  36ft.  diam.，  with 
strips  of  silvered  glass,  2ft.  long,  6in.  or  8in.  in  depth,  car- 
ried in  a  light  steel  framework,  the  whole  being  carried  on 
a  polar  axis,  capable  of  being  moved  so  as  to  follow  the 
motion  of  the  suu.  The  boiler  is  of  coiled  water  pipe,  con- 
structed of  lin.  blackened  copper  pipe,  placed  axially  in  the 
centre  of  the  mirror  ；  the  mirror  is  36ft.  diam.,  and  contains 
1 ,000  sq.  ft.  of  reflecting  surface.  The  boiler  gives  2001bs. 
pressure  in  full  sunshine,  and  develops  10  h.p.  The  annual 
expense  of  this  contrivance  works  out  at  about  «£15  per  horse- 
power per  year,  which,  as  Dr.  Bell  remarks,  is  considerably 
below  the  cost  of  the  power  obtained  from  small  steam  or  oil 
engines,  and  compares  favourably  with  the  price  of  electric 
power,  at  anyrate  in  small  units.  Ericsson  estimated  that 
nearly  10,000,000  square  miles  of  the  earth's  surface  were 
available  for  solar  power,  and  that  by  this  means  the  deserts 
of  the  world  could  be  reclaimed  by  irrigation,  thereby  en- 
abling the  whole  population  of  the  earth  to  be  supported.  Dr. 
Louis  Bell  himself  seems  to  contemplate  at  some  future  date 
a  general  migration  of  the  population  of  the  world,  when 
fuel  supplies  are  exhausted,  to  the  warmer  regions,  where  the 
conditions  of  life  are  not  so  severe  and  where  such  solar 
power  would  be  available.  It  is  obvious,  however,  that  the 
solar  power,  from  an  engineer's  point  of  view,  is  not  a  par- 
ticularly hopeful  solution  of  the  power  problem  for  inhabi- 
t;mts  of  the  British  Isles,  and  from  our  recent  summer's 
experiences,  it  is  fortunate  that  our  manufacturers  and  indus- 
tries do  not  depend  upon  this  particular  source  of  energy. 

(4)  Heat  derived  from  the  Earth  itself. ― With  regard  to  the 

available  heat  of  the  earth  itself  as  energy,  the  possibilities 
are  well  summarised  by  the  Hon.  R.  J.  Strutt  under  three 
heads  :  (1)  The  hot  springs  from  the  interior  of  the  earth  ；  (2) 
the  streams  of  molten  lava  which  flow  from  the  interior  almost 
perpetually,  as  at  Stromboli  ；  and  (3)  the  possibility  of 
pumping  water  to  the  heated  interior,  and  receiving  it  back 
at  a  high  temperature.  Hot  springs  may  be  dismissed  at 
once  as  giving  too  small  a  supply  of  heat,  and,  Mr.  Strutt 
remarks,  the  opportunities  of  obtaining  heat  from  molten 
]a va  are  scarcely  extensive  enough  to  encourage  inventors, 
-ikI  lie  somewhat  quaintly  surnniarisecl  the  possibility  of  the 
l^ist  mot  hod  as  follows :  "If  any  attempt  to  supply  such 
ii  <'tho(ls  was  made,  it  would  be  essential  to  begin  at  a  volcanic 
r rater,  for  < lie  feasibility  of  reaching  a  zone  of  molten  rock 
ii»  ot  her  places  is  doubtful,  even  if  sucli  exists.  The  engi- 
neering (linicult,ies  of  making  the  attempt,  even  when  the 
molten  rot-k  is  accessible,  would  be  very  great.  Upon  the 
、、ln 山' it  seems  to  me  altogether  unlikely  that  the  problem 
r;'iw(l  l)y  \ha  prospective  failure  of  the  coal  supply  will  find 
its  solution,  in  the  use  of  underground  heat."    There  is  one 


more  source  of  energy,  depending  on  what  Sir  William 
Ramsay  calls  "  atomic  transformation/'  in  which  he  is,  of 
course,  alluding  to  that  marvellous  substance,  radium. 
According  to  Sir  William  Ramsay,  a  ton  rMdiutn  gives  of]' 
energy  which  in  the  course  of  a  year  would  be  equivalent  to 
the  burning  of  1 17  tons  of  coal.  In  doing  this,  it  suffers 
only  a  minute  loss  of  its  weight.  In  fact ,  it  appears  as  if  it 
would  continue  to  exert  this  energy  for  something  like  3,500 
years ；  at  anyrate,  it  would  give  out-  <、ii('rgv  lor  apparently 
this  time  before  it  was  exhausted ― that  is  to  say,  a  ton  of 
radium  would  have  evolved  460,000  t'irnes  as  much  heat  as 
an  equal  weight  of  coal.  But,  alas,  there  are  several  serious 
drawbacks  to  tlie  briglit  hopes  at  first  raised  by  such  stored 
up  energy.  In  the  first  place,  I  am  not  aware  that  anyone 
has  suggested  up  to  the  present  any  practical  means  of 
actually  converting  this  energy  into  mechanical  effort  for 
engineering  purposes.  In  the  second  place,  radium  would, 
it  appears,  take  between  3,000  and  4,000  years  to  develop 
all  its  power,  so  that  its  operation  is  only  equivalent  to  the 
actual  thermal  effect  per  annum  of  117  times  its  weight  in 
coal.  But,  alas,  there  is  yet  the  greatest  drawback  of  all.  Sir 
W.  Ramsay  estimates  t hat ,  as  far  "s  can  be  reasonably  con- 
jectured, the  whole  world  contains  something  like  5  cwt.  of 
radium,  so  that  if  all  the  radium  were  available  for  power, 
and  that  power  could  be  actually  employed,  this  would  only 
be  equivalent  to  an  annual  supply  of  between  40  and  50  tons 
of  coal  per  annum ― t liat  is  to  say,  only  about  one  three- 
millionth  part  of  the  actual  coal  which  is  consumed  every 
year  in  this  country  alone. 

I  must  now  bring  our  review  of  our  sources  of  power  to  a 
close,  and  it  is  evident  that  it  is  our  coal  supply  which  is  the 
real  source  upon  which  we  depend  for  mechanical  power  in 
this  country,  and  although  it  will  be  beyond  our  time  and 
that  of  many  generations  of  our  successors  before  our  coal 
supply  begins  to  show  signs  of  exhaustion,  yet  the  thought 
must  strike  each  one  that  it  is  a  duty  incumbent  upon  us  all 
to  economise  as  far  as  possible  the  stores  of  coal  in  the  earth. 
There  is  no  one  who  does  not  feel  that  the  reckless  manner 
in  which  our  predecessors  have  been  allowed  to  denude  this 
and  other  countries  of  timber  is  au  evil  thing  ；  but  the  manner 
in  which  much  coal  is  now  wasted  is  just  as  evil  a  thing  as 
the  destruction  of  our  timber  supplies,  with  the  additional 
evil  that  the  wasted  coal  is  a  source  of  dirt  and  fog,  with  all 
their  accompanying  evils.  We  may  not  go  as  far  as  Dr. 
Louis  Bell,  who  remarks  that  we  of  the  present  day  have 
used  our  coal  supplies  like  reckless  vandals,  robbing  our 
children  and  our  children's  children  without  scruple.  lie 
even  goes  on  to  say :  "  There  is  no  stopping  the  greedy  hordes 
in  their  frantic  money  hunt,  but  it  is  part  of  wisdom  to 
cast  about  for  some  means  of  saving  the  general  disaster  as 
much  as  possible."  Ex-President  Roosevelt  puts  the  matter 
in  the  following  words :  "  As  a  people  we  have  the  right  and 
the  duty  to  protect  ourselves  and  our  children  against  the 
wasteful  development  of  our  natural  resources  or  by  making 
them  impossible  of  development  hereafter."  Sir  W.  Ramsay, 
in  summarising  the  report  of  the  British  Science  Guild,  refers 
to  a  strong  feeling  that  something  ought  to  be  done  to  preserve 
the  continuity  of  the  Royal  Commission  on  coal  supply, 
even  if  we  agree  with  Dr.  Dugald  Clerk  that  actual  legisla- 
tion in  the  way  of  introducing  greater  economy  would  I"' 
undesirable.  As  Sir  W.  Ramsay  remarks,  this  in  no  way 
precludes  the  establishment  of  a  permanent  body,  whose 
duty  it  would  be  to  keep  the  nation  informed,  through  annual 
reports,  of  the  actual  state  of  our  sources  of,  energy,  and  the 
metkods  by  which  economies  miglil  be  effected. 

Institution  of  Engineers  and  Shipbuilders  in  Scotland. -— The 

following  awards  of  premiums  for  papers  read  have  been 
made  by  the  Council  of  this  Institution  ：  To  Dr.  T.  J. 
Nicolson,  for  his  paper  on  "  Boiler  Economics  and  the  Use  of 
Jligli  Gas  Speeds,"  £5.  5s.  ；  to  Mr.  T.  B.  Mackenzie,  for  his 
paper  on  "  Means  for  Economising  Fuel  and  Utilising  Waste 
Heat  in  Malleable  Iron  and  Steel  Works,"  £3.  3s.  ；  to  Messrs. 
R.  Royds,  M..Sc.，  and  J.  W.  Campbell,  M . Sc . ,  for  their  paper 
on  "  The  Possibilities  of  Flu©  Gas  Economisers  on  Board 
Shi]>,"  £3.  3s.  each;  to  Mr.  E.  M.  Speakman,  for  his  paper 
on  "  The  Wider  Adoption  and  Standardisation  of  Water  Tube 
Boilers,"  £3.  3s.  ；  and  to  Mr.  D.  M.  Shannon,  for  his  paper 
on  "  Some  Aspects  of  Diesel  Engine  Design,"  £3.  3s. 
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INTERNATIONAL  ENGINEERING  AND  MACHINERY  EXHIBITION,  OLYMPIA. — IV. 


M«srs.  Samuel  Piatt,  Ltd.,  of  King's  Hill  Foundry,  Wed- 
neshurv,  exhibited  several  machines  of  their  manufacture  for 
forging  and  finishing  nuts  and  bolts,  as  well  as  various  types 
of  screwing  machines,  bar  reeling  and  straightening  machines, 
and  double-ended  cutting-out  and  stripping  presses.  One  of 
the  screwing  machines  shown  is  for  use  with  wrought  or  malle- 
able iron,  steam,  gas,  water,  and  conduit  fittings.  Three 
ways  can  be  screwed  simultaneously,  after  wliich  the  machine 


Fig.  ].— Double-spixdlf.  Nut  Frazing  Machine.    Messrs.  Samufx  Pi.att, 
Ltd.,  Wednesbdrt. 

automatically  reverses  at  quick  speed  and  then  stops,  wlien  the 
fitting  is  removed  and  the  operation  is  repeated.  Three  of  the 
nut-finishing  machines  shown  are  illustrated  in  Figs.  1，  2,  and 
3.  Fig.  1  is  a  double-spindle  nut  frazing  machine  which  is 
semi-automatic  in  action,  the  nuts  being  placed  in  chucks  on 
the  revolving  tables,  when  they  are  automatically  f razed  and 
ejected.  The  output  is  therefore  regulated  by  the  operator  s 
dexterity  in  feeding  the  machines.  Nuts  of  varying  thickness 
fan  be  f razed,  as  a  wide  range  of  adjustment  is  provided,  aiul 
all  gears  liave  machine-cut  t^etli. 

Fig.  2  is  a  self-contained  4-spindle  nut-tapping  machine, 
the  illustration  of  which  is  almost  self-explanatory.    We  may 


FH..  2.  — 1-HIMNDIJ-:  NlTT-TAM'INO  MAf  HINK.       ^Il.SSRS.  SaMVKI,  】）I,ATT,  TjTD., 
\\"  KDNKSIitTHY. 

mention,  however,  that  the  spindles  of  these  macliines  can  l>o 
arranged  to  run  at  the  same  speed ,  or  two  of  them  may  be 
made  to  run  faster. 


Fig.  3  is  a  mit-facin^  and  clianifoi  in^  rnacliine.  \n  t  liis 
machine  nuts  are  faced  absolutely  true  wit  li  t  he  t  lu-ead,  ； uhI 
gauge  stops  can  be  set  to  give  any  thickness  required.  Altei- 
facing,  the  nuts  are  automatically  removed  without  stopping 
the  machine. 

Messrs.  The  Britannia  Foundry  Company,  of  ('ox  St t , 
Coventry,  and  The  Adjustable  Moulding  Machine  Company,  ，,t 

West  Orchard  Works,  Coventry,  had  a  joint  exhibit  on  Stand 
No.  79  of  moulding  machines,  sand-mixing  inachines,  en;i mrl 
ling  stoves,  and  other  foundry  requisites,  in  the  maiu"':"'t m、、 
of  wliidi  I  hey  iiave  specialised.  Two  of  tlie  exhil)iteil 
machines  we  Iiave  pleasure  in  illustrating  in  Figs.  4  ； ui(l  「)， 
Fig.  4  heiiig  the  "  Coventry  moulding  machine  No.  二）  and 
Fig.  .—)  the  adjustable  moulding  machine.  The  latter  rnacliino, 
as  will  be  seen,  consists  of  a  single  colunni,  or  pedestal,  on 
which  are  mounted  two  fixed  arms  similar  to  a  lathe  V  bed  ； 
ii])on  these  arms  are  two  sliding  columns  which  carry  the 
moulding  boxes,  and  can  be  instantly  moved  to  take  any  size 
pattern  plate  from  8in.  to  24in.  wide,  length  unlimited,  and 
looked  in  any  position  by  an  eccentric^  These  columns  are  in 
turn  fitted  with  rests  for  carrying  the  moulding  boxes,  which 
can  be  adjusted  to  suit  any  different  thicknesses  and  makes  of 
pattern  plates.  The  pattern  plates  are  fixed  directly  or 
indirectlv  on  a  table,  in  the  centre  of  which  is  a  stron" 
plunger,  which  supports  the  plate  in  a  proper  manner  and 


-NtlT-FACIXG  AND  CHAMF?:RIXft  MAf'HrXK. 

Ltd.  ,  \Vkp\ksbury. 
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takes  all  the  pressure  of  the  ramming.  The  plunger  is 
operated  from  below  with  a  crank  and  central  thrust  connect- 
ing rod,  which  enables  the  pattern  to  be  drawn  from  the 
mould  in  a  perfectly  true,  smooth,  and  accurate  manner.  All 
the  working  parts  are  accurately  machined  and,  being 
enclosed,  are  entirely  protected  from  any  evil  effects  of  the 
foundry  sand.  This  machine  only  draws  the  patterns,  the 
ramming  of  the  mould  being  done  by  hand,  but  as  the  patterns 
are  drawn  absolutely  accurate  a  great  amount  of  time  is  saved 
in  sleeking,  patching,  and  mending  the  moulds. 

The  "  Coventry  ''  moulding  machine  shown  in  Fig.  4  will, 
it  is  claimed,  mould  any  casting,  however  intricate,  that  can 
ho  moulded  on  any  other  known  machine  (providing  it  is  not 
too  large  to  go  on  the  table),  and  the  firm  claim  that  its  de})t h 
of  ram  and  heiglit  of  lift  are  greater  than  any  other  moulding 
machine  on  the  market.  It  is  a  power  machine  without 
power,  i .e.y  patent  mechanical  gear  in  the  head  enables  a  man, 
without  undue  exertion,  to  ram  any  mould  as  hard  as  it  is 
required,  and  so  does  away  with  the  expense  of  hydraulic  or 
pneumatic  power.  The  ram  works  with  a  squeezing  motion, 
and  thus  the  operator  can  easily  gauge  the  amount  of  pressure. 
Tlie  lift  is  also  perfectly  steady,  true,  and  parallel,  and  not 
only  lifts  moulds  off  the  pattern,  but  moulding  box  off  the 
tal)le  pins. 

Messrs.  Frederick  Pollard  &  Co.,  Ltd,  of  St.  Saviour's  Road 
East,  Leicester,  exhibited  a  collection  of  their  "  Corona  "  drill- 
ing machines,  in  which  class  of  tool  they  have  specialised,  and 
about  one-half  of  these  were  shown  running.  They  ranged  in 
size  from  a  12in.  bench  drill  to  a  24in.  upright  higli-s])eed 
machine,  many  of  them  being  equipped  throughout  with  ball 
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bearings.  The  advantages  of  ball  bearings  for  high  speed 
drilling  of  small  holes  are  many.  By  their  use  drills  may  be 
run  at  the  highest  speed  they  are  capable  of  efficiently  holding 
up  to,  and  as  the  friction  of  bearings  is  at  a  minimum,  practi- 
cally the  whole  of  the  driving  power  utilised  is  used  to  revolve 
tlie  drills.  A  great  saving  in  power  is  thereby  effected ,  and 
the  maximum  output  obtained  from  machine  and  drills. 
Another  important  point  is  that  the  bearings  are  practically 
indestructible'  and  do  not  require  the  same  attention  as 
regards  lubrication,  greasing  once  a  year  being  all  that  is 
necessary  to  keep  them  in  good  condition.  All  "  Corona  ，， 
sensitive  drill  spindles,  we  are  informed,  are  fitted  with  ball 
journal  and  thrust  bearings,  and  all  new  models  can  be  sup- 
plied equipped  throughout  with  ball  bearings  (including  loose 
pulleys).  When  so  fitted,  the  spindles  are  bored  with  a  size 
larger  Morse'  taper,  and  machines  may  be  run  50  per  cent, 
faster  than  the  speed  specified  for  plain  bearing  machines. 
In  some  recent  tests  at  the  "  Corona  ，，  Works,  with  new  model 
]3in.  and  1 5in.  sensitive  drills,  a  number  of  holes  Jin.  diam. 


Fig.  4.—"  Coventry  "  Moulding  Machine.   Messrs.  The  Britannia 
Founduy  Co.,  Coventry. 

and  lin.  deep  were  drilled  in  ordinary  cast  iron  in  two  seconds 
each,  also  a  number  of  ^in.  holes  of  same  depth  and  in  same 
material  were  drilled  in  four  seconds  each. 

It  is  obviously  impossible  in  the  limited  space  at  our  dis- 
posal to  describe  all  the  machines  shown  by  the  firm,  but  the 
one  illustrated  in  Fig.  6  may  be  taken  as  fairly  representative 
of  their  manufacture.  This  is  their  20in.  new  model 
" Standard  ，，  drilling  machine,  single  geared  and  having 
positive  automatic  feed.  This  machine'  will,  we  understand, 
deal  with  all  classes  of  material  up  to  l^in.  diam.  All  shafts, 
spindle,  &c.，  are  made  from  the  solid,  and  are  turned  and 
ground.  The  bearings  are  of  the  ring  oil  type  made  from  C.I. 
and  are  renewable.  The  rack  bush  is  made  from  steel  with 
teeth  cut  from  the  solid,  and  is  graduated  and  fitted  with  gun- 
metal  bushes.  All  the  gears,  as  will  bo  seen ,  ar&  guarded, 
and  all  levers  are  made  from  malleable  iron.  The  table, 
which  is  of  large  diameter,  is  raised  by  a  steel  worm  and  gun- 
metal  worm  wheel  operating  a  steel  pinion,  which  in  turn 
gears  with  the  cut  rack  on  the  side  of  the  standard.  The  drill 
s!,i miles  are  all  fitted  with  Hoffmann  ball  thrust,  and  the  feeds 


are  positively  operated  by  lever  and  feed  worm,  which  is 
always  in  gear. 

Messrs.  Perkin  &  Co.,  Ltd.,  of  Whitehall  Road,  Leeds, 
exhibited  on  Stand  No.  3  a  representative  collection  of  machine 


Fig.  5.— Adjustable  Moulding  Machine.   Messrs.  The  BniTANNtA. 
Moulding  Machine  Co.,  Covkntry. 

tools  of  their  manufacture,  including  lathes,  shaping,  grind- 
ing, drilling,  and  liacksawing  machines.  Many  of  these, 
however,  we  have  previously  described,  so  we  purpose  confin- 


Fig.  fi.— "  Cohoxa  "  20in.  Upright  Drilling  Machink.    Mkssiir.  Fredkriok 
Pollard  &  Co.,  Ltd. ,  Lkickster. 

ing  our  remarks  to  a  short  description  of  two  lathes  on  which 
several  new  features  have  been  introduced.  Fig.  7  shows  the 
8.Un.  centre  by  8ft.  bed  Anglo-American  type  lathe  exhibited, 
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On  the  front  of  this  machine,  as  will  be  seen,  a  bar  is  fitted 
immediately  below  the  apron  and  this  carries  a  number  of 
automatic  stops  for  the  longitudinal  feed.  Any  number  of 
stops  can  be  used,  and  for  each  and  every  automatic  stop  a 
dead  stop  is  also  provided.  Messrs.  Perk  in  inform  us  that  it 
is  possible  on  this  machine  to  duplicate  lengths  exactly.  For 
the  cross  traverse  a  new  stop  motion  is  used,  which  is  entirely 
novel  in  design,  and  for  which  letters  patent  have  been  taken. 
Messrs.  Perkin  claim  that  witli  this  stop  motion  after  once 


Fto47.— SJtx.  Ckntrf.  Anglo-American  Type  Lathe.   Messrs.  Pf.uk in 
and  Co.,  Ltd.,  Lkeps. 

setting  the  tool  to  the  first  diameter  to  be  machined  any 
number  of  identical  pieces  can  be  turned,  with  the  confidence 
that  they  will  be  quit©  uniform,  and  the  rate  at  which  the 
machine  operates  upon  bar  work,  armature  work,  spindles, 
&c.,  is  surprising.  Other  principal  features  of  the  machine 
are,  that  it  has  a  semi  all-gear  head  giving  five  speeds  without 
moving  the  belt,  four  ratios  of  double  gear,  and  two  counter- 
shaft speeds  giving  20  spindle  speeds  in  all  ；  all  the  motions 
are  controlled  without  the  use  of  spanners,  and  the  four 


disengaged  without  the  use  of  a  spanner,  each  and  every  one 
being  readily  obtained,  and  it  is  impossible  for  any  two  of 
them  to  he  engaged  at  the  same  time.  Messrs.  Perkin  k  Co. 
inform  us  that  so  far  as  they  are  aware  this  is  tlie  only  purely 
English  type  lathe  which  has  this  feature.  The  lathe  has  a 
3-speed  cone  and  two  ratios  of  double  gearing,  giving  nine 
spindle  speeds,  six  of  which  are  double  geared,  and  all  in 
geometrical  progression,  together  with  variable  feed  motion  to 
the  back  shaft. 

Messrs.  H.  W.  Ward  &  Co.,  Ltd"  of  Lionel  Street,  】iir- 
mingliam,  had  a  very  large  stand  and  sliowecl  a  representative 
selection  of  their  well-known  capstan  and  turret  lathes, 
milling  machines,  and  ball  bearing  drills,  which  we  particu- 
larise below  ： ― 

Wire  Feed  Capstan  Lathes. ― 4 in.  centre,  \yx\.  patent  wire 
feed  capstan  lathes,  in  operation  making  small  brass  oil  caps. 
5in.  centre,  ^ i n .  patent  wire  feed  capstans,  in  operation 
making  screws  from  bright  drawn  steel  bars,  6iin.  centre 
capstan  lathe,  fitted  with  their  patent  automatic  chuck  to 
take  bars  l|in.  diam. 

The  patented  features  of  tlie&e  lathes,  in  connection  with 
the,  wire  feed  and  automatic  chuck,  are  worthy  of  special 
notice.  The  old-fashioned  toggles  are  dispensed  with,  the 
chucks  are  easier  to  operate,  have  more  latitude  as  regards 
variation  in  size  of  stock,  and  greater  gripping  power. 

Friction  Geared  Capstan  Lathes. ― 6^in.  centre  friction 
geared  capstan  lathe,  with  l-|in.  patent  automatic  chuck  and 
bar  feed  ；  this  machine  was  shown  in  operation  making  sleeve 
clutches  for  feed  boxes  from  steel  bar.  7^in.  centre  friction 
geared  capstan  lathe,  with  2Jin.  hole  through  spindle,  auto- 
matic feed  to  capstan  slide,  and  automatic  chasing  saddle. 

This  latter  machine,  which  we  have  pleasure  in  illustrating 
in  Fig.  8，  was  shown  in  operation  machining  l^in.  globe 
valves,  the  three  ways  being  machined  at  one  setting  by  means 
of  a  revolving  valve  chuck. 

Plain  Chucking  Lathe. ― This  machine  was  of  entirely  new 
design  and  would  be  interesting  to  motor  engineers.     It  was 


Fio.  H.— 74in.  Ckntrk  FnirTioN-GEAnEi)  Capstan  Lathk.   Messrs.  H.  W.  Ward  &  Co.,  Ltd.,  Birmingham. 


positive  feeds  can  be  instantly  obtained  ；  the  feed  motion  in 
tlie  apron  is  also  positive,  and  therefore  there  is  no  tendency 
to  slip  ；  and  the  feeds  are  independent  of  the  screwcutting  and 
are  interlocking. 

On  the  7|in.  lathe,  which  we  regret  we  are  unable  to 
illustrate,  they  have  introduced  as  a  new  feature  a  positive 
interlocking  feed  for  the  sliding,  surfacing,  and  screwcutting 
motions.    All  the  motions  in  this  lathe  can  be  engaged  or 


much  simpler  than  the  combination  turret  lathe,  and  suitable 
for  much  work  that  has  hitherto  been  done  on  more  expensive 
machines.  The  lieadstock  of  this  type  lathe  is  9in.  centre  and  is 
fitted  with  duplex  friction  back  gear,  the  main  gearwheel  being 
directly  on  the  back  of  the  chuck.  There  is  also  a  3|in.  hole 
clear  through  the  spindle.  The  saddle  has  automatic  sliding 
and  surfacing,  and  screwcutting  motion  with  six  stops  in  each 
direction.    The  apron  mechanism  is  patented  and  is  a  great 
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advance  on  the  old  types,  only  one  handle  being  used  for 
operating  both  tlie  sliding  and  surfacing  motions  ；  this  in  con- 
nection witli  the  one  liandle  for  the  nut,  and  quick  withdraw, 
makes  only  two  handles  to  control  the  whole  of  the  move- 
ments. It  is,  we  should  say,  one  of  the  simplest  and  most 
effective  aprons  yet  on  the  market,  and  as  every  movement  is 
interlocked  it  is  impossible  to  cause  damage  through  inefficient 
operating. 

Combination  Turret  Lathe. ― This  type  of  lathe  was  repre- 
onled  by  the  largest  size  made  by  the  firm.    It  swings  27in. 


Fig.  9.— "Cop  1 
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diam.  and  has  a  6|in.  hole  through  the  spindle.  It  was  shown 
in  operation  on  heavy  forged  steel  gear  blanks,  &c. 

Flat  Turret  Lathes. ― Two  sizes  were  exhibited,  the  smaller 
l^in.  by  24in.  and  the  larger  2h'm.  by  30in.,  a  still  larger  size 
being  made  to  take  3|in.  by  42in.  The  smaller  machine  had 
not  been  exhibited  before,  and  the  larger  one  had  only  been 
re-designed  recently.  Both  of  these  machines  were  shown  in 
operation  producing  parts  from  mild  steel . 

Milling  Machines. ― Three  sizes  of  horizontal  machines 
were  exhibited  and  one  vertical  machine.  The  horizontal 
machines  are  made  in  a  full  range  of  sizes,  both  plain  and 
universal,  and  can,  we  understand,  be  supplied  either  with 
countershaft  and  cone  pulley  drive,  or  all-geared  with  single 
pulley  drive.  The  machines  are  capable  of  taking  excep- 
tionally heavy  cuts  and  were  also  shown  in  operation. 

Ball  Bearing  Drills. ― These  are  made  in  three  sizes -― either 
single  spindle  or  multiple.    Each  of  tlie  sizes  were  represented 

and  could  be  seen  in  opera- 
tion; the  No.  0  machine  will 
drill  up  to  Jin.,  the  No.  1  up 
to  Jin.,  and  the  No.  3  to  l^in. 
clear  in  liigh  speed  steel. 

Cutter  Grinding  Machines. 
— These  machines,  which  are 
extremely  handy  tools,  are 
made  in  two  sizes,  the  smaller 
one  only  being  exhibited. 
Like  the  others  it,  too,  was 
shown  in  operation. 

Messrs.  The  Alexander  Manufac- 
turin^  Company,  Ltd.,  of  42  and 
44，  Moor  Lane,  London, 
exhibited  a  complete  range  of 
stea  m  and  water  cocks  and 
valves,  together  with  a  num- 
ber of  interesting  sectional 
models  to  illustrate  the  in- 
terior construction.  Small 
tools  were  also  shown,  as  well 
as  a  few  large  screwing 
" Mork  "  pulley  block  was  also 
shown,  a  particular  feature  of  which  is  the  safe  and  reliable 
releasing  gear,  which  allows  of  the  bottom  empty  hook  being 
rapidly  raised  or  lowered  and  thus  brought  into  position  again 
immediately  after  discharging  its  load.  An  ingenious  device 
i'or  holding  plates,  exhibited  by  the  firm,  is  illustrated  in 
Pig.  9.  This  is  known  as  tlie  "  Cop  ，，  plate  lifting  clamp,  and, 
as  will  be  seen,  it  is  a  very  neat  and  effective  tool  for  the  pur- 
pose. Its  action  will  be  readily  understood  from  the  illus- 
tration, tlie  small  roller  running  down  the  inclined  inner  face 
of  t  lie  jaw  of  the  clamp  and  thus  gripping  the  plate. 
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machines.      The  well-known 


Messrs.  The  Judson-Jackson  Company,  of 】4，  Great  Smitli 
Street,  Westminster,  exhibited  some  interest ing  ntacliinow  in 
the  shape  of  belt-driven  forging  liammers,  ； ill-gear  high-speed 
lathes,  and  universal  wood-grinding  machines,  and  three  of 
t'liese  we  have  pleasure  in  describing  and  illustrating  herewith. 
Fig.  10  shows  thei r  "  Goliath  '，  hammer,  having  a  ram  of  60 lbs. 
weight,  and  capable  of  dealing  with  iron  up  to  4in.  As  will 
be  seen,  the  chief  feature  of  these  machines  is  the  patent  spiral 
spring  crank  plate  connection,  the  only  motion  in  existence,  it 
is  claimed,  which  gives  a  perfect  whip  stroke.  The  connection 
between  the  ram  and  crank  pin  also  gives  to  the  ram  a 
balanced  reciprocating  motion,  perfectly  cushioned  at  each 
end  of  the  stroke,  and  produces  a  thoroughly  effective  blow. 
The  formed  levers  which  transmit  the  motion  are  of  forged 
steel,  while  the  ram  itself  is  of  ample  strength  and  runs  in 
slides  having  means  for  taking  up  wear.  The  machine,  which 
will  deal  275  powerful  blows  per  minute,  is  fitted  witli  t'rict  ion 
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pulley  drive,  and  thus  no  countershaft  is  required.  The 
pulley,  which  can  be  run  in  either  direction,  is  provided  with 
forced  grease  lubrication  through  the  centre  of  the  shaft  from 
the  rear,  is  operated  by  the  foot  lever,  and  fitted  with 
automatic  spring  release.  Thus  tlie  smitli  who  holds  the  work 
can  also  operate  the  machine  by  means  of  his  foot.  A  second 
hammer,  known  as  the  "  Hercules/'  and  having  a  ram  of 
1601bs.，  and  capable  of  dealing  with  iron  up  to  6in.,  is  also 
shown.  This  operates  on  exactly  the  same  principle,  but  is 
naturally  more  massively  built,  the  body  being  of  box  section 
and  having  a  Tin.  diain.  hole  through  it  immediately  behind 
tlie  anvil  to  facilitate  the  handling  of  long  bars. 

An  all -gear  lathe  exhibited  by  Messrs.  The  Judson- Jackson 
Company  is  illustrated  in  Fig.  11.  This  is  the  newest  .design 
of  the  well-known  firm  of  Schaerer  &  Co.，  of  Karlsruhe,  whose 


FlC.  12.— UnIVKUSAL  WoOIKilUNPIN (；  Machink. 
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works  are  exclusively  employed  in  the  building  of  lathes. 
The  bed,  as  will  be  seen,  is  of  box  section  mounted  on  suitable 
standards,  and  a  special  feature  is  that  the  top  of  the  bed  is 
only  used  to  carry  the  fast  and  loose  headstocks.  The  saddle 
travels  clear  of  the  top,  being  carried  by  V  slides  cast  on  the 
back  and  front  shears,  and  as  these  are  cast'  ;il  different 
heights,  it  eliminates  any  possibility  of  twist  in  the  sadille. 
The  lead  screw  and  rack  are  situated  between  these  points  of 
support. 

The  all-gear  head  stock  gives  20  spindle  speeds,  and  any  of 
these  can  l)e  put  into  gear  whilst  tlie  machine  is  running  in 
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from  one  to  three  seconds,  and  it  is  impossible  for  two  Sets  of 
gearing  to  be  in  at  once.  The  lathe  is  driven  through  a  con- 
stant-speed pulley,  arranged  with  an  internal  friction  clutch 
which  is  operated  by  the  rod  shown  in  the  illustration,  and 
conveniently  placed  over  and  behind  the  machine.  The  drive 
can  thus  be  taken  direct  from  the  line  shaft,  or  a  constant- 
speed  motor  can  be  direct  coupled  by  belt  or  chain.  The 
driving  pulley  is  bushed  inside  the  back  bearing  in  order  to 
avoid  any  possibility  of  the  shaft  becoming  sprung  because  of 
the  belt  pull.  All  the  gears  are  hobbed  on  the  generating 
principle  to  secure  noiseless  running,  and  the  whole  arrange- 


Fig.  13. —3 


Duplex  Boring  and  Turning  Mill. 

Bennett,  Ltd.,  Coventry. 


Messrs  Webster  and 


mentis  "  foolproof."  Index  and  speed  plates  are  fitted  which 
enable  the  operator  to  read  at  a  glance  the  cutting  speed  pro- 
duced by  any  movement  of  the  levers  on  any  diameter  of  work. 

The  spindle  is  hollow,  and  the  drive,  being  applied  as  close 
as  possible  to  the  spindle  neck,  a  downward  pressure  is  there 
produced  which  counteracts  the  upward  pressure  of  the  tool 
on  the  work,  the  result  being  that  heavier  cuts  may  be  taken 
with  far  less  danger  of  excessive  wear  and  tear.  Another 
special  feature  is  that  the  thrust  of  the  spindle  is  taken  on  a 
ball  race  direct  at  the  front  neck  instead  of  being  carried 
through  the  metal  of  the  spindle  to  the  tail. 

The  saddle,  as  already  mentioned,  is  not  carried  on  the 
bed,  but  on  V  slides  at  the  front  and  rear.  These  slides,  being 
underneath  the  shears,  are  protected 
from  chips  and  dirt.  It  will  also  be 
understood  that  in  gap  bed  lathes  of  this 
construction,  when  the  saddle  overhangs 
the  gap,  there  is  no  reduction  whatever 
in  the  bearance.  The  slides  are  of  the 
ordinary  compound  type  and  are  pro- 
vided with  micrometer  adjustment. 

The  lathe,  we  should  say,  is  excep- 
tionally easy  to  operate,  as  all  motions, 
including  the  reversing  gear,  are  con- 
trolled from  the  saddle  in  any  position 
on  the  bed,  and,  as  we  have  seen  above, 
the  clutch  for  the  driving  pulley  can  also 
be  put  in  or  out  from  any  part  of  the 
machine.  An  automatic  knock-off  is  pro- 
vided for  the  longitudidal  traverse  of  the 

saddle,  also  the  usual  hand  motions,  and  in  addition  a  safety 
device  to  prevent  any  possible  breakage  of  the  feed  gears. 

The  leadscrew  is  placed  directly  under  the  front  shear  and 
is  provided  with  a  special  bearing  in  the  saddle.  A  reverse 
motion  operated  from  the  saddle  is  provided  for  screwcutting 
giving  a  return  to  the  saddle  of  8  to  1.  It  will  thus  be  seen 
that  whilst  screwcutting  the  nut  need  never  be  disengaged 
from  the  screw. 

The  universal  woodgrinding  machine  shown  by  the  firm  is 
illustrated  in  Fig.  12.  This  machine  has  a  vertical  sand  belt 
running  over  accurately  balanced  large  and  small  drums, 
which  run  at  high  speed  ；  tilting  worktables  are  provided, 


and  the  machine  is  capable  of  finishing  all  manner  of 
irregularly-shaped  pieces,  as  well  as  straight  pieces,  after 
rough  sawing.  The  tool,  the  general  construction  of  which 
will  be  understood  from  the  illustration,  should  save  an 
enormous  amount  of  time  and  labour  in  sanding. 

Messrs.  Webster  &  Bennett,  Ltd.,  of  Atlas  Works,  Coventry, 
exhibited  three  machines,  viz.,  a  36in.  duplex  boring  and  turn- 
ing mill,  a  18in.  ditto,  and  a  horizontal  boring  and  milling 
machine,  the-  two  former  machines  being  shown  in  operation . 

The  36in.  duplex  machine  we  have  pleasure  in  illustrating 
in  Fig.  13.  As  will  be  seen,  the  twin  tables  make  the  outstand- 
ing feature  of  this  tool,  giving,  as  they  do,  two  independent 
machines  on  one  base,  an  arrangement  very  economical  as 
regards  floor  space  and  convenience  for  the  operator.  There 
is  also  fitted  to  the  tool  slide  a  patent  rapid  power  traverse  by 
means  of  which  much  time  and  hard  labour  on  the  part  of  t  lie 
operator  is  saved.  The  tables  of  the  machine  have  planed  tee 
grooves,  and  are  driven  by  spur  gears  to  obviate  any  lifting 
tendency,  the  down  thrust  being  taken  on  a  pressure  ring 
running  in  oil  directly  under  the  chucks.  The  speed  changes 
are  in  geometrical  progression,  the  double  gearing  being  put 
in  or  out  of  action  without  shock  while  running,  by  handles  at 
the  front,  and  four  table  speeds  are  thus  obtained  without 
changing  the  cone  belts.  The  turrets  have,  as  will  be  seen, 
five  faces  for  attaching  special  tools.  They  are  boreel  in  posi- 
tion, and  efficient  binders  are  provided  to  secure  the  tool 
holders.  Stops  are  fitted  to  set  these'  turrets  central  when 
boring,  and  their  slides  are  balanced  and  fitted  with  swivels 
indicated  in  degrees  for  taper  boring  and  turning.  The  feeds, 
vertical,  angular,  and  horizontal,  are  automatic  and  reversible, 
the  rates  of  feed*  being  controlled  by  hand  levers  conveniently 
situated. 

Safety  devices  are  provided  to  prevent  breakages  due  to 
negligence  of  the  operator  ；  the'  feed  trips  are  actuated  by 
drop  worms,  and  permit  of  very  fine  adjustments  ；  the  dials 
are  marked  16  per  inch  to  facilitate  the  setting  of  the  stops 
and  register  the  progress  of  the  tools  over  the  work  ；  and  the 
rapid  power  travel  of  the  slides  previously  mentioned  is  avail- 
able in  all  directions.  It  is  controlled  by  hand  levers,  which 
also  disengage  the  feed  works. 

The  chief  features  of  the  18in.  duplex  boring  and  turning 
mill,  which  is  a  machine  built  on  somewhat  similar  lines  to 
the  one  described  above,  are  twin  tables,  and  a  patent 
pulley  crowning  attachment,  by  means  of  which  pulleys  are 
turned  with  a  rounded  face  without  being  turned  parallel 
previously,  and  without  the  us©  of  formers,  the  depth  of  the 
crown  being  adjustable.  During  the  downward  movement  of 
the  turning  tool  the  attachment  operates  the  horizontal  slide, 
causing  the  tool  to  move  outwards  at  a  decreasing  rate  until 


Fig.  14.— The  "  Saver  "  Friction  Clutch. 

the  centre  of  the  pulley  face  is  reached.  The  horizontal 
movement  then  automatically  reverses,  and  the  tool  is  moved 
inwards  for  the  remaining  half  of  the  pulley  face.  The  down 
feed  is  registered  on  a  dial  which  is  used  for  setting  the  tool, 
the  dial  being  indicated  to  turn  pulleys  up  to  Sin.  width  of 
face.  The  depth  of  crown  produced  on  a  pulley  of  a  given 
width  can,  of  course,  be  varied  by  change  gear.  The  crowning 
mechanism  is  duplicated,  each  side  being  quite  independent  of 
the  other,  and  for  boring  and  parallel  turning  it  may  be 
instantly  put  out  of  action  without  disturbing  the  setting. 

A  speed  box  drive  is  also  fitted,  which  gives  an  independent 
drive  for  each  chuck  table.    This  arrangement  obviates  \\\e 
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need  for  an  overhead  countershafts  and  eiiaMes  any  desired 
speed  to  be  instantly  obtained. 

The  horizontal  boring  and  milling  machine  shown  is  like- 
wise a  massively-built  tool,  and  this  is  fitted  with  a  single 
pulley  drive  for  the  spindle,  incorporated  with  which  is  a 
reversing  motion,  making  a  countershaft  quite  unnecessary. 
There  is  also  an  automatic  feed  to  the  table  in  all  directions, 
the  cross  feed  being  especially  used  for  milling,  and  the 
vertical  power  traverse  enabling  the  heavy  table  to  be  raised 
or  lowered  without  effort,  to  suit  tlie  height  of  the  particular 
work  in  hand.  This  type  of  machine  is  designed  specially  for 
work  wliicli  is  not  too  large  to  be  fastened  io  a  movable  table, 
whicli  is  adjusted  to  suit  the  boring  l)ar.  It  is  also  very  suit  - 
a))le  i'or  jig  work  and  aiiytlun^  that  does  not  require  very 
^vent  height  ；山 ove  the  i ul)le.  All  the  motions  permit  of 
rapid  luuicliin^,  ； uul  in  con  junct  ion  wit  Ii  tlie  ('ompouiid  ;uul 
circular  nioveniouts  of  the  table  form  vahiahle  time-saving 
featuit's. 

Messrs.  The  "Saver"  Clutch  Company,  Ltd.,  of  30，  Spring 
Gardeius,  Manchester,  showed  several  examples  of  t  he\v  metal- 
to-metal  fri(  tiou  clutches,  in  sizes  from  ,r、  li.p.  to  60  1k]>. 
They  are,  liowover,  made  to  transmit  any  power  at  any  speed, 
and  can        made  to  slip  at  any  particular  load.    Tli?  ！山 ot()- 


Fig.  If).— Skctton  of  the  "Savkr  "  Friction  Clutch. 


graphic  illustration,  Fig.  14  shows  a  clutch  dismantled,  and 
the  line  drawing  shown  in  Fig.  15，  together  with  the  following 
description,  will  make  their  working  clear. 

As  will  be  seen,  the  clutch  consists  of  two  crucible  spring 
steel  rings  or  bands  C  and  Cv  which  are  forced  into  fric- 
tional  contact  with  the  surface  of  a  drum  A  by  tension 
springs.  The  pressure  on  these  springs  can  be  readily 
adjusted  by  nuts  to  enable  the  bands  to  slip  at  ary  pre- 
determined load.  The  sliding  sleeve  H  carries  two  ( onical- 
shaped  plungers  D，  which,  acting  upon  the  levers,  foroa  them 
apart,  gradually  releasing  the  pressure  of  the  bands  C  and 
Cx  on  the  drum  A,  finally  carrying  them  quite  clear  of  the 
drum.  There  is  thus  no  metal-to-metal  contact  when  the 
clutch  is  out  of  gear,  and  as  the  clutch  runs  in  oil  it  is  an 
impossibility  for  any  heating  up  and  consequent  binding  zo 
take  place.  It  is  important  io  note  that  as  the  plungers  D 
are  arranged  with  their  points  one  in  advance  of  the  other 
the  action  of  the  clutch  is  progressive,  that  is  to  say,  one 
band  engages  with  the  drum  in  advance  of  the  other,  thus 
causing  the  speed  and  power  to  be  taken  up  gradually.  The 
grip  bands  engage  at  diametrically  opposite  points,  one  afier 
the  other,  and  make  an  exact  balance  in  weight  and  dis- 
tribution of  power.  Either  the  drum  A  or  the  casing  B 
may  be  the  prime  mover.  The  whole  of  these  simple  parts 
are  enclosed  in  an  oil- "g'lit  aiu!  dustproof  case  B,  and  when 
the  cover  G  is  bolted  in  place  the  case  is  filled  with  oil 
through  the  plug  hole.  Tlie  bands  C,  it  will  be  observed, 
grip  the  ("'i"'il)le  total  ])en])hery  of  ihc  drum  A，  unlike 
many  ot lier  clutches  which  only  grip  in  portions  of  t he 
circum  fere  nee. 

The  characteristic  of  being  able  io  regulate  the  clutch  so 


iliai  at  any  desired  lo;ul  it  may  slip,  is  taken  advantage  of 
when  fitted  to  many  machines  whicli  are  capable  of  being 
overloaded,  with  a  ronsequent  inevit ablc^  l)reak(lo 職， iuul 
in  this  ooniie<*tioii  we  may  mention  Hint  it  has  already  ht'("i 
applied  to  niacliines  driven  by  electric  motors  for  the  I'lcan- 
ing  of  water  mains,  where  an  obstruction  in  the  pipe  means 
eit  lier  a  breakdown  of  the  motor  or  of  the  cleaning  macliine 
itself. 

With  single-phase  and  multi-phase  motors  this  clutch  is 
also  being  largely  used,  owing  to  the  qualities  before 
(It'sn-ibed,  especiully  as  it  starts  so  smoothly  and  easily,  and 
yet  is  positive  in  its  ^rip  wlien  fully  in  gear.  As  the  el ittch 
gear  is  immersed  in  oil,  its  life  is  also  very  much  longer 
t  li;ui  any  dry  <  lutcli  to  wliicli  dust  and  grit  have  access. 
We  uinlersiand  f  liai  sev(',  ;il  liave  been  ruimiiig  in  onmiljuses 
I'or  the  last,  three  years,  iuu\  thai  tlie  first  new  band  was 
only  supplied  a  couple  of  moiit  lis  ago.  During  all  t liis 
jiei'iod  the  clutrli  has  been  rmmiii^  we  are  told  1  liat  it  hay 
i;i viMi  no        山 L'  whatever. 


OIL  ENGINES  FOR  MARINE  PROPULSION. 

Ar  the  opening  meeting  of  the  new  session  of  the  Institution 
of  Engineers  and  Shi])builders  in  Scotland,  held  at  Glasgow 
on  tlie  'J'2ncl  ult .,  Mr.  E.  Hall-Brown,  the  president, 
after  a  reference  to  the  recent  celebrations  of  the 
centenary  of  steam  navigation  on  the  Clyde,  said  the 
supremacy  of  the  steam  engine  for  marine  propulsion 
was  now  threatened  by  the  advent  of  a  newer  motive  power. 
In  tlie  year  of  the  "  Comet  ，，  centenary  three  sea-going  vessels 
propelled  by  Diesel  oil  engines  had  been  completed  and  dis- 
|)a"  lied  from  Great  Britain,  and  t liere  were  now  built  or 
under  construction  in  tlie  world  over  50  vessels  of  considerable 
size,  all  fitted  or  to  be  fitted  with  such  engines.  So  far  the 
older  4-stroke  cycle  type  predominated,  but  excellent  results 
had  been  attained  with  2 -stroke  cycle  engines.  There  were 
thus  two  lines  of  present  development ^ the  somewhat  high- 
speed engines  of  the  4-stroke  type,  usually  enclosed  and  fitted 
with  forced  lubrication,  and  the  slow-speed  engine  of  the  open 
type.  It  was  evident  that  with  higher  speeds  of  revolution 
the  dimensions  and  corresponding  first  cost  of  the  engines 
could  he  leduced — this  was  an  important  item.  He  feared, 
however,  that  with  ordinary  cargo  vessels  this  increase  in 
s]>eed  of  revolutions,  and  consequent  reduction  in  first  cost, 
could  be  attained  only  at  the  sacrifice  of  propeller  efficiency. 
If  that  was  so,  lower  speeds  of  revolution  might  be  employed 
in  future,  especially  in  single-screw  vessels. 

In  the  case  of  the  oil-engined  vessel  "  Eavestone/'  it  had 
been  found  possible  to  reduce  the  revolutions  considerably, 
and  at  the  same  time  obtain  a  satisfactory  increase  in  speed. 
This  vessel  was  specially  interesting  because  she  afforded  direct 
comparisons  with  a  large  fleet  of  similar  vessels  driven  by 
ordinary  triple-compound  steam  engines.  Compared  with  the 
best  of  these  the  "  Eavestone  "  showed  a  considerable  com- 
mercial gain,  in  spite  of  the  present  high  price  of  oil  in  Great 
Britain  and  on  the  Continent.  Her  last  voyage  showed  an 
average  speed  loaded  of  9  41  knots  at  sea,  with  an  oil  con- 
sumption of  3  6  tons  per  24  hours.  The  steam-driven  vessels 
of  the  same  dimensions  but  of  slightly  less  carrying  capacity 
averaged  8  to  8^  knots  loaded,  on  a  consumption  of  13  tons  of 
coal  per  24  hours.  The  present  price  of  oil  fuel,  which  was  in 
the  neighbourhood  of  70s.  per  ton,  was  a  considerable 
handicap  when  a  vessel  was  trading  from  Great  Britain  to 
European  ports,  but  in  a  voyage  which  the  11  Eavestone  "  had 
just  started —- from  Hartlepool  to  Spain,  the  United  States, 
and  home ― the  bunkers  could  be  filled  in  America  at  about 
30s.  per  ton.  So  long  as  the  present  high  prices  of  oil  ruled 
in  this  country  the-  vessel  would  take  the  bulk  of  her  supplies 
from  the  United  States.  From  the  shipowner's  point  of  view 
the  "  Eavestone  ，，  showed  a  satisfactory  return  on  the  capital 
involved,  even  witli  oil  at  its  present  prices.  He  wished  to 
add,  however,  that  the  margin  of  profit  as  compared  with 
steam  was  not  all  gain,  as  the  initial  cost  was  higher  in  the 
case  of  the  oil  engine.  From  tlie  sea-going  engineer's  point  of 
view  the  improvement  was  marked,  as  life  was  much  less 
arduous  and  the  conditions  mucli  more  pleasant  on  oil-engined 
vessels  than  on  those  propelled  by  steam  engines.  Future 
developments  we're,  he  concluded,  dependent  entirely  on  the 
cost  of  fuel. 
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JUNG'S  DOUBLE-ACTING  COMPOUND  ENGINE. 

The  accompanying  illustrations  show  a  design  of  double-acting 
compound  engine  with  stage  piston,  ill©  invention  of  Mr. 
Robert  Jung,  l2,  Rehnistrasse,  Osnabriick,  Gerniany.  Fig.  1 
is  a  horizontal  section  of  the  engine  taken  through  the  outlet 
valves.  Fig.  2  is  a  partial  lateral  view  of  tlie  engine.  Fig.  3 
is  a  section  on  line  1 ― 1  of  Fig.  1.  Fig.  4  is  a  partial  section 
on  Hue  2 ― 2  of  Fig.  1  ；  and  Fig.  5  is  a  partial  cross-section 
of  the  engine  on  line  3 ― 3  of  Fig.  1 

The  engine  comprises  two  single-acting  liigh-pressure 
rvlinders  A  and  B,  the  pistons  of  which  work  in  opposite 
directions,  aud  a  double-acting  low-pressure  cylinder  C  with  a 
double-acting  piston  working  therein.  The  cylinders  are 
arranged  as  in  a  tandem  engine,  the  low-pressure  cylinder 
being  directly  interposed  between  both 
】iigh-pressure  cylinders.  The  pistons  are 
connected  so  as  to  form  a  staged  piston  in 
which  the  high-pressure  pistons  are  the 
end  portions  and  the  low-pressure  piston 
the  middle  portion.  The  free  ends  of  the 
high-pressure  cylinders  are  provided  with 
steam  jacketed  covers  D，  E.  On  these 
covers,  and  transverse  with  respect  to  the 
stage  piston  axis,  are  mounted  the  inlet 
valves  of  the  piston  type  for  the  live 
steam.  These  piston  valves  are  arranged 
inside  a  tube-shaped  housing  G  (Figs.  2 
aud  3)  which,  by  means  of  its  steam  ports, 
controlled  by  the  piston  valves,  open  into 
ducts  H  provided  inside  the  steam  jackets, 
the  ducts  being  tightly  separated  from  the 
jackets  and  opening  into  the  high-pressure 
cylinders.  The  live  steam  is  conveyed  to 
the  engine  through  connecting  branches  J, 
which  open  into  the  corresponding  stearn 
jackets  of  the  covers.  The  free  end  of  the 
housing  G  is  continuously  connected  with 
the  steam  jacket.  Into  the  ducts  H  are 
projecting  also  the  tube-shaped  housings  K 
of  the  auxiliary  outlet  valves  L  for  chang- 
ing the  compression  in  the  high-pressure 
cylinders  (Figs.  2  and  3). 

The  steam  jacket  M  of  the  low-pressure 
cylinder  serves  as  a  receiver.  The  high- 
pressure  cylinders  act  partially  accord- 
ing to  the  unidirectional  flow  principle,  outlet  ports  N  con- 
trolled by  the  corresponding  high-pressure  pistons  being 
provided  in  the  peripherical  surface  of  the  cylinder,  at  the 
ends  of  the  liigli-pressure  cylinders  and  laterally  to  the  front 
surfaces  of  the  low-pressure  cylinders  (Figs.  1  and  4).  For 
directly  conveying  the  steam  escaping  from  these  ports  to  the 
receiver,  the  steam  jacket  extends  towards  the  cover  ends  of 
the  high-pressure  cylinders  to  such  an  extent  that  the  ports  N 
are  opening  direct  into  the  receiver  M.  This  receiver  is  con- 
nected with  the  auxiliary  outlet  valves  L  by  means  of  short 
ducts  Aj,  Bj,  which  pass  through  the  steam  jackets  of  the 
cylinder  ends  and  are  connected  with  the  tube-shaped  housings 
K  (Fig.  3). 

Between  tlie  front  walls  of  the  low-pressure  cylinder  and 
tlie  front  walls  of  the  receiver  M  are  provided  t'he  inlet  piston 
valves  O  and  the  auxiliary  piston  valves  P  of  the  low-pressure 
cylinder.  These  piston  valves  are  disposed  in  such  a  manner 
that  the  valve  housings  Q  and  R  are  connected  with  the 
interior  of  the  low-pressure  cylinder  by  means  of  correspond- 
ing common  duels  S.  The  free  end  of  tlie  housing  Q  opens 
inlf)  ihe  receiver  M，  whilst  t  Ije  housing  R  is  coimecied  through 
a?  opening  T  and  branches  U  with  the  condenser  or  exhaust, 
piping  (Fig.  1).  The  low-pressure  cylinder  also  partially 
works  in  unidirectional  flow  manner,  outlet  ports  V,  controlled 
by  the  low-pressure  piston,  being  provided  in  the  middle  of 
the  cylinder,  these  ports  opening  in  an  exhaust  duct  connected 
witli  tlie  condenser  or  exhaust  piping  (Fig.  5). 

Tlie  disiributing  gears  are  controlled  by  cam  connecting 
r("ls，  the  inlet  valves  of  the  higli-pressure^  cylinders  being 
rout  rolled  hy  the  connecting  rod  X,  wliich  is  under  tlie  action 
of  a  shaft  governor,  the  auxiliary  outlet  valves  of  the  high- 
pressure  cylinder  and  the  auxiliary  valves  of  the  low-pressure 
cylinder  being  controlled  by  means  of  a  connecting  rod  Y  and 


tlie  inlet  valves  of  the  low-pressure  cylinder  Ijoin^  conirollo<J 
by  means  of  a  rod  Z  connected  witJi  ilie  connecting  rod  Y. 

The  working  of  tlie  engine  is  as  follows  :  In  the  loft-liand 
dead  point  position  of  t lie  stage  piston  the  live  steam  enters 
1  lii'ou^li  the  tube  »I  into  the  steam  jacket  of  the  cover  D  ( Kij:. 
3)  and  through  the  slide  valve  F  and  the  duct  II  intf>  1  lie 
liigh-pressure  cylinder  A.  Just  before  reacliing  tlie  rigli(- 
hand  dead  point  of  the  staged  piston,  t  he  higli-pressure  piston 
uncovers  tlie  outlet  ports  N,  so  that  the  greatest  part  of  the 
steam  flows  in  unidirectional  flow  into  the  receiver  M .  When 
tlie  staged  piston  moves  back  the  remaining  steam  of  cylinder 
A  is  expelled  through  the  duct  H,  tlie  valve  L  and  tlie  tube 
A,  and  forced  into  the  receiver  M  until  the  compression  con- 
trolled by  the  valve  L  begins  in  this  cylinder.  This  steam, 
expelled  in  opposed  directional  flow  is  strongly  heated  when 


Figs.  1  and  2.— Jung's  Douulk-acting  Compound  Engine. 

passing  the  steam  jacket  of  the  cover  D.  At  the  end  of  tlie 
piston  stroke  the  unidirectional  flow  exhaust  steam  of  the 
higli-pressure  cylinder  B，  v/hich  enters  at  tlie  end  of  the 
receiver  through  the  ports  N,  is  joining  the  foregoing  steam. 
This  exhaust  steam  strikes  tlie  back  end  of  the  low-pressure 
cylinder,  then  the  peripherical  surface  of  this  cylinder,  and 
after  having  struck  the  front  end  it  flows,  together  with  the 
exhaust  steam  of  the  second  high-pressure  cylinder,  through 
the  valve  O  and  the  duct  S  to  the  low-pressure  cylinder  (Fig. 
4).  At  the  stroke  end  most  of  the  exhaust  steam  flows 
through  the  exhaust  ports  V,  uncovered  by  the  low-pressure 
piston ,  into  the  outlet  piping  W  and  into  the  condenser.  The 
steam  which  did  not  flow  through  the  outlet  ports  V  is  directed 
through  the  duct  S  and  through  the  outlet  valve  P，  which 
serves  as  regulating  means  for  the  compression  in  the  low- 
pressure  cylinder  into  the  piping  U  and  from  this  piping  into 
the  condenser. 

The  live  steam  entering  the  high-pressure  cylinder  B 
t  lirough  tlie  piping  J，  the  valve  F，  and  the  duct  H，  flows 
Ui rough  the  engine  in  the  same  manner  as  the  live  steam 
entering  the  high-pressure  cylinder  A，  but  in  an  opposite 
direction,  owing  to  the  greater  part  of  tlie  steam,  directed  in 
unidirectional  flow  manner,  entering  directly  into  tlie  receiver 
M  through  the  ports  N，  and,  after  having  flowed  around  the 
low-pressure  cylinder  and  united  with  the  alternate  current 
exhaust  steam  of  the  high-pressure  cylinder  A，  entering  at  the 
opposite  side  of  tlie  low-pressure  cylinder  througli  the  inlet 
valve  O.  Tlie  exliaust  steam  of  the  higli-pressure  cylinder  B, 
flowing  in  opposite  directional  flow  manner,  enters  the  receiver 
M  through  the  duct  B1?  during  the  back  stroke  of  the  piston. 
During  the  following  expansion  stroke  of  the  piston  it  flows, 
together  witli  the  equi  current  stream  of  the  higli-pressure 
cylinder  A  througli  the  inlet  valve  O  into  the  low-pressure 
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cylinder  and  leaves  the  engines  through  the  ports  V  and  the 
piping  W. 

The  condensation  of  the  live  steam,  wliilsb  entering  in  tlic 
high-pressure  cylinders,  is  very  small,  notwithstanding  the 
possibility  of  adjusting  the  compression,  because,  when  direct- 
ing tlie  larger  part  of  the  exhaust  steam  in  unidirectional  flow, 
the  cooling  surfaces  remain  relatively  liot.  The  condensation 
in  the  low-pressure  cylinder  is  also  very  small,  because  this 
cylinder  is  heated  all  around  by  means  of  moving  steam,  the 
steam  from  the  outlet  ports  controlled  by  the'  higli-pressur© 
pistons  being  made  to  flow  in  opposite  directional  flow  along- 


Fig.  3. 


Fig.  5. 


side  the  front  ends  and  the  peripherical  surface  of  the  low- 
pressure  cylinder  and  entering  this  cylinder  at  the  other 
cylinder  end.  The  losses  of  heat  whilst  the  steam  is  passing 
from  the  high-pressure  cylinders  into  the  low-pressure  cylinder 
are  very  low,  because  the  larger  part  of  the  exhaust  steam  of 
the  high-pressure  cylinder  flowing  in  unidirectional  flow 
manner  passes  directly  into  the  receiver  M，  whilst  the  smaller 
part,  viz.,  th©  cool  opposite  directional  flow  exhaust  steam  of 
the  high-pressure  cylinders,  owing  to  the  end  steam  jackets, 
are  brought  at  such  a  high  temperature  that  its  temperature 
reaches  at  least  that  of  the  exhaust  steam  flowing  in  equi 
current  manner. 


Telegraph  and  Trolley  Wires. ― A  deputation  representing  the 
Municipal  Tramways  Association  and  the  Tramways  and 
Light  Railways  Association  waited  upon  the  Postmaster- 
General  at  the  General  Post  Office,  on  the  25th  ult.,  in 
reference  to  the  guard  wires  over  overhead  electric  trolley 
wires  where  telegraph  and  telephone  wires  cross.  The  deputa- 
tion included  tramway  managers  and  others  interested  in 
tramway  undertakings  from  all  parts  of  the  country.  It  was 
pointed  out  that  they  wished  to  secure  the  removal  of  tele- 
graph and  telephone  wires  crossing  overhead  trolley  wires,  and 
suggested  that  the  telegraph  and  telephone  wires  should  be 
placed  underground  or  insulated.  At  present  tramway 
authorities  are  compelled  to  have  guard  wires  over  their 
trolley  wires  at  points  where  the  telegraph  and  telephone 
wires  cross  the  overhead  tramway  wires.  The  suggestion, 
therefore,  is  that  the  Post  Office  Authorities  should  protect 
tlieir  own  wires  instead  of  the  tramways  authorities  being 
responsible  for  t heir  protection.  The  Postmaster-General 
promised  thai  considcrat  ion  would  l)e  given  lo  the  request  of 
the  deputation. 


AUTOGENOUS  WELDING  OF  ALUMINIUM-COPPER  AND  ITS 
ALLOYS.* 

BY  DR.  F.  OARNEVALI. 

{Concluded  from  page  531.) 
Brttss. -- A  t  liird  scries  of  exporinuMits  was  conducted,    by  the 
same  methods  as  the  two  series  already  described,  with  the  types 
of  brass  fusible  at  higli  tenipcraturcs,  here  designated  respoctivcly 
as  M  and  N.    Their  composition  is  as  follows  ： 一 


M. 

N. 

Per  cent. 

Per  cent. 

55-1S 

40-08 

41-50 

3-2 

The  first  mentioned  was  cast  in  rods,  measuring  30  millimetres 
(l]in.)  in  diainetor,  in  dry  earth  moulds  ；  the  other  was  wire- 
drawn into  rods,  25  millimetres  (lin.)  in  diameter.  The  welding 
material  consisted  (>『 v'u'v  thin  rods,  in  each  cast*  of  exactly  the 
same  coni|)osition  as  the  oiigiital  alloy.  Tho  phenomenon  of  the 
unwelcome  vesicles,  set  up  in  large  numbers  within  the  welding 
zone,  despite  all  th(i  preventive  precautions  that  could  be  taken, 
was  intensified  in  the  case  of  these  alloys  by  the  extreme  facility 
with  Avhich  the  zinc,  contained  in  the  metal  oxidises.  In  the 
uccoinpunying  Table  IV.  are  set  forth  the  results  obtained  from 
shock  tests  and  from  chemical  analysis  of  the  various  samples. 

Table  IV. ― Shock  Tests  with  the  Charpy  Appandus.* 


Mean  Chemical 

No.  of 
SampK' 

Analysis. 

Remarks. 

'I'lu'niial 

J.wli- 

lircak- 

Of  the 

Of  the 

Treat- 

catcd 

in^IVst. 

Metal. 

Wcld-Zono. 

ment. 

Angle. 

K^s.Mm. 

Per  cent. 

Per  cent. 

Ml 

Hcheatccl 

128° 

4-046 

一  § 

II  II 

On 

Kot  welded. 

f  '。'il<xl  in 
air  after 
welding. 

141° 

2-112 

Cu=  09 -:i 

Welded  ；  finely 
granular  frac- 
ture ； numerous 
vacuoles. 

M3 

Reheated 
after 
welding. 

138° 

2*040 

Do.  do. 

X4 

Reheated 

128° 

4 -040 

Cu=55-18 
Mn=3-2 

Not  welded. 

N5 

Reheated 
after 
welding. 

140。 

2-286 

Mn=  1-2 

Welded;  nu'dimn 
grained  frac- 
ture; numerous 
vacuoles. 

*  See  Table  II. 

Microscopic  examination,  confirming  the  results  here  tabu- 
lated, leads  to  the  same  conclusions  as  those  postulated  iu 
regard  to  the  bronzes.  In  order,  therefore,  to  avoid  needless 
repetition,  I  will  content  myself  with  referring  the  reader  to 
what  has  already  been  said  on  that  point.  We  may  note,  how- 
ever, in  these  alloys  a  diminution  in  the  capacity,  when  heated, 
of  absorbing  the  products  of  combustion  of  the  welding  flame  ； 
coinciclently  with  this  diminution,  the  liability  of  the  welded 
parts  to  fracture  along  the  margins  of  the  chamfer  decreases. 
In  confirmation  of  the  results  yielded  by  chemical  analysis, 
Fig.  6  (usual  enlargement,  simple  etching),  reproduces  the 
structure  of  the  passage-zone  between  the  original  metal  and 
the  fused  welding  material  (sample  2，  Table  IV.)  ；  while  in  the 
former,  towards  the  top  of  the  figure,  we  observe  the  typical 
structure  of  the  alloy,  consisting  of  mixed  crystals  of  the  "  solid 
solutions  "  a  and  (3  ；  in  the  latter  we  note  the  presence  of  a  single 
constituent,  the  "solid  solution "  a,  resulting  from  the  con- 
si 山 'nil 山- decrease  in  the  percentage  of  zinc  revealed  by  chemical 
analysis.  Iu  this  portion  of  the  metal,  numerous  inclusions  of 
oxido  of  zinc,  formed  in  the  course  of  the  welding  process^  are 
to  be  seen. 

Conclusions. 

The  j'esultnS  obtained  and  the  observations  recorded  in  this 
t  riple  serios  of  invoKti^ations  concerning  the  oxy-acetylene  auto- 
genous welding  of  copper  ； uid  its  chief  alloys  demonstrate  ： ~ - 
、 Abstract  of  papor  road  boforc  tho  Institute  of  Motals,  Septo tuber,  J 912, 
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(1)  That  rapid  heating  and  sudden  fusion  of  the  metal 
subjected  to  welding  profoundly  modify  its  physical  and  mecliani- 
cal  properties,  developing  within  it  internal  strains  and  structural 
alterations  which  are  of  detrimental  effect. 

(2)  That  the  structural  modifications  which  take  place  in 
the  process  of  welding,  apart  from  the  alterations  in  composition 
of  the  metal,  may  be  classified  under  two  principal  headings  : 
(i.)  coarse  crystallisation  of  a  single-constituent  metal,  and 
(ii.)  minutely  heterogeneous  structure  of  an  alloy  consisting  of 
two  or  more  elements.  We  must  also  take  into  account  the 
discontinuity  of  structure  attaching  to  metals  in  which  there 
are  oxide  inclusions  or  vacuoles. 

(3)  That  the  deficiency  in  mechanical  properties,  most  con- 
spicuous in  all  that  regards  the  tenacity  and  elasticity  of  a  metal, 
is  expressed  in  the  case  of  copper  by  an  average  reduction  of  50 
per  cent,  in  the  capacity  to  resist  fracture,  and  an  increase  of 
about  30  per  cent,  in  brittle - 

ness,  while  the  percentage 
ductility  is  reduced  to  about 
a  tenth  of  the  original.  In  the 
case  of  bronzes  and  brasses, 
the  deficiency  in  mechanical 
properties  is  not  susceptible 
of  rigorous  mensuration,  but 
it  is  greatly  intensified  and 
proportionately  detrimental  as 
the  number  and  variety  of 
the  constituents  of  the  alloy 
subjected  to  welding  are  in- 
creased. 

(4)  That,  while  mechanical 
treatment,  such  as  hammer- 
ing along  the  zone  of  welding, 
lias  practically  no  useful  effect 
on  the  properties  of  the 
welded  metal,  thermal  treat- 
ment, such  as  reheating,  pro- 
longed for  a  suitable  interval 
at  a  fixed  temperature,  exerts 
an  undoubted  ameliorative  in- 
fluence, since  in  the  first 
place  it  relieves  the  latent  in- 
ternal strain  set  up  by  the 
sudden  temperature-changes 
involved  in  the  process  of 
welding,  and  in  the  second 
place  it  restores  homogeneity 
to  the  structure  of  the  metal 
itself.  Consequently,  and  more 
particularly  in  tlie  case  of 
alloys  made  up  of  several 
constituents,  tlic  conditions  of 
cooling  of  the  welded  metal 
are  of  special  importance,  the 
slower  the  cooling  the  greater 
being  the  ameliorative  effect. 

(5)  That  considerable  varia- 
tions—diverse according  to  the 
manner  in  whicli  the  process  of  Flti  6 
weldbig  is  applied ― occur  in 

the  composition  of  bronzes  and  brasses;  these  variations  are  the 
more  extensive  the  greater  the  number  of  constituents  of  whicli 
the  alloy  is  made  up,  and  also  in  proportion  to  the  affinity  of 
these  constituents  for  oxygen  and  to  the  volatility  of  the  oxides 
formed  therefrom.  Thus,  for  example,  in  the  bronzes  of  type  B 
(Table  III.),  in  the  welded  zone,  there  is  an  average  diminution 
of  1"'0  per  cent,  in  the  proportion  of  tin  ；  while  the  loss  of  zinc, 
a  more  easily  oxidised  metal  than  tin,  amounts  to  22*3  per 
cent,  (the  original  proportion  present  being  smaller  than  that  of 
tin).  In  brasses,  wlierein  the  percentage  of  zinc  is  much  liiglier, 
its  decrease  in  the  welded  zone  amounts  to  28-7  per  cent.  We 
must  also  bear  in  mind  that  the  oxides  thus  formed  have  a 
tendency  to  diffuse  easily  into  the  metal,  modifying  profoundly 
its  properties.  I，i  pure  copper  subjected  to  the  welding  process 
cluiiiges  in  chemical  composition  cannot  he  traced,  as  the  metal 
i»  made  up  of  a  single  constituent  ；  and  it  is  only  affected 
deeply  by  oxidation  when  the  ncccsHary  precautions  have  been 


omitted  in  the  process  of  welding,  the  suboxide  i  lien  formed 
diffusing  witli  great  facility  into  the  copper. 

(6)  That  taking  into  account  t  lie  i-esult  s  obt  aiticd  and  \  lie 
conclusions  here  postulated,  we  may  assert  that  the  oxy-acctylenc 
autogenous  welding  of  copper  and  its  principal  alloys  has  a 
practical  application,  limited  to  tliost*  part's  of  inacliincry  w  hich 
are  not  of  large  dimensions  and  are  not  subjected  to  s(»verc 
mechanical  stresses. 

Aluminium. ― The  experiments  on  this  group  were  cairi^d 
out  with  two  types  of  metal,  one  designated  by  the  letter  S  (see; 
Tables  V.  and  VI.),  consisting  of  pure  aluminium  containing  \)\) 
per  cent,  of  the  metal,*  in  the  form  of  rods  of  two  diffci'cnl 
diameters  (30  and  12  millimetres  respectively)  and  of  flat  bars, 
6  millimetres  thick  ；  the  other,  designated  by  the  letter  T  (see 
Table  V.),  in  the  form  of  rods,  15  millimetres  in  diameter,  con- 
sisting of  aluminium  alloyed  with  3  per  cent,  of  copper  (a  type 
of  alloy  in  common  use  industrially).  The  welding  material 
consisted  of  thin  rods  of  metal  of  identical  composition  with  H 
and.  T  respectively.  The  experiments  were  conducted  under 
precisely  the  same  conditions  as  those  of  the  previous  sci'ics, 
especial  care  being  taken  to  avoid  oxidation,  to  which  the  metal 
is  so  easily  liable  during  the  process  of  welding.  For  this  purpose 
appropriate  deoxidising  powders  were  used.  In  the  accompany- 
ing Tables  V.  and  VI.  the  results  obtained  are  set  forth  in  detail. 

Micrographic  study  of  the  several  samples,  pursued,  by  the 
same  method  as  that  followed  in  the  foregoing  series  of  investi- 
gations, enabled  one  to  identify  without  difficulty  the  welding 
zone  by  its  coarsely  granular  structure.  This  structure  is  a 
consequence  of  the  high  temperature  attained  by  the  metal 
in  fusion,  and  is  illustrated  in  Fig.  7  (enlarged  80  diameters; 
etching  by  an  aqueous  10  per  cent,  solution  of  caustic  potash). 
This  represents  the  weld-zone  of  sample  S7  (see  Table  V.)  ；  the 
thin,  dark  filaments  or  threads  which  it  reveals  are  the  margin « 
of  the  big  crystals,  while  within  the  crystals  themselves  are  seen 
small,  and  exceptionally  numerous,  dark,  rounded  inclusions 一 less 
abundant  in  the  other  samples ―  formed  by  the  oxide  whicli  has 
remained  imprisoned  in  the  metal.  In  this  case  oxidation  was 
especially  active  during  the  process  of  fusion.  This  structure, 
which  repeats  itself  in  the  various  samples  of  type  S，  undergoes 
modifications  varying  according  to  the  different  treatment  to 
which  the  metal  is  subjected.  Hammering,  for  instance,  tends 
to  approximate  the  structure  of  the  weld-zone  to  the  original 
texture  of  the  metal  ；  while  reheating  tends  to  make  the  texture  of 
the  entire  weld-zone  homogeneous,  eliminating  the  internal 
strains  set  up  within  the  metal  as  a  consequence  of  rapid  fusion 
and  similarly  rapid  cooling. 

Table  VI. ― Shock  Tests  with  the  Charpy  Apparatus.  (See  Table  II.) 


No.  of 
Sample. 

Initial 
Dimensions 
of 
Sample. 

Thermal 
and 
IMcchaiiical 
Treatment. 

Indi- 
cated 
Angle. 

Breaking 

Test. 
Kgs.  Mm. 

Brine  11 
Hardness 
(average), 
500  Kirs. 

Remarks. 

SI 

Kods,  20 

117° 

7181 

Xot  welded. 

mm.  in 
diameter. 

►S2 

Do. 

Ivflioated. 

1  10 

00 

27-2 

Not  wokled. 

S3 

Do. 

Cooled  in 

141° 

Wcldod  ；  me- 

air aftur 

dium-grained 

welding. 

fracture; 

small  vacu- 

oles. 

Do. 

ivr 

G-G98 

25 '9  in  the 

Same  as  above, 

a  f  t  e  r 

weld. 

but  no 

welding. 

vacuoles. 

Do. 

Hammered 

128u 

27>2 

Do.  Do. 

and  re- 

heated 

after  weld- 

ing. 

Ill  contradistiiie'tioiL  to  the  phenomena  observed  in  the  case 
of  copper,  the  oxy-acetylene  autogenous  welding  of  pure  alu- 
】uiiiium  results  in  an  intimate  union  between  the  latter  and  the 
welding  material,  the  two  substances  forming  an  inseparable 
corpus,  as  is  shown  by  bending  and  torsional  tests  (in  the  cold). 
These  observations  are  confirmed  also  by  the  contractibn  which 
takes  place  in  the  fracture-zone  of  the  welded  metal  subjected 
to  the  torsional  test,  and  by  tlic  Jiigh  coefficient  of  quality  recorded 

*  Kindly  supplied  by  the  British  Aluiiiiuium  Company,  Ltd.,  London- 
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in  the  case  of  the  welded  samples  (see  Table  v.).  We  must  bear 
in  mind,  Ikavovim-,  that  the  valuos  obtiiinod  as  u  n'sulf  of  tests 
ciuricd  oul  on  samples  of  fonsi(lor;i hie  (iinicnsions  (sim>  T; 山 l(、  V., 
3  and  i)  aw  .sojiicAvhnl  low,  on  account  of  the  didicult y  of  ohtuining 
a.  perfect  in  thr  iniHM'niost  portions  of  the  rhainf(T.  Tli(' 

lv.sulls  yielded  hv  the  tests  carried  out  with  the  .socond  t  v|>('  ('I 


Fio.  7. 

alumiiiitiiti  (( ypo  T)，  ulloycd  with  3  per  cont.  of  copper,  loud  to 
pruAre  l)y  tin1  )oav  values  obta-iiu^l  that  the  iiddition  of  copper  to 
t  lie  a  hi  minium  facilitates  oxidation  of  tlio  inetiil  during  the 
process  of  whling,  t  lie  ('oiupl(、t('  success  of  which  ciinuot,  there- 
fore, 1k、  guaranteed. 

Conclusions. 

The  chilii  cR'cuinulatcd  and  tlio  ob.srrvulions  itm(l('  in  the 


course  of  tins  series  of  experiments  witli  the  oxy-acetylene 
autogenous  welding  of  aluminium,  show  ： ― 

(1)  That  sudden  heating  and  rapid  fusion  of  the  metal  sub- 
jected to  tlic  、v('l(liiig  ])roccss  alter  its  physical  und  rnochaiiicaJ 
l>r( 屮 ' rtic's  in  a  manner  analogous  to  that  observed  in  tlie  ('； i-s(>  ，）f 
coppci',  t  hou<>]»  in  less  degree.  They  set  up  within  I  In1  inctal 
latent  internal  strains,  and  modify  its  structure  detrimentally. 

(2)  That  the  structural  modifications,  induced  by  excessively 
i;tpi(l  1  Mating  during  the  process  of  welding,  take  the  form  of 
(Miarsc  crvstallisation  of  the  metal. 

(3)  Tli;"  ,  so  ]on<f  as  all  the  necessary  precautions  are  obseiAcd 
in  ihv  process  of  \v('l(liiig，  the  changes  in  tlie  mechanical  properties 
of  pmv  iiluminiuni,  such  as  l)nNiking  strain,  ductility,  hanln<  s.s 
of  flic  weld -zone,  are  not  very  profound,  altliough  a  notable 
iiiciviisc  in  Ifi  it  f  Iciicss  is  (»])sci  \ '； i.hlc,  as  is  shown  by  the  results  of 
shock  tests.    The  presence  of  copper,  liowover,  modifies  pro- 

li   a  (let viiiuMital   sense  t Imi   mechanical  pr<>|M'rt ics  of 


(4)  Tl""'  iii  c(H)S('(j(i('iicc  ol'  lite  feasibility  of  achieving  with 
l)uiv  aluminium  a  perfect  and  liomogencous  weld  of  the  metal, 
l>ot li  mccluuiiciil  (hammering)  and  t'hci'mal  (r(、h('ating  to  450° 
to  500°  C.)  treatment  is  extremely  efficacious,  in  that  it  sets  up 
greater  liomn,"(  ti('if  v  in  the  weld-zone,  and  eliminateK  the  eft'ect 
of  the  excessively  rapid  heating  undergone  in  process  of  welding, 
ameliorating  consequently  the  quality  of  the  metal. 

(5)  That  whenever  aluminium  contains  small  quantities  of 
ul  licr  clcnients  easily  oxidisablo  at  liigh  tcmiKM'aturcs  (as,  for 
example,  copper),  the  oxidation  of  the  metal  in  fusion  is  facilitated, 
also  the  inclusion  Avitliin  it  of  granules  of  oxide  detrimental 
to  the  mechanical  properties  of  the  weld-zone. 

(6)  Tiiat,  taking  into  account  the  results  obtained,  as  also 
\hv  foregoing  conrlusions,  wc  may  assert  that  the  oxy-acetylene 
autogenous  welding  of  aluminium,  when  carried  out  with  the 
necessary  precautions,  is  capable  of  extensive  application  in 
practice,  rspccially  for  the  autogenous  welding  of  small  niachiuc 
parts. 


Taiii.k  \*. 


So.  of  Mean  I )inu*nsioi)s 
Sample. (»f  Saniplo  in 


SI 

S*_> 

S4 


S5 

S(i 
ST 


Jir> 

TIG 
TIT 

'L，1S 


•=  1(>; 
useful  lcn«;th=  100 
Do. 
Do. 

Do. 


，= 8  ； 
tisrful  k-?mth=  80. 


20  X  5. 

l('"irth=  100. 
Do. 
J)o. 

Do. 


useful  length  =  K)0 
])o. 


Do. 


Avoraur  Ulti- 
；' ml  Mcrhaiiical      niati-  Stress. 
'J'rcatiiKMit.  】〈gs.  ])cr 

K(luaio  i\lm. 


( nolcd  in  air  after  wrldmu 
Reheated  after  welding. . . 


Do. 

Reheated  

Do. 

Cooled  in  air  after  welding 

Do. 

Jiohcatcd  after  welding 

Do. 

Hammcrt'd  after  wcUlin^  . , 

Do. 

Hainmercd    and    j't-lu-a  ted 

aftrr  welding. 


Rolicatcd  after  wckli 

f  lammorcd  anrl 
after  welding. 


( 'oolcd  jn  nir  after  wuldii 


II;mi)iici'c(I 


Mean  KIoii.l!; 卜 

tion  up  to 
HrcaKin*;  I'uint 
per  cent. 


( 'uiiliaclioii. 


( '<>U\  liriuling 
'JVsts 
on  the 
Wcid-Zonc. ： 


Jlcmark.s. 


12 

Hi 

8 

3 

Not  welded. 

11 

18-5 

8 

Do. 

5 

4-3 

14 

5 

Welded  ； 

upture  at  the  weld  ； 

fibrous  f 

art  arc  wit  h  vacuuk-ts. 

8 

G 

5-1 

13 

h  a  me  as 

al>ove,  but  fracture 

oxidised.    Vacuoles  not  men- 

tioned. 

](> 

8 

10-0 

4 

0 

Not  welded. 

14 

KM 

3 

180° 

Xot  wclclcd. 

(i 

4-0 

0 

180° 

Welded  ； 

rupture  at  the  weld  ； 

fibrous  fracture. 

7 

0 

8-8 

G 

5 

Do. 

do. 

8 

2 

5-1 

G 

3 

180° 

Do. 

do. 

8 

(» 

5： 

Do. 

do. 

0 

7*2  - 

H>*8X  1 

i) 

Xot  welded. 

4 

H>-0X3 

5 

1S()°  • 

Do. 

X3 

2 

WcUkd  ; 

lUjiiuic  at  the  wckl  ； 

lihious 

Eracturc. 

i) 

10*5 

K2 

180° 

Do. 

do. 

IS 

.— > 

6* 

5 

Xot  wcldc 

d. 

8 

IS-  1 

0 

Do. 

5- 

0 

0-9 

10 

0 

Welded  :  r 

iipl urcd  at  the  " H(l  : 

coarsely 

^raimlar  oxidised 

fracture 

； vacuoles. 

2-1 

upt urt'tl  at  ihv  wfkl; 

medium 

- grained  iVactui'c  ； 

is. 

Two  sampk-s,  prepared  and  treated  in  identical  fashion,  correspond  to  each  number, 
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RELIABILITY  IN  HIGH  LIFT  CENTRIFUGAL  PUMPS* 

BY  、V.  E.  、V.  3IILLIXGTON.  . 

During  the  last  few  years  many  papers  dealing  with  centri- 
fugal pumps,  particularly  with  those  of  the  high-lift  type, 
have  been  read  before  various  institutions.  The  majority  of 
these  papers  have  described  various  pumps  and  given  accounts 
of  their  performances  with  the  object  of  showing  the  best 
efficiencies  which  can  be  obtained  with  a  pump  possessing  so 


many  peculiar  characteristics  and  so  many  advantages  as  a 
high-lift  centrifugal.  Although  it  is  desirable  to  aim  at 
high  efficiency,  this  is  useless  unless  it  be  associated  with 
reliability.  It  is  the  author's  contention  that  in  designing  a 
pump  of  this  description,  reliability  should  be  the  primary 
and  that  efficiency  and  price  should  be  secondary  considera- 
tions. Reliability  is  obtained  partly  by  paying  due  regard  to 
many  points  in  design  and  partly  by  installing  and  running 
the  pumps  under  proper  conditions. 

It  is  impossible  within  the  limits  of  a  single  paper  such  as 
this  to  deal  with  the  whole  subject  of  high-lift  centrifugal 
pumps,  hence  the  author's  excuse  for  bringing  before  the 
notice  of  this  Association  a  paper  wliich,  while  omitting  much 
of  theoretical  and  practical  interest,  deals  with  only  a  few 
practical  points  which  aim  at  securing  reliability  in  the 
design,  installation,  aud  running  of  this  type  of  pump  and  its 
accessories. 

At  the  present  time  centrifugal  pumps  are  used  with 
advantage  for  almost  every  conceivable  duty.  There  are 
pumps  dealing  with  large  quantities,  such  as  60,000  galls, 
per  minute  against  low  heads  of  10ft.,  and  others  dealing 
with  quantities  of  as  much  as  2,000  galls,  per  minute  against 
heads  of  2,000ft.  The  chief  occasion  when  it  is  not  advisabla 
to  install  centrifugal  pumps  is  when  only  a  small  quantity 


of  water  is  required  to  be  raised  against  a  very  higli  lift.  In 
such  a  case  as  this  it  is  impossible  at  the  present  time  to  build 
h  purnP  of  this  type  having  such  an  efficiency  as  would  warrant 
its  being  installeil  in  preference  to  a  reciprocating  pump. 
Judging  from  the  title  of  this  paper,  it  might  be  thought 
tli at  there  is  some  hard  and  fast  line  dividing  low  lifts  and 
liigli  lifts.  This  is  not  so.  This  distinction  applies  rather 
to  the  design  of  the  pumps  than  to  anything  else,  for  it  some- 

' \'n)X'r  rt-jul  l»cfoi  c  tlic  .Mfliir-hcstcr  ,'、ssr)('iiiU"ii  of  ItliiMinocrs,  October  'ifilli, 
1912. 


times  happens  that  the  high-lift  type  of  pump  is  used  for 
quite  low  lifts. 

A  pump  which  is  or  can  be  easily  made  into  one  in  which 
the  full  head  is  impressed  upon  the  water  in  a  number  of 
stages  arranged  in  series  and  so  as  to  form  a  self-contaiiHMi 
machine  is  usually  said  to  be  of  the  liigh-lifi  tyj>e.  This  type 
of  pump  is  sometimes  called  a  turbine  pump,  and  is  also 
known  by  various  trade  names,  but  in  principle  they  are  all 
the  same,  and,  to  prevent  confusion,  tlie  author  prefers  that 
all  pumps  in  wliich  energy  is  given  to  a  liquid  as  it  flows  in 
a  more  or  less  radial  direction  through  a  rotating  impeller 
should  be  called  centrifugal  pumps. 

Before  proceeding  witli  the  main  points  of  the  p;i|>ei-,  it 
may  be  well  just  to  glance  at  the  general  working  of  a  high- 
lift  centrifugal  pump,  and  with  this  object  in  view  the  Fi^s.  1 
to  4  have  been  prepared.  Fig.  1  shows  a  section  of  a  4-.sta^o 
pump  of  the  same  type  as  the  6 -stage  pump  illustrated  in 
Fig.  2  ；  Fig.  3  shows  the  rotating  impellers  in  position  on 
tlie  shaft,  and  Fig.  4  shows  a  middle  body  of  the  pump 
complete  with  its  impeller  and  ring  of  guide  passages.  Wat«r 
enters  the  pump  through  the  suction  brancli  sliown  in 
Fig.  1  and  follows  the  direction  indicated  by  the  arrows. 
The  water,  on  leaving  the  periphery  of  the  first  im peller, 
enters  the  guide  passages,  which  are  clearly  shown  in  Fig.  4， 
and  is  led  round  to  tlie  entrance  of  the  second  impeller, 
having  tlien  liad  approximately  one-fourtli  of  the  wliole  head 
impressed  upon  it.  Tins  head  has  been  obtained  partly, 
directly  owing  to  the  action  of  centrifugal  force  as  the  water 
passes  through  the  impeller,  and  partly,  indirectly  by  the 
conversion  of  the  velocity  with  which  the  water  leaves  the 
impeller  into  pressure  energy  as  it  traverses  the  guide  pas- 


Fi«.  3. 

sages.  The  same  operation  takes  place  in  the  other  stages  of 
the  pump,  and  finally  the  water  is  discharged  through  tlie 
delivery  brancli  under  the  full  head. 

In  order  to  make  this  preliminary  description  complete, 
Fig.  5  is  given,  showing  the  characteristic  curves  taken  from 
a  pump  of  this  description  running  under  the  most  usual 
condition,  namely,  at  a  constant  speed .  All  the  observations 
were  made  with  the  pump  running  at  a  speed  of  1,400  revs, 
per  minute.  The  general  shape  of  these  curves  holds  good 
for  practically  all  types  of  centrifugal  pumps. 

To  ensure  reliability,  it  is  essential  that  the  various  parts 
of  the  pump  should  be  constructed  of  materials  suitable  for 
the  conditions  under  which  they  have  to  work.  In  cases 
where  the  water  contains  any  matter  in  suspension  the 
impellers  and  guide  passages  should  be  made  of  phosphor- 
bronze,  and  in  cases  where  the  pump  has  to  stand  idle  for 
some  time,  as,  for  instance,  when  installed  as  a  fire  pump,  it 
is  desirable  to  make  in  gun- metal  those  parts  which  have 
only  a  running  clearance  between  them. 

It  almost  goes  without  saying  that  reliability  cannot  be 
obtained  unless  proper  attention  be  paid  to  the  machining  of 
all  parts  of  the  pump  and  all  rotating  parts  be  correctly 
balanced  to  prevent  vibration  when  running.  Many  of  the 
failures  of  the  early  high-lift  centrifugal  pumps  can  be  traced 
to  faulty  machining.  Perhaps  one  of  the  greatest  difficulties 
with  which  manufacturers  have  had  to  contend  in  order  to 
secure  reliability  is  the  balancing  of  the  axial  thrust  pro- 
duced by  the  impellers  when  the  pump  is  running.  A  glance 
at  Fig.  6  will  show  how  this  thrust  arises. 

For  the  sake  of  example  it  is  assumed  that,  when  running, 
the  pressures  at  the  entrance  and  periphery  of  one  impeller 
and  at  the  entrance  to  tlie  next  impeller  are  represented  by 
10,  20，  and  30  respectively.    There  will  he  ji  leakage  from  the. 
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periphery  of  tli©  impeller  through  the  space  A  into  the  spare 
under  pressure  10，  and  from  the  space  under  pressure  30 
tlirough  the  space  B  to  the  periphery.  The  mean  pressure, 
t lierefore,  in  the  space  A  will  be  between  10  and  20,  say  15， 
and  in  the  space  B  will  be  between  20  and  30，  say  25.  It 
will  be  clear,  t herefore,  that  when  running  there  will  be  an 
excess  pressure  acting  on  tliis  impeller  in  tlie  direction  of  the 


Fig.  4. 


is  always  necessary  to  employ  a  substantial  thrust  bearing 
to  take  this  unbalanced  axial  load. 

In  another  design  no  attempt  is  made  to  balance  each 
impeller,  but  the  total  load  acting  on  all  the  impellers  is  taken 
up  hydraiilically  upon  some  form  of  piston  such  as  is 
illustrated  in  Fig.  10.  Here  water  under  pressure  passes 
from  the  periphery  of  the  last  impeller  and  leaks  past  the 
piston  B  into  the  chamber  C.  The  outlet  from  this  chamber 
is  controlled  by  the  valve  D，  and  by  adjusting  this  valve  any 
desired  pressure  can  be  obtained  in  the  chamber  C.  After 
passing  the  valve  D  the  balancing  water  is  carried  away  to  a 
drain  by  means  of  the  pipe  F. 

In  Fig.  6  it  was  s&en  that  tlie  thrust  on  the  impellers  acts 
in  a  direct")"  towards  the  suction  end.      The  uiston  B  is, 


Fig.  6.  Fio. 


arrow  X.  It  is  the  satisfactory  balancing  of  tlie  sum  of  these 
pressures  acting  on  all  tlie  impellers  which  lias  been  the  aim 
of  pump  designers  for  several  years.  Figs.  7,  8，  and  9  show 
three  methods  which  have  been  employed  to  attain  this. 

In  Fig.  7  tlie  impellers  are  placed  back  to  back  in  pairs, 
with  the  id&a  that  the  load  acting  on  one  impeller  in  one 
direction  should  balance  the  load  acting  in  the  other  direction 
on  the  other  impeller.  This  method  possesses  the  obvious 
disadvantage  that  the  pump  can  only  be  built  up  with  an 
even  number  of  impellers.  In  the  method  shown  in  Fig.  8 
the  sides  of  the  impeller  are  made  of  different  diameters 
giving  a  smaller  area  on  the  side  upon  which  the  larger  pres- 
sure is  acting.  As  may  be  imagined,  it  is  extremely  difficult 
to  calculate  what  the  difference  in  diameter  should  be  in  order 
to  balance  the  impeller.  Iu  Fig.  9  the  additional  neck  ring 
R  is  provided  and  holes  H  put  through  the  side  of  the  im- 
peller, so  as  to  make  the  conditions  of  pressure  the  same  in 
both  spaces  A  and  B. 

On  paper  in  any  one  of  these  methods  the  end  thrust  is 
eliminated,  but  even  then  it  is  necessary  to  employ  some  form 
of  thrust  bearing  in  order  to  keep  the  impellers  running  in 
their  correct  axial  positions.     As  will  be  readily  seen,  slight 
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HE 

40 

however,  made  of  such  a  diameter  that  were  there  no  pressure 
in  the  chamber  C  the  resulting  axial  thrust  would  be  in  the 
opposite  direction,  ？ ).，. towards  the  delivery  end  of  the  pump, 
due  to  the  decrease  in  area  on  the  delivery  end  side  of  the 
last  impeller.  It  is  therefore  possible  to  balance  this  axial 
thrust  by  establishing  a  certain  pressure  in  the  chamber  C. 
The  valve  D  is  adjusted  until  the  pressure  is  such  that  the 
shaft  and  impellers  float  axially,  and  these  are  then  secured 
in  place  by  means  of  the  thrust  bearing  E. 

This  bearing  must  be  of  substantial  dimensions,  as  any 
alteration  in  the  head  on  the  pump  or  any  wear  on  the 
periphery  of  the  piston  B  brings  a  considerable  load  on  it 
until  the  valve  D  is  readjusted.  As  this  method  is  dependent 
upon  an  adjustment  by  hand  of  the  valve  D，  it  can  hardly 
bo  said  to  be  really  satisfactory  or  reliable.  As  a  matter 
of  fact,  so  much  trouble  has  been  caused  by  th&  use  of  thrust 
bearings  on  high-speed  centrifugal  pumps  that  designers 
have  been  forced  to  consider  some  means  of  balancing  the 
axial  thrust  hydraulicallv  and  automatically  in  order  to 
dispense  with  this  form  of  bearing  altogether. 

Fig.  11  shows  one  method  in  which  there  is  no  thrust 
bearing,  and  which  is  an  improvement  upon  that  shown  in 
Fig.  10  in  so  far  that  the  outlet  from  the  balancing  chamber 
C  is  controlled  automatically  by  the  valve  D，  which  moves 
endwise  with  the  shaft  and  impellers.  If  the  pressure  in  the 
chamber  C  becomes  too  high,  the  shaft,  being  free  endwise, 


gallons  per  minute 

Fig.  5. 


Fig.  8. 


Fig.  9. 


difTerences  in  the  clearances  between  the  rotating  and 
stationary  parts  at  the  points  where  these  clearances  are  small 
to  prevent  leakage,  and  uneven  wear  at  these  points,  also 
differences  in  the  surfaces  of  the  outside  of  the  impellers  will 
cause  a  difference  in  pressure  on  the  two  sides  of  the  im- 
pellers and  thus  produce  an  axial  t'lirust  in  one  direction  or 
another.    In  practice,  wit.li  j>mnps  designed  on  these  lines,  it 


will  move  from  right  to  left,  open  the  valve  more,  and  so 
relieve  the  pressure  in  the  chamber.  On  the  other  hand,  if 
the  pressure  in  the  chamber  C  be  too  low  the  shaft  will  move 
from  left  to  right  and  so  increase  the  pressure  in  the  chamber 
C.  In  this  way  an  automatic  balancing  is  effected ,  and  when 
running  Mie  impellers  are  hydraulically  set  axially  in  some 
position  depending  upon  tlie  head  on  the  jnimp.      In  this 
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design,  as  wear  takes  place  on  the  balancing  piston,  more 
water  will  leak  past  it,  and,  consequently,  to  effect  a  balance 
the  valve  D  will  have  to  be  more  open.  This  throws  the 
impellers  more  out  of  their  central  position,  and  at  the  same 
time  the  pump  efficiency  is  lowered  owing  to  the  increased 
amount  of  water  passing  the  balancing  valve  and  away,  either 
to  a  drain  or  into  the  suction  pipe  of  the  pump. 

Fig.  12  illustrates  a  design  iu  which  the  balancing  piston 
is  dispensed  with,  a  disc  being  employed  to  carry  the  load 
necessary  to  balance  the  axial  thrust  of  the  impellers  which 
is  acting  in  a  direction  towards  the  suction  end.  In  this 
arrangement  water  leaks  from  the  periphery  of  the  last 
impeller  past  the  sleeve  A,  running  with  a  small  clearance 
in  the  part  B  of  the  body  of  the  pump.  This  balancing 
water  then  passes  into  the  small  chamber  C，  one  wall  of  which 
is  formed  by  the  disc  D，  which  is  fixed  to  the  pump  shaft  and 
revolves  with  it.  The  outer  edge  of  this  disc  forms  a  valve 
controlling  the  outlet  of  the  water  from  the  chamber  C.  The 
water,  oiter  passing  the  disc  valve,  is  led  away  to  a  drain.  It 
will  be  easily  seen  that  an  axial  movement  of  the  shaft  and 
the  disc  controls  the  pressure  of  the  water  in  the  chamber  C， 
and  therefore  when  running  the  disc  will  take  up  such  a 
position  that  the  water  in  the  chamber  C  exerts  such  a  pres- 
sure on  the  inner  side  of  the  disc  as  will  balance  the  thrust 
on  the  impellers. 

This  method  has  the  advantage  over  that  shown  in  Fig.  11 
that  there  is  no  large  balancing  piston  to  wear.    The  valve 
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face  of  the  disc  is  always  running  clear  of  the  body,  and  as  a 
result  there  is  not  much  wear  takes  place  on  this  ；  but  a 
further  great  advantage  is  that  even  should  wear-  take  place 
the  valve  will  only  remain  open  by  the  same  amount  as  at 
first,  the  result  being  that  the  shaft  with  its  impellers  will 
run  a  little  out  of  the  correct  position.  No  increase  of  balance 
water  will  therefore  take  place,  owing  to  wear  taking  place  on 
the  disc.  If,  however,  wear  takes  place  on  the  sleeve  A  more 
water  will  pass  through  this  clearance,  since  the  difference  of 
pressures  at  the  two  ends  will  remain  the  same.  The  result 
is  that  the  disc  valve  will  have  to  open  a  little  more  to  allow 
this  excess  of  water  to  pass  without  increasing  the  pressure 
in  the  chamber  C.  Wear  on  the  sleeve  A  therefore  means 
that  more  balance  water  will  be  required  than  when  the 
pump  was  new. 

Fig.  13  shows  a  method  of  balancing  in  which  the 
balancing  load  is  again  carried  by  a  disc  A,  the  chamber  C 
forming  the  balancing  pressure  chamber.  It  will  be  noticed 
that  in  this  case  both  the  inlet  to  and  the  outlet  from  the 
chamber  C  are  controlled  by  means  of  valve  faces  on  the  disc 
A.  A  double  control  is  thus  obtained,  for  as  the  valve  B 
opens  owing  to  an  axial  movement  of  the  shaft  the  valve  D 
closes.  In  this  case  wear  on  the  valve  faces  is  not  automati- 
cally taken  up  as  in  the  case  of  the  design  shown  in  Fig.  12, 
since,  whatever  may  be  the  movement  of  the  disc  axially  due 
to  wear  taking  place  on  one  or  both  of  the  valve  faces,  the 
total  clearance  between  both  valves  and  their  respective 
seatings  will  be  increased,  and  as  tlie  drop  in  pressure  between 
tlie  points  E  and  F  remains  tlie  same,  more  balance  water 
will  be  required.  The  importance  of  keeping  this  total 
clearance  small  will  be  seen  when  it  is  stated  that  a  single 
<l'm--  valve  sucli  as  si i own  in  Fig.  12  is  only  open  two  or  tlnee- 
thousandths  of  an  incli  when  mniiing  correctly. 


Fig.  14  shows  an  arrangement  of  balancing  wliicli  dispenses 
with  tiie  disc,  and  which  is  independent  of  any  wear  on  any 
running  parts  of  the  pump.  In  this  case  a  valve  A，  which  is 
carried  from  the  sliaft  by  means  of  arms,  is  so  constructed 
that  it  fits  into  a  ring  cast  on  the  delivery  end  side  of,  the  last 
impeller.  This  ring  is  of  such  diameter  that  were  there  no 
pressure  on  the  area  within  tlie  ring  there  would  be  a  resulting 


Fig.  13- 

axial  thrust  on  the  impellers  in  a  direction  towards  the 
delivery  end.  The  load  necessary  to  balance  the  thrust  on 
the  impellers  is  taken  on  the  back  of  the  last  impeller  itself, 
as  this  forms  on©  wall  of  the  balancing  chamber  C.  The 
water  required  for  balancing  passes  from  the  periphery  of  the 
last  impeller  into  the  chamber  C  by  way  of  the  valve  A.  The 
outlet  from  the  chamber  C  is  controlled  by  a  fixed  and 
definite  orifice'  D.  After  passing  this  orifice  the  water  is  led 
away  to  a  drain.  In  this  arrangement  any  slight  wear  wliich 
takes  place  on  the  valve  face  is  automatically  taken  up  by  a 
slight  axial  movement  of  the  shaft,  and  no  extra  balance 
water  is  required,  as  the  outlet  is  controlled  by  an  orifice 
indep&iid'e'nt  of  any  running  parts  of  tlie  pump.  The  only 
objection  which，  to  tlie  author's  knowledge,  has  been  urged 
against  this  method  is  that  the  orifice  D  is  liable  to  get  stopped 
up.  In  practice  it  is  found  that  this  is  not  the  case,  and, 
in  fact,  it  is  hardly  to  be  expected  when  it  is  realised  that 
the  water  which  passes  through  this  orifice  has  already  passed 
through  a  clearance  of  about  *02in.  at  the  periphery  of  tlie 
last  impeller  and  a  clearance  of  about  *002in.  between  the 
valve  face  and  its  seating. 

Fig.  15  is  a  photograph  taken  of  a  pump  fitted  with  the 
balancing  arrangement  shown  in  Fig.  14.  This  photograph 
was  taken  with  a  10-minute  exposure  while  the  pumn  was 
running  at  1,450  revs,  per  minute.  The  lower  lOin.  dial 
gauge  is  reading  the  pressure  in  the  balancing  chamber, 
and  the  upper  one  is  reading  the  delivery  head  on  the  pump, 
which  is  almost  entirely  friction  head 
due  to  throttling  at  the  delivery 
valve.  A  slight  vibration  is  notice- 
able on  the  upper  gauge,  due  to  its 
being  connected  on  the  valve  itself, 
but  it  will  be  seen  that  the  lower 
gauge  is  quite  steady.  The  thin  line 
on  the  left-hand  side  and  on  the 
horizontal  centre  line  is  the  balanc- 
ing water  being  discharged  from  the 
balancing  chamber. 

The  curves  shown  in  Fig.  16  will 
be  of  interest,  as  they  show  the  total 
head  on  the  pump  and  also  the 
corresponding  pressure  in  the 
balance  chamber.  These  readings 
were  taken  from  the  pump  shown  in 
Figs.  14  and  15  while  running  at  a 
constant  speed  of  1,450  revs . 
per  minute,  and  tlie  output 
regulated  by  means  of  the  delivery  valve.  Curve  C  shows  the 
actual  amount  of  water  required  for  balancing  expressed  as  a 
percentage  of  the  total  amount  delivered  by  the  pump. 
Under  these  conditions  of  running  this  particular  pump  gave 
a  maximum  efficiency  of  280  galls,  per  minute,  and  the 
balancing  water  required  at  this  point  was  only  0*4  per  cent. 
As  a  further  experiment  on  this  pump,  the  amount  by  which 
the  balance  valve  was  open  was  actually  measured  by  the 
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following  means :  A  small  hole  was  drilled  in  the  valve  face 
and  this  hole  was  filled  with  a  soft  white  metal  plug  which 
was  allowed  to  stand  a  little  proud  of  the  valve  face.  The 
valve  was  then  replaced  in  the  pump,  car©  being  taken  to  keep 
it  off  the  seating,  and  the  pump  run  up  to  spe&d  with  ilie 
delivery  valve  closed.  This  valve  was  then  opened  out  until 
the-  pump  was  discharging  250  galls,  per  minute.  The 
pump  was  then  shut  down  and  the  valve  taken  out.  The 
wliifce  metal  plug  had  been  worn  down,  but  upon  being 
accurately  measured  it  was  found  to  be  *002in.  proud  of  (he 
valve  face,  thus  showing  that  under  these  conditions  of 
running  the  valve  was  open  by  this  amount.  From  tliis 
reading  and  from  the  curves  B  and  C  the  curve  D  has  been 
calculated,  showing  that  the  variation  in  tlie  opening  of  1  lie 
valve  over  the  full  working  range'  of  the  pump  was  only 
'0003in.  It  is  difficult  to  realise-  that  this  small  amount  o\' 
axial  movement  is  all  that  is  required  to  keep  tlie  pump  per- 
fectly in  balance  as  far  as  tlie  axial  1 1 1  rust  is  concerned. 

Tm  these  various  pumps  in  which  tlie  axial  thrust  is 
(t.i  hi  need  automatically  by  an  endwise  Mtovernent  of  t'he  sliat'l , 
it,  is  necessary  to  arrange  that  they  should  l)e  coupled  to  t  lio 
driving  motors  by  means  of  a  coupling  which  allows  a  certain 


Stuffing  boxes,  especially  those  under  pressure,  are  to  be 
avoided  as  much  as  possible.  Not  only  do  they  mean  that 
more  frictional  work  has  to  be  overcome,  but  they  are  often  a 
source  of  trouble  causing  excessive  wear  on  the  shaft.  When 
working  im(l"r  pressure  there  have  been  instances  of  water 


Fig.  15. 

amount  of  axial  flexibility.  Failing  this,  it  must  be  possible 
for  the  rotor  of  the  motor  to  move  endwise. 

Tlie  preceding  remarks  all  apply  to  some  of  the  different 
methods  wliich  have  been  or  are  used  for  balancing  the  end 
thrust  on  the  impellers.  While  this  is  perhaps  the  most 
important  difficulty  to  be  overcome  to  obtain  reliability,  there 
are,  nevertheless,  several  other  points  which  deserve  careful 
attention.  It  is  necessary  to  have-  some  parts  of  the  rotating 
elements  running  with  a  small  clearance  between  them  and 
the  stationary  parts  in  order  to  prevent  leakage  of  high- 
pressure  water  into  a  low-pressure  space,  and  it  is  clearly  an 
advantage  to  have  these  as  few  In  number  as  possible,  and 
also  as  small  as  possible  in  diameter.  Especially  is  this  so 
in  the  case  of  pumps  dealing  with  water  containing  grit.  In 
the  design  shown  in  Fig.  9  it  will  be  noticed  that  each 
impeller  has  three  rings  running  with  small  clearances.  Two 
of  these  rings  are  of  large  diameter,  and  the  third  is  only 
sligliUy  larger  in  diameter  than  the  shaft,  while  in  the  designs 
shown  in  Figs.  12,  13，  and  14，  each  impeller  has,  with  advan- 
tage, only  one  large  and  one  small  diameter  ring.  Pumps 
should  )>e  provided  witli  renewable  rings  at  all  these1  points 
wliere  wear  is  at  all  lilc^ly  to  take  place. 
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leaking  past  them  and  along  the  shaft  into  the  bearing  and 
floating  the  oil  out  of  the  bearing.  These  difficulties  led  the 
author  to  consider  a  design  in  which  stuffing  boxes  at  the 
delivery  end  of  the  pump  were-  dispensed  with  entirely.  This, 
of  course,  necessitated  the  use  of  some  form  of  internal  shaft 
bearing  which  must  be  so  designed  that  the  water  with  which 
the  pump  is  dealing  cannot  pass  along  it.  This  is  attained  by 
the  adoption  of  the  design  shown  in  Fig.  14.  As  this  bearing 
has  a  closed  end  at  E,  no  water  can  pass  along  it  from  the 
balancing  chamber  C.  The  bearing  is  supplied  with  a  grease 
lubricant  by  means  of  a  special  lubricator.  This  lubricant, 
after  traversing  the  whole  length  of  the  bearing,  passes  into 
the  balance  water.  Incidentally  it  will  be  noticed  that  the 
water  used  for  balancing  flows  round  the  outside  of  the  bush, 
thus  forming  a  water-cool&d  bearing.  Not  only  does  this  type 
of  bearing  dispense  with  a  stuffing  box,  but  it  allows  a  much 
stiffer  bearing  to  be  brought  close  up  to  the  rotating  impellers 
t lian  is  the  case  when  an  external  bearing  is  used.  This  is 
clearly  shown  by  a  comparison  between  Fig.  14  and  Fig.  17， 
which  shows  tlie  same  pump  arranged  with  an  external  bear- 
ing. This  type  of  internal  bearing  has,  in  actual  practice, 
proved  to  be  quite  reliable  even  when  running  at  high  speeds. 

In  case  of  pumps  which  drive  through  the  suction  end,  it  is 
necessary  to  have  a  stuffing  box  working  with  a  partial 
vacuum  on  the  pump  side.  Unless  special  precautions  are 
taken,  air  will  be  drawn  into  the  pump  with  the  risk  of  it 
losing  its  water.  The  usual  practice  is  to  arrange  some  form 
of  water  sealing.    Fig.  1  shows  one  method  in  which  water  is 

taken  from  one  side  of 
the  first  impeller  and  led 
into  a  groove  in  the  neck 
bush.  This  provides  a 
complete  water  seal, 
and  when  running  the 
gland  should  be  left  suffi- 
ciently loose  to  allow  a 
slight  drip  of  water  show- 
ing that  the  water  seal  is 
operative,  and  that  no  air 
is  being  drawn  into  the 
pump.  It  is  not,  how- 
ever, always  advisable  to 
seal  the  stuffing  box  with 
the  liquor  which  the 
pump  is  handling,  as, 
for  instance,  in  the  case 
of  a  pump  dealing  with  a  liquor  which  would  have  an 
injurious  effect  upon  the  packing  and  tlio  shaft  running  in 
the  packing.  In  cases  such  as  this  a  separate  supply  of  water 
is  used,  and  led  to  the  neck  bush  by  some'  external  means  such 
as  i  he  funnel  shown  in  Fig.  18. 

Another  point  of  design  which  increases  the  reliability  is 
that  no  small  screws  or  similar  fixings  should  be  employed 
inside  the  pump.    If  these  are  used  they  are  liable  to  work 


Fig.  17. 
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loose,  not  ouly  due  to  vibration,  but  also  due  to  water  getting 
to  the  threads  and  corroding  them.  All  parts,  such  as  the 
guide  passages,  should,  with  advantage,  be  held  in  place  by 
means  of  the  main  bolts  of  the  pump,  as  is  the  case  in  the 
pump  illustrated  in  Fig.  1. 

Before  installing  a  centrifugal  pump  care  must  be  taken 
to  see  that  tlie  total  head  including  suction  and  delivery  lifts 
and  friction  head  is  correctly  estimated.    This  is  particularly 


as  possible,  for  tlie  less  the  suction  the  less  tlie  liability  to 
trouble  due  to  air  leakage.  In  the  case  of  liot  liquids  bein^ 
liandled  the  permissible  suction  lift  is  much  reduced. 

The  suction  pipes  should  always  be  laid  with  a  rise  towards 
the  pump  throughout  the  entire  length  so  as  to  obviate  any 
trouble  due  to  air  accumulating  at  any  point. 

A  valve,  preferably  a  sluice  valve,  should  always  be  placed 
in  the  delivery  main,  as  close  to  the  pump  as  convenient,  and 


KHI  800  t2,*H)         I  (100  2<MMI 

SPEED    IN  R.P.M. 


A.  Horse-power  ；  B.  Torciuc  corresponding  to  curve  A  ；  C.  Total  tortine,  in- 
cluding accelerating  torqiio;  }).  Full  \oaA  horse-power. 

sj>eeds  are  allowable  without  undue  wear  inside  the  pump 
♦  aking  place  than  when  the  water  is  charged  with  solid  in  a  tier 
in  8UHpension. 

A  centrifugal  pump  will,  generally  speaking,  deal  with  as 
great  a  suction  lift  as  a  reciprocating  pump,  but,  nevertheless, 
it  is  advisable  to  place  the  pump  as  near  the  source  of  supply 


Fig.  '2〗, 

the  speed  increases,  reaching  a  niaximum  when  t lie  piun|>  is 
running  at  its  normal  speed  with  tlie  delivery  valve  closed,  of 
a  quarter  to  a  third  of  the  full  load. 

Fig.  19  gives  a  curve  showing  the  horse-power  required  bv 
an  actual  pump  when  running  at  different  speeds  with  the 
delivery  valve  closed.      The  curve  A  represents  the  power 


Fig.  18. 


necessary  if  a  pump  is  to  be  driven  at  a  constant  speed,  such 
as  is  the  case  wlieu  an  alternating-current  motor  is  used  for 
driving.  Fig.  5  illustrates  this  point.  The  curves  shown  are 
taken  from  a  pump  designed  to  deliver  250  galls,  per  minute 
against  a  total  head  of  175ft.  when  running  at  a  constant 
speed  of  1,400  revs,  per  minute.  Had  the  actual  head  been 
185ft.  the  pump  would  only  have  delivered  about  200  galls, 
per  minute,  and  had  the  actual  head  been  200ft.  it  is  clear 
from  the  curves  that  the  pump  would  not  have  delivered  any 
water.  On  the  other  hand,  had  the  actual  head  been  155ft. 
instead  of  175ft.  the  pump  would  have  delivered  an  increased 
quantity  of  water,  namely  300  galls,  per  minute,  causing  an 
increase  of  9  per  cent,  in  the  power  absorbed .  It  will  be 
seen  from  this  also  that  it  is  advisable  to  install  a  motor  having 
a  margin  of  power  to  prevent  overloading  should  the 
actual  head  on  the  pump  be  lower  than  that  for  wliich  it  has 
been  designed.  In  medium-sized  motors  it  is  usual  to  allow  a 
20  per  cent .  margin  in  power. 

The  size  of  suction  and  delivery  pipes  depends  upon  wliat  is 
ronsidered  tlie  most  economical  friction  head  in  the  case  under 
consideration.  In  estimating  tlie  friction  head  it  should  be 
remembered  that  this  liead  increases  approximately  inversely 
as  the  fifth  power  of  tlie  diameter  of  the  pipe  and  that  wlien 
dirt v  water  is  being  handled  due  allowance  should  he  made 
for  the  pipes  becoming  coated  on  the  inside. 

The  question  of  the  speed  and  number  of  stages  of  the 
pump  to  ensure  reliability  is  one  best  left  to  tlie  manufacturer, 
for  obviously,  when  dealing  with  clean  water  much  greater 
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the  delivery  main.  This  prevents  the  column  of  water  falling 
back  oh  to  the  foot  valve,  wliich  is  possible,  as  there  are  no 
valves  in  the  pump  itself,  and  causing  dangerous  water 
hammer  shocks  in  the  pump  if  this  be  suddenly  stopped  for 
any  reason. 

Sorae  method  of  priming  or  filling  the  pump  with  water 
must  be  provided.  This  is  usually  done  by  allowing  tlie  water 
in  the  delivery  column  to  run  back  past  the  delivery  valve  into 
the  suction  pipe  and  the  pump  forcing  out  the  air  through  an 
air  cock,  which  is  fitted  on  the  highest  part  of  the  pump. 
Should  there  be  no  water  available  in  the  delivery  column  the 
pump  must  be  filled  by  hand  or  from  some  external  water 
supply,  or  an  ejector  must  be  fitted  which  will  draw  out  the 
air  and  allow  the  water  to  rise  up  the  suction  pipe  into 
the  pump. 

In  starting  uj)  a  centrifugal  pump,  after  seeing  that-  the 
hearings  are  in  order  and  that  the  pump  is  fully  primed,  the 
delivery  valve  should  be  closed  and  tlie  pump  run  up  to  its 
proper  speed .  The  delivery  valve  can  then  be  slowly  opened 
until  tlie  pump  is  discharging  its  full  quantity.  A  glance  at 
curves  in  Fig.  5  will  show  that  no  dangerous  increase  in 
pressure  takes  place  when  tlie  pump  is  running  with  the 
delivery  valve  sliut,  i.e.y  with  tlie  pump  discharging  no  water. 

The  conditions  imposed  upon  a  motor  in  starting  up  a 
centrifugal  pump  are  quite  light,  as  the  power  required  is 
practically  nil  at  very  low  speeds, .and  gradually  increases  as 
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absorbed  in  overcoming  mechanical  and  hydraulic  friction 
and  in  setting  up  eddies  in  the  water.  The  torque  curve  B 
corresponds  to  the  power  curve.  Tliis,  of  course,  only  repre- 
sents the  torque  required  at  starting,  providing  the  pump  is 
brought  up  to  speed  slowly,  as  it  takes  no  account  of  the 


Fig.  22. 

A.  Autoniatiu  riiminu  Valve  ；  B.  l'rmiin^  Tipc :  C.  Non-return  Valve  ；  D.  Air 
DischarKo  Pipe  ；    K    Suction  1*11)0  ；  F.  Foot  N'ulvc  iiiid  Strainer  ；  G.  Dt-livi-ry 

torque  required  to  accelerate  the  rotating  elements.  The 
torque  curve  C  is  a  corrected  one,  based  on  the  assumption 
that  this  particular  pump  is  taken  up  to  its  full  speed  in 
10  seconds  with  a  uniform  acceleration. 

Should  it  be  necessary  to  reduce  the  quantity  delivered  by 
a  pump  when  running  under  normal  conditions,  it  is  advisable 
to  do  this  by  partially  closing  the  delivery  valve,  or  in  other 
words,  by  slightly  increasing  the  head  on  the  pump.  This  is 
quite  an  economical  method  of  regulation.  The  quantity  can 
be  decreased  by  decreasing  the  speed  of  the  pump,  but  this  is 
by  no  means  so  reliable,  as  will  be  seen  from  Fig.  20,  which 
shows  the  characteristic  curves  of  a  pump  running  under  a 
constant  head,  the  speed,  quantity,  power,  and  efficiency  all 
being  expressed  as  percentages  of  the  normal  conditions.  It 
will  be  seen  that  a  decrease  in  speed  to  95  per  cent,  of  the 
】iormal  causes  the  pump  to  stop  delivering  altogether,  and  as 
this  increase  is  so  slight  it  is  not  a  desirable  method  of  regula- 
tion .  The  quantity  can,  however,  be  increased  somewhat  by 
increasing  the  speed. 

To  ensure  reliability  in  actual  working  great  care  should 
be  taken  that  no  trouble  is  caused  by  air  on  the  suction  side 
of  the  pump.  Should  air  leak  through  a  bad  joint  in  the 
suction  pipe  the  pump  will,  sooner  or  later,  lose  its  water,  with 
the  possibility  of  serious  results  owing  to  some  parts  running 
dry  and  becoming  seized  up.  This  may  also  happen  should 
the  end  of  the  pump  suction  pipe  become  uncovered. 

Fig.  21  shows  a  gear  used  for  preventing  trouble  due  to  air 
leakage.  Fig.  22  shows  the  arrangement  of  this  gear  on  a 
pump,  and  Fig.  23  shows  a  section.  The  action  of  this  gear  is 
as  follows  :  In  the  delivery  main  A，  Fig.  23,  there  is  placed  a 
diaphragm  B  with  an  opening  of  such  size  as  to  cause  a  portion 
of  the  water  to  be  by-passed  through  the  pressure  regulator  C. 
This  regulator  consists  of  a  venturi  tube  D  having  converging 


Fig.  23. 

and  diverging  nozzles,  the  entrance  to  the  converging  nozzle 
being  protected  by  a  small  strainer  E.  The  priming  valve  F 
is  attaclied  to  the  delivery  main,  as  shown,  and  contains  a 
doul)le  beat  balanced  valve  G，  the  operation  of  which  is  con- 
trolled by  the  movement  of  the  rubber  diaphragm  IT.  The 
under  side  of  this  diaphragm  is  subjected  to  the  pressure  which 


obtains  in  the  delivery  main  A,  while  the  upper  side  is  sub- 
">  tin1  pressure  existing  at  the  throat  of  the  venturi 
tube  D，  since  these  are  connected  by  means  of  the  pipe  K  and 
the  small  holes  drilled  in  the  side  of  the  venturi  tube  at  the 
t  liroat .  Tlie  valve  F  is  fitted  with  an  external  spindle  N，  so 
that  its  operat  ion  can  be  seen. 

When  the  pump  is  delivering  water  some  of  this  flows 
through  the  venturi  tube  and  attains  a  high  velocity  through 
the  throat,  its  pressure  at  this  point  being  correspondingly 
reduced,  with  the  result  that  the  pressure  on  the  top  of  the 
diaphragm  of  the  valve  becomes  lower  than  that  on  the  under- 
side, and  the  valve  is  consequently  closed  against  tlie  action 
of  the  spring  L.  If  air  enters  the  pump  the  flow  of  water  in 
tlie  delivery  rn;iin  ceases,  and  also  the  flow  through  the  venturi 
tube,  with  the  result  that  the  pressure  at  the  throat  becomes 
ecjiial  to  that  in  the  delivery  main.  The  pressures  on  the  two 
sides  of  the  rubber  diaphragm  now  being  equalised  the  valve 
is  opened  l)y  tlie  action  of  the  spring  and  tlie  supply  of  priming 
water  passes  t'roiti  the  delivery  main  into  the  suction  pipe, 
forcing  out  any  accumulation  air  through  an  air  discharge 
pipe  fitted  with  a  small  non-return  valve.  Immediately  this 
is  (lone  the  pump  picks  up  its  water  again,  the  flow  through 
the  delivery  main  and  venturi  tube  is  reestablished,  and  the 
priming  valve  is  closed  as  a  result. 

This  gear  can,  with  advantage,  be  fitted  on  pumps  used  for 
mine  sinking  purposes  where  it  is  desirable  to  keep  the  floor 
as  dry  as  possible,  since  a  pump  so  fitted  can  be  allowed  to 
run  unattended  as  it  will  automatically  reprime  itself  should 
tlie  suction  pipe  become  uncovered  and  air  enter  into  the 
pump,  which  under  ordinary  circumstances  would  cause  the 
pump  to  lose  its  water  entirely. 

There  is  no  question  but  that  at  the  present  time  if  due 
attention  be  paid  to  the  points  raised  in  this  paper  centrifugal 
pumps  can  be  obtained  which  are  qui  to  reliable  in  operation, 
but  such  pumps  are  not  necessarily  the  cheapest  in  the  first 
place,  though  they  prove  to  be  so  in  the  end.  It  is, 
however,  hardly  possible  for  a  manufacturer  to  turn  out  a 
pu ni]>  which  will  give  complete  satisfaction  unless  this  is 
installed,  run,  and  treated  with  the  respect  due  to  a  high-class, 
higli-speed  machine.  Being  pumps,  by  the  very  nature  of 
things  the  conditions  under  which  they  have  to  work  are 
usually  severe  enough  at  the  best  without  making  them  worse 
by  inattention. 

In  conclusion,  the  author  wishes  to  express  his  thanks  to 
Messrs.  Holden  &  Brooke,  Ltd.,  for  permission  to  publisli 
results  of  experiments  and  for  the  loan  of  blocks  from  which 
the  illustrations  have  been  prepared. 


APPLIED  STABILITY  OF  SHIPS. 

A  paper  on  "  Applied  Stability  of  Ships"  was  read  by  Mr. 
J.  H.  Heck  on  Monday 5  October  21st,  at  the  Institute  of 
Marine  Engineers,  Stratford,  E.  Mr.  J.  T.  Milton  (Chairman 
of  Council)  presided.  In  the  course  of  his  paper  Mr.  Heck 
said  the  art  of  making  a  ship  stable  really  consisted  in  arrang- 
ing and  ensuring  that  the  vertical  line  passing  through  the 
centre  of  buoyancy  of  any  designed  inclination  would  intersect 
the  middle  line  of  the  vessel  in  a  point,  the  height  of  which 
above  the  top  of  the  keel  was  greater  than  that  of  the  common 
centre  of  gravity  of  the  ship  and  all  it  contained.  The 
information  required  to  determine  the  statical  stability  was  : 
(a)  the  displacement  ；  (b)  the  position  of  the  centre  of 
buoyancy  line  ；  and  (c)  the  position  of  the  centre  of  gravity. 
The  two  former  could  be  obtained  from  particulars  furnished 
by  the  drawings,  and  the  values  would  remain  the  same  during 
the  life  of  tlae  vessel.  The  real  control  of  laden  cargo 
steamers,  however,  was  in  the  hands  of  the  officers  in  charge, 
who,  for  that  reason,  needed  at  times  some  means  of  measuring 
the  height  of  the  centre  of  gravity,  and  the  simplest  and 
quickest  way  of  arriving  at  this  was  by  the  operation  of 
inclining.  Side  tanks  in  the  double  bottom  could  be  used  for 
this  purpose  at  small  expense,  and  as  the  moment  produced 
by  the  tauks  when  full  was  known  and  constant,  it  would  be 
possible  to  supply  simple  instructions  in  the  form  of  tables,  so 
as  to  place  in  the  hands  of  su p e r i n t e n d en t s  and  masters  an 
easy  and  practical  method  of  gauging  and  testing  the  vessel's 
(H)iulit  ion  in  regard  to  stowage  and  stability.  Mr.  Heck  gave 
sjiecimen  tables  for  a  vessel  of  7,840  tons  load  displacement, 
showing  tlie  niean  draught  of  water,  the  angle  of  heel  produced 
on  t  lie  vessel  by  filling  the  trimming  tank,  the  metacentric 
height  cori'esponding  to  the  angle  of  heel  produced,  and  the 
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lighting  moment  in  foot-tons  (corresponding  to  the  various 
angles  of  heel  produced)  for  the  respective  angles  of  inclination 
of  15°,  30°,  45°,  and  60°.  A  uote  was  also  given  at  the  foot  of 
each  table  stating  the  angle  of  heel  which  should  not  be 
exceeded  ， 

In  opening  the  discussion,  Mr.  Jas.  Shanks  said  the 
method  put  forward  by  Mr.  H«ck  was  simple  and  would  give 
reliable  results  if  it  could  be  carried  out  accurately,  but  he 
doubted  whether  this  could  be  done  sufficiently  carefully 
under  present-day  conditions  of  loading.  He  asked  if 
allowance  had  been  made  for  the  effect  of  loose  water,  of  which 
no  ship  was  absolutely  free.  Mr.  W.  I.  Steele  was  also  of 
opinion  that  there  would  be  little  opportunity  of  taking 
inclinations  while  the  ship  was  being  loaded.  Mr.  J.  Clark 
questioned  the  author  as  to  the  methods  of  arriving  at  the 
centre  of  gravity  and  metacentric  height.  He  understood 
that  a  vessel  with  a  high  metacentric  height  was,  in  some 
weathers,  almost  as  dangerous  as  a  boat  with  a  low  one.  He 
considered  the  idea  of  the  trimming  tank  to  be  simple,  and 
one  which  would  prove  effective.  Mr.  A.  Robertson  referred 
to  the  difficulties  of  carrying  out  the  suggestions  when  at 
foreign  ports.  He  thought  that  in  many  instances  the  water 
in  the  boilers  would  effect  a  variation  in  the  centre  of  gravity 
which  would  produce  an  error  in  the  calculations.  He  asked 
if  the  longitudinal  metacentric  height  had  any  great  effect 
upon  the  stability  of  ships  at  sea.  Mr.  F.  M.  Timpson  was 
of  opinion  that  it  should  be  made  as  great  an  offenc&  for  a 
vessel  to  go  to  sea  in  an  unstable  condition  as  to  go  over- 
loaded. Mr.  Thomas  referred  to  the  high  standard  of  the 
Board  of  Trade  examinations  for  the  extra  chief  engineers' 
certificates  with  regard  to  questions  on  stability.  It  would 
uot  be  safe  to  say,  even  if  a  vessel  had  a  negative  metacentric 
height,  that  she  was  unsafe.  The  Chairman  pointed  out 
that  the  tables  not  only  gave  the  metacentric  height,  but 
showed  also  how  the  righting  moments  increased  as  the  h&el 
increased  -  He  thought  the  questions  of  free  water  and  of 
using  out  the  coal  were  calculable  and  could  be  allowed  for. 
He  suggested  that  a  table  might  be  prepared  showing  what 
the  stability  should  be  at  a  certain  draught,  when  nearly 
loaded,  as  compared  with  that  of  the  full  draught  when 
loaded.  Mr.  W.  J.  Dibb  and  Mr.  John  McLaren  commented 
on  the  difficulties  which  might  be  experienced  on  putting  the 
system  into  operation. 

In  replying,  Mr.  Heck  said  the  paper  was  confined  simply 
to  cargo  vessels,  and  not  to  the  larger  class  of  liners.  The 
effect  of  free  water  could  easily  be  determined.  He  said  the 
inclination  could  be  taken  in  about  two  hours,  which  would 
be  amply  compensated  by  the  removal  of  many  troubles  clue 
to  instability.  After  describing  graphically  how  his  calcula- 
tions were  arrived  at,  lie  alluded  to  the  importance  attached 
to  this  subject  to-day  as  compared  with  a  few  years  ago,  and 
expressed  the  view  that  such  a  method  as  he  had  outlined 
would  be  in  general  use  before  many  years.  A  hearty  vote 
of  thanks  was  accorded  to  Mr.  Heck ,  on  the  proposal  of  the 
chairman. 


AUTOMOBILE  PROGRESS. 

A  iieview  of  automobile  progress  was  presented  by  Mr.  T.  B. 
Brown  in  his  presidential  address,  delivered  before  the 
Institution  of  Automobile  Engineers.  In  London,  he  said, 
there  were  licensed  during  the  year  ending  August  31st  last 
2,510  motor  omnibuses,  as  against  533  drawn  by  horses  ；  the 
motor-cabs  licensed  for  the  same  period  were  7,860,  with 
only  672  hansoms  and  1,982  four-wlieeled  horse  cabs.  The 
economy  of  motor-vans  over  horse  traction  had,  lie  con- 
sidered, been  proved,  and  the  reasons  wliy  they  had  not  been 
produced  in  (comparatively  large  numbers  were,  in  the  firsi 
place,  not  overmuch  capital  was  invested  in  the  production 
of  commercial  motor  vehicles,  so  that  makers  were  not  gene- 
rally in  a  position  to  give  credit.  Tlien  it  was  impossible  to 
us©  the  automobile  fully  and  economically  where  there  was 
only  work  for  a  single  horse.  The  great  general  carrier 
comp mies  were  using  motor  transport  largely,  as  economies 
were  attainable  by  large  fleets  of  motor  vehicles,  as  shown 
by  the  low  cost  of  maintenance  of  large  motor-omnibus  and 
cah  comj)aiiies.  The  cost  of  running  commercial  motor 
vehicles  was  being  continually  reduced,  especially  where 
efficient  organisation  existed  for  maintenance  in  large  num- 
bers. One  of  the  largest  motor-omnibus  companies  had  now 
reduced  ita  running  costs  to  7^d.  per  car  mile,  whereas,  in 
1910,  the  figure  was  about  9d.，  so  that  the  motor-omnibus 


was  proving  a  fonnidahle  competitor  to  the  electri<'  tramcar. 
A  new-comer  in  tli3  sliape  of  t-lie  electric  i  rolh;y  (mmil 川' s 
was  well  worth  the  attention  of  automobile  engineers,  as  1 
greater  part  of  the  design  and  construclion  of  tlie&e  veliicles 
necessarily  followed  inotor-ornuibus  rallier  t  lian  i  raiiKvi  r 
practice.  Referring  to  motor-cycles,  lie  said  that  tliis  year 
had  seen  the  production  of  several  cycle  engines  with  rotary 
valves,  but  these  liacl  not  yet  been  placed  on  the  market. 
Other  noticeable  features  of  the  motor-cycle  during  the  year 
were  the  almost  universal  use  of  the  chain  for  transmission 
on  high-powered  machines,  the  fitting  of  clutches,  a  foot- 
starting  device,  and  the  wide  use  of  change-speed  gears. 

The  fuel  question  was,  he  observed,  becoming  serious,  as 
the  retail  price  of  petrol  had  risen  to  Is.  6d.  per  gallon, 
and  likely  to  go  higher,  as  the'  supply  was  practically  con- 
trolled by  one  firm,  which  furnished  about  t hree-fourtlis  of 
the  total  amount  used.  On  tliis  account  the  Royal  Auto- 
mobile Club  was  going  carefully  into  the  question  of  sub- 
stitutes for  petrol  spirit,  and  it  was  proposed  to  undertaks 
tests  of  all  kinds— solid,  liquid,  and  gaseous.  The  various 
grades  of  paraffin,  crude  oil,  mixtures  of  petrol  and  kerosine, 
naplithaline,  benzol,  and  alcohol  had  all  been  tried  to  a 
certain  extent.  Naphtlialine  and  benzol  formed  excellent 
substitutes  for  petrol,  but  the  supply  was  limited.  The  dis- 
advantages of  paraffin  so  far  had  been  the  smell  from  tlie 
exhaust,  its  well-known  tendency  "  to  creep/'  and  the  carbon 
deposit  left  in  the  combustion  head  wlie never  the  mixture 
was  imperfect.  Excellent  results  had  so  far  been  obtainable 
with  paraffin  with  engines  running  on  steady  loads,  but  the 
irregular  load  of  an  automobile  engine  had  proved  a  serious 
obstacle  to  the  proper  carburation  of  paraffin  and  heavier 
oils.  There  was  also  th&  possibility  tliat  the  price  of  any 
substitute  would  rise  as  soon  as  the  demand  for  it  became 
great,  just  as  had  been  the  case-  with  the  price  of  the  heavy 
oil  used  in  the  Diesel  engine,  which  was  sold  not  so  long 
ago  at  38s,  per  ton,  whereas  it  had  now  risen  to  over  80s. 
per  ton.  The  use  of  solid  fuel  in  the  shape  of  carbon  had 
been  proposed  for  automobiles,  and  at  least  one  vehicle  had 
been  built  with  a  suction  gas  producer.  An  automobile 
using  paraffin  had  covered  2, C00  miles  under  official  observa- 
tion― half  on  the  road  at  a  consumption  of  35*7  ton-miles 
per  gallon,  and  the  other  half  on  the  Brooklands  track  at 
35  miles  per  hour  and  36*9  ton-miles  per  gallon. 

At  the  British  Association  Dr.  Dugald  Clerk,  F.R.S., 
brought  out  the  difference  in  time  taken  to  explode  a  gas 
when  in  a  stats  of  turbulence  and  when  in  comparative  rest. 
In,  the  experiments  a  fan  was  used  to  create  a  turbulencs  on 
a  10  per  cent,  mixture  of  coal  gas  and  air,  with  the  result 
that  the  time  of  explosion  was  shortened  from  0*13  sec.  to 
0*03  sec.  when  the  speed  was  raised  from  2,000  to  4,500  revs, 
psr  minute.  This  accounted  for  satisfactory  ignition  with 
motors  running  at  high  speeds,  and  Dr.  Clerk  was  bo  be 
congratulated  on  having  made  this  interesting  discovery. 
The  possibility  of  using  the  turbine  for  internal  combustion 
was  referred  to  by  my  predecessor  in  his  address,  and,  so  far, 
there  did  not  appear  to  be  mucli  hope  for  a  practical  issue, 
principally  due  to  the  impossibility  of  finding  a  material 
able  to  withstand  the  enormously  high  stresses  and  tempera- 
tures involved  if  reasonable  economy  was  to  be  attained. 
Experiments  had  been  made  with  various  types,  the  most 
hopeful  suggestion  being  that  of  using  the  explosion  to  give 
velocity  to  water,  the  result  being  a  combined  water  and 
gas  turbine.  Die-finished  castings,  no.v  coming  nnich  into 
use,  had  given  an  enormous  advantage  to  the  firm  in  a 
position  to  manufacture  lar^e  batches. 

The  so-called  American  invasion  of  the  light,  cheap  car 
fitted  with  a  comparatively  large  engiue  had,  he  remarked, 
found  a  ready  market  here,  but  it  had  not  materially 
a fTected  the  demand  for  the  various  types  manufactured  in 
this  country.  Noise  reduction  had  become  more  difficult, 
with  the  rise  of  pressures  and  increase  in  size  of  valves. 
Since  the  introduction  of  the  sleeve  valve  many  attempts 
had  been  made  to  devise  new  systems  of  valve  motion,  many 
being  merely  revivals  of  old  methods  already  discarded  by 
gas-engine  makers.  Attempts  to  use  piston  valves  had  been 
made,  but  in  some  of  these  the  piston  valve  heads  were 
exposed  to  the  explosion  pressure,  so  that  severe  reversals 
of  stress  were  put  upon  the  valve  inechanisni,  producing 
undue  noise.  Rotary  valves  were  being  tried,  but  difficulty 
must  be  experienced  in  obtaining  a  gas-tight  joint,  especially 
in  those  where  the  same  rotary  part  was  used  for  inlet  and 
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exhaust  passages,  as  the  constant  warping  was  bound  to  cause 
leakage.  The  difference  between  the  temperature  when 
starting  from  cold  and  that  when  running  would  result  in 
expansion  of  the  parts  which  were  not  water-cooled.  There 
was  much  in  favour  of  tlie  rotary  valve,  as  in  any  type  of 
reciprocating  valve,  whether  poppet,  sleeve,  or  piston,  there 
was  bound  to  be  noise  as  soon  as  tlie  slightest  wear  of  the 
valve-driving  mechanism  occurred.  With  the  introduction  of 
very  light  steel  pistons,  another  source  of  noise  occurred  in 
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their  tendency  to  tap  against  the  side  of  the  cylinder,  and 
an  attempt  had  been  made  to  get  over  this  by  cutting  slots 
in  the  skirt  of  the  piston.  The  most  troublesome  noises  in 
transmission  were  caused  by  change-speed  gear  wheels.  Ball 
bearings  intensified  the  trouble,  as  plain  bearings  did  not 
conduct  the  sound  emitted  by  gear  wheels  to  so  large  an 
extent  as  ball  bearings.  Some  experiments  conducted  by 
the  author  with  ball-bearing  cam  shafts  several  years  ago 
bore  this  out  to  a  surprising  degree.  A  successful  attempt 
to  overcome  the  difficulty  on  omnibuses  had  been  made  by 
the  use  of  short  chain  drives  in  lieu  of  the  spur  gears,  and 
several  firms  were  now  adopting  this  system  for  passenger 
cars.  A  light  car  with  variable  friction  drive  was  being 
manufactured,  the  two  friction  discs,  placed  at  right  angles, 
being  composed  of  hard  and  soft  steel  respectively.  In 
driving  the  car  care  had  to  be  taken  to  prevent  the  discs 
slipping,  or  a  flat  was  likely  to  be  produced  on  the  wheel 
whose  edge  impinged  on  the  face  of  the  other  disc- 
Several  petrol-electric  systems  were  in  use,  and  were 
giving  most  satisfactory  results  for  omnibuses  and  other 
heavy  vehicles  where  the  weight  of  the  dynamo-electric 
machinery  was  not  too  large  a  proportion  of  the  whole.  A 
consumption  of  58  ton-miles  per  gallon  was  obtained  with 
one  petrol-electric  system  in  a  recent  R.A.C.  test  of  2,000 
miles  on  ordinary  roads.  Hydraulic  systems  of  variable 
gear  had  not  yet  come  into  general  use,  though  several 
showed  considerable  promise  in  the  experimental  stage. 
While  the  chain  drive  had  almost  disappeared  in  the  ordinary 
pleasure  car,  it  was  still  the  most  popular  for  heavy  com- 
mercial cars,  due  to  the  difficulty  of  obtaining  the  necessary 
rt1 山 irt'ion  in  the  gear,  which  was  not  possible  in  a  single 
)>;tir  of  bevel  wlieeis.  For  heavy  lorries  worm  gear  did  not 
sc(M»i  to  he  making  the  progress  which  appeared  likely,  aiul 
1  Ik*  probable  reason  was,  in  his  opinion,  the  difficulty  in 
luhri atin^  the  rubbing  surfaces  of  tlie  wheel  where  the 
pressures  were  high.  This  difficulty  was,  of  course,  not 
insurmountable,  and  it  might  very  probably  be  found  that 
forced  lubrication  would  overcome  it.  One  great  advantage 
ftl'  cliain  drive  was  the  excellent  clearance  it  provided  under 
the  rear  axle.  One  of  the  most  difficult  problems  was  the 
lubrication  of  the  cylinder.  The  slightest  excess  of  oil 
resulted  in  unpleasant  odours  from  the  exhaust  and  carbon 
deposits  on  the  combustion  heads  and  piston  tops.  There 
should  be  no  excuse  for  any  emission  of  unpleasant  exhaust. 
A  certain  mixture  too  rich  for  perfect  combustion  gave  more 
power  than  the  perfect,  but  the  gain  was  so  slight  that  it 
was  not  worth  n^ng  for  any  but  raring  purposes,  and  it  had 
the  disadvantage  of  increasing  carbon  deposit. 


SUPERHEATER  FOR  LOCOMOTIVES. 

A  design  of  superheater  for  application  to  locomotive 
engines,  the  invention  of  Ferguson  Superheaters,  Ltd.,  11, 
Queen  Victoria  Street,  London,  is  shown  in  the  accompany- 
ing illustrations.  In  this  arrangement  the  superheating 
tubes  are  in  independent  sections  or  groups,  connected  at 
tlieir  ends  to  removable  caver  plates  closing  over  openings 
in  the  top  of  inlet  and  outlet  steam  headers.    TSvo  casings  A 

are  arranged  on  each  side  of  the 
boiler,  as  shown.  The  furnace 
gases  are  admitted  to  the  rear 
end  of  each  casing  through 
hollow  tubular  stays  B,  and 
pass  oi't'  from  the  front  end 
of  the  casing  to  the  smokebox 
through  the  passage  C.  As 
shown,  the  bottom  of  the 
casing  is  made  to  rest  on  the 
top  of  the  main  horizontal 
longitudinal  frame  of  the  engine. 
The  upper  end  of  each  casing 
is  enlarged  so  that  it  extends 
inwards  for  a  distance  over  the 
top  of  the  cylindrical  shell 
of  the  boiler.  D  is  a  bracket 
curved  to  conform  to  the 
exterior  of  this  portion  of  the 
shell  of  the  boiler  and  secured 
to  it.  The  bracket  is  formed 
with  two  shelves,  one  at  a 
higher  level  than  the  other  and 
in  rear  of  it  so  as  not  to  over- 
lap it.  Upon  each  shelf  is 
placed  a  header  ；  the  header  E 
on  tlie  upper  shelf  is  clear  of  the  header  F  on  the  lower  shelf, 
so  that  the  cover  plates  G  which  close  over  openings  in  the 
top  of  this  latter  header  can  be  removed  without  being 
interfered  with  by  the  header  E.  Tlie  superheating  pipes 
H  are  each  connected  at  one  end  to  one  of  the  cover  plates  G， 
and  at  the  opposite  end  to  one  of  the  cover  plates  J  secured 
to  tlie  top  of  the  header  E.      Each   cover  plate  has  four 
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superheating  pipes  secured  to  it.  As  shown,  the  suporlioal- 
ing  pipes  rise  upwards  from  the  cover  plates  J,  are  bent 
forwards  and  then  downwards  and  made  to  extend  nearly 
to  the  bottom  of  the  casing,  where  they  are  bent  back  towards 
the  rear  or  towards  the  front  end  of  the  engine  and  then 
bent  upwards  and  made  to  extend  to  the  upper  part  of  tlie 
casing,  where  they  are  bent  over  and  secured  to  the  cover 
|)]atfs  G.  Steam  is  supplied  to  the  front  end  of  the  headers 
F  through  pipes  L,  and  is  led  away  from  tlie  front  end  of 
t,lie  1  leaders  E  through  pipes  M:  to  the  cylinders  of  tlie 
'"i  —  ne.  A  hinged  door  N  is  provided,  closing  over  the  top 
of  each  casing  A. 
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INDUSTRIAL  AND  TRAD 已 NOTES, 

Proposed  Railway  Development  in  Victoria. ― There  are  318  miles 
of  State  railways  almost  completed  and  open  for  traffic  in  Vic- 
toria, with  a  further  180  miles  xtnder  construction,  and  83  miles 
authorised  but  not  yet  begun.  Schemes  for  further  lines  are  under 
ronsideration  representing  a  total  length  of  about  430  miles  and 
involving  an  expenditure  of  £1,550,000.  . 

New  Vessel  for  the  Cunard  Line. ― It  is  understood  that  the  Cunard  Co., 
of  Liverpool,  are  inviting  tenders  for  an  intermediate  passenger 
steamer  of  the  "  Laconia  "  and  "  Franconia  '，  class,  both  of  、、- hieh 
vessels  are  of  18,000  tons,  and  were  built  at  the  Wallsend  shipyard 
of  S\v;in,  Hunter,  &  Wigliain  Richardson,  Ltd.  In  addition  to  the 
Wallsend  firm,  another  Tyne  shipbuilding  company  has,  it  is  stated, 
been  asked  to  quote  for  the  new  vessel. 

Proposed  Amalgamation  of  London  Tube  Railways. ― It  is  officially 
stated  that  the  directors  of  the  Metropolitan  Railway  Company 
and  the  Great  Northern  and  City  Railway  Company  have  come 
to  an  agreement,  by  which,  subject  to  Parliamentary  sanction 
and  the  approval  of  the  stock  and  shareholders,  the  Metropolitan 
Company  takes  over  the  Great  Northern  and  City  Railway  as  a 
going  concern  as  from  the  30th  June  next. 

Scottish  Tube  Trade. 一 The  directors  of  the  Scottish  Tube  Company 
have  decided  to  spoud  £70,000  in  the  extension  of  one  of  their 
principal  tube  manufactories  situated  in  the  eastern  quarter  of 
Glasgow,  adjoining  the  River  Clyde.  The  works  are  those  that 
belonged  to  Messrs.  Eadie  previo.is  to  the  arrangement  of  the 
combine,  and  already  occupy  a  very  large  area,  and  have  a  heavy 
output.    The  tube  trade  in  Scotland  at  present  is  excessively  busy. 

Shipbuilding  Orders. ― The  Pacific  Steam  Navigation  Company 
has,  we  learn,  just  placed  with  Messrs.  Harland  &  Wolff,  Belfast, 
orders  for  five  new  vessels,  which  will  be  about  5o0ft.  long,  with 
a  gross  tonnage  of  between  11,000  and  12,000.  It  is  expected  that 
one  or  two  of  these  vessels  will  be  built  on  the  Clyde.  Messrs. 
Workman,  Clark,  &  Co.,  of  Belfast,  have  also  received  orders  for 
two  vessels  of  the  intermediate  type  from  the  Royal  Mail  Steam 
Packet  Company.  These  will  be  of  similar  size  and  design  to  the 
Pacific  Company's  vessels. 

Hull  and  the  Oil  Trade. ―  An  important  development  in  the  import 
trade  of  Hull  is  an  undertaking  by  the  North-eastern  Railway 
Company  to  construr-t  at  Sal  tend  in  the  Humher  an  oil  harbour, 
with  jetties  for  the  discharge  of  oil  steamers.  The  new  harboa r 
will  be  devoted  to  the  importation  and  storage  of  petroleum, 
and  the  jetty  will  be  accessible  to  tank  steamers  at  all  states  of 
the  tide.  The  harbour  will  be  connected  with  the  North -eastern 
Railway  main  system  by  a  branch  railway.  The  Hnmber  C'on- 
servancy  Board  have  sanctioned  the  company  power  to  carry  out 
the  necessary  dredging.  Hull  is  likely  to  become  an  important 
oil-distributing  centre  for  the  North  of  England. 

Colliery  Rescue  Stations. - ~ The  Durham  and  North vimberlarul 
Coal  Owners'  Association  were  among  the  first  to  install  a 
thoroughly  up-to-date  fire  and  rescue  station.  This  is  located  in 
Scotswood  Road,  Newcastle-on-Tyne.  Three  additional  stations 
are,  we  learn,  shortly  to  be  installed  covering  various  collieries 
within  60  miles  radius  of  the  head  station,  and  an  order  has  been 
placed  for  three  Merryweather  Hatfield  petrol  motor  fire  engines. 
They  will  be  of  the  same  design  as  the  one  at  Newcastle,  but  of 
smaller  size,  with  pumps  of  a  capacity  of  3-50  gallons  per  minute. 
These  engines  can  travel  at  over  30  miles  an  hour  on  the  level, 
and  the  pumps  can  be  brought  into  service  immediately  on  arriv- 
ing at  tlie  scene  of  action. 

New  Thames  Tunnel. ―  A  new  Thames  tunnel  was  opened  on  Satur- 
day last,  making  the  fifth  passage  which  London  now  has  under 
the  river.  The  new  tunnel  is  between  North  and  South  Woolwich. 
The  thickness  of  the  river-'bed  above  the  tunnel  is  about  10ft. 
Tlif  tunnel  has  taken  over  two  years  to  complete,  although  the 
uftnal  tunnel  length  was  started  in  December,  1910,  and  finished 
in  October,  1911.  The  cost  has  heen  about  £85,000.  Access  to 
the  tunnel  is  obtained  by  lifts  holding  40  persons  each,  and  also 
by  spiral  staircases.  Blackwall  tunnel  cost  a  million  and  a  half. 
The  Rotherhithe  tunnel  cost  £1,000， 垂， and  that  at  Greenwich 
£180,000.  Blackwall  and  Rotherhithe  tunnels  are  for  veliiculai* 
traffic  as  well  as  foot  passengers. 

Proposed  Railway  Development  in  China. ― H.M.  Legation  at 
IVking,  report  the  pul)lication  of  a  Presidential  Order,  dated 
Sfptomher  9th,  empowering  Dr.  Sun  Yat  Sen  to  form  a  railway 
corporation  for  tho  purpose  of  financing  and  constructing  a  rail- 
"  :i  v  s\  sU'in  tlirou^liout  China.  Dr.  Sun  proposes  to  construct 
f*omf  70，（)00  miles  of  railways  in  10  years,  at  a  capital  cost  of 
tf;0U，f)00，（)00  by  moans  of  coiu-essions  gi'anted  to  foreign  capitalists 
to  l)ui](l  the  railways  and  work  them  for  a  period  of  40  years.  At 
tho  f»nd  of  that  time  thp.v  would  ro\  (»i-t  to  the  Chinese  Govern mont 
without  payment.     Tho  sfh^mc    inr-ludos    trunk    linos  hetwepn 


Kua uRohow  and  Chon^-tu  ；  Kwangcliow  and  Ta-li  (Yunnan ) ； 
Nanchou  and  Chungking;  the  nioutli  of  the  Yan^  tso-ki.-uiK  mid 
Ili ;  T ilk ii  and  Canton-Hoii^kon^;  ；  ； ind  hetweon  Tientsin  iuid 
Manchuria. 

Rules  for  International  Exhibitions . ~  An  international  n^voouiont 
for  the  regulation  of  oxhihitions  was  signed  on  tho  20th  ult.  ； it 
the  Intonuitional  Exhibitions  Conference,  held  at  Berlin.  On(、 
of  the  most  important  provisions  of  the  agreement  is  to  tho  oil'^-t 
that  the  contracting  States  may  in  future  take  part  only  in 
universal  exhibitions  at  intervals  of  not  less  than  three  ； year's,  and 
of  10  years  in  any  one  country.  A  precise  classification  tlotci - 
mines  which  international  exhibitions  shall  he  regarded  as  official 
or  officially  recognised.  Certain  rules  are  also  laid  down  for  the 
style  of  invitations  to  such  exhibitions,  their  organisation,  dura- 
tion, the  arrangement  of  the  foreign  sections T  and  speoially  for 
the  composition  and  procedure  of  the  court  of  awards  and  the 
distribution  of  the  diplomas.  The  agreement  further  contains 
provisions  for  combating  bogus  exhibitions  iuid  traffic  in  medals. 

Motor  Vehicles  in  France. ― A  British  official  report  states  that 
the  development  in  the  total  number  of  motors  of  all  kinds  has 
increased  enormously  in  France.  In  1900  there  were  only  2,3o4 
private  motors  iti  use  in  the  whole  of  France.  By  1907  the  mim- 
ber  had  risen  to  31,295,  and  the  return  for  1910  gives  the  figures 
53.G69.  The  number  of  motor  road  'buses  is  also  rapidly  develop- 
ing, while  the  greater  part  of  the  numerous  big  shops  have  now 
adopted  motor-vans  and  other  smaller  motor  vehicles  foi'  the 
delivery  of  goods.  The  makers  of  motor  conveyances  were  con- 
siderably injured  by  the  economic  crisis  of  1907,  and  they  then 
realised  that  it  would  be  necessary  to  direct  their  attention 
largely  to  the  manufacture  of  light  and  economical  small  motor- 
cars, especially  for  all  kinds  of  industrial  purposes.  The  result 
of  this  policy  is  shown  by  the  figures  of  1910,  when  out  of  a  total 
of  53,669  cars,  over  25,000  cars  belonged  to  this  cheaper  class  as 
opposed  to  so-called  motor-cars  "  de  luxe."  France  does  not 
import  a  large  proportion  of  such  cars.  Its  manufacturers  nob 
only  supply  the  greater  part  of  the  home  demand,  but  they  also 
export  a  great  number.  The  chief  countries  to  which  they  aro 
exported  are  as  follows,  in  the  order  of  their  importance :  The 
United  Kingdom,  Belgium,  Germany,  and  Italy. 

English  Motor  Manufacturers  and  American  Motor-cars. ― Mr.  Albert 

Halstead,  the  United  States  Consul  at  Birmingham,  in  a  report 
to  Washington,  remarks  that  the  whole  tendency  in  the  auto- 
mobile line  is  towards  the  development  of  efficient  cheap  machines 
with  excellent  wearing  qualities,  adding  that  American  cars  of 
low  price  have  had  a  very  large  sale,  and  have  spurred  British 
manufacturers  on  to  making  automobiles  at  nearly  the  same 
price,  but  of  engine  and  body  design  more  calculated  to  please 
British  taste.  Next  year,  it  is  understood,  a  number  of  such  cars 
will  be  on  the  market,  and  already  one  company  has  introduced 
a  car  at  a  comparatively  lowi  price  and  of  attractive  body  design 
which  has  met  severe  tests  satisfactorily.  Commenting  on  this, 
the  Consul  says  the  information  is  interesting  as  indicating  the 
readiness  of  British  manufacturers  to  copy  a  type  of  vehicle 
introduced  from  abroad  when  the  vehicle  has  met  with  success  in 
Great  Britain.  The  foreign  manufacturers  thus  incur  the  expense 
of  the  introduction,  and  the  British  makers,  after  awaiting  the 
results  of  such  experiments,  take  advantage  of  the  foreigners' 
experience,  astutely  modify  the  designs  so  as  to  more  exactly 
meet  with  British,  ideas,  and  enter  the  market  backed  by  the 
national  preference  for  articles  of  domestic  origin.  This  does  not 
indicate,  of  course,  that  the  British  motor  industry  has  in  any 
sense  been  built  through  copying  foreign  ideas  and  designs 
(though  it  has  been  greatly  assisted  thereby),  for  many  improve- 
ments and  niceties  of  adjustment  on  automobiles  and  commercial 
motor  vehicles  are  due  bo  the  ingenuity  of  British  inventors  and 
designers. 


Aeroplane  Engines.  ― The  judges  in  their  report  on  the 
military  aeroplane  competition  held  at  Larkhill  point  out 
that  all  the  aeroplanes  which  passed  the  tests  and  others 
recommended  for  awards  were  fitted  out  with  foreign  engines 
and  remark  :  "The  longer  period  of  development  abroad, 
which  has  standardised  certain  foreign  engines,  has  been 
greatly  in  favour  of  foreign  manufacturers,  as  there  is  a 
prospect  of  purchasers  obtaining  their  engines  on  a  definite 
date,  and  of  their  conforming  to  a  general  standard. 
Although  the  promise  of  the  four  types  of  British  engines 
entered  in  the  competition  is  hopeful,  they  have  not  yet 
proved  themselves  capable  of  equalling  the  performances  of 
the  best  foreign  high-power  engines."  The  judges  add  ： 
" The  importance  of  encouraging  or  establishing  a  first-rate 
British  aircraft  engine  industry  cannot  be  over-rated." 
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NEW  PATENTS. 

Specifications  oj  the  following  are  now  published t  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  lOd,  Address 
ft  Mechanical  Engineer^9  55,  New  Bailey  Street,  Manchester. 

MECHANICAL,  1911. 

Driving  mechanism  for  intornal-conil)u.stioii  on^inos.  Paduvnni. 
15755. 

Fuel.    Clarke  &  Campbell.    15837. . 

Internal-oombustion  engines.    Martinel  iV:  H  uxloy.  21820. 
Acetylene  generator.    Jackson.  21836. 
Apparatus  for  bending  tubes.    Sihley.  21847. 
Double- acting  interna I-oonihustion  engino.     Ili^aud.  21990. 
Automatic    feeding    devices    for    gas    ^(Micrators.      Ha 1 1  B:i  、、's. 
2202". 

Apparatus  for  generating  and  ，mn"ng  oil  gas.    On-.    22i )3(>. 
Aiiti-friotion  bearing.    AVlioatlcy.  22142. 
Cranes.    Wei  in.  22221. 
Crossheiuls.    Prince.  2224G. 

Percussive  tools  for  scaling  tubes.    Clements.  223H). 
Internal-combustion  engines.    Lines  &  Lines.  22348. 
Tul)e  or  pipe-jointing  apparatus.    Whitehead.  22515. 
Inlet  and  exhaust  vulves  for  inter nal-coml)ust ion  pngines.  Bonier. 
22527. 

Acetylene  gas- geiwating  Mppiirntus.    Todman.    22.").")  1 . 
Pistons   of  explosion  engines,    l^rown  iV*  C1loment  Talbot,  Ltd. 
22o(il. 

Centralising  gear  for  railw  ay  ImfFer  rouplings.    Watson .    22(11? I . 
Flexible  transmission  mechaiiisni.    Howclen  、Virt、，  Ltd.,  and  T"u - 
kin.  22(538. 

Rotating  cylinder  internal-combustion  (Mi^inos.       D' Alhny,  nad 

Hoc.  Hoiadaille  et  Sal>ot.  227"". 
Means  for  balancing  aeroplanes.    Wnnzor.  22829. 
Separation  of  gaseous  mixtures.    Lilienfeld.  22930. 
Process  for  effecting  the  adherence  of  copper  and  its  alloys  1  o 

the  surfaces  of  iron  and  steel  articles  and  for  uniting  iron  and 

steel  plates  to  one  another.    Clark.  22982. 
Means  for  controlling  the  supply  of  fluid  to  、vin<lin^;  engines. 

Cockhurn  &  MaeNicoll.  23163. 
Rotary  explosion  engines.    Iochum.    232;  18. 
Steam  superheaters.    Thomsen .  24240. 

C,arl)uretters  for  explosion  motors.    Soc.  du  Cn rbu rateur  Zouitli. 
24932. 

Internal-combustion  engines.    Davidson  t、'  Tjarmuth.  25289. 
Screw  propellers.    Mueller.  25330. 
Propellers.    Bevis.  25567. 

Piston  valve  for  locomotive  engines.    Robinson.  25656. 
Moulds  for  forming  journal  or  bush  l>earin*i;s.    Plant.  26895. 
Propellers  for  ships.    Heathcote  &  We;itherl»y.  27295. 
Foundry  moulding  machines.    Smith.    27724  and  27726. 
Apparatus  for  grinding-in  valves.    Maries.  28419. 
Automatic  couplings  for  railway  vehicles.    Hubner.  28468. 
Steam-condensing  and  vacuum-producing  apparatus.      Mori  son. 
28679. 

Steam  generators.    Steinmuller.  28746. 

1912. 

Valve  mechanism  for  internal-combustion  engines.     De  Riolielle. 
681. 

Cam-valve  gear  for  internal-combustion  engines.     De  Richelle. 
682. 

Explosion  engines.    Barriere.  1868. 

Valve  grinding  tool  for  use  with  intern al-combustion  engines. 
Stephens.  1887. 

Process  for  manufacturing  compound  steel  plates,  armour  plates, 

and  hollow  bodies.    Braun.  2021. 
Carburetters    for    internal-combustion    engines.      Brown,  and 

Brown  &  Barlow,  Ltd.  2306. 
Internal-combustion  engines.    Jackson .  3002. 
Turbine  compressors  or  pumps.  Lawaczeok  &  Aerzener  Masolnnen- 

fabrik  Ges.  3525. 
Propellers.    Espinosa  &  Vinay,  4810. 
Steam  generators.    Schwab.  6767. 
PtMcussivc  rock  drills.    Drinnan.  7085. 

h'lcxihlo  power  transmission  shafts.     Grioe  <fe  George  Anderson 

and  Co.  (1905).  7176. 
JV1  "Iti- cylinder    internal-com)>ustion    online.     Allgemeine  Elek- 

tricitats  Ges.  7246. 
liiihricntor  pumps  for  locomotives.    Benedetti.  8717. 
M*i;ms  for  starting  intern al-oombustion  ongines.    Stuart.  81)5*). 
|{;iil、v:iv  rail  joints.    Young.  9003. 

Automatic  drop-valve  gear  for  steam  engines.    Bey  a.  9194. 
Process  for  the  manufafturo-   of   armour    plates.      8oc.    An  on. 
Ftaliana  Clio.  Ansaldo  A rmstrong  &  Co.  9512. 


Reciprocating  engines  having  curved  cylinders.    Price.  9629. 
Marine  boilers.    King.  104(i'、. 

Drain  and  relief  valves  for  ('oii(l('iisiiig  stt'inn  on^ines.  Davidson 

and  Larmuth.  12420. 
Rotarv     intcriuil  oomlmstion     olivines.      Sanchoz    &  Baradat. 

12447. 

I'ipe  f'oimoctioiis  or  t-oupliii^s.     Sclnil/,.  ] 

He  vice  i'or  fixing  :'n(l  maintiunin^  liormctic  packings  for  the 
rotarv  valves  of  iiitoriuil  comlnistion  (Mi^ines.  Tartrais. 
14117. 

IVTotliod    of    niamifacturiiip;   lubricating   oils.      De  Hemptiniio. 

15035. 

Screw  propcll*»rs.    Bodour.  15661. 

( 'n loi'i iiirtrrs  lor  fluids.    Kilhurn.    1 7222. 

ELECTRICAL,  1911. 

('i rru it'  i nt(MTupt('rs.    Harris.  219f)3. 

Teleplioiic  switchboards.    McLarn.  2204(1 

Couplings  for  clt'ctrio  conductors.    JJuokhuul.  22138. 

Klwtric  si^nallin^;  apparatus  for  telephones.    Nash  &  Western 

Eleotrio  Company.  22238. 
Signals  for  use  in  wiieloss  telegrapliy.    A ngolini.  22443. 
r|\'lcj)honic  tintismitters  and  rec«" v(、rs.    Man*.  22582. 
Ohmniot(M's.    Kccord.  227-lf). 

Windings  of  ('lerti'ir  ^eiK'rators.       P.   R.  Jaokson  &  Co.,  and 

Ainsworth.  23548. 
Electric  water  ht^itcr  and  stoa m  ^cuorator.    Nichols.  24436. 
Khx-tricallv o|)(M';itod  motor  vehicles.    Crompton  &  Co.,  Maofar- 

];uu»,  k  Burge.  24778. 
I>a\vls  ot"  clcciric  r-ontroller  regulators.       Smith,  Flomin^,  and 

(； uerin.  20291. 

I^li'ct  ric;i  II  v  operated  motor-vehicles.    C'rompton  &  Co.,  Macfar- 

lane,  &  Burge.  26408. 
I^lcct i-ic  welding  ma fliint^s.     British  Tliomsoii-Houston  Company. 

20G45. 

Audible  electric  sign:illiiig  do\io*\s.    Rogers.  20909. 
Dviiaino-clcctric  induction  inacliinerv.    Akt.-Ges.  Brown,  Boverie, 

et  Cie.  28383. 

1912. 

\'n pour  ('loctric  apparatus.    Hewitt.  183. 

KJectric  pouci'  factor  indicators.  British  Thomson-Houston  Com- 
p;uiy.  193. 

Contact  apparatus  for  electric  indicators  for  indicating  the  direc- 
tion of  rotation  of  a  shaft.    Molinari.  2355. 

Electric  1  uniting  element.    Dowsing  <fc  Huntley.  32o3. 

Transmitter  for  printing  telegraph  systems.    Etien ne.  4585. 

I'inie-coiitrolled  mechanism  for  electric  switches.    Had  dan.  5985. 

Electrically-actuated  pumps,    liicbardson.  6004. 

]Vlultip】e  control  of  electric  motors.  Richter  &  Maffei-Schwartz- 
kopff-Werke  Ges.  6624. 

Automatic  protection  device  for  electric  circuits.  Levy  &  George. 
8590. 

Apparatus  for  controlling  direct- current  electric  motors.  Siemens 
Bros.  Dynamo  Works,  and  Lydall.  9876. 

Electrically- driven  developing  apparatus  chiefly  for  writing  tele- 
graphs.  Rappenecker.  13328. 

Protecting  devices  for  telephone  apparatus.  Siemens,  and 
Halske  Akt.-Ges.  13853. 

Dynamos.    Allgemeien  Elektricitats-Ges.  15589. 

Electrical  measuring  instruments.  Fanvin,  Amiot,  &  Cheneaux. 
18214.  

METAL  QUOTATIONS- 
TUESDAY,  OCTOBER  29th. 

Aluminium  ingot   82/-  per  cwt. 

"         wire,  according  to  sizes,  &c  from  102/-  " 

，，        sheets        ,,  ，，   ，  120/-  ,， 

Antimony  £39/-/-  to  £40/-/-  per  ton. 

Brass,  rolled    9|d.  per  lb. 

，，    tubes  (brazed)   11  Jd. 

,,       ,，     (solid  drawn)   lOd. 

，，       ，，     wire   9Jd. 

Copper,  Standard   £75/5/-  per  ton. 

Iron,  Cleveland   60/6  ,， 

,， Scotch   72/6  ，， 

Lead,  English    £19/15/-  ,， 

，， Foreign  (soft)    £19/7/6  ，， 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

，,  ，，  ，，       medium   3/6  to  6/—  ,, 

，，  ，，  ，，       large   7/6  to  11/- ，， 

Quicksilver   £8/-/-  per  bottle 

Silver   29^d.  per  oz. 

Spelter    £27/10/-  per  ton. 

Tin,  block   £231/-/-  ,, 

Tin  plates   15/0  ,, 

Zinc  sheets  (Silesian)   £31/5/- 

，，  (Stettin  ；  Vieille  Montague)   £31/10/-  ,, 
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Th^  m&n  stood  on  the  boiler  top,  whence  all  but  he  had  flown. 
Tot  one  and  then  another  of  the  blessed  joints  had  blown  ； 
'Twm  tbere  we  found  him  ewearine.  when  we  took  him  underhand, 
Mow  »  tmUa  he'B  alwars  wearing,  he'B  found  •'  NONLEAK  "  will  stand. 


WHY  NOT  WEAR  A  SMILEP 

NflNL FAK  Jointing 

llUllLEilllV  COMPOUND 

Will  Put  a  Stop  to  Leaking  Joints  &  Blow-outs. 


BBITUIH  1UU! 


TREB  TROM  LEAD! 

IMPROVEB  WITH  AGE  1 


WILL  MSVEB  BLOW  OUT,  BOAXiE,  OB  ROT. 

88,  Leeds  Road, 


J.  E.  TURNER  &  CO.,  Ltd.,  Bradford,  York. 
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The  METALLURGY  of  IRON  &  STEEL 

Thia  work  has  been  prepared  to  meet  a  need  for  a  book  which  in 
one  volume  of  moderate  sixe  shall  cover  the  whole  field  of  the 
Metallurgy  of  Iron  and  S  tee  I, 
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H»>-*  !in  r  |'r'"'t'、?> ― Mfxlific  at  rims  of  the  lU.ssctncr  I'r'"','" ― Hi^toi  iral  on  the 

It ，、- rtm'r  Pro  -ess — The  Si*'iiH*ii>  <>v  ())m-m  Hearth  l'r' ―. 'I'Ik'  Sii  int'ns  Process  : 
IMant ~ Tlit*  Ha.-ic  ()\h  ii  ll<  artli  Process ― Mixlifi-  at  ions  of  the  Sicinrns  I'rocess ― 
Appliances  Appl"  : 山 If  f,，  ； ill  I'roro^scs— Workint;  MMfl  Steel ~ Casting  Steel— After 
Treat :i»cnt  of  Iron  ； mrl  Stffcl— Alloy  Strt-1>— Stni-'tnic  nf  1 1 r >n  and  Steel ― Testing 
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Gas  v.  Electricity  for  Street  Lighting. 

The  com  petition  betwetMi  is  and  olectricity  for  liglit  ing  pur- 
poses has  been  long  and  strenuous  and  piuu'tuated  with 
interesting  ups  and  downs,  m»r1  t liough  the  advantage  seems 
for  some  time  to  have  been  setting  in  favour  of  electricity,  t  lie 
struggle  cjuinot  yet  be  said  to  be  finally  decided.  Probably  it 
never  will  be,  and  each  agent  will  be  able  to  ('him  superiority 
in  certain  directions.  For  some  time  an  experiinent  that  lias 
excited  considerable  interest  in  hoth  gas  and  electric  circles 
has  been  in  progress  in  Manchester,  where  two  adjacent 
lengths  of  thoroughfare  in  Princess  Street  and  Portland  Street 
have  been  illuminated,  the  one  wit li  high-pressure  gas  (at  a 
pressure  of  50in.  to  60in.  of  water)  and  incandescent  Tiiautles, 
and  the  otlier  with  flame  arc  lamps.  For  t  lie  purpose  of 
instituting  as  far  as  possible  an  exact  comparison,  two  experts, 
Mr.  Haydon  T.  Harrison  and  Mr.  Jacques  Abaci y,  were 
appointed  by  the  Manchester  Corporation  to  make  a  joint 
investigation  of  t  lie  two  systems  and  report  on  their  respective 
merits.  As  t iie  experts  may  be  said  to  ap])roach  the  question 
from  it's  two  opposite  sides,  t heir  conclusions  are  j)articularlv 
interesting,  and  illustrate  how  difficult  it  is,  even  wit  li  every 
desire  to  do  so,  to  make  reliable  comparisons.  In  i heir  joint 
report  the  two  gentlemen  agree  :  ( 1)  That  for  all  practical 
purposes  the  degree  of  illumination  in  the  two  streets  is 
ap])roxiniatel v  equal -  (2)  That,  based  011  figures  of  costs  of 
curreut  and  gas  given  by  tlie  respective  departments,  the  arc 
lamps  as  used  are  provided  at  annual  cost  wliich  is  less  than 
tiie  liigh-])ressure  gas  lam})s.  (',))  That  the  comparison 
bet  ween  t  lie  possibilities  of  t  he  two  met  hods  of  light  in^  arc 
vitiated  l)v  t  lie  fact  t lint  the  gas  lamps  are  giving  an  cfficienrv 
below  similar  lamps  when  properly  installed  and  a d justed - 

These  conclusions  seem  to  leave  the  relative  merits  of  the 
two  methods  open  to  some  doubt,  but  this  joint  report  is 
accompanied  by  two  individual  reports,  and  that  presented  by 
M  r.  Harrison  has  been  hailed  bv  tlie  electrical  press  as 
I blc  proof  of  the  superiority  of  electricity.     A  perusal 
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of  his  figures  certainly  seems  to  leave  little  doubt  as  to  the 
ultimate  issue,  though  Mr.  Abady's  comments  on  certain 
aspects  of  the  question  show  the  danger  of  jumping  to  con- 
clusions in  comparing  relative  costs.  Mr.  Harrison  arrives  at 
a  consumption  of  79'5  cub.  ft.  per  hour  for  each  gas  lamp, 
costing  for  high-pressure  gas  1147  pence'  per  hour,  wliid), 
added  to  cost,  of  mantles,  globes,  labour,  &c,  brings  up  the 
cost  to  1'5  pence  per  hour,  as  compared  with  a  cost  of  0*7  pence 
per  hour  for  electric  lighting  for  all-niglit  lamps,  or  0*9  pence 
for  Iialf-night  lamp's.  In  other  words,  l^d.  per  hour  only 
gives  1,750  candle  power  with  gas,  wliile  it  gives  6,354  candle 
power  with  electricity,  or,  put  in  another  way,  whereas 
2,970  candle  power  would  only  cost  '7d.  per  hour  with  electri- 
city, it  would  cost  2'54d.  per  hour  with  gas.  These  figures  are 
so  strikingly  divergent  that,  as  we  have  remarked,  gas  would 
seem  to  have  no  chance,  even  when  big  allowances  are  made  for 
the  admitted  imperfections  in  its  installation  and  adjustment. 
Nevertheless,  it  is  desirable  to  glance  at  some  observations  and 
figures  in  Mr.  Abady  s  report,  since  they  show  how  easily  com- 
jiarisons  in  costs  and  methods  of  illumination  may  mislead 
when  the  efficiency  and  economy  factors  do  not  rest  on  tlie 
same'  basis.  Tli&  gas  higli -pressure  lamps,  he  points  out,  ha  ve 
an  efficiency  of  only  27  candles  per  cubic  foot  of  gas  instead  of 
50  candles,  as，  he  affirms,  they  would  have  if  propsrly  adjusted 
and  supplied  at  suitable  pressure.  His  comments  on  the 
figures  of  cost  supplied  as  a  basis  of  comparison  also 
deserve  noting.  The  electricity  costs,  lie  points  out, 
are  worked  out  on  a  basis  of  load  factor  and  divi- 
sion of  fixed  and  running  costs,  and  arrived  at  after 
certain  deductions  made  on  account  of  traction  current  sup- 
plied from  the  power  station,  the  net  effect  of  wliicli,  lie 
states,  is  to  reduce  the  cost  of  lighting  current  at  the  expense 
of  traction  current.  It  is  impossible  to  say  how  far  this 
affects  the  comparison,  but  obviously  it  cannot  be  ignored,  and 
it  certainly  is  difficult  to  reconcile,  as  Mr.  Abady  remarks, 
the  charge  for  traction  of  Id.  per  unit  on  a  36  per  cent,  load 
factor  (no  profit)  with  the  charges  of  0'682d.  per 
unit  on  a  45  per  cent,  load  factor  and  l'132d.  on 
a  23  per  cent,  load  factor.  These  are  intricacies 
of  departmental  finance  which  may  be  capable  of 
explanation,  but  without  it  they  seem  to  favour  electricity 
in  any  financial  comparison  with  gas,  especially  if,  as  he 
affirms,  the  electricity  renewals  fund  is  below  proper  standard, 
while  the  gas  department  is  in  a  strong  financial  position, 
having  contributed  during  the  last  10  years  over  £600,000 
in  aid  of  the  rates,  as  against  £73,500  by  the  electricity 
department.  In  any  case,  tlie  figures  and  comments  are 
instructive,  and  if  they  do  not,  after  making  every  allowance, 
affect  the  conclusion  that  electricity  is  a  more  economical 
illuminant  than  gas  for  street  purposes,  they  show  at  least  the 
difficulty  of  presenting  the  facts  accurately. 


Oil  Fuel  for  Power  Purposes. 

Mr.  C.  E.  StromeyeRj  chief  engineer  of  the  Manchester  Steam 
Users'  Association,  in  his  annual  memorandum  gives  one  or 
two  interesting  notes  on  the  comparative  values  of  oil  and  coal 
when  used  for  producing  steam  or  power.  The  coal  strike  last 
year  brought  the  matter  prominently  before  the  attention  of 
many  steam  users,  and  a  good  deal  of  loose  talk,  as  is  usually 
the  case  in  times  of  excitement,  was  indulged  in  by  the  daily 
press.  The  substitution  of  oil  for  coal,  except  in  special  cases, 
is，  as  everyone  who  has  given  the  slightest  attention  to  the 
subject  knows,  pure  chimera,  as,  apart  from  any  question  of 
economy,  the  world's  output  of  oil  would  only  meet  about 
5  per  cent,  of  tlie  requirements  now  met  by  coal.  If  used  in 
inienial-combustion  engines  it  might  be  equivalent  as  a  source 
of  power  to  15  per  cent . ,  but  then  only  a  small  proportion 


of  crude  petroleum  can  be  regarded  as  available  for  use  in 
this  way,  and  by  far  the  larger  part  is  utilised 
for  illuminating  or  lubricating  purposes.  Comparisons 
of  the  relative  values  of  oil  and  coal  are  not  easy 
to  make.  Coal  prices  range,  according  to  quality  and 
locality,  from  less  than  10s.  for  slack  near  the  pit  to  over 
20s.  for  good  coal  in  towns.  The  following  table,  however, 
given  in  tlie  merrioraiiduiTi  serves  roughly  for  the  purpose  of 
comparison  and  shows  the  extent  to  which  the  price  of  good 
coal  would  have  to  rise  before  it  would  be  commercially 
possible  to  burn  crude  oil  in  its  place  : — ' 

•Relative  Prices  of  Oil  and  Coal  if  Equal  Economical 
Besults  are  to  be  obtained. 


Cniflt'  nil,  per  Ion  . . 
(.'niilc  oil,  per  gallon 
Uood  coal,  per  ton 


Shillings 

35 

40 

45 

r)o 

55 

Pence 

1  •  75 

2.0 

2.25 

2-5 

2-75 

Sliillings 

20 

：{() 

34 

38 

41 

(»0 

:(-0 

45 


A  glance  at  the  above  figures  shows  how  enormously 
the  price  of  coal  would  have  to  rise,  or  vice  versa, 
the  price  of  crude  oil  would  have  to  fall,  before  it 
would  he  profitable  to  burn  tlie'  latter,  while,  even 
if  the  prices  of  coal  harmonised,  oil  is  not  quite  so 
advantageous  in  some  ways  as  might  appear.  Its  thermal 
efficiency  is  high,  but  at  best  this  only  allows  of  a  gain  of 
about  5  per  cent.,  and  against  tliis,  as  Mr.  Stromeyer  reminds 
his  readers,  have  to  be  set  the  disadvantages  usually  associated 
with  high  efficiencies  and  high  furnace  temperatures  in  the 
form  of  overheating  troubles,  especially  if  the  feed-water  is 
sedimentary  or  greasy.  It  is  true  that  oil  firing  permits  of 
labour  saving  as  regards  furnace  attention,  but,  on  the  other 
hand,  it  necessitates  tlie  use  of  special  brick-lined  chambers, 
which  must  be  more  or  less  dismantled  annually,  and  thus 
cause  expense,  in  order  to  comply  with  the  requirements  of 
inspection  under  the  Factory  and  Workshops  Act.  For  pur- 
poses of  power  production  oil  of  course  may  be  used  directly 
in  the  engine,  and  as  these  are  approximately  about  twice  as 
efficient  as  steam  engines,  and  as  crude  oil  is  about  37  per  cent, 
better  than  good  ordinary  coal,  it  would  mean  that  only  about 
three-eighths  of  the  weight  of  coal  required  in  a  first-class 
modern  steam  engine,  or,  say,  '61b.  of  oil  per  brake  horse- 
power, would  be  required  in  an  internal-combustion  engine. 
With  the  latter  of  course  there  are  no  boiler  radiation  losses 
at  night,  and  thus  the  comparative  quantity  may  be  taken  at 
•51b.  per  brake  horse-power.  Engines  working  with  producer 
gas  have  about  the  same  efficiency  as  oil  engines,  but  as  there 
is  a  loss  of  about  20  per  cent,  in  producers,  even  if  working 
continuously,  and  a  further  loss  if  tbey  stand  idle  over  night, 
their  efficiency  cannot  fairly  be  taken  as  more  than  40  per 
cent,  better  than  the  steam  engine.  On  this  basis  Mr. 
Stromeyer  has  compiled  the  figures  in  the  accompanying 
table,  which,  if  not  exactly  accurate,  at  all  events  provide  an 
instructive  illustration  ： ― 

Relation  of  Prices  of  Oil  mid  Coal  used  in  various  Engines. 


Crude  oil  for  Diesel  engine 
Petrol  oil  for  Diesel  engine 
Coal  for  producer  gas  engine 
C( >al  for  gas- tired  boiler  .... 
Coal  for  steam  engine  


Pcr  ton. 

35/- 

40/- 

45/- 

50/- 

55/ - 

44/- 

50/- 

56/- 

62/- 

69/- 

11  ii 

1：!  (i 

15/- 

n;  (i 

1S  (i 

8/6 

9/6 

10/6 

12/- 

13/- 

10/- 

12/- 

13/6 

15/- 

10/6 

14  - 

18/- 


In  connection  with  possible  installations  of  oil  or  gas  in  textile 
mills  and  workshops,  it  has  to  be  remembered  further  that 
heat  is  often  required  for  ventilating  and  manufacturing 
purposes  in  addition  to  power,  and  if  a  boiler  is  required  it 
may  for  many  reasons  be  preferable  to  make  it  large  enough 
to  drive  the  engine  or  to  be  associated  with  one  or  more  others 
which  can  all  be  worked  by  one  st  okcr,  ； i  in. I  taken  all  round, 
no  inetliod  is  more  reliable  or  freer  from  trouble. 
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The  Working  of  Chemical  Stills. 

The  distillation  of  substances  is  a  conspicuous  feature  iu  con- 
uection  with  chemical  works  and  as  a  rule  their  operation  is 
attended  with  no  risk,  the  substance  being  boiled  in  a  pan  at 
atmospheric  pressure  and  the  vapour  driven  off  and  condensed 
in  some  convenient  way,  which  renders  increase  of  pressure 
in  the  boiling  vessel  impossible.  This  freedom  from  risk  in 
working  is,  however,  by  no  means  universal,  and  it  is  well 
that  chemical  manufacturers  should  recognise  this.  Some  of 
the  most  terrible  explosions  we  can  recall  have  occurred  from 
the  bursting  of  tar  stills,  which  used  to  be  unprovided  with 
any  safety  valve  or  other  means  of  relief  in  the  event  of  the 
condensing  worms  becoming  choked  with  wax,  as  they  were 
liable  to  be  unless  carefully  watched,  in  which  event  there  was 
a  risk  of  pressure  accumulating,  and,  if  not  arrested,  bursting 
the  still,  with  terrible  consequences,  owing  to  the  inflammable 
nature  of  the  contents.  It  was,  in  fact,  only  after  a  number 
of  such  explosions  that  the  need  for  a  safety  device  of  some 
kind  became  generally  recognised  by  tar  distillers.  Tar  stills, 
however,  are  not  the  only  vessels  which  call  for  safety  appli- 
ances. There  are  many  other  substances,  the  distillation  of 
which  gives  rise  to  risk  in  distilling  operations  through  deposit 
forming  in  the  pipes  leading  to  the  worm  or  condenser  and  in 
all  such  cases  some  safety  or  relief  device  should  be 
applied  to  the  vessel  in  which  the  material  is  being  boiled. 
A  reminder  of  this  fact  is  afforded  by  a  report  just  issued  by 
the  Board  of  Trade  on  the  explosion  of  a  Diamine  still  at  a 
chemical  works  at  Clayton,  near  Manchester,  on  May  28th 
last.  In  this  instance  it  appears  that  owing  to  the  substance 
in  the  still  boiling  over,  solid  matter  was  deposited  in  the  lead 
coil  pipe  of  the  worm  and  blocked  the  thoroughfare  so  that  the 
apparatus,  which  was  normally  an  open  kettle,  became 
hermetically  sealed,  with  the  result  that  the  pressure  accumu- 
lated, blew  off  the  lid  of  the  pan,  and  showered  the  scalding 
contents  on  three  men  who  were  near,  injuring  one 
so  badly  that  he  died.  As  the  vessel  was  not  intended  to 
carry  pressure,  it  was  not  fitted  with  any  pressure  gauge  or 
safety  valve,  so  that  although  the  blocking  of  the  pipe  had  been 
detected  and  the  consequent  clanger  realised,  its  magnitude 
was  not  indicated.  It  is  to  be  trusted  the  case  will  serve  as  a 
warning  to  other  chemical  manufacturers  of  the  necessity  of 
so  arranging  pans  of  this  kind  that  accumulation  of  serious 
pressure  is  impossible,  either  by  fitting  some  simple  relief 
valve,  or  so  arranging  the  cover  of  the  pan  itself  that  it  will 
lift  off  in  the  event  of  the  free  egress  of  the  vapour  through 
the  condensing  worm  being  impeded,  while  the  fitting  of  a 
pressure  gauge  is  a  wise  precaution  in  any  case. 


DYNAMICS  OF  TRAIN  MOTION. 

A  paper  entitled  "  Some  Characteristic  Dynamical  Diagrams 
for  the  Motion  of  a  Train  during  the  Accelerating  and  Retard- 
ing Periods  "  was  presented  by  Prof.  W.  E.  Dalby  at  a  meet- 
ing of  the  Institution  of  Mechanical  Engineers  held  on  October 
25th.  The  author  pointed  out  that  tlie  general  development 
of  electric  traction  for  the  purpose  of  operating  suburban 
services  was  largely  due  to  one  important  difference  between 
the  steam  and  the  electric  locomotive.  In  the  case  of  the 
former  the  power  was  limited  to  that  of  the  boiler  which  tlie 
locomotive  carried,  and  this  was  strictly  limited  in  size  by  the 
construction  gauge.  No  such  limitation  was  imposed  upon  the 
power  of  an  electric  locomotive,  since  it  was  connected  with  and 
could  draw  upon  the  boiler  power  in  a  central  station.  The 
practical  consequence  of  this  difference  was  that,  during  the 
starting  period  where  large  power  was  required  for  short 
intervals  of  time,  the  electric  locomotive  (or  the  electric 
multiple-unit  train)  answered  to  the  d  em  and  wiUiout  diOi- 
culty,  wliile  tlie  steam  locomotive  reached  the  limit  of  its 


power  at  comparatively  small  accelerations.  In  the  case  of 
the  London,  Brighton,  and  South  Coast  Railway  electrified 
service,  for  example,  during  the  accelerating  period  the  horse- 
power touched  1,600,  a  power  quite  beyond  the  capacity  of  any 
steam  locomotive  which  could  conveniently  be  employed  on  a 
suburban  service.  Once  the  journey  speed  had  been  attained, 
the  steam  locomotive  had  sufficient  power  to  meet  all  1  he 
traffic  requirements  of  local,  express  passenger,  and  ordiii;n  v 
and  express  goods  services  of  the  present  time.  The  power  of 
the  motor  to  accelerate  rapidly  had  secured  its  adoption,  or  at 
anyrate  had  largely  influenced  the  electrification  of  steam 
services  where  the  intervals  between  the  trains  were  small  and 
the  stops  frequent.  The  study  of  the  characteristics  of  the 
motion  of  a  train  during  the  accelerating  period  had  therefore 
assumed  importance,  an  importance  indicated  by  the  fact  that 
the  actual  choice  of  a  method  of  traction  for  services  of  a 
suburban  character  depended  upon  the  suitability  of  the 
tractor  to  work  the  train  during  the  accelerating  period. 

The  object  of  the  paper  was  to  explain  a  method  by  whicli 
time-speed,  time-distance,  speed-distance,  and  energy-distanco 
curves  might  be  derived  from  a  curve  of  tractive  force 
expressed  as  a  function  of  the  velocity,  to  consider  a  method  of 
reducing  the  data  obtained  from  a  dynamometer-car  record  in 
order  to  obtain  information  regarding  vehicle  and  engine  resis- 
tance, to  illustrate  by  means  of  a  dynamical  diagram  the 
principles  underlying  the  practice  of  braking,  and  incidentally 
to  consider  the  question  of  the  energy  of  rotation  stored  in  the 
wheels  of  the  train.  The  tractive  force  exerted  on  a  train 
might  be  maintained  at  a  nearly  constant  value  by  means  of 
electric  motors  from  the  start  up  to  the  journey  speed,  and 
were  it  not  for  the  fact  that  the  train  resistances  increased 
with  the  speed  the  accelerating  force  would  be  constant  and 
the  dynamics  of  the  problem  would  be  simple.  The  tractive 
force  exerted  by  a  steam  locomotive  was  a  more  variable 
function  of  the  velocity  during  the  starting  period  than  was 
the  case  with  an  electric  motor.  From  the  start  up  to  some 
ill-defined  speed  in  the  region  of  50  revs,  per  minute,  tlie 
tractive'  force  exerted  by  a  locomotive  could  be  maintained  at 
the  approximately  constant  magnitude  determined  by  the 
weight  on  the  coupled  wheels.  The  tractive  force  correspond- 
ing to  the  weight  on  th©  coupled  wheels,  exerted  at  50  revs, 
per  minute,  roughly  corresponded  to  a  rat©  of  working  equal  to 
the  maximum  power  of  the  boiler.  The  power  of  the  boiler 
varied  somewhat  with  the  speed,  yet  without  serious  error  the 
power  might  be  regarded  as  approximately  constant  above 
50  revs,  per  minute,  so  that  as  the  speed  increased  the  cut-off 
must  be  reduced  in  order  that  the  boiler  pressure  might  be 
maintained.  As  the  speed  increased  the  steam  found  increas- 
ing difficulty  in  getting  into  and  out  of  the  cylinders  through 
the  pipes,  ports,  passages,  and  round  the  bends,  the  effect 
being  to  diminish  the  indicated  horse-power  which  could  be 
exerted  at  high  speeds,  since  for  a  given  cut-off  and  a  fixed 
position  of  the  regulator  the  weight  of  steam  which  found  its 
way  into  the'  cylinder  fell  off  almost)  according  to  a  straight- 
line  law  as  the  speed  increased.  The  curve  of  maximum 
tractive  force  for  a  steam  locomotive  was  determined  there- 
fore, first,  by  the  weight  on  the  wheels  ；  secondly,  by  the 
maximum  boiler  power  ；  and,  thirdly,  at  high  speeds  by  the 
design  of  the  ports,  steam  passages,  and  cylinders. 

The  author  then  explained  the  method  of  constituting  a 
characteristic  dynamical  diagram  for  a  particular  case,  the 
problem  being  to  draw  the  time-velocity  curve,  the  time- 
distance  curve,  the  velocity-distance  curve,  the  force- distance 
curve,  and  the  energy-distance  curve.  The  diagram  brought  out 
clearly  how  difficult  it  was  to  fix  the  limiting  speed  of  a  par- 
ticular train.  There  would  be  no  difficulty  if  the  engine  resis- 
tance and  the  vehicle  resistance  were  known  accurately,  and  if 
in  addition  the  indicated  horse-power  developed  in  the 
cylinders  of  the  locomotive  could  be  predicted  with  accuracy. 
But  these  quantities  were  all  difficult  to  determine,  even  with 
approximate  accuracy,  and  each  was  subject  to  large 
accidental  variations.  Another  point  was  the  slowness  with 
which  the  speed  increased  in  the  neighbourhood  of  the  limiting 
speed .  The  diagram  showed  the  necessity  for  engines  with 
large  powers  of  acceleration  even  for  express  services,  so  that 
the  time  required  to  attain  the  running  speed  might  be 
reduced  to  a  minimum.  The  same  point  was  illustrated  by 
the  curve  showing  the  velocity  plotted  on  a  distance-base. 
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DEVELOPMENT  IN  AUXILIARY  UNITS  BETWEEN  EXHAUST 
PIPE  AND  BOILER.* 

BY  WILLIAM  WE  IK. 

(Continued  from  page  546.) 

Independent  Air  Pumps. 

From  the  statement  of  general  principles,  there  is  evidenced 
an  early  appreciation  of  the  factors  involved  in  the  suc- 
cessful handling  of  the  condenser  air  and  water,  but  the 
actual  development  of  a  satisfactory  apparatus  shows  a  very 
slow  rate  of  progress.    To  a  certain  extent  this  slow  develop- 


Fig.  5.— Condensing  Plant  of  Cable  Steamer 
A  Main  condenser 


'Pacific  "  (1903). 


B  Condensed  water  pump  control  tank  ；  C  Condensed  water 
l>umi)  ；  D  Dry  air  purnu  ；  E  Circulating  pump  engine. 

ment  was  due  to  the  very  slight  necessity  for  independent  air 
pumps  on  account  of  the  satisfactory  performance  of  pumps 
driven  from  the  levers ― the  size  and  speed  being  moderate. 

The  most  obvious  advantage  of  an  independent  air  pump  is 
its  ability  to  obtain  a  vacuum  in  the  condenser  before  the  main 
engines  are  started,  thereby  enabling  tlie'  engines  to  be  mani- 
pul  ited  with  greater  ease  and  certainty 
at  times  when  immediate  response'  is 
of  importance.  On  this  account,  the 
first  adoption  of  such  pumps  was  on 
board  war-vessels,  and  later  for  small 
river  steamers,  while  the  advent  of  the 
marine  steam  turbine  made'  the  pro- 
vision of  such  pumps  a  practical  neces- 
sity. At  the  present  moment  a  con- 
siderable increase  in  the  adoption  of 
this  auxiliary  is  taking  place,  even  for 
reciprocating  engine  installations,  on 
account  of  the  ever-increasing  powers 
of  the  vessels,  and  the  necessarily  in- 
creased risks  with  greater  dimensions 
and  higher  engine  speeds.  The  earliest 
designs  of  independent  air  pumps  were 
those  in  which  the  pump  was  driven  by 
an  independent  crank-shaft  engine,  and 

when  the  very  variable  and  peculiar  nature,  of  an  air  pump 
load  is  considered,  it  will  be  obvious  that  a  very  meagre  degree 
of  success  was  possible,  and  that  many  failures  resulted. 
Greater  success  was  obtained  when  the  air  pump  was  coupled 
t  lie  independent  circulating  engine,  as  these  engines  were 
under  a  considerable  continuous  load,  and  the  variations  of 
the  air  pump  load  were  not  so  vital  in  their  effect,  bui  even 

*  Paper  read  before  the  Institution  of  Enginoers  and  Shipbuilders,  in  Scotland, 

October  22nd,  1912. 


this  arrangement  was  frequently  unsuccessful,  particularly 
where  lack  of  car©  was  shown  in  the  details  of  design. 

The  direct-acting  independent  air  pump  was  originally 
developed  in  the  United  States',  while  in  its  details  it,  was 
perfected  in  this  country,  and  in  the  form  of  the  "  Twin  " 
air  pump  thoroughly  satisfactory  results  were  obtained.  A 
further  degree  of  simplification  in  design  wa^  the  advent  of 
the  "  Monotype  ，，  pump,  in  which  a  single  air  barrel  of  ilie 
3-valve  type  was  driven  by  a  single  steam  cylinder,  and  even 
now  this  constitutes  a  very  successful  type  of  purnp  for  certain 
conditions.  The  suet  i  o  n  -  v  a  1  v  el  ess  pump,  the  features  of  which 
were  originally  enunciated  in  1 879,  and  which  is  now  known  as 
tlie  Edwards  air  pump,  offers  distinct  advantages  as  a  type  of 
air  end  for  use  as  a  lever-driven  pump,  but  due  to  the  principle 
of  working,  it  is  unsuitable  for  indei^enclent  drive,  and  accord- 
ingly the  old  3-valve  air  pump  lias  still  maintained  its  position 
as  the  movst  efficient  air  end  for  independent  working. 

When,  however, 七 he  principle  under  which  air  and  water 
should  be  witlidrawn  from  a  condenser  is  considered,  it  is 
obvious  that  the  Twin  ，，  or  "  Monotype  "  pumps  require  to 
be  very  large  on  account  of  their  handling  tlie  air  and  water 
together.  Wliere  fitted  of  small  dimensions,  an  undue  degree 
of  cooling  of  tlie  feed  water  is  necessary  to  enable  them  to 
obtain  the  desired  vacuum,  except  under  conditions  of  very 
slight  air  leakage.  As  already  pointed  out,  it  was  early 
evident  that  ill©  maximum  efficiency  would  only  be  obtained 
by  a  combination  of  wet  and  dry  pumps,  and  one  of  the  earliest 
and  most  interesting  marine  examples  was  fitted  to  the  cable 
steamer  "  Pacific  "  in  1903,  while  a  similar  arrangement  was 
applied  to  a  number  of  land  and  marine  installations. 

As  will  be  seen  from  Fig.  5，  the  water  from  the  condenser 
is  removed  by  a  float-controlled  hot-well  pumj)  working 
entirely  full  of  water,  and  automatically  returning  the  con- 
densate to  the  feed  tank  at  the  temperature  due  to  the  vacuum 
on  account  of  its  being  subjected  to  contact  with  the  entering 
steal".  The  air  and  vapour  is  handled  by  a  suction-valveless 
dry  air  pumj)  of  small  dimensions,  driven  at  high  speed  by  a 
prolongation  of  the  piston  rod  of  the  circulating  engine.  The 
pump  works  at  a  low  temperature  imposed  by  a  supply  of 
injection  water  maintained  at  a  low  temperature  by  passage 
through  a  cooler.  A  modification  of  this  arrangement  is 
shown  in  Fig.  6，  and  represents  the  installation  fitted  to  an 
early  turbine  cross-channel  steamer,  in  1903.  In  this  example 
the  water  pump  is  uncontrolled,  and  liaiidles  a  certain  amount 
of  air  along  with  the  water.  The  dry  air  pump  is  driven  as 
before,  by  the  circulating  engine,  and  gives  the  necessary  large 
air-pumping  capacity.  This  arrangement  also  comprises  one 
of  the  earliest  examples  of  a  properly-designed  cooler  circuit 
for  a  dry  air  pump. 

A  still  further  development  of  this  nature  is  shown  in 
Fig.  7，  which  was  applied  to  a  power  station  plant  in  1902， 


Fig.  6.— .\buangkmknt  or  Condensing  Plant  on  h.s.  "  Londondkiuiv  "  (19J3). 
A  Main  Condenser  ；  B  Twin  Beam-type  Air  and  Water  Pump  ；  C  Dry  Air  Pump;  D  Iujecfcion  "Water  Cooler. 

and  is  clyefly  interesting  as  representing  one  of  the  few  actual 
examples  of  boiler  feeding  direct  from  the  main  condenser. 
In  this  connection  it  is  interesting  to  note  that  as  early  as 
1862  Messrs.  Humphreys,  Tennant,  &  Co.  arranged  on  board 
the  P.  and  O.  Company's  s.s.  "  Mooltan  '，  an  air  pump  which 
delivered  the  air  and  water  up  the  centre  of  a  hollow  mast, 
from  the  top  of  which  the  air  escaped  while  the  static  head  of 
water  fed  the'  boilers  directly. 

In  the  early  stages  of  turbine  jiropulsiuu  many  forms  and 
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combinations  of  wet  and  dry  air  pumps  were  fitted,  but  unfor- 
tunately these  installations,  in  the  majority  of  cases,  were 
rendered  apparently  non-effective  on  account  of  faulty  con- 
denser design,  and  the  present  design  of  "  Uniflux  ，'  condenser 
is  a  direct  outcome  of  the  apparent  non-success  of  the  inde- 


Fifi.  7.— Arrangement  of  CoNDENSiXf;  Plant  at  Banbury  Power  Station. 

A  Main  condenser :  B  Float-control  tank  tor  main  feed  pumps  ；  C  Main  feed 
pnmps  drawing  from  condenser  and  delivering  to  boilers  ；  D  C i vculati ng- pum p 
engine  ；  E  Dry  air  jmmp  ；  F  Injection  water  cooler. 

pendent  dry  air  pump.  However,  having  succeeded  in 
finding  a  satisfactory  condenser  design,  the  field  was  conse- 
quently clear  for  a  fresh  application  of  the  wet  and  dry  air 
pump  principle.  The  main  object  was  to  secure  a  wet  and 
(Irv  pump  in  one  unit,  in  order  to  obtain  an  apparatus  of 
minimum  weight,  of  greater  sim- 
plicity and  steam  economy,  to- 
gether with  greater  reliability 
than  had  been  possible  with  the 
separate  wet  and  dry  pumps. 
These  advantages  have  been 
secured  in  the  "Dual"  air 
pump  in  a  simple  and  compact 
form. 

Fig.  8  shows,  in  diagrammatic 
form,  the  arrangement  of  surface 
condenser,  cc  Dual "  air  pump, 
and  injection  water  cooler.  In 
all  cases  the  wet  pump  A  is 
situated  below  the  steam  cylinder, 
as  this  pump  is  the  one  which 
works  under  the  maximum  load. 
The  dry  pump  B  is  driven  by  the 
beam  and  links  in  the  usual  way. 
One  connection  C  is  made  to  the 
condenser,  but  a  branch  pipe  D 
is  led  to  the  dry  pump,  the  con- 
nection being  made  in  such 
manner  that  the  water  will  all 
pass  by  Cl  to  the  wet  pump. 
Apart  from  the  separate  suction 
arrangements  to  each  pump,  the 
" Dual "  pump  differs  from  the 
ordinary  twin  pump  in  that  the  dry  pump  discharges 
through  the  return  pipe  E，  through  a  spring-loaded  valve  F, 
into  the  wet  pump,  at  a  point  below  its  head  valves.  This 
spring-loaded  valve  is  adjusted  to  maintain  about  8in.  of 
mercury  difference  of  pressure  between  the  condenser,  and 
what  might  be  termed  the  hoi- well  of  the  dry  pump. 


The  next  point  concerns  the  supply  of  water  to  the  dry 
pump  for  water  sealing,  clearance  filling,  cooling,  and  vapour 
condensation.  When  starting  the  pump  the  filling  valve  G  is 
opened  for  a  short  period,  to  enable  the.  vacuum  to  draw  in  a 
supply  from  the  hot>well  of  the  wet  pump.  The  valve  is  then 
closed  and  the  water  passes  from  the  hot-well  of  the  dry  pump 
by  the  pipe  H  to  an  annular  cooler  through  which  a  supply  of 
sea  water  is  circulated,  and  after  being  cooled  the  injection 
water  passes  into  the  suction  of  the  dry  pump,  through  tlie 
pump,  and  returns  to  the  cooler  in  a  continuous  closed  circuit  ； 
auy  excess  caused  by  condensation  passing  over  by  the  pipe  E 
to  the  wet  pump. 

The  advantages  secured  by  such  a  combination  are  :  (1)  A 
wet  air  pump  working  approximately  at  the  temperature  due 
to  the  vacuum,  in  combination  witli  a  dry  air  pump  working 
at  a  much  lower  temperature,  on  account  of  which  it  is  enabled 
to  handle  air  leakage  without  any  substantial  cooling  of  the 
main  body  of  feed-water.  (2)  A  dry  air  pump  of  high 
efficiency,  due  to  its  only  requiring  to  discharge  against  41bs. 
pressure  instead  of  151bs.  as  in  the  case  of  an  ordinary  air 
pump.  (3)  Reduction  of  load  on  beam,  links,  and  levers,  due 
to  the  light  discharge  load  on  the  dry  pump;  this  advantage 
being  reflected  in  the  reduced  steam  consumption.  (4)  A 
smaller  and  lighter  air  pump  for  equivalent  duty,  due  to  the 
high  efficiency. 

The  "  Dual  "  pump  has  also  been  adopted  for  working  by 
levers  from  the  main  engines.  This  application  is  fitted  on  the 
s.s.  "  Rangatira  "  and  a  number  of  other  vessels.  These  ships 
have  twin  screws  with  two  sets  of  engines,  each  of  2,650  h.p. 
and  the  wet  and  dry  air  pumps  are  each  14in.  diarn.,  with  a 
stroke  of  20in.,  while  the  ordinary  3-valve  air  pump  fitted  for 
this  power  would  be  24in.  diam.  by  26in.  stroke. 

When  it  is  considered  that  the  total  load  on  the  levers 
actuating  the  "  Dual  "  pumps  is  2，9101bs.，  and  on  the  other 
6,8001bs.，  the  advantages  are  obvious,  while  the  risk  of 
accident  so  common  to  large  engine-driven  air  pumps,  due  to 
sudden  gluts  of  water,  is  very  greatly  reduced.  The  per- 
formance of  thesei  small  pumps  is  shown  on  the  air  pump 
capacity  table,  and  it  is  understood  that  no  inconveniences 
have  arisen  with  the  small  pumps  when  starting  or 
manoeuvring. 

Tlie  factors  involved  in  the  estimation  of  the  correct  size  of 


Fig.  8.— Diagbammatic  Section  of  Weir 


'Dual"  Aib  Pump.  Cooler,  and  Connections. 


air  pump  to  employ  comprise  in  the  first  place  considerations 
of  the  normal  air  leakage  which  the  purap  must  deal  with. 
This  question  is  associated  with  the  actual  size  of  the  installa- 
tion. In  a  small  installation  the  air  leakage  is  always  rela- 
tively higher  than  in  a  large  one.  It  is  further  complicated 
by  the  nature  of  the  installation,  as  it  is  obvious  that  in  land 
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installations  tlie  opportunities  of  air  leakage  are  few  on 
account  of  the  small  number  of  joints  on  the  vacuum  system  ； 
correspondingly,  in  a  marine  dredger  installation  wherein  the 
auxiliaries  are  numerous,  and  are  all  connected  to  the  main 
condenser,  innumerable  opportunities  for  air  leakage  occur, 


WATER  IWLtT 


RCV04.VIHO  WHEEL 


as  a  small  pump  may  run  faster  than  a  large  one,  and  in 
addition,  the  wear  and  tear  require  consideration.  Present 
practice  results  from  t lie  c(nisideratioii  of  tliese  factors,  and 
experience  enables  their  assessment  to  be'  made  at  the  proper 
value. 

Table  III. 

Comparative  Capacities  and  Weights  of  Air  Pumps. 


Vessel. 

Condensed 

steam 
per  hour 
〕er  pump. 

in  lbs.  per 
per  hour. 

Type  of  Air 

esigned 

im.  Inches.  | 

； pt  bybucketj 

feed  water,  j 

weight  of 
per  H.P.  of 
l  engine. 

q  5 

Lbs. 
pump 
mail 

► 

■° 

S.S.  "  Knni])riiiz  Wil- 
hclm." 

255,000 

17 

" Twin  " 

2G 

12 

4 

2-00 

S.S.  "  l'，mn(，(》"ia  " .... 

(.)(),0(M) 

15 

" Dual " 

2(i 

7 

4 

1102 

Battle-ship  (\U02)  

r,7. ：")()(» 

1(> 

" Twin  " 

2(i 

】r> 

4 

21(» 

，，          (H)12)  .... 

«i4.r»o(i 

14 

".Dual  " 

1：{ 

3 

1-377 

'I'urbinc  At  lant  ic  ！ .incr 

l!Mi,0(K) 

14 

28. 

i:i 

2 

1-232 

Dcslrovcr  (\(M)1)   

I24.(HM) 

10 

" MiHiotA'pc  " 

20 

12 

7 

•  7(i") 

"•       (11J12)  .... 
Small  Ti"'l>('-("'n'T:i"'r 

l77.IH>r> 

14.1 

" Dual  " 

28 

8 

8 

•4(i(i 

",000 

" Monot  vp*' " 

28 

33 

Set. 

Dredger  Installation    . . 

25 

30 

Thrcc-tlintw    Kdw  ards 

28| 

45 

50 

typo     for  electric 

|tou  (T  stations. 

Wv'iv  "  Dual  ，'  air  pump. 

20-5 

fur    electric  power 

station. 

S.S.  "  Campania  " … . 

4(>.(MMt 

Engine-driven 
ordinary 

25 

00 

Cargo  steamer   

25 

45 

S.S.  "  Rangatira  "  ■  •  •  • 

40，0(M» 

Engine-driven 
" Dual  " 

25 

Table  IV. ― Steam  and  Potoer  Consumption  of  Independent 
" Dual  ，，  Air  Pumps. 


Fig,  9.— Leblanc  Air  Pump. 

and  consequently  the  air  pumps  require  to  be  of  large  dimen- 
sions. Further,  in  a  torpedo-boat  destroyer  the  permissible 
weight  governs  the  situation  as  compared  to  a  battle-ship. 

These  factors  having  been  adjusted,  the  speed  of  the  air 
pump  requires  consideration,  and  this  necessarily  involves  the 
type  of  air  pump.    It  also  involves  the  actual  size  of  the  pump, 


Steam  Consumption  : 

Conditions. 

percentage 

of  feed  water. 

26in.  vacuum  for  reciprocating  engines   

•65 

28in.  vacuum  for  turbine  destroyers   

•7  to  -8 

28*5in.  vacuum  for  turbine  battle-ships  and 

10 

merchant  vessels. 

Electric-drivon  "  Dual  "  air-pumps  for  electric 

- 10  per  cent,  of  turl>ine 

power  stations. 

output. 

Electric-driven  Edwards  three-throw  pumps  for 

- 35  per  cent,  of  turbine 

electric  power  stations. 

output. 

V\c.  10.— Weik  Rotary  Air  Pump. 


To  enable  the  wide  variation  of 
practice  in  this  respect  to  be  seen, 
Table  III.  has  been  prepared,  and 
gives  the  capacity  in  terms  of  air 
pump  bucket  volume  swept  to  feed- 
water  volume,  also'  the  weight  of  a 
number  of  air  pump  installations, 
from  which  it  will  be  noticed  that 
the  present-day  degrees  of  high 
vacua  are  obtained  with  less  weight 
and  capacity  than  the  older 
arrangements  of,  say,  10  year?  ago. 
This  arises  in  a  certain  degree  from 
improved  air  pump  design  and  also 
to  the  greater  care  taken  to  avoid 
air  leakage. - 

It  is  of  interest  to  note  the  large 
difference  in  capacity  between  the 
ordinary  engine-driven  air  pump 
and  the  independent  air  pump, 
while'  the  capacity  usually  provided 
for  electric  power  station  practice 
appears  very  excessive.  Table  IV. 
gives  the'  average  st&am  consump- 
tion of  independent  "  Dual  "  air 
jiiunps  far  different  conditions  ex- 
pressed as  a  percentage  of  tlie  feed 
water  they  handle'. 

During  the  last  few  years 
much  interest  has  been  taken  in 
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the  development  of  rotary  dry  air  pumps,  especially  for 
electrical  station  practice  on  the  Contineut  ；  the  two  most 
notable  examples  are  associated  with  M.  Leblanc,  of  Paris, 
working  in  conjunction  with  the  Westinghouse  Company,  and 
the  rotarv  air  pump  constructed  by  the  A.E.G.  Company,  of 
Berlin.  While  the  utmost  credit  should  be  accorded  to  M. 
Leblanc  for  having  developed  the  modern  type  of  rotary  air 
pump,  it  is  of  interest  to  note  that  in  1862,  Christian  Schiele, 
of  Oldham,  invented  and  built  a  rotary  air  pump  regarding 
wliich  he  claimed  :     "The  system  or  mode  of  expelling  air 
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from  condensers  by  combining  or  entraining  it  with  inj^tion 
water  ou  its  passage  through  a  fan  or  centrifugal  pump." 

Fig.  9  shows  a  section  of  a  modern  Leblanc  air  pump  in 
which  a  single  ejector  and  nozzle  is  used  for  discharging  the 
air  and  injection  water,  the  combination  or  admixture  of  the 
two  taking  place  outside  the  turbine  wheel.  The  A.E.G. 
design  of  rotary  air  pump  is  practically  a  Leblanc 
pump  having  a  series  of  specially-shaped  nozzles 
arranged  circumferentially,  the  point  where  the  air 
meets  the  entraining  water  being,  as  in  the  Leblanc 
pump,  between  the  rotating  wheel  and  the  nozzles. 

In  a  paper  read  before  the  Junior  Institution  of 
Engineers,  in  1910，  Mr.  G.  L.  Kothny,  speaking  of 
the  Leblanc  pump,  states  that  "  the  water  is  ejected 
into  the  collecting  cone  in  the  form  of  thin  sheets 
fcrming  absolutely  tight  water  passages  which  entrap 
the  air  and  non-condensable  gases  coming  from  the 
condenser,  and  carry  them  out  against  the  atmo- 
spheric pressure."  While  useful  as  an  explanation, 
this  can  hardly  be  accepted  in  a  rigid  sense,  as  it 
appears  that  the  main  desiderata  in  such  pumps  are 
to  atomise  or  break  up  the  water  into  practically  a 
focr  moving  at  a  high  velocity. 

For  marine  use  the  adoption  of  rotary  dry  air 
pumps  has  been  comparatively  slow,  clue  in  a  large 
measure  to  the  very  onerous  and  varied  requirements 
to  which  a  marine  pump  has  to  conform,  and,  fur- 
ther, to  the  extremely  efficient  nature  of  the  existing 
direct-acting  machinery.  The  necessity  for  driving 
such  rotary  machines  by  small  steam  turbines,  i:? 
themselves,  still  more  or  less  in  the  development 
stage,  necessarily  implies  high  steam  consumption, 
while  even  the  best  rotary  air  pumps  require  the 
absorption  of  a  considerable  power  per  unit  of  air 
removed.  Further,  the  existing  types  clo  not  appear 
to  possess  any  degree  of  flexibility,  in  the  sense  that 
being  velocity  machines  they  must  always  run  at  the  designed 
speed  and  accordingly  use  the  same  amount  of  steam,  thus 
causing  their  performances  at  low  powers  of  the  vessel  to  be 
fairly  inefficient.  Fig.  10  shows  a  recent  development  of  the 
ordinary  Schiele  pump  which  has  been  designed  with  the 
object  of  imparting  to  it  a  certain  degree  of  flexibility.  It 
differs  from  the  Leblanc  and  A.E.G.  types  in  that  the  air  is 
brought  into  contact  with  the  injection  water  in  tlie  wheel 
itsslf— somewhat  similar  to  the  Schiele  pump ~ both  passing 
through  tlie  wheel  before  being  ejected  through  a  simple 
nozzle;  while  in  addition  the  wheel  is  constituted  of  four 
units,  each  being  provided  with  a  nozzle,  and  provision  being 


Fig.  13.— Elkctrk-Drivkn  "Dual    Air  Pump. 

proportion  to  the  number  of  nozzles,  the  amount  absorbed  by 
four  nozzles  being  9h  b.h.p. 

While  it  is  probable  that  the  entrainment  type  of  rotary 
air  pump  may  be  further  developed,  its  ability  to  bardie  heavy 
air  leakage  only  by  the  use  of  considerable  power  rather 
handicaps  it  for  marine  work  at  present.  Fig.  12  gives  a 
representation  of  the  characteristic  performance  of  a  modern 
marine  rotary  air  pump  at  varying  air  leakage,  while  on  the 
same  diagram  there  is  shown  the  performance  of  a  direct- 
acting  pump.  As  regards  the  proportions  of  the  two  pumps, 
their  weights  are  identical,  provided  no  allowance  is  made  for 
the  cooler  and  tank  necessary  for  tlie  rotary  air  pump.  The 


made  for  closing  any  unit  as  desired,  it  enables  t  lio  [>urnp  to  run 
with  whatever  number  of  units  are  required  1  o  maintain  tlie 
desired  vacuum.  Fig.  11  shows  the  performance,  with  vary- 
ing air  leakage,  of  a  small  pump  of  this  design,  wiili  two, 
three,  or  four  nozzles  in  use,  the  power  varying  practically  in 
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relat ive  steam  consumptions  of  tlie  two  pumps,  when  doin^  the 
duty  shown  on  tlie  diagram,  is  as  follows  ： ― 

Direct-acting  pump    8001bs.  per  hour. 

Turbine-driven  rotary  punip           3,5001bs.  per  hour. 

•  As  will  be  seen  from  the  diagram,  t  he  rotary  pump  main- 
tains a  very  slightly  higher  vacuum  than  the  direct-acting 
pxunp  at  small  leakages,  but  rapidly  falls  off  at  large  leakages. 
As  already  pointed  out,  fi  considerable  adoption  of  rotary  air 
pumps  has  taken  place  on  the  Continent  for  power  station 
pi  aciice,  Itut  it  may  l>e  su^^est  ed  t  hat  even  for  this  duty  the 
lulesl  (development  of  d i rect -act  i |)xunp  is  worthy  of  con- 
siderai  ion.  Fig.  1  ；)  shows  a  s|>eci;il  design  of  "  Dual  ，，  ]nui)]> 
elect  rically  driven,  suj>|)lied  to  the  Yoker  and  Motherwell 
stations  oi  tlie  Clyde  Valley  Elect  rical  Power  Company. 
Each  of  the  pumps  lianclles  tlie  air  ami  water  from  a 
il  Uniflux  '，  condenser  fitted  to  a  5,000  kw.  Westinghouse 
turbine,  and  when  running  at  full  load  tlie  motoi'  driving  tlie- 
ail*  and  water  puinp  al)sorl>s  8  kw.  or  1  (>  poi'  rent,  of  tlie  total 
power.  It  will  be  obvious  that  tlie  transmission  of  such  a 
small  amount  of  power  ensures  exceedingly  slight  wear  and 
tear  on  the  machine. 

No  review  of  condensing  plant  practice  would  be  complete 
without  reference  to  Sir  Charles  Parsons'  vacuum  augmetiter, 
and  it'  is  another  tribute  to  liis  inventive  ability  that  he  so 
early  a])preciatetl  t  lie  gn""  capacity  <>('  steam  jets  for  haiidling 
liiglily- rarefied  gases.  Tlie  record  of  liis  research  work  in  this 
diieci  ion,  as  out  lined  in  his  patent  s|)ecifica1  ions  ]>earing  on 
tlie  subject,  shows  t  he  cliarat-t  erist  ic  t  liorou^liness  with  wliicli 
he'  examined  the  |)ossil>ilil  ies  of  vai'ious  met  hods  of  appli- 
cation. 

The'  function  for  whicli  the  steam  jet  lias  proved  most 
suitable  is  that  of  creating  a  slight  pressure  difference  at  a 
very  low  absolute  pressure,  and  it  is  thus  applied  in  the 
vacuum  augnienter  for  banking  up  the  non-condeiirable  gases 
from  the  condenser  into  the  air  pump  suction.  The  necessity 
for  condensing  the  steam  admitted  to  the  system  in  the  steam 
jet  was  met  by  the  provision  of  a  separate'  small  surface  con- 
denser. Attempts  have  been  made  to  replace  the  augmenter 
condenser  by  an  apparatus  of  tlie  jet  or  direct-contact  type, 
using  the  feed-water  as  a  condensing  medium,  but  for  this 
purpose,  as  for  the  main  condenser,  the  surface  type  has  been, 
and  will  probably  remain,  most  generally  suitable. 

(To  be  continued.) 


ELECTRICITY  IN  MINING. 

At  the  opening  meeting  of  the  Newcastle  Local  Section  of  the 
Institution  of  Electrical  Engineers,  the  chairman,  Mr.  W.  C. 
Mountain,  in  his  inaugural  address,  said  lie  felt  gratified,  on 
looking  back,  to  see  that  his  early  views  regarding  the  possible 
applications  of  electricity  to  mining  machinery  were'  now  an 
established  success,  and  it  was  undoubtedly  the  case  that 
electricity  was  now  essential  for  the  economical  working  of  any 
modern  colliery  or  mine.  Where  electricity  could  be  supplied 
at  a  price  within  measurable  distance  of  that  at  which  it  could 
be  generated  at  the  colliery,  coalowners  were,  he  considered, 
well  advised  to  take  such  a  supply,  and  to  expend  their  capital 
in  the  increased  application  of  electricity  for  winding,  &c.， 
instead.  It  had  to  be  remembered,  however,  that  there  was 
usually  a  large  amount  of  unsaleable  coal,  good  enough  for 
steam-raising  purposes  available,  and  they  had  also  waste  heat 
from  coke  ovens,  &c,  which  could  be  utilised. 

Gas  engines  of  3,000  h.p.  to  4,000  h.p.  were  at  the  present 
time  in  use  and  giving  every  satisfaction.  At  normal  load  a 
large  engine  would  take  about  10,000  B.Th.U.  per  horse-power 
hour,  and  as  the  average  heat  value  of  blastfurnace  gas  was 
about  100  B.Th.U.  per  cubic  foot,  the  consumption  per  brake 
horse-power  per  hour  would  be  about  1 00  cub .  ft.  Owing  to 
the  higher  heat  value  of  coke-oven  gas  the  corresponding  figure 
with  it  was  about  22i  cub.  ft.  From  the  gas  engine  exhaust, 
from  21bs.  to  2^1bs.  of  steam  per  hour  per  brake  horse-power, 
at  601bs.  pressure,  could  be  generated  regularly,  and  this  could 
be  utilised  in  many  ways.  On  an  average,  the  gas  evolved  per 
ton  of  pig  iron  smelted  was  about  160,000  cub.  ft.  About 
one-third  of  this  would  be  used  in  the  ovens,  one-eighth  by  tlie 
blowing  engines  (if  gas  driven),  and  about  one-tenth  would  be 
lost,  leaving  about  45  per  cent,  available,  say,  72,000  cub.  ft. 
In  large  gas  engines  this  would  give  30  h.p.  per  ton  melted,  in 


24  liours.  With  coke  ovens  the  production  of  gas  was  about 
10,000  cub.  ft.  of  gas  per  ton  of  coal  coked,  and  half  of  t  liis 
would  be  surplus,  with  regenerative  ovens.  Roughly  speak- 
ing, from  lib.  to  1  ^Ibs.  of  steam  could  be  generated  per  pound 
of  coal  coked.  The  author  quoted  some  figures  taken  from 
plants  lie  had  recently  reported  upon  or  installed.  In  one 
exliaust  steam  plant,  after  allowing  for  interest  and  deprecia- 
tion, attendance,  repairs,  upkeep,  and,  in  some  cases,  a  certain 
amount  of  co;il  foi*  producing  steam  wlien  exliaust  steam  was 
not  available,  the  cost  liad  )>een  as  low  as  0'15d.  per  unit,  imd 
in  other  cases  only  0"2cl.  per  unit ,  not  vvitlistaiKling  a  lo;ul 
fad oi*  of  only  .'H)  per  cent.  ]Ie  had  on  previous  ("'rasions 
shown  thai ,  on  an  equal  basis,  elect  vie  winding  was  possil>le 
wit  li  coal  at  Ss.  to  10s.  per  ton,  where  coalowners  had  to 
install  their  own  generating  plant  ；  and  even  now,  although 
the  price  of  electrical  plant  was  less,  he  still  thought  that  for 
the  heaviest  work  tlie  modern  steam  winder  could  more  than 
hold  its  own.  liut  for  small  outputs  there  was  a  very  large 
field  for  electric  winding,  and  a  very  considerable  amount  of 
work  was  being  done  in  this  direction.  The  use  of  helical-cut 
gearing  had  assisted  greatly,  as  it  enabled  smaller  and  cheaper 
motors  to  be  used.  The  simple  induction  motor  was  quite 
suitable  in  cases  where  the  peak  load  when  starting  did  not 
cause  any  trouble.  The  use  of  a  motor  generator  introduced 
risk  of  breakdown.  For  cables  in  mining  work  lie  preferred 
t hose  insulated  wit h  l>itunien,  provided  there  was  no  risk  of 
decentralisation  of  the  conductors.  Tlie  pillar  type  of  switcli- 
gear,  wit  li  draw-out  arrangeitients  for  isolation,  was  very  sat  is- 
i'actory  for  use  underground.  Care  must  be  given  to  tlie  earth 
connection  of  t  lie  armouring  of  the  cables  to  switch  cases,  as 
well  as  to  the  junction  boxes,  controller  cases,  and  motor 
frames.  The  slip-rings  of  motors  should  be  enclosed  if  there 
was  any  likelihood  of  gas  being  present,  but  he  did  not  con- 
sider the  total  enclosure  of  large  motors  satisfactory.  Broadly 
speaking,  total  enclosure  was  a  mechanical  protection  only,  as 
doors  or  covers  might  be  left  improperly  secured  ；  and  where 
there  was  any  positive  danger  of  gas  in  part  of  a  colliery,  it- 
was  better  to  install  compressed  air  there.  Electrical  com- 
pressors could  be  employed  near  these  places,  but  the  average 
disc  coal  cutter  consumed  about  600  cub.  ft.  of  free  air  per 
minute  at  451bs.-501bs.  per  square  inch,  and  each  such  machine 
would,  therefore,  require  70  h.p.  to  75  h.p.  in  tlie  motor  com- 
pressor, the  resulting  efficiency  being  30  to  40  per  cent,  com- 
pared with  the  direct  use  of  electricity.  Taking  the  horse- 
power at  £5  per  annum,  this  meant  an  additional  annual 
expenditure  of  about  £250  per  coal-cutter.  Three-phase  coal- 
cutter motors  might  be  wound  for  as  low  a  pressure  as 
110  volts,  which  could  not  cause  a  dangerous  shock,  a  small 
transformer  being  combined  with  the  gate-end  switch.  High- 
pressure  current  could  then  be  brought  by  small  cables  near 
the  working  face,  and  possibly  the  total  cost  would  be  lower 
than  if  the  standard  voltage  of  500  volts  were  adopted. 

For  liigh  lifts  the  3 -throw  plunger  pump  was  better  than 
the  centrifugal  pump,  in  point  of  efficiency,  the  combined 
efficiency  often  being  as  high  as  80  per  cent.  Single-reduction 
helical  gear  had  improved  the  efficiency,  but  it  ought  always  to 
run  in  oil.  For  large  volumes  of  water  at  moderate  heads, 
the'  centrifugal  pump  was  better.  Portable  pumps  should  be 
of  3-throw  type.  Electric  haulage  had  made  enormous  strides, 
its  economy  being  unapproachable.  Some  years  ago,  Mr. 
Mountain  substituted  an  electric  for  a  compressed  air  haulage, 
with  th&  result  that  the  engine  indicated  horse-power  was 
reduced  from  500  to  166. 


New  British  Submarine. ― There  was  launched  from  the  yard 

of  Messrs.  Vickers,  Ltd.,  on  the  29th  ult.,  the  submarine  E3， 
built  for  the  British  Admiralty.  The  new  vessel  is  one  of 
13  of  the  E  class  building  at  Barrow,  and  she  is  designed  on 
lines  to  be  of  service  in  engagements  well  out  at  sea  She 
is  driven  by  heavy  oil  engines. 

Internal-combustion    Locomotive.  ―  An  internal-combustion 

locomotive  is  being  built  for  test  on  the  Reading  railroad, 
and  will  contain  a  550  h.p.,  6-cylinder  gasoline  engine,  suit- 
able for  either  high-grade  or  low-ignition  fuel  oil.  It  is 
claimed  that  this  locomotive  will  be  capable  of  negotiating 
grades  and  carrying  loads  as  great  as  a  small  steam  locomo- 
tive, and  Hi  at  the  direct  drive  of  the  stemi  locomotive  Iris 
been  adapt <m1  to  tlie  internal -combustion  engine. 
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Fig.  1.— Sulzek's  Calorimetkr  for  Fluids. 

are  illustrated,  Fig.  1  being  a  vertical  section  through  a 
device  which  indicates  the  quantity  of  heat  of  a  passing 
liquid,  and  Fig.  2  a  similar  view  of  a  device  by  means  of 
which  it  is  possible  to  determine  the  quantity  of  heat  given 
off  by  a  particular  branch  or  section  of  a  heating  installation. 

In  the  construction  si  1  own  in  Fig.  1，  the  casing  A  con- 
tains a  liquid  measuring  device  B  through  which  flows  the 
medium  whose  quantity  of  heat  is  to  be  measured  on  its  way 
from  the  flow  or  supply  branch  C  to  the  return  pipe  D. 
The  rotation  of  the  water-measuring  wheel  is  transmitted 
by  means  of  a  tootlied  wheel  or  worm  gear  E,  which  reduces 
its  speed  to  the  disc  F.  This  disc  in  its  turn  engages  a 
friction  wheel  G，  whereby  its  motion  is  transmitted  to  an 
iiuliraling  mechanism  H.  The  friction  wheel  G  can  be 
shifted  on  the  disc  F  by  means  of  a  lever  J  pivoted  at  K  to 
the  casing,  and  connected  to  the  lever  is  a  rod  L  secured  in 
the  branch  C  at  M  and  passing  through  a  guide  N.  The 
rod  L  expands  with  the  increase  in  temperature  of  the  heat- 
ing medium  passing  through  the  device,  and  contracts  when 
the  temperature  thereof  falls.  In  that  way,  wlien  the  tem- 
perature rises  the  friction  wheel  G  is  shifted  by  the  lever  J 
over  the  disc  F  away  from  the  axis  of  the  latter,  whereas 
when  there  is  a  decrease  in  temperature  the1  friction  wheel 
is  brought/  nearer  to  the  axis.  Assuming  the  number  of 
revolutions  of  the  liquid-measuring  device  to  remain  constant 
tlie  friction  wlieel  G,  and  consequently  the  indicating 
median  ism  H,  will  therefore  be  driven  at  a  greater  speed 
by  the  disc  G  when  the  temperature  increases  than  when  the 
temperature  sinks.  As  the  speed  of  the  disc  G  depends 
on  the  quantity  of  water  passing  through,  the  pointer  H  will 
accordingly  indicate  direcLly  the  quantity  of  heat  correspond- 
ing to  tlie  product  of  the  quantity  of  water  and  the  tempera- 
ture of  the  water. 

If  the  lieat-measuring  device  above  fles<'ribed  is  to  be  used 
for  ascertaining  the  quantity  of  heat  consumed  in  a  given 
section  of  a  hot-water  heating  installation,  one  device  of  tlie 
kind  described  is  inserted  into  the,  hot-water  supply  pipe 
and  a  second  device  of  the  same  kiml  is  arranged  in  tlie 
return  or  discharge  pip©  of  the  heating  section  in  question, 
and  the  quantity  of  heat  consumed  is  ascertained  by  com- 


paring the  heat  contained  in  the  water  supplied  with  the 
heat  still  remaining  in  tlie  water  discliarged.  Tlie  two 
devices  may  in  that  case  be  combined  in  one,  controlled 
partly  by  the  water  supplied  and  partly  by  the  water  dis- 
charged, and  indicating  directly  the  (lifTeren<*e  in  the  quan- 
tities of  heat.  A  device  of  the  latter  kind  is  illustrated  in 
Fig.  2.  Tlie  arrangement,  is,  on  tlie  whole,  similar  to  that 
shown  in  Fig. 】， only  the  lever  J  is  controlled  by  two  heat 
expansion  bars  L,  Lw  one  of  wl'idi  L  is  arranged  in  tin; 
supply  pipe  C  and  the  other  one  Ll  in  the  return  pipe  C, . 
The  expansion  bar  L  is  pivoted  to  the  lever  J  at  R，  whilst 
the  bar  Ltl  is  pivoted  to  the  lever  at  S. 

If,  assuming  the  same  quantity  of  water  is  passing 
through,  there  is  an  increase  in  the  temperature  difference 
between  the  water  in  the  supply  pipe  C  and  in  the  return 
pipe  Cp  the  bar  L  will  expand  more  than  the  bar  L1?  or  it 
will  contract  less  than  the  bar  L,  or  it  will  expand  whilst 
the  bar  Lx  will  contract.  In  any  case,  the  pivot  point  R 
will  in  consequence  bo  shifted  to  the  right  relatively  to  the 
pivot  point  S，  the  extent  of  its  movement  being  proportional 
to  the  difference  in  temperature  between  the  liquids  in  the 
pipes  C  and  C,.  In  that  way  the  friction  wheel  G  will  be 
moved  away  from  the  axis  of  the  disc  F  and  transmit  the 
motion  of  the  gear  E  to  the  indicator  H  with  greater  speed 
than  before. 

In  the  case  of  a  decrease  in  the  difference  in  temperatures 
between  the  contents  of  the  pipes  C  and  C1  the  reverse  will 
take  place.  The  indicating  mechanism  will  therefore  show 
not  only  the  quantity  of  water  passing  through,  but  also 
the  quantity  of  heat  (corresponding  to  the  product  of  the 
said  quantity  of  water  and  of  the  difference  in  the  tempera- 


Fig.  '2.— Sulzek's  Calouimktkk  Foit  Fluids. 


tures  of  C  and  Cx)  consumed  in  the  particular  section  of  the 
heating  installation-  Should  the  temperature  in  C  and  Ct 
increase  and  decrease  to  the  same  extent,  and  in  that  way 
the  difference  in  temperatures  remains  the  same,  the  bars  L 
and  1^  will  expand  or  contract  uniformly  and  in  the  same 
direction,  so  that  the  pivot  points  R  and  S  will  be  jointly 
shifted  to  the  right  or  to  the  left.  There  will  theu  take 
place  a  parallel  shifting  of  the  lever  J，  which,  however,  will 
be  so  slight  owing  to  the  small  difference  in  length  of  the 
heat  expansion  bars  that  the  shifting  of  the  friction  wheel 
G  produced  thereby  will  be  of  no  practical  importance. 
When,  however,  tlie  pivot  points  R  and  S  are  shifted  un- 
equally the  friction  wheel  G  will  be  appreciably  moved  owing 
to  the  magnifying  effect  of  the  lever  J. 


SULZERS  CALORIMETER  FOR  FLUIDS. 

The  calorimeter  shown  in  the  accompanying  illustrations, 
the  invention  of  Sulzer  Bros"  Winterthur,  has  been  designed 
for  measuring  and  indicating  tlie  quantity  of  heat  of  a 
flowing  liquid  or  gas,  and  is  capable  of  being  utilised  for 
indicating  in  hot-water  heating  installations  the  quantity 
of  heat  given  off  thereby,  or  by  individual  sections  thereof. 
The  device,  which  contains  an  expanding  body,  is  so  con- 
structed that  it  gives  the  product  of  the  quantity  of  fluid 
passing  through  it  and  of  the  temperature  of  the  fluid,  and 
thus  indicates  directly  the  quantity  of  heat  without  necessi- 
tating any  calculation  for  the  purpose.     Two  constructions 
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METROLOGY  IN  RELATION  TO  INDUSTRIAL  PROGRESS.* 

BY  SAMUEL  W.  STRATTON,  D.ENG.,  D.SC, 
DIRECTOR  OF  THE  U.S.  BUREAU  OF  STANDARDS. 

Before  the  development  of  modern  science,  metrology  included 
only  the  simple  weights  and  measures  necessary  in  commerce 
and  trade.  The'  adoption  and  preservation  of  standards  of 
weight  and  measure,  the  means  of  making  them  accessible  to 
the  public,  and  the  enactment  and  administration  of  laws 
preventing  the  us©  of  incorrect  weights  and  measures  have 
be&n  questions  of  vital  interest  to  every  nation  from  ilie 
beginning  of  history. 

Naturally,  the  early  standards  had  their  origin  iu  some 
object  in  Nature,  thus  recognising  the  most  vital  principle  of 
modern  metrology,  namely,  reproductibility.  A  history  of 
thes©  standards  would  prove  most  interesting.  Each  com- 
munity had  its  own  standards,  but  as  trade  grew,  due  largely 
to  the  improvement  in  transportation  facilities,  it  became 
necessary  to  unify  the  standards  of  communities  doing  business 
with  each  other.  During  the  past  century  every  commercial 
nation  lias  been  compelled  to  put  its  standards  on  a  national 
basis.  Th©  time  is  not  far  distant  when  the  same  foro©  which 
compelled  tlie  various  sections  of  each  country  to  adopt 
uniform  national  standards  will  bring  about  international 
uniformity.  The  countries  of  the  world  are  closer  together 
to-day,  commercially,  than  were  the  sections  of  each  country 
100  years  ago. 

The  developments  of  modern  science  necessitated  the  intro- 
duction of  a  new  factor  in  metrology,  namely,  precision,  since 
precise  measurements  form,  the  foundation  of  practically  all 
scientific  investigation.  Commercial  standards  were  not  suffi- 
ciently reliable  or  accurate  for  scientific  purposes.  The  pro- 
gress of  science-  demanded  correctly-defined  units  and  accurate 
material  standards  for  each  physical  quantity  to  b©  measured, 
whether  in  the  field  of  mechanics,  heat,  light,  or  electricity. 
Practically  all  of  these  units  and  standards  are  based  upon  the 
fundamental  units  of  length,  mass,  and  time,  and  involve 
measurements  of  these  three  fundamental  quantities  of  the 
utmost  refinement  in  order  that  the  derived  units  may  be 
determined  with  the  order  of  accuracy  required  even  in  the 
industries.  Hence,  much  scientific  effort  has  beeu  expended 
upon  the1  improvement  of  the  units  and  standards  of  these 
fundamental  quantities,  and  the  derived  units  and  standards 
form  a  never-ending  field  of  scientific  research. 

But  the  field  of  metrology  does  not  end  with  tlie  fixing  of 
the  fundamental  standards  of  length,  mass,  and  time,  and  the 
derived  units  in  the  field  of  mechanics,  suck  as  force  and 
energy  and  power,  or  the  deriving  and  fixing  of  the  various 
standards  used  in  measurements  of  heat,  light,  and  electricity, 
but  it  includes  the  determination  of  a  large  number  of  values 
known  as  physical  constants,  such  as  the  mechanical  equiva- 
lent of  heat,  the'  boiling  points  of  liquids,  the  melting  points 
of  solids,  thermal  and  electrical  conductivities,  the  optical  and 
radiation  constants,  and  many  others.  Accurate  values  of 
these  constants  are  as  necessary  as  correctly-defined  units  or 
accurate  standards  of  measurement.  They  enter  into  practi- 
cally all  scientific  work,  whether  pure  or  applied,  and  may  be 
termed  "  standard  values." 

Again,  the  field  of  metrology  is  rapidly  being  extended  to 
include'  standards  of  quality.  It  is  often  desirable,  especially 
in  the  industries^  to  define  the  quality  of  a  material  in  terms 
of  its  physical  and  chemical  properties,  to  specify,  as  it  were, 
its  standard  of  quality.  As  metrology  forms  the  basis  of 
investigation  in  the  field  of  natural  science,  so  do  the  natural 
sciences  constitute  the  principal  factor  in  industrial  progress. 
When  Germany  determined  to  take  a  leading  part  in  the 
industrial  world,  she  began  by  encouraging  scientific  investiga- 
tion and  instruction.  She'  had  reached  the  front  rank  in  the 
scientific  world  long  before  reaching  that  same  position  in  the 
industrial  field,  and  her  phenomenal  industrial  progress  can 
be  attributed  to  the  application  of  scientific  methods  and 
principles  more  than  to  all  other  factors  combined. 

Metrology  has  a  direct  bearing  of  great  importance  upon 
industrial  progress,  as  shown  in  the  interchangeable  method 
of  manufacturing,  a  method  depending  upon  the  -  accurate 
measurement  of  length ,  the  accurate  measurement  of  tempe- 
rai  ure  in  tlie  steel ,  glass,  ceramic,  and  other  industries  where 
it  was  formerly  estimated,  and  do  field  of  industry  owes  moro 

*  A b struct  of  paper  road  before  the  Franklin  ItiBtitutc 


to  metrology  thaji  that  of  applied  electricity.  These  ar©  bub 
a  few  of  the  vast  number  of  cases  that  might  be  recited,  but 
metrology  is  probably  far  more  important  to  industrial 
progress,  indirectly  through  the  channels  of  applied  science. 

The  United  States  has  enjoyed  a  remarkable  period  of 
industrial  prosperity,  due  to  the  enormous  home  consumption 
of  their  manufactured  products  by  a  rapidly-increasing  popu- 
lation of  a  new  and  growing  country,  and  the  retention  of  the 
home  market  for  their  own  use.  Nevertheless,  competition  as 
to  quality  is  growing  very  keen,  and  manufacturers  are 
l>fc<niiing  aware  of  the  great  importance'  of  scientific  investiga- 
tion, the  leading  industries  are  rapidly  establishing  research 
laboratories  in  which  units  and  standards  of  measurements  are 
the  principal  means  of  attacking  the  difficult  problems  they 
are  called  upon  to  solve.  These  laboratories  are  quite  as 
exacting  in  their  requirements  as  to  accuracy  as  the  labora- 
tories of  scientific  institutions.  The  usefulness  and  efficiency 
of  such  laboratories  are  increased  many-fold  by  the  access  to 
accurate,  reliable  standards  and  metliods  of  measurement. 
There  is  scarcely  a  business  transaction,  an  exchange  of  com- 
modities, an  article  manufactured,  or  a  structure  erected  that 
does  not  refer  in  some  way,  either  directly  or  indirectly,  to 
standards  of  measurement  - 

Every  progressive  country  lias  recognised  early  in  its 
history  that  the  fixing  of  stand ards  is  a  governmental  functiou 
and  has  early  made  provision  for  the  inaintenance  and  use  of 
the  standards  used  in  trade.  Later,  these  countries,  recog- 
nising the  )i©w  and  broader  field  of  metrology  and  its  vital 
relation  to  industrial  development,,  have  established  national 
institutions  equipped  for  scientific  investigations  in  all 
branches  nf  metrology.  Tlie  first'  of  these  was  tlie 
Physikaliscli-Teclinisclie  eichsanstalt,  established  by  Ger- 
many in  1884，  dealing  with  tlie  newer  branches  of  metrology, 
including  light,  heat,  electricity,  and  the  determination  of 
important  physical  constants  in  these  same  fields  of  science. 
This  institution  was,  in  addition  to  ilie  laboratory  of  the 
Normal  Eiclmngs-Kommission,  liaving  to  do  only  with  the 
ordinary  standards  of  trade,  and  its  phenomenal  influence 
upon  the  industrial  development  of  Germany  is  too  well 
known  to  comment  upon  at  length  at  this  time.  Later  there  was 
established  in  Germany  still  another  institution,  the  Material 
Priifungsamt,  dealing  with  the  subject  of  metrology  in  its 
newest  and  broadest  sense,  namely,  the  determination  of  tlie 
properties  of  the  more  important  materials  of  construction  and 
other  industrial  products.  While  this  latest  standardising 
institution  is  essentially  supported  by  the  Prussian  Govern- 
ment, its  influence  is  felt  throughout-  the  Empire. 

In  1898，  Great  Britain  established  the  National  Physical 
Laboratory  near  London,  again  an  institution  made  necessary 
by  the  ever-widening  field  of  metrology.  This  institution  is 
growing  by  leaps  and  bounds  and  is  already  an  important 
factor  in  the  industrial  development  of  that  country.  It  has 
taken  a  place  in  the  front  rank  of  scientific  laboratories  and  is 
doing  a  great  work.  In  the  United  States  the  founders  of  the 
Government  gave  to  Congress  the  responsibility  of  fixing  the 
standard  of  weights  and  measures  by  constitutional  provision. 
In  framing  this  paragraph  of  the  Constitution,  they  no  doubt 
had  in  mind  as  examples  the  standards  then  recognised  as 
necessary  ；  but  the  principle  involved  and  established  applies 
equally  well  to  the  standards  of  electricity,  heat,  and  all  others 
that  have  become  necessary,  or  may  become  necessary  in  the 
future,  to  commerce,  trade,  and  industry. 

In  1872，  a  conference  was  held  in  Paris  by  the  representa- 
tives of  30  countries,  and  provision  was  made  for  th&  construc- 
tion of  new  metric  standards  of  length  and  mass.  They  were 
made  of  au  alloy  of  platinum  and  iridium,  tlie  most  durable 
materials  known,  and  by  the  most  accurate  methods  known  to 
science  at  the  time'.  The'  copies  sent  to  the  United  States  in 
1890  were  adopted  by  the  Secretary  of  the  Treasury  as  our 
metric  standards.  In  1893,  the  relations  between  the  yard 
and  the  metre  and  ilie  avoirdupois  pound  and  kilogram  were 
fixed  by  that'  official,  based,  of  course,  upon  au  accurate  com- 
parison between  the  standards  of  the  two  systems.  From  ihis 
time  the  metre  and  the  kilogram  became  the  fundamental 
standards  for  both  systems,  thus  giving  to  the  common  system 
the  advantages  of  the  metric,  so  far  as  permanency  and 
accuracy  are  concerned.  One  should  not  confuse  the  terms 
u  unit  ，，  and  "  standard  "  ；  if  the  relation  between  the  yard 
n  nd  jnci  re  bot  h  unit's  is  known,  ihon  it,  is  only  necessary  to 
measure  off  on  a  subdivided  metre  that  portion  which  has  beeu 
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defined  as  equivalent  to  the  yard.  In  a  similar  maimer,  the 
pound  is  determined  from  the  standard  kilogram. 

A  few  examples  of  the  work  uow  in  progress  at  the  United 
States  Bureau  of  Standards  will  perhaps  illustrate  better  than 
by  auy  other  method  the  relation  of  metrology  to  the 
industries.  Those  familiar  with  manufacturing  need  scarcely 
be  told  the  importance  of  length,  mass,  volume,  and  density 
measurement  in  all  branches  of  industry.  The  requests  for 
the  comparison  of  length  standards  come  from  the  makers  of 
all  kinds  of  leugth-measuriug  instruments,  from  the  makers  of 
machinery  and  tools.  Practically  all  of  the  measuring  tools 
of  every  sort  used  by  workmen  in  construction  are  made  from 
standards  that  have  been  compared  with  those  of  the  bureau . 
The  bureau  is  never  without  the  standards  of  the  makers  of 
weights ；  the  standard  weights  of  manufacturing  concerns, 
railroad  companies,  or  the  precision  weights  used  in  industrial 
laboratories,  all  awaiting  comparison  with  the  Government 
standards.  Oil  companies  have  their  standards  of  capacity 
verified .  Gas  meters  are  referred  to  standards  of  capacity — 
as  well  as  the  glass  measuring  apparatus  used  in  industrial  and 
scientific  laboratories.  Hydrometers,  or  instruments  for 
measuring  the  densities  of  liquids,  are  used  in  great  quantities 
and  variety  ；  tables  of  densities  of  various  kinds  must  be  pre- 
pared for  use  in  connection  with  them.  These  are  but  a  few 
of  the  instances  involving  standards  of  length,  mass,  capacity, 
aud  density,  to  which  one  of  the  largest  sections  of  the  bureau 
is  devoted. 

The  electrical  industries  are  as  exacting  as  to  their  require- 
ments of  standards  as  scientific  laboratories.  This  industry 
has,  perhaps,  more  than  any  other,  adopted  scientific  methods 
aud  precision  measurements.  The  standards  of  the  makers  of 
electrical  measuring  instruments,  as  well  as  those  of  the  pro- 
ducers and  users  of  electrical  energy,  must  be  compared  with  a 
common  standard,  and  that  standard  (or  standards,  as  there 
are  several  of  them)  must  be  derived  from  the  fundamental 
standards  of  length,  mass,  and  time ― an  exceedingly  difficult 
operation.  The  Electrical  Division  of  the  bureau  was  called 
upon  recently  by  the  electrical  industries  for  a  determination 
of  the  conductivity  of  copper 一 a  physical  constant  of  great 
importance  to  that  industry 一 and  it  is  frequently  called  upon 
to  determine  the  electrical  properties  of  materials.  It  is 
undertaking  an  investigation  of  the  electrolysis  effects  of  stray 
一 currents  upon  underground  pipes  or  other  metal  construction 
with  a  view  of  determining  some  of  the  data  necessary  in 
standardising  electrical  construction  and  the  prevention  of 
electrolysis,  an  excellent  illustration  of  the  many  investiga- 
tions in  progress  at  the  bureau  for  the  determination  of  the 
properties  of  materials  under  specific  conditions,  in  order  that 
they  may  be  more  properly  used. 

In  addition  to  the  vast  number  of  temperature  measure- 
ments made  at  ordinary  ranges  in  industrial  processes,  many 
of  these  processes  depend  for  their  success  upon  measurements 
of  high  temperature.  This  is  especially  true  of  the  steel , 
glass,  porcelain,  and  similar  industries.  No  branch  of 
metrology  presents  more  varied  problems  or  is  more  closely 
connected  with  industrial  progress.  The  calorific  values  of 
^H.ves  and  other  substances  are  being  determined.  Only  a  few 
days  ago  the  refrigerating  industries  requested  the  bureau  to 
determine  the  heat  constants  of  annnoiiia  and  brine,  the  lieai- 
insulating  properties  of  materials,  and  other  constants  needed 
by  that  important  ind ustry.  Many  of  the  constants  and 
values  given  in  tables  of  reference  are  out  of  date  and  need  to 
be  redetermined  with  all  the  precision  possible  iu  modern 
metrology. 

One  scarcely  thinks  of  optical  measurements  in  connection 
witli  metrology  or  industrial  progress,  and  yet  optical 
measurements  are  an  important  factor  in  both .  The  applica- 
tions of  spectrum  analysis  are  niany •  The  duty  upon 
imported  sugars  is  collected  according  to  the  amount  of  pure 
sugar  they  contain,  as  determined  by  measurements  involving 
llic  principles  of  polarised  light ,  ； ind  everyone  is  familiar  with 
i  lie  relation  of  pliotometry  to  the  gas  and  electric  industries. 
Standards  of  colour  and  colour-measuring  instruments  are 
desired  that  are  applicable  for  tlie  measurement  of  the  colour 
of  textiles,  paper,  pottery,  and  many  other  materials.  In 
fact,  an  instrument  for  measuring  colour  has  been  recently 
developed  at  the  bureau,  and  the  substances  mentioned  are 
those  that  were  being  measured  but  a  few  days  ago  during  my 
visit  to  this  particular  laboratory.  I  nvestigaiion.s  are  in  pro- 
grcHJ*  for  tlie  purpose  of  dclcruiiiiiiig  the  data  necessary  in 


defining  the  optical  properties  of  the  various  lens  combina- 
tions, such  as  field  glasses,  photographic  lenses,  telescopic 
objectives  and  others,  and  also  the  means  of  specifying  and 
measuring  these  properties. 

Metrology,  in  the  broad  sense,  includes  not  only  the  various 
fields  of  physics,  but  chemistry  as  well.  Scarcely  a  problem  is 
taken  up,  either  in  connection  with  standards  of  measurement, 
constants,  or  the  properties  of  materials,  that  does  not  involve 
cliemical  analysis.  Standard  irons,  steels,  ores,  and  so  forth, 
of  known  compositions  are  required  by  tlie  metallurgical 
industries  ；  the  cliemical  industries  are  demanding  standards 
of  purity  in  reagents. 

Standards  of  quality  have  to  do  with  the  inanufactu r*»*J 
product  rather  than  the  process  of  manufacture,  and  they 
have  an  exceedingly  important  bearing  upon  industrial  pro- 
ducts. The  newest  and  largest  section  of  the  Bureau  of 
Standards  is  that  devoted  to  the  investigation  and  determina- 
tion of  the  properties  of  the  more  important  structural  and 
engineering  materials  in  order  that  they  may  be  correctly 
specified  and  most  efficiently  used.  The  bureau  tests  large 
quantities  of  such  materials  purchased  by  the  Government. 
In  doing  this,  it,  is  brought  in  contact  with  faulty  definitions, 
imperfect  specifications,  and,  in  many  cases,  the  entire  absence 
of  standards  of  quality  or  suitable  methods  of  testing.  This 
work  is  of  great  financial  value  to  the  Government,  but  it  is 
insignificant  as  compared  with  that  of  the  knowledge  that  is 
gained  by  doing  it  and  which  can  be  given  to  tlie  public. 

The  bureau  endeavours  to  serve  as  a  clearing-house  for 
knowledge  pertaining  to  metrology.  Scarcely  a  day  passes 
that  it  is  not  visited  by  several  representatives  of  various 
industries  seeking  information  as  to  standards,  methods  of 
measurement,  or  the  properties  of  materials;  every  mail 
brings  scorces  of  such  enquiries  from  every  section  of  the 
country  and  from  all  branches  of  industry.  The  bureau 
serves  as  referee  in  many  cases  of  dispute  when  questions  of 
standards  are  involved,  and  it  is  frequently  instrumental  in 
bringing  about  an  agreement  between  manufacturers  and 
users  as  to  standard  specifications. 

There  is  a  decided  and  rapidly-growing  tendency  on  the 
part  of  the  public  to  purchase  structural  and  othei'  materials 
according  to  properly-framed  specifications,  and  to  ascertain, 
by  suitable  tests,  whether  or  not  the  articles  purchased  comply 
with  the  specifications.  Hence,  the  bureau  encourages  the 
establishment  of  local  testing  laboratories,  especially  in  the 
large  cities,  by  furnishing  them  with  standards,  assisting  them 
in  the  preparation  of  specifications,  and  giving  them  the 
results  of  much  valuable  experience  gained  in  doing  similar 
work  for  the  Government.  The  time  is  not  far  distant  when 
©very  large  city  will  have  its  testing  plant,  dealing  not  only 
with  the  measurements  involved  in  the  public  utilities,  but- 
testing  all  materials  purchased  for  use  in  public  work . 

Finally,  I  would  call  attention  to  the  efforts  of  the  bureau 
toward  promoting  international  agreement  as  to  the  funda- 
mental questions  involved  in  metrology.  Largely  through  its 
influence  a  very  close  co-operation  has  sprung  up  between  the 
various  national  bureaus.  They  are  continually  exchanging 
standards  and  comparing  methods.  The  necessity  for  inter- 
national agreement  in  such  matters  is  becoming  daily  more  and 
more  apparent .  Tlie  scientific  world  employs  only  inter- 
national standards  ―  wliy  should  not  t  he  industrial  aud 
commercial  world  eujoy  the  same  privilege  ？ 


Future  of  the  U.S.  Petroleum  Industry. ― According  to  the 
" Kuol  Oil  Journal/'  tlie  future  oil  sup])ly  of  the  United  States 
will  be  derived  from  the  distillation  of  oil  saturated  shale,  which 
is  to  be  found  in  half  tho  States  of  the  Union,  us  the  supply  from 
nells  will  not  I  jo  equal  to  the  deinaiul,  even  w  hei»  new  oil  fields  are 
(level()p(、（l.  Jf  tl"、  consuniptioi!  of  pt^troleuin  increases  at  its  pre- 
sent rate,  21>>,(鳴"（耵 barrels  will  ho  needed  to  meet  the  deinaiul 
in  1917,  a  deniand  wliic-h  can  only  l>e  met  l>y  the  distillation  of 
shalo  oils  to  supplement  tlio  supply  i'rom  wells.  As  evidence  of 
the  statement  that  the  clem  aud  is  outstripping  the  supply,  it.  is 
pointed  out  that  Pennsylvania  crude  oils,  which  sold  at  6s.  5d. 
per  barrel  at  tho  wells  last  Dccemlicr,  are  now  offered  at  from 
(is.  8(1.  to  7s.  2d.,  andj  similar  ach  anccs  liavo  taken  place  in  all 
other  oil-fields.  The  present  reserve  stocks  of  "  light  crudes  M  in 
the  United  States  are  estimated  at  8U/J( K )/J( )0  barrels,  as  against 
95,000,000  barrels  in  July,  1911,  as  a  result  of  refiners  having  been 
coiiipcllofl  to  draw  on  their  rosorvos,  and  the  impression  is  strong 
in  11"、  oi I  iii 山 istry  tliat  new  liclds  siudicieiit  size  to  stop  this 
drain  on  reber\      will  not  bo  iuund. 


5S0 


THE    MECHANICAt  ENGiNBEk. 


[November  8,  1912 


INTERNATIONAL  ENGINEERING  AND  MACHINERY  EXHIBITION,  OLYMPIA.— V. 


Mr.  John  Thompson,  of  W()lv("lianipton，  exhibited  a 
section  of  a  Lancashire  boiler  having  Thompson  "  dished 
ends  and  ccrrugated  flues.  This  boiler,  it  is  claimed,  possesses 
advantages  over  the  flat-ended  type  in  Hint  there  are  no  stays, 
thus  iiuikiui;'  it  easier  to  clean,  and  there  are  no  slay  rivets  to 


Fig.  J.— Kennicott  Water  Softeneb.    Mit.  John  Thomp^n, 

WOLVEUHAMPTON. 

leak  (some  500  of  these  being  entirely  dispensed  with) .  The 
jH-sitions  for  the  feed  valves  and  steam  gauges  are  also  pressed 
from  the  solid  plate,  and  thus  all  rivets  are  removed  from 
the  ends,  except  those  connecting  shell  and  flues.  The  corru- 
gated flues  also  give  increased  beating  surface,  as  well  as 
greater  freedom  for  expansion  and  contraction. 

Fitted  to  this  boiler  section  was  a  Thompson  "  forced 
draught  furnace,  enabling  inferior  fuels  to  be  used,  the  high 
r;，te  of  combustion  compensating  for  the  -  lower  evaporative 
value  of  these  fuels  ；  while  at  the  back  of  the  boiler  was  shown 
a  "  Thoni])son  Mars  ，'  bent-tube  superheater,  having  30  tubes, 
and  200  sq.  ft.  of  heating  surface,  and  a  "  Thompson  Mars  " 
economiser  having  96  tubes,  and  960  sq.  ft.  of  heating  surface. 
A  Kennicott "  water  softener  was  also  shown  at  work  on 
this  stand,  and  as  it  possesses  several  interesting  features  we 
illustrate  it  and  describe  its  action  herewith  (see  Fig.  1). 
Referring  to  this  illustration,  A  is  a  lime-slaking  tank  into 
vvJiieli  a  calculated  quantity  of  lime  is  put,  and  slaked  with 
sufficient  water  "to  make  it  thin  enough  to  flow.  Then  the 
lime  is  allowed  to  flow  through  a  valve  into  the  chemical 
tank  B.  A  calculated  quantity  of  soda  is  put  into  the  chemi- 
cal tank  B  with  the  slaked  lime,  and  enough  water  added  to 
fill  it  to  a  definite  point.  The  agitator  C  propelled  by  the 
water  wheel  T)  keeps  the  contents  of  the  chemical  tank 
thoroughly  mixed. 

The  water  to  be  treated  enters  by  way  of  the  hard  water 
inlet  pipe  E  into  the  hard  water  box  F,  where  it  is  divided. 
The  greater  part  of  the  water  flows  through  an  opening  in 
tlie  bottom  of  this  liard  water  box,  over  the  water  wheel  D， 
and  tlirough  a  chute  G  into  the  top  of  the  "  down-take  "  1 丄. 


The  lesser  part  flows  through  a  pipe  into  the  dividing  box  I, 
where  it  is  divided  by  a  proportioning  slide  J,  one  part  flow- 
ing into  the  regulating  tank  K，  and  the  other  part  into  the 
top  of  the  "  down-take  "  II  through  a  pipe.  The  proportion- 
ing slide  J  may  be  set  according  to  graduations  on  the  side 
of  the  dividing  box  I，  so  that  the  regulating  tank  K  will  fill 
in  a  definite  number  of  hours,  the  machine  running  at  full 
capacity. 

The  head  of  the  lift  pipe  Jj  in  the  chemical  tank  B  is  con- 
nected by  a  chain  to  a  float  M  in  the  regulating  tank  K.  As 
the  regulating  tank  K  very  slowly  fills  with  water  from  the 
dividing  box  I，  the  float  M  rises,  the  head  of  the  】ift  pipe  L 
lowers,  and  the  contents  of  the  chemical  tank  B  flow  out 
through  the  lift  pipe  into  the  top  of  the  "down-take"  H， 
where  tliey  are  thoroughly  agitated  with  the  water  to  be 
treated,  which  comes  in  over  tlie  water  wheel. 

The  method  of  sedimentation  is  then  as  follows :  The  puri- 
fying materials  and  the  water  to  be  purified,  which  enter  the 
down-take "  H，  as  described  in  the  foregoing  paragraph, 
are  intimately  mixed  by  the  agitator,  so  that  precipitation  of 
the  scale-forming  matter  at  once  takes  place.  The  water, 
together  with  the  precipitated  lime  and  magnesia,  travels 
slowly  downward  tlirough  the  "  down-take  "  H，  and  the  pre- 
cipitate falls  away  from  the  water  in  the  main  settling  tank, 
whence  it  is,  at  regular  intervals,  removed  by  means  of 
revolving  sludge  pipes.  The  few  remaining  particles  of  pre- 
cipitate, if  any,  have  another  opportunity  to  settle,  as  the 
water,  after  passing  downward  through  the  "down-take"  H, 


Fit;.  2.— High-speed  Vertical  Diulling  Aiacuine. 
Mksshs.  James  Arohdale  &  Co.,  Ltd.,  Uihmingham. 

turns  and  passes  up  in  the  space  between  the  "  down-take  ，， 
and  the  shell  of  the  main  tank.  As  a  final  purification,  the 
rising  water  moving  at  its  lowest  rate  passes  through  a 
wood  fibre  filter  near  the  top  of  the  apparatus  (shown  in  the 
illustration  just  below  the  mouth  of  the  "down-take"  H), 
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whence  it  emerges  soft,  clear,  and  ready  for  use.  As  the 
main  tank  always  stands  full  of  water,  the  clear,  soft,  treated 
wat«r  discharges  from  the  overflow  on  the  side  of  the  main 
tank  at  a  point  above  the  filter  as  fast  as  the  water  to  be 
treated  enters  the  top  of  the  "  down-take."  When  the  regu- 
lating tank  K  becomes  full,  it  is  emptied,  another  charge  of 
lime  and  soda  is  put  into  the  chemical  tank,  and  as  the 
regulating  tank  again  very  slowly  fills,  the  charge  of  lime 
and  soda  flows  out  through  the  lift  pipe. 

It  will  be  seen ,  therefore,  that  the  machine  is  continuous 
and  wholly  automatic  in  its  operation,  the  flow  of  water 
furnishing1    all    the  power  necessary  for 
mixing  the  chemical  reagents   with  the 
water  and  for  operating  the  mechanism. 

Messrs.  James  Archdale  &  Co.,   Ltd.,  of 

Ledsam  Street,  Birmingham,  a  firm  well 
known  to  our  readers,  had  a  large  and 
interesting  exhibit  of  machine  tools  m 
the  centre  of  the  building.  Amongst 
these  we  may  mention  a  3ft.  Gin.  ball- 
bearing sensitive  radial  drilling  machine 
of  the  all-gear  type,  drilling  up  to  l|in. 
diam.  in  steel  ；  a  3ft.  Gin.  all-gear  radial 
machine  drilling  up  to  2^in.  diam.  in 
steel,  and  having  18  spindle  speeds  in- 
stantly changed  ；  a  3*2 in.  vertical  drilling 
machine  of  the  all-gear  type,  having  two 
ratios  of  gearing  changed  by  lever,  in- 
stant reverse  to  spindle  by  lever  and 
friction  clutches,  eight  spindle  speeds,  and 
four  rates  of  gear-driven  feeds  ；  a  7 in. 
capstan  lathe,  having  all-gear  heaclstock, 
bar  feed  admitting  l^in.  diam . ，  self- 
acting,  sliding,  and  screw-cutting  motions 
to  saddle,  reversing  gear  for  cutting  right 
and  left-handed  threads,  hexagonal  cap- 
stan with  self-acting  motion  and  self- 
selecting  stops,  gear  feed  motion,  &c.  ;  a 
liorizontal  milling  machine  of  the  all-gear 
type,  having  as  a  special  feature  the 
table  arranged  for  rapid  manipulation, 
and  fitted  with  a  patent  device  for  start- 
ing the  gear  feed  motion,  no  time  being 
thus  lost  in  idle  movement  of  feed,  whilst 
damage  to  cutters  is  prevented  ；  a  28in. 
vertical  drilling  machine  ；  a  3ft.  sensi- 
tive radial  drilling  machine  ；  and  a  9in. 
capstan  lathe.  The  three  latter  machines 
we  have  pleasure  in  illustrating  and  in 
describing  at  length  below. 

Fig.  2  shows  the  28in.  vertical  drill, 
a  rigid  and  powerful  machine  of  the  all- 
gear  type.  The  spindle  is  driven  through 
a  9-speed  gear  box  of  the  sliding  wlieel 
type,  self-contained  in  the  top  frame, 
with  change  levers  in  convenient  posi- 
tions. It  can  be  stopped,  started,  re- 
versed, and  speed  changed  by  levera 
within  easy  reach  of  operator,  and  all 
gears  for  speed  change,  reverse,  and 
spindle  drive  run  in  an  oil  bath.  The 
positive  gear-driven  feed  motion  gives  four 
changes  of  feed,  instantly  made  by  lever, 
and  these  can  be  stopped  or  started  in-  FlG- 
stantly  by  an  expanding  friction  clutch 
operated  by  lever,  this  feature  being  a  great  time  saver.  There 
is  also  slow  hand  feed  by  wheel,  and  lever  feed  for  sensitive 
drilling,  the  feed  worm  being  provided  with  a  ball  thrust. 
Automatic  stop  motion  to  spindle  is  provided  ；  and  the  stop 
can  be  quickly  set  for  depth  of  hole  without  any  calculation. 

The  table  revolves  on  a  centre  pin  or  stud,  and  is  arranged 
to  swing  round  the  column.  It  has  vertical  adjustment  by 
hand  wheel,  bevels,  and  screw,  and  a  ball  thrust,  which  thus 
makes  elevating  rapid  and  easy.  The  base  plate,  forked  and 
having  tee  slots,  is  for  use  with  large  work  when  the  table  is 
swung  out  of  the  way.  Fast  and  loose  pulleys  and  belt  shifter 
are  provided  on  the  base,  as  well  as  channels  for  lubricant. 


The  3ft.  combined  sensitive  and  radial  drilling  machine  is 
illustrated  in  Fig.  3.  The  special  features  of  tliis  (kisi^n 
are  the  combination  of  sensitive  and  radial  drilling,  all-^^a r 
drive,  a  new  form  of  saddle  carried  on  rollers,  improved  rever- 
sing motion  for  tapping  on  the  saddle,  and  a  new  device  for 
instantly  engaging  the  feed.  As  a  sensitive  drilling  niacliino. 
the  hand  lever  feed  can  be  used  for  rapidly  drilling  small 
holes,  and  the  radial  movement  enables  the  arm  io  be  swung 
quickly  into  position.  The  spindle,  wliirli  is  graduated  in 
16ths  of  an  inch,  can  be  raised  or  lowered,  started,  st oppnd, 


3.— Combined  Sensitive  and  Hadial  Iuii.mng  IUa(eine. 

UlHMINGHAil. 


Ml  RSKS.  JAMKS  .-\R[  IIDALE  &  Co.,  LTD. ； 


reversed,  feed  altered,  saddle  moved  along  arm  by  levers  and 
handles  on  saddle,  and  arm  adjusted  rapidly,  whilst  running 
at  the  highest  speed. 

As  will  be  seen  the  machine  is  gear  driven  from  a  con- 
stant speed  belt,  and  a  change  speed  box  of  the  sliding-wheel 
type  is  fitted  on  the  arm,  giving  nine  spindle  speeds  by  the 
rr.ovement  of  levers  within  easv  reach  of  the  operator. 

The  9iu.  capstan  lathe,  as  will  be  seen  by  a  reference  to 
the  accompanying  illustration  (Fig.  4),  is  a  massive  and 
compact  tool,  and  has  been  designed  for  dealing  with  bars 
up  to  3 Jin.  diam.,  or  for  chuck  work  from  forgings  or  castings, 
particularly  where  screw  threads  require  to   be  rut  (either 
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external  or  internal),  the  improved  chasing  gear  to  saddle,  to 
be  described,  enabling  this  to  be  done  with  accuracy.  Another 
feature  of  the  lathe  is  that  the  feed  motion  to  the  turret  and 
saddle  is  jtosil  ively  driven  by  gearing. 

The  heads!: ock  gearing  is  driven  by  a  constant  speed  belt 
through  spur  gears,  and  by  a  combination  of  sliding  wheels 
and  friction  clutclies  actii;ite(l  by  lever  movement,  18  changes 


screw,  carried  on  a  front  shaft  driven  by  gearing  from  the 
spindle,  and  is  clearly  shown  in  the  illustration.  This  guide 
screw  is  made  in  the  form  of  a  detachable  sleeve,  which  can 
be  readily  removed,  and  by  means  of  three  changes  of  speed 
which  can  be  given  to  it,  it  is  possible  to  cut  screws  having 
i，  I,  and  ]  its  pitch.  Both  the  guide  screw,  sliding  motion, 
and  capstan  feed  shafts  are  positively  driven  from  headstoclc 


除 


Fig.  4.— High-spked  9ix.  Centre  Capstan  Lathk.   Messrs.  James  Aiu'himi'e  &'  Co.,  Ltd.,  Birmingham. 


of  speed  are  obtained  in  either  direction,  the  changes  from 
single  to  double  gear,  and  reverse,  being  made  without  stop- 
ping the  lathe.  The  saddle  has  self-acting,  sliding,  and  sur- 
facing motions,  governed  by  the  lever  shown  in  front  of  the 
saddle,  and  it  is,  we  are  informed,  impossible  to  engage  both 
motions  at  once.  The  tool  slide  has  front  and  rear  tool 
holders,  and  is  fitted  with  hand  traverse  by  rack  and  pinion, 


Fio.  r).— Photo  op  Exhibiton  Coniu'.xsi'.k,  fittkd  with  L.E.B-  Fkrruler. 
MESftRs.  Thk  L.E.B.  Enginkkhincj  Company,  Ltd.,  London. 

geared  to  ensure  ease  of  movement.  Adjustable  knock-off 
and  dead  stops  are  also  provided  for  the  self-acting  longitu- 
dinal and  transverse  motions  of  saddle  and  tool  slide. 

The  chasing  gear,  previously  mentioned,  enables  threads  to 
h:»  cut  with  great  accuracy.       Tt  consists  of  a  short  guide 


by  gearing.  Reversing  motion  is  provided,  controlled  by 
lever,  for  cutting  right  or  left-hand  threads  from  the  same 
guide  screw  and  nut,  and  adjustable  indices  are  fitted  to  the 
longitudinal  and  transverse  movements  of  saddle  and  tool 
slide.  The  capstan  is  hexagonal  in  form,  and  revolves  auto- 
matically by  star  handle,  a  handle  being  provided  for  clamp- 
ing the  turret  block  to  slide.     The  turret  slide  has  a  self- 


Fig.  (；.— Pakts  of  L.E.B.  Condenskb  Frbrule  Outfit.    Messrs.  The  L.R.B. 
Engineering  Company,  Ltd.,  London. 

acting  traverse  of  15^in.,  and  automatic  stop  mechanism  with 
revolving  self -selecting  stops  for  each  tool.  Gear-driven  feed 
motions  are  provided  to  capstan  and  saddle,  and  these  have 
each  nine  changes,  altered  instantly  by  the  movement  of 
levers  in  front.  Levers  controlling  feed  motion  of  saddle  also 
control  feed  motion  of  capstan. 
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Messrs.  The  LE.B.  Engineering  Company,  Ltd.,  of  68，  Penton- 
ville  Road,  London,  N.,  exhibited  a  model  surface  condenser, 
showing  a  new  method  of  fixing  tubes.  The  method  consists 
ia  the  use  of  flexible  brass  ferrules,  which  automatically  adapt 
themselves  to  the  tube  and  tube  plate,  ensuring  a  perfectly 


tight  all-metal  joint,  without  the  use  of  soft  packing.  These 
joints  can  be  made  instantaneously,  and  removed  or  replaced 
when  necessary  in  a  fraction  of  the  time  required  for  ordinary 
screwed  or  wocd  ferrules.  In  the  mcdel  shown,  which  we 
have  pleasure  in  illustrating  in  Fig.  5，  a  pressure  of  251bs. 
per  square  inch  could  be  applied  on  the  steam  side  ；  so  that 
visitors  could  see  the  efficiency  of  the  ferrules.  The  method 
of  using  the  ferrules  was  also  shown,  together  with  specimens 
of  ferrules,  and  the  necessary  tools  for  fixing  and  removing 
them. 

In  Fig.  6  are  shown  the  various  parts  of  the  outfit,  A 
being  the  elastic  tapered  ferrule,  B  a  drift,  C  a  drawing  key, 
and  D  a  portion  of  tube  plate.  The  ferrule  A  is  made  with  a 
Morse  taper,  and  the  tube  plate  is  reamed  to  the  same  taper. 


screwed  down  against  the  tube  plate,  and  so  draws  the  ferrule 
straight  out,  without  damaging  it. 

Owing  to  the  simple  process  of  reaming  a  tapered  Ih.Ip,  in 
place  of  drilling  and  hipping  the  recess  necessary  with  ordi- 
nary brass  ferrules,  it  will  be  seen  that  the  ferrule  under 

noLice  is  far  more  econo- 
mical than  a  screwed  one, 
and  that  a  condenser  may 
be  fitted  up  in  a  small 
fraction  of  the  time  hither- 
to required. 

Messrs.  Denham's  Engi- 
neering Company,  Ltd  , of  UH, 
Queen's  Road ,  Hal  i  fax  ， 
exhibited  a  collection  of 
lathes  and  slotting  ma- 
chines, in  which  class  of 
tool  they  specialise,  and 
from  amongst  these  we 
select  for  special  descrip- 
tion an  8^in.  high-speed 
gap  lathe,  a  19in.  swing 
high-speed  turret  lathe, 
and  a  6in.  stroke  slotting 
machine.  The  first-men- 
tioned machine  is  illus- 
trated in  Fig  7，  and  its  gen- 
eral design  will  be  under- 
stood from  this  photo  view. 
As  will  be  noticed  the  bed 
top  is  quite  flat,  a  second  tier  being  provided  for  the  support  of 
the  apron,  whilst  the  edges  of  the  top  are  square  for  the 
guidance  of  the  carriage.  The  spindle,  which  has  a  3^in. 
hole  through  the  centre,  runs  in  parallel  gun-metal  bearings, 
which  are  adjustable  and  self-oiling,  whilst  the  end  thrust  is 
taken  against  the  front  housing  by  a  dust-proof  ball  thrust 
bearing.  An  end  chuck  is  also  provided  to  the  spindle  for 
use  in  steadying  bars. 

The  loose  headstock  is  of  the  cut-away  type,  and  is  fitted 
with  a  steel  spindle  which  goes  right  through  the  hand  wheel, 
thus  giving  a  full  bearing  for  the  spindle  when  out  at  its 
maximum  position.  The  head  can  also  be  set  over  for  taper 
turning,  whilst  the  shoe  fits  into  the  bed  the  whole  of  its 
length. 


Fm.  8.— 19in.  Swing  Turbkt  Lathe.   Messrs.  Dknham's  Enoineertng  Cootany,  Ltd.,  Halifax. 


The  ferrule  is  also  slit  in  such  a  manner  from  each  end 
that  the  slits  pass  one  another  but  do  not  meet.  In  this  way 
the  ferrule  becomes  elastic,  and  when  tapped  home  by  a  light 
blow  (r loses  down  on  the  tube  and  completely  fills  the  holev 
making  a  wat^r-tiglit  joint.     The  drawing  key  C  is  simply 


The  adjustment  of  the  carriage  is  by  taper  gib.  It  is  pro- 
vided with  24  different  rates  of  automatic  feed  for  sliding  and 
surfacing,  both  operated  from  the  same  handle  by  dropping 
worm,  an  instantaneous  trip  being  provided  for  the  sliding 
motion.    All  gears  are  of  steel,  and  the  screw-cutting  motion 
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and  feed  motions  are  interlocking,  thus  making  it  accident 
proof.  A  slipping  device  is  also  fitted  which  prevents  breakage 
in  case  of  overloading.  The  leading  screw  is  stationary  whilst 
sliding  or  surfacing,  and  when  screw-cutting  the  feed  shaft 
is  stationary.  A  swing  plate  is  fitted  in  the  usual  way,  and  if 
a  special  screw  is  required  to  be  cut  beyond  the  capacity  of 
the  gear  box,  change  wheels  can  be  used  in  the  usual  mami&r. 
A  chasing  dial  is  also  fitted  to  the  carriage,  which  enables  the 


Fig,  9.— 6in.  Stroke  Slotting  Machine.   Messrs.  Dkn ham's  Enginekrinq  Co.,  Ltd.,  Halifax. 


operator  to  catch  the  proper  intervals  of  the  leading  screw 
quite  easily  when  cutting  odd  threads. 

Fig.  8  shows  Messrs.  Denham's  19in.  swing  turret  lathe. 
As  will  be  seen  It  is  of  massive  design,  and  like  the  above- 
described  lathe  is  fitted  with  flat-topped  bed  having  square 
edges  for  the  guidance  of  the  carriage.  The  headstock  also 
is  of  practically  the  same  design.  On  the  saddle  is  mounted 
either  an  open-sided  square  turret  or  an  hexagonal  turret. 
Three  rates  of  feed  are  provided  for  sliding  and  surfacing, 
positive  clutches  being  used,  controlled  from  the  front  of  the 
lathe,  the  feeds  being  changed  with  the  lathe  in  motion.  If 
desired,  a  central  boring  slide  can  be  fitted,  carrying  an 
hexagonal  turret,  in  which  case  a  square  turret  would  be 
fitted  to  the  saddle.  This  slide  may  have  either  automatic  or 
hand  feed,  three  rates  of  feed  being  provided  if  automatic, 
quick  hand  traverse  being  obtained  by  pilot  handle.  The 
turret  slide  can  also  be  securely  locked  for  use  as  a  loose  head- 
stock  . 

The  gauging  arrangement  shown  on  the  front  of  the  bed 
can  also  be  supplied  if  desired.  This  consists  of  six  dead 
stops  for  lengths,  and  six  dead  stops  for  diameters,  each  stop 
having  fine  adjustment,  thus  making  it  possible  to  gauge 
lengths  and  diameters  to  a  very  fine  degree  of  accuracy.  One 
dead  stop  is  also  provided  for  the  boring  slide,  for  depths 
when  boring. 

The  6in.  slotting  machine  we  illustrate  in  Fig.  9，  two 
sides  of  this  machine  being  shown  in  the  one  illustration.  The 
body,  as  will  be  observed,  is  of  box  section,  and  is  fitted  with 
shelves  to  carry  the  operator's  gauges,  small  tools,  &c.  Driv- 
ing is  by  spur  gearing  and  3-speed  cone,  a  heavy  flywheel 
being  also  fitted.  The  disc,  which  works  in  a  seating  bored 
out  of  the  main  casting,  is  graduated  to  indicate  the  exact 
stroke  of  the  ram,  the  adjustment  of  stroke  being  obtained 
by  means  of  a  screw  and  nut  running  in  the  usual 丄 slot  in 
the  disc.  . 

The  circular  table  has  longitudinal,  transverse,  and  cir- 
cular motions,  all  self-acting  and  driven  from  a  cam  on  the 


large  gear  wheel,  and  each  can  be  engaged  independently  of 
the  others.  The  table  is  indexed  around  its  circumference, 
and  a  plunger,  and  equally-divided  plunger  holes  in  the 
table,  make  it  possible  for  work  to  be  slotted  on  two,  three, 
four,  six,  or  12  equal  sides.  It  may  also  be  adapted  to  the 
special  requirements  of  a  customer. 

A  ('anting  motion  can  also,  we  understand,  be  fitted  to  the 
ciicul.'Lr  table  when  required,  giving  ^6in.,  Jin.,  ^6in.,  or  Jin. 

\  ； I  jkt  per  foot  at  will,  for  slot  tin^  keyways 
with  a  taper. 

Messrs,  W.  Silvcrstccn  ^  Co.,  of  147,  Cannon 
Street,  London,  E.C.,  exhibited  lifting 
magnets  for  different  loads,  \Vith  all  the 
necessary  mechanical  and  electrical  fittings. 
This  firm  have  specialised  in  electro-magnetic 
tools  and  appliances  ；  and,  as  well  as  lifting 
magnets,  they  exhibited  de-magnetising 
apparatus,  eye-magnets  for  extracting 
particles  of  iron  or  steel  from  the  eye,  and 
electro-magnetic  chucks.  The  latter  were 
shown  in  several  shapes,  and  to  suit  various 
classes  of  machine  tools,  such  as  lathes, 
planers,  sliapers,  and  millers. 

Messrs.  The  Skefko  Ball-bearing  Company,  Ltd., 

of  Luton,  Bedfordshire,  had  an  interesting 
exhibit'  of  ball  bearings  on  Stand  No.  347. 
Prol>al)l y  t he  most  noticeable  feature  of  this 
exhibit  was  a  short  length  of  1+in.  shafting 
which  had  purposely  been  badly  deflected, 
hut  was  running  freely  in  two  Skefko 
j)]urnnier  blocks,  fitted  with  their  self- 
； iligiihig,  double  row,  radial  ball  bearings. 
It  would  have  been  absolutely  impossible  for 
1  liis  shaft  to  have  run  in  an  ordinary  rigid 
hall  or  plain  bearing,  so  badly  was  it  bent, 
and  it  formed  a  striking  proof  of  the  auto- 
matic and  practically  frictionless  alignment 
possessed  by  their  bearings. 

The  balls  used  in  the  manufacture  of 
their  bearings  are,  we  are  informed,  guaran- 
teed accurate  to  the  one-ten-thousandth 
they  are  made  from  cast  steel  of  the  highest 
produced  from  the  purest  Swedish  ore,  hardened 
throughout,  and  tempered  by  a  special  process,  involving 
five  distinct  operations  which  give  the  requisite  hardness  and 
density  without  brittleness,  and  are  carried  in  frictionless 


of  an  inch  ； 


Fig.  10.  - Comptometer.   Messbs.  Thk  Pelt  and  Tarrant  Manufactuuino 
Company,  London. 

cages  made  in  one  piece,  which  allow  of  their  easy  removal 
and  replacement.  The  races  are  ground  to  the  most  accurate 
dimensions,  are  liighly  polished,  ■  are  absolutely  free  from 
lateral  grooves,  holes,  or  flaws,  and  are  ground  to  the  correct 
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radii  to  retain  the  balls,  and  present  a  uniform  bearing  sur- 
face on  both  ball  races.  The  complete  bearing  is  also  self- 
contained,  and  is  simple  to  install.  It  will,  it  is  claimed,  with- 
stand a  considerable  axial  thrust  without  loss  of  efficiency, 
and  will  accommodate  itself  to  all  deflections  of  the  shaft 
upon  which  it  is  mounted.  It  is  fitted  with  the  maximum 
number  of  balls,  three  of  which  carry  the  bulk  of  the  radial 
load  at  any  given  moment  against  the  usual  one  only. 

Messrs,  Major,  Robinson,  &  Co.,  Ltd.,  of  213,  Deansgate,  Man- 
chester, exhibited  one  of  their  patent  pipe  and  tube  bending 
machines,  complete  with  blocks  for  bending  various  size  tubes 
from  i'm.  to  2 in.  Samples  of  various  pipes  and  tubes,  as  bent 
in  the  machine,  were  also  showu.  The  tubes,  &c.，  are  bent  in 
the  cold  state,  and  without  the  use  of  filling.  It  is,  of  course, 
equally  adaptable  for  bending  solid  round  bars  of  iron  or 
steel,  and  these  it  will  take  up  to  1  Jin.  diain. 

Several  useful  cements  and  compounds  of  the  firm's  manu- 
facture, were  also  shown.  Amongst  these  we  may  mention 
their  ••  Skolz  "  elastic  cement,  for  treating  the  inside  seams 
of  boilers,  tanks,  &c . ,  and  for  repairing  all  kinds  of  leaks  : 


shown,  viz.,  the  Britisli  cur rencv  or  duodecimal  model,  giving 
answers  in  poiuuls,  shillings,  ]>ence,  and  fart  liings  ；  t  lie 
fraction  model,  having  the  first  column  at  the  riglit'  for  add- 
ing fractions  in  eighths  ；  and  a  decimal  nuxlel,  giving  answers 
in  whole  mnnbor  ； m(l  decimals.  Eacli  machine  is  made  wit li 
either  8，  it),  or  12  columns  as  desired,  and  is  small,  light , 
strong,  compact,  and  very  neatly  finished.  They  measure 
only  5in.  to  the  top  of  the  keys,  and  weigli  but  151bs.  or  so. 

To  indicate  what  may  be  done  with  the  machines,  perhaps 
we  cannot  do  better  than  give  a  few  exam  pies,  with  the  time 
taken  to  perform  same.  Thus  :  〃；',〃'.、• 一 54.J,  hours  at  9]d .  per 
ho\xv  =  £2.  2s.  ;  time,  3  seconds.  Touikkjc ― 15  tons  6  cwts. 
1  qr.  191bs.  at  49s.  4(1.  per  ton=,£37.  15s.  lOd.  ;  time,  3 
seconds.  E.rrhanf/e—^lJ53A5  at  4'87.1>  -  £359.  13s.  8(1.; 
time,  5  seconds.  3545*25  fr.  at  25-lof  =  £140.  18s.  5{d., 
time,  10  seconds,  rcrrentfnjc ― £486.  12s.  6d.  less  3]  per 
cent.  =  £470.  16s.  2^d.  ；  time  10  seconds.  丄378. 
10s.  8d.  at  3^  per  cent,  for  288  days- £10.  9s.  Id.  ;  time, 
25  seconds.  ―  6,327  x  6,45-7  =  40,853,439  ；  time,  5  seconds. 
263  x  879  x  138  =  31,902,426  ;  time,  9  seconds  ：  and  so  on. 
The  Comptometer  keyboard,  as  will  be  noticed  by  reA'o- 


FlG.  11.— LK3TER  1  SPINDLE  AUTOMATrf  SCREW  MACHINE  (FRONT  VlKW.       MESSRS.  ('.  W.  ]":RTO、'，  GRIFFITHS  &  ('O-'SLOMDOX. 


' Skolz  •，  traction  pole  cement,  for  use  in.  fitting  up  socket 
joints  iii  tramway  traction,  and  other  poles  erected  in  sec- 
tions ; 'Skolz"  graphite  j)ipe  joint  compound,  for  making 
perfe<  tly  tight  joints  in  steam,  gas,  air,  or  water  pipes,  tanks, 
fonnections,  etc.  :  "  Skolz  "  flange  conipound,  for  making  tight 
flange  joints,  the  contraction  and  expansion  being  the  same 
as  iron  :  and  •'  Skolz  "  iron  cement.  This  latter  is  a  very 
useful  compound.  When  slightly  moistened  with  a  few  drops 
of  clean  water,  and  mixed  to  the  consistency  of  a  stiff  putty,  it 
will  fill  out  any  form,  or  fill  up  any  defect  in  a  casting,  adher- 
ing permanently,  and  becoming  part  of  it.  After  a  few  hours 
it  will  be  nearly  as  hard  as  the  casting  itself,  and  it  continues 
to  harden  for  months  afterwards.  I  n  colour  it  is  dark  grey, 
and  after  it  has  got  hard  cannot  be  distinguished  from  the 
article  it  is  used  upon.  It  is,  it  is  claimed,  unaffected  by 
oils,  heat,  various  acids,  &c.，  the  contraction  and  expansion 
are  the  same  as  iron,  and  it  can  be  finished  and  filed  up,  pre- 
senting quite  a  bright  appearance  afterwards. 

Messrs.  Felt  &  Tarrant  Manufacturing  Company,  of  Bank 
Buildings,  Kingsway,  London,  exhibited  several  types  of 
tlieir  now  well-known  "  Oompiometer/ *  an  instrument  for 
per  forming  witli  accuracy  all  kinds  of  addition,  subtraction, 
multiplication,  and  division.      Tliree  types  of  ma<:hitie  wore 


rence  to  Fig.  10,  is  extremely  simple.  In  the  duodecimal 
Comptometer  with  farthings,  the  first  coin mn  on  the  right  is 
for  farthings  1  to  3,  in  the  second  column  are  pence  from 
1  to  11，  in  the  third  column  are  units  of  shillings  from 
1  to  9，  in  the  fourth  column  are  tens  of  shillings,  in  the  fii't li 
column  are  units  of  pounds  from  1  to  9，  in  the  sixth  column 
are  tens  of  pounds  from  1  to  9，  and  so  on  across  the  keyboard. 

Addition  is  performed  by  merely  depressing  the  keys  cor- 
responding to  the  numbers  to  be  added.  To  add,  say,  £18. 
15s.  lOd.  strike  the  1  key  in  the  sixth  column,  the  8  key  in 
the  fifth  column,  the  1  key  in  the  fourth  column,  the  5  key 
in  the  third  column,  and  the  10  key  in  the  second  column 一 
when  the  amount  appears  on  the  register. 

To  multiply,  take  one  number  on  the  keys  and  count  the 
strokes  as  indicated  by  the  digits  of  the  other  number.  For 
example,  to  multiply  578  by  463  ;  since  the  duplex  feature 
permits  the  striking  of  any  number  of  keys  at  the  same  time, 
place  the  fingers  on  578  and  strike  three  times  :  move  one 
eclumn  to  the  left  and  strike  six  times  ；  moving  once  more  to 
the  left  strike  four  times ― when  you  have  the  answer, 
267, G14,  in  tlie  register.  A  very  little  use  of  tlie  machine 
gives  amazing  speed  on  imiltiplication,  and  if  tliere  he  a 
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decimal  point  in  either  of  the  factors,  they  are  simply  pointed 
oft  in  the  same  way  as  when  figuring  with  pencil  and  paper. 

On  the  duodecimal  Comptometer,  amounts  in  British 
currency  can  also  be  quickly,  easily,  and  accurately  ni ultipliecl 
by  either  whole  numbers  or  decimals.  The  pounds  columns 
in  such  a  machine  are  naturally  the  same  as  the  decimal 
columns  on  a  machine  which  is  wholly  arranged  for  decimals, 
and  so  the  pounds  columns  can  be  used  for  adding  or  figuring 
anything  in  decimals.  In  this  way  all  computations  in  deci- 
mals and  duodecimals  can  be  done  on  one  and  the  soitio 
machine. 

Division  and  Subtraction. ― Ea<:h  key  bears  on  its  top  a 
small  figure  which  indicates  the  power  <A'  that  key  for  sub- 
tracting and  dividing.  These  operations  are  the  converse  of 
adding  and  multiplying.  Discounts  are  also  figured  willi 
reference  to  the  small  figures  on  the  key  to]>s. 

The  lever  on  the  side  is  used  only  to  cancel  or  set  the 
macliine  at  naught,  preparatory  to  beginning  a  new  addition 
or  calculation. 

If  a  wrong  key  should  be  touched  by  mistake,  correction 
of  the  error  can  be  easily  and  quickly  made.  Thus,  if  a  5 
should  be  struck  instead  of  a  G,  the  difference  is  added  by 
striking  tlie  1  key  ；  or,  if  9  is  struck  instead  of  7，  sfmply 


either  fed  collectively,  the  four  rods  at  once,  or  independently. 
There  are  four  tool  positions  in  the  tool  slide,  giving  four  end 
cuts  and  four  independently  operated  cross  slides,  on©  to  each 
s])indle.  The  tapping  and  screwing  spiiiclle  can  be  applied 
either  in  the  third  or  fourth  position,  or,  if  necessary,  the 
machine  can  be  fitted  with  two  tapping  and  screwing  spindles, 
one  in  the  third  position  and  the  other  in  the'  fourth.  The 
time  consumed,  we  are  informed,  in  drawing  tools  away  from 
work,  feeding  the  stock ,  indexing  tiie,  spindle'  cylinder,  and 
moving  the  tool  forward  again  ready  to  cut,  in  no  case  exceeds 
three  seconds,  whilst  the  capacity  of  the  macliine  is  for  bars 
up  to  lin.  diarn. 

Fig.  12  shows  a  "  Lapoiiite  ，，  broaching  machine  exhibited 
by  Messrs.  Burton,  Griffiths,  Si  Co.  Tliese  machines,  which  are 
made  in  four  sizes,  are  for  l)roacliing  out  holes  of  irregular 
shape,  and  have  b&en  found  particularly  adaptable  for  the 
motor  industry.  A  board  with  samples  of  holes  broached  was 
shown  at  tlie  Exhibition,  ancl  t  liis  gave  a  very  good  idea  of  the 
class  of  work  performed  by  the  machine.  The  smallest  size 
machine  has  a  capacity  for  broaching  a  square  hole  ^in.  square 
by  2in.  long,  or  for  cutting  a  key  way  ^in.  wide  by  4in.  long, 
and  the  largest  macliine  lias  a  capacity  for  cutting  a  key  way 
1  ]  in.  wide  l)y  14 in.  long,  or  for  broaching  a  3in.  square  liole 
Sin.  long.    Other  lioles  can  of  course  b©  broaclied  of  propor- 


Fig.  12.—"  Lapotnte  "  No.  4  Broaching  Machine.    Messrs.  C.  、V.  Burton, 
Griffiths  &  Co.,  London. 


strike  the  key  which  subtracts  2.  All  odd  keys  are  concave, 
all  even  ones  smooth  ；  so  that  from  a  sense  of  touch  alone  the 
operator  is  instantly  aware  of  it  should  a  wrong  key  at  rare 
intervals  be  struck. 

Messrs.  C.  W.  Burton,  Griffiths,  &  Co"  of  Ludgate  Square, 
London,  E.C.,  had  several  very  large  stands,  the  tools  shown 
forming  a  fully  representative  exhibit  of  the  firm's  manu- 
factures and  of  tliose  they  factor.  So  many  tools  and 
appliances  we're  shown  that  it  is  impossible  to  do  justice  to 
them  all  in  the  limited  space  at  our  disposal,  and  indeed  it 
becomes  a  matter  of  difficulty  to  select  any  on©  particular  tool 
for  special  mention,  as  there  we're  new  and  important  features 
on  almost  every  machine  shown.  We,  however,  illustrate  and 
give  a  few  extended  particulars  of  three  of  the  exhibited 
machines,  together  with  illustrations  and  a  short  description 
of  several  smaller  tools  and  appliances,  in  the  hope  that  they 
will  prove  of  interest  to  our  readers. 

Fig.  11  shows  the  u  Lester  "  multiple  spindle  automatic 
screw  machine,  which  is  entirely  new,  the  one  exhibited  being 
the  first  to  be'  shown  of  its  type.  It  is,  the  firm  claim,  an 
improvement/  on  the  "  Lester  ，，  3-spiudle  automatic,  a  machine 
they  have  been  selling  for  some  considerable  time  past.  As 
will  be  seen,  the  machine  is  of  the  single  pulley  drive  type,  the 
pulley  running  at  a  constant  speed,  there  being  four  spindles 
carrying  the  bar  stock .  The  collets  have  no  end  movement, 
thus  ensuring  accurate  feed  of  stock ,  wliilst  the  rods  can  be 


Fig.  13.— *'Pittler"  Atttomatic  Pin  and  Stud  Machine,  Modkl  A.  II. 
Messrs.  C.  W.  Burton,  Griffiths  <fc  Go.,  London. 

tional  sizes.  The  machines  get  througli  tlie  work  usually 
accomplished  on  the  slotting  machine  in  from  one- fifteenth  to 
one-twentieth  of  the  time,  and  for  repetition  work  we  should 
say  they  are  an  essential  part  of  a  modern  machine  shop 
equipment . 

The  work  to  be  done  requires  no  fastening  whatever  to  the 
machine,  but  is  simply  slipped  on  to  the  work  bushing  or 
broach  in  a  loose  manner,  according  to  the  work  to  be  done. 
The  work  tlien  becomes  fastened  in  its  proper  position  as  soon 
as  the  macliine  is  started.  In  most  cases  but  one  operation  is 
required,  and  but  one  minute's  tim©  is  consumed  to  cut  a 
key  way  in  a  hole,  and  sometimes  three  or  four  pieces  can  be 
done  in  one  operation,  thus  increasing  the  production  from 
25  to  100  pieces  per  hour.  For  broaching  square  holes,  or 
other  various  shapes,  when  not  over  2 in.  long,  the  work  can 
be  done  in  a  single  operation  consuming  1  i  to  2  minutes'  time, 
while  on  longer  work  the  passage  of  two  or  three  broaches  may 
be  necessary,  the  time  of  production  being  of  course  increased 
accordingly. 

Fig.  13  shows  a  "Pittler"  pin  and  stud  machine,  which  was 
exhibited  and  shown  at  work  turning  out  screws  with  round 
heads,  ^in.  diam.  and  ^in.  long,  including  the  nicking  for 
screwdriver,  at  the  rat©  of  32  per  minute.  These  machines, 
w&  understand,  are'  at  present  only  made  in  three  sizes,  viz. : 
Models  A  I.,  A  II.,  and  A  III.,  and  it  is  the  middle-sized 
model  we'  illustrate.  They  have'  been  specially  designed  and 
adapted  Cor  drilling  and  cutting  off  nuts,  plain  pins,  and 
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similar  shaped  articles,  which  can  be  made  from 
drawn  or  rough  rolled  bars  of  various  metals,  and  in  the  manu- 
facture of  which  only  three  or  four  tools  are  necessary. 
When,  however,  as  at  the  Exhibition,  these  machines  are  pro- 
vided with  a  threading  attachment,  little  screws  or  plain  pins 
may  be  produced  advantageously  by  them.  The  machines 
work  quite  automatically,  so  that  after  the  proper  setting  up 
of  the  tools  the  operator  has  only  to  replace  the  bars  as  they 
are  used  up. 

The  bed,  as  will  be  seen,  forms  a  trough  to  collect  the 
liquid  used  for  cooling  the  bars  and  tools,  which  liquid  is  kept 

in  continuous  circulation 
by  a  small  pump.  The 
beadstock  is  provided  with 
automatic  feed  and  collet 
chucks  for  holding  the 
bars,  which  latter  are  held 
very  rigidly  and  precisely, 
as  the  feeding  chuck  does 
not  require  to  be  displaced 
laterally  after  it  has 
gripped  the  bar.  The 
automatic  movements  are 
effected  by  cams  or  drums, 
the  latter  carrying  spiral 
segments  which  transmit 
the  rates  of  feed  desired 
to  the  various  slides. 

The  cross  slide  is  in 
two  parts  and  arranged  in 
such  a  way  that  the  two 
tools  may  be  made  to 
work  together  or  indepen- 
dently, as  desired,  the 
depth  of  cut  of  the  tools 
being  easily  and  rapidly 
regula-ted  by  screws. 
Circular  forming  and  cut- 
ting-off  tools  are  used, 
which  may  be  ground 
without  altering  their 
shape,  and  the  tool  posts 
arc  adj  ustable  laterally 
and  are  provided  with 
teeth  which  engage  、vith 
the  circular  tools  so  that 
these  tools  will  not  <iet 
out  of  position  while 
working.  Upon  the 
cross  slide  may  also  be 
fastened  a  tool  for  the 
ornamentation  of  tlie  heads  of  screws,  such  as  a  knurler,  whicli 
is  made  to  roll  against  the  hear]  before  cutting  off. 

The  longitudinal  slide,  intended  for  one  tool,  is  fed  auto- 
matically into  tlie  work,  and  is  driven  by  means  of  the  cam 
shaft,  the  cams  being  arranged  in  such  a  way  that  the  slide  is 
fed  only  while  the  tool  is  working,  the  return  and  idle  move- 
ments being  effected  at  a  much  quicker  rate.  For  the  boring  of 
rings,  nuts,  and  other  pieces  the  slide  is  provided  with  a  tool- 
holder,  which  may  contain,  besides  a  twist  drill  or  other  boring 
tool,  a  round  tool  for  chamfering,  so  that  boring  and  chamfer- 
ing operations  may  be  clone  at  the  same  time. 

From  amongst  the  small  tools  and  appliances,  exhibited  at 
a  separate  stand  to  the  one  on  whicli  the  machine  tools  were 
fill  own,  we  select  tlie  "  Burton  ••  watch  and  speed  indicator, 
the"  Perfection  "  spring  winder,  a  drill  speeder,  and  a  "  Nor- 
ton " water  motor  for  special  description,  and  these  we  illus- 
trate in  Figs.  14  to  18.  At  soms  later  date  we  hope  also 
to  be  able  to  fully  illustrate  and  describe  a  set  of  "  Johansson  " 
combination  standard  gauges  shown  by  the  firm.  The 
accuracy  of  these  gaugss,  we  should  say,  is  probably  higher 
t liau  has  ever  before  been  produced  in  steel,  and  is  the  more 
remarkable  in  view  of  their  large  surfaces  and  the  fact  that 
they  have  been  brought  out  as  a  commercial  article  intended 
for  daily  use  in  the  tool  room  of  an  engineering  workshop. 
Such  tools  cannot  fail  to  excite  the  greatest  praise  and 
admiration. 

Fig.  14  illustrates  tltc  "Burton"  watcli  and  speed  indi- 
cator, a  very  forn p;if:|.  and  liandy  instrument  weighing  only 
some  6  ozs.  and  capable  of  registering  up  to  10,000  revolutions. 


Pig.  14.—"  Burton  *'  Watch  and  Spk]-:d 
Indicator.   Messks  C  W.  Buuton, 
Gim.i'iTHS  &  Co.,  London. 


As  will  be  noticed,  the  watcli  is  liin^ed  to  the  counter,  and 
when  not  in  use  is  folded  over  and  tlius  forms  the  back  of  the 
instrument. 

Figs.  15  and  16  show  another  ingenious  little  tool  for  wind- 
ing springs.  Tliis  can  be  used  with  either  lathe,  drill,  or  vi('(，， 
and  it  will  wind  either  compression  or  extension  springs  of  any 
leii^tli  and  from  any  gauge  wire,  no  wire  being  wasted  in  the 
process. 

The  drill  speeder  shown  by  Messrs.  Burton,  Grifliihs  is 
illustrated  in  Fig.  17.  The  object  of  this  little  device  is  to 
drive  small  drills  up  to  their  proper  speed  while  being  used  in 
tlie  larger  class  of  drilling  machine.  The  speeder  takes  up  to 
^iii.  drills  and  has  a  sensitive  feed  lever  giving  about  l;in. 
travel,  but,  when  this  is  not  enough,  the  ordinary  feed 
mechanism  may  of  course  be  used. 

Fig.  18  is  an  illustration  of  the  "  Norton  "  water  motor 
shown  by  the  firm.  These  will  be  found  a  compact  and  useful 
device  for  obtaining  power  for  running  light  machinery. 
They  can  be  used  with  a  pressure  of  301bs.  or  over  of  water 
and  develop  from  |  h.p.  to  ^  h.p.  Two  pulleys  are  provided, 
as  shown,  one  at  each  side  of  the  motor,  one  of  these  being 
geared  to  run  at  1,000  to  1,600  revs,  per  minute,  and  the  other 
running  at  the  speed  of  the  main  shaft,  viz.,  from  3,000  to 
5,000  revs,  per  minute. 

Other  useful  small  tools  shown  were  ：  Gas-heated  soldering 
irons,  new  types  of  lathe  carrier,  bench  grinders,  "  Third 
Hand  ''  thumb  magnifiers  (a  useful  magnifier  whicli  can  be 
clipped  to  the  thumb  of  the  left  hand,  thus  leaving  the  fingers 
of  each  hand  free  to  hold  and  examine  the  article),  a  new 
slide  calliper,  new  types  of  wrenches,  milling  cutter  guards, 
&c.，  but  we  have  not  space  to  describe  these  at  length.  We 
may,  however,  in  conclusion,  call  attention  to  a  little  novelty 
shown  on  the  stand  in  the  shape  of  what  is  claimed  to  be  the 
smallest  twist  drill  in  the  world.  This  drill  was  only  0'005in. 
diam.,  but  nevertheless  a  real  twist  drill  having  milled  flutes, 
and  being  hardened,  ground,  and  tempered  ready  for  use. 

Messrs.  Alldays  &  Onions  Pneumatic  Engineering  Company,  Ltd.. 
of  Great  Western  Works,  Birmingham,  exhibited  a  repre- 
sentative collection  of  goods  of  their  manufacture  on  Stand 
No.  321.  The  firm,  as  our  readers  will  be  aware  from  the 
notices  we  have  given  from  time  to  time,  specialise  in  smithy 
and  foundry  equipment,  including  heaters,  fans,  blowers, 
power  hammers,  cranes,  and  small  tools,  as  well  as  furnaces 
of  all  classes  for  forging,  hardening,  annealing,  &c.，  and  fans 
for  mine  ventilation  and  induced  draught.  The  exhibit  was 
a  large  one,  and  demonstrations  were  given  at  intervals  of  the 
furnaces,  liammers,  fans,  &c.，  shown.  All  the  furnaces  were 
fitted  with  tlie  firm's  patent  burner,  which  we  have  previously 
described  (see  "  Tlie  Mechanical  Engineer  "  for  October  12th, 
1907，  page  518，  Vol.  XX-),  and  a  modification  of  this  burner 
was  also  shown  for  hand  use  for  mould  drying,  local  heating, 

Mr.  William  Boby,  of  Salisbury  House,  London  Wall,  London, 

E.G.,  exhibited  two  of  his  water  softeners,  one  being  known 


15.— rKlU-'KCTION  SPKIN (；  WlNDEIl.     Mkssks.  C.  W.  liUItTOX,  GlUFFITHS 

and  Co.,  London. 

as  the  "Simplex"  type,  and  the  other  as  the  type  '(  K  ，， 
softener.  The  "  Simplex  "  softener  employs  re-agents  in  the 
form  of  "  cream  "  of  lime  and  soda,  the  apparatus  distributing 
the  re-agents  in  accurate  proportion  to  the  water  to  be  treated . 
To  ensure  the  correct  amount  of  chemical  being  applied  to  the 
water,  two  vessels  are  provided  into  which  the  chemical  solu- 
tion and  the  water  respectively  are  definitely  measured,  the 
vessel  containing  the  chemical  solution  is  then  discharged  and 
mixed  with  the  water  measured  in  the  water  vessel.  No 
valves  or  floats  are  employed  in  tlie  distributing  gear.  This 
machine  is  made  in  capacities  varying  from  250  galls,  per 
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hour  to  as  large  a  capacity  as  desired.  The  type  "K" 
machine  is  a  novel  form  of  softener  in  which  re-agents  are 
employed  in  the  form  of  dry  powder,  accurately  (Jist'i'ibute'd  to 
the  water.  This  t'ype  is  designed  for  as  small  a'  quantity 
200  galls,  per  day  of  24  hours,  and  up  to 
4,000  galls,  per  hour.    The  device,  we  are  told, 


quantity  of 
has  proved  to 


1'iG.  10.— Showing  I'jatri'.cTioN  si'ui\c;  \\  imhik 

VHl.l)  IN  CONJUN'CTION  WITH  LATHM.   Mi:ssKS.  C  \V. 

BuiixoN,  GuiriuTHfi  iV  Co  ,  London. 


Kl".  J7.  — Ultll.I,  Sl'JXUKK. 
M  ):sslts.  C-  \V.  IK'HTON, 
CiKiri-'irns  tV  Co..  LoNlHtN. 


be  remarkably  accurate,  and  requires  only  the  slightest 
amount  of  attention  at  infrequent  intervals. 

Messrs.  Scholcy  &  Co.,  Ltd.,  of  151,  Queen  Victoria  Street, 
London,  E.C.，  exhibited  motor  starting  and  switch  gear, 
" Scholey  '  motors  for  alternating-current  or  direct  -run-ciit 
work,  and  other  electrical  devices  and  novelties.  One  of  the 
chief  departments  of  the  firm,  we  understand,  is  the  installa- 
tion of  complete  plants  for  electric  power  driving,  as  well  as 
switch  gear  for  heavy  work  ；  and  the  departmental  catalogue 
they  issue,  exclusively  devoted  to  apparatus  of  this  kind,  and 
containing  upwards  of  50  pages,  is  evidence  of  the  scope  of 
their  work  in  this  direction. 

An  ingenious  little  device  -showu  by  the  firm  was  the 
" Hopkins  "  electric  speedometer,  several  types  of  wliich  were 
to  be  seen  on  the  stand.  The  principle  of  operation  consists 
in  the  use  of  a  small  direct-current  magneto  generator,  and  an 
indicating  electrical  voltmeter,  the  two  parts  of  the  system 
being  connected  by  two  wire  insulated  cable.  By  a  system  of 
coils  rotated  within  a  permanent  magnetic  field,  an  electric 
voltage  or  potential  is  generated  in  direct  proportion  to  the 
speed  of  rotation  of  the  moving  coils,  and  it  therefore  becomes 
possible  to  calibrate  the  electrical  voltmeter  in  terms  of  speed  ； 
in  this  instance,  revolutions  per  minute. 

Other  interesting  things  shown  were  electric  soldering 
irons,  the  "  Vulcan  '，  electric  wax  melter,  branding  irons  and 
similar  tools,  as  well  as  grid  resistances,  a  type  now  used  by 
many  railway  and  tramway  corporations. 

Messrs.  Andre  Citroen  &  Co.,  of  27,  Queen  Victoria  Street, 
London,  exhibited  various  types  of  their  now  well-known 
double-helical  gears,  including  one  set  of  single- reduction 
spur  gears,  ratio  14' 1，  diameter  of  wheel  5ft.  (these  gears 
were  shown  in  motion,  driven  by  electric  motor)  ；  one  set  of 
bevel  gears  of  the  type  used  in  spinning  mills  (these  gears 
also  were  shown  in  motion,  driven  by  electric  motor)  ；  one  set 
of  three  rolling-mill  pinions,  each  pinion  weighing  three  tons  ； 
and  one  set  of  double-reduction  gear,  consisting  of  spur  aii'l 
bevel  gears  contained  in  gear  box  (tliis  gearing  was  arranged  to 
be  worked  by  hand).  The  centre  of  the  stand  was  occupied  by 
a  large  ring-shaped  spur  wheel,  made  in  wood,  some  16ft. 
diam.,  and  cut  on  the  face  with  double  herringbone  teeth  of 
8in.  pitch  and  20in.  in  width.  This  formed  a  very  effective 
and  striking  exhibit.  The  Citroen  spur  and  bevel  gears  can, 
we  are  given  to  understand,  be  made  up  to  20ft.  diam.  and 
；) It.  in  widtli,  and  can  be  cut  to  any  pitcli,  with  an  unliuiited 
maxiiimin.  Tlie  ininimum  limit  is,  however,  -f^Wo  pitch,  for 
cast  iron  a nd  gun-nietal,  and  gin.  pitch  for  steel. 

Messrs.  Smith  &  Coventry,  Ltd.,  of  Gresley  Iron  Works. 
OrdHtill  Lane,  Sal  ford,  liad  a  large  exhibit  of  machine  tools 
of  their  manufacture,  and  one  of  iliese  we  have  pleasure  in 
illustrating  in  Fi"r.  19.  Tliis  is  a  Roby-Smit li  j)a(ent  bevel  gonr 
])laner,  a  machine  capable  of  cutting  mitre  wheels  up  to  16in. 
|>itcli  diarneter,  and  bevels  up  to  17 I'm.  pitch  diameter, 
but  wocn  t  lie  rat  ios  of  3  to  2  and  6  to  1 . 

In  Hi  is  machine,  which  is  on  the  shaping  machine  prin- 


ciple, two  tools  are  used,  oue  on  each  side  of  the  tooth . 
These  tools  are  carried  on  slides  on  pivoted  arms,  which  con- 
verge on  a  centre  intersecting  the  apex  of  the  wheel  to  be  cut. 
The  tools  move  backwards  and  forwards  on  the  slides  on  the 
pivoted  arms,  the  backward  movement  being  accelerated,  and 
at  the  sam&  time  the  pivoted  arms  are  gradually  opened  and 
closed  so  tliat  the  distance  bet  ween  the  cutting  tools  is  varied, 
and  a  curve  formed  on  the  tooth  being  cut. 

It  will  be  seen  by  referring  to  the  illustration  that  tlio 
saddle  carrying  the  blank  to  be  cut  lias  a  rotary  motion,  the 
centre  being  directly  under  the  apex  of  the  blank  to  be  cut. 
Tliis  rotary  motion  of  the  saddle  f&eds  the  blank  to  the  tools, 
and  is  automatically  stopped  when  tlie  proper  depth  of  tooth 
has  been  cut.  The  saddle  also,  it  will  be  observed,  is  con- 
nected with  the  pivoted  arms  carrying  the  slides  aud  cutting 
tools  by  a  circular  bar  having  teeth  cut  in  a  portion  of  its 
circumference.  These  teeth  engage  into  a  quadrant,  wliicli , 
through  a  pair  of  bevel  wheels  and  slotted  lever,  operating 
through  a  connecting  rod,  control  the  swinging  parallel 
motion  wliich  in  turn  controls  the  pivoted  arms. 

The  blank  is  rotated  the  distance  of  the  pitcli  for  each 
stroke  of  the  tools,  tlius  preventing  tlie  local  heating  common 
in  inacliines  wliicli  complete  one-space  at  a  time,  and  it  also 
tends  to  eliminate  errors  due  to  wear  of  cutting  tools. 
Indexes  are  provided  at  all  points  where  adjustment  has  to  be 
made,  so  t  hat  little  skill  is  demanded  of  the  workman  wlien 
liandling  the  machine. 

The  machine,  as  will  be  noticed,  is  driven  from  a  three- 
speeded  cone  and  single  gear  through  a  disc  connected  with  a 
slide.  From  tliis  slide  two  connecting  rods  convey  the  sliMpin^ 
mot  ion  to  the  two  slides  carrying  tlie  tools,  wliich  motion  is 
accelerated  in  the  return  stroke.  It  has  been  previously 
explained  that  the  slides  carrying  the  tools  are  in  their  turn 
carried  on  pivoted  arms  which  open  and  close,  as  do  tlie  blades 
in  a  pair  of  scissors,  through  the  action  of  the  parallel  motion 
controlled  from  the  saddle.  To  remove  undue  strains  caused 
by  the  tendency  of  these  arms  to  drop,  mechanism  (protected 
by  patent)  has  been  introduced,  whereby  they  keep  each  other 
iii  absolute  balance,  rendering  possible  mucli  quicker  i»iani])u- 
lation  of  these  parts  when  setting  tlie  machine,  as  well  as  tlie 
production  of  better  work. 

For  dividing,  21  dividing  plates  are  supplied  for  dividing 
all  numbers  up  to  50;  also  24  others  for  numbers  from  51  to 
120.    They  are  made  with  two  separate  sets  of  notches,  one 


Fig.        Xoinrox  Water  Motou,  showing  shj w-si-ked  (.kakld  rULLi.Y 
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set  being  used  for  pushing  tlie  plate  round  and  the  other  for 
dividing  only.  Those  with  the  greater  number  of  teetli  are 
made  in  steel,  and  all,  we  understand,  are  cut  from  the  solid. 

Other  machines  shown  by  Messrs.  Smith  &  Coventry,  Ltd., 
were  a  3ft.  by  3ft.  by  10ft.  "  New  "  ])laiiing  macliine  (Batc- 
inan's  patent)  having  three  tools,  ;.*'.、  two  on  cross  slide,  amt 
one  on  upriglit  ；  a  4ft.  turning  and  boring  mill  ；  an  Anstiit 
patent  automatic  ctiucking  machine  ；  an  8in.  Cooper  pat(、i" 
iDrassfinislier's  lathe;   and  pneumatic  hammers. 

Tlie  principal  feature  of  the  "  New  •，  planing  machine  is  its 
liigli  efficiency,  only  a  very  small  fractional  loss  of  time  taking 
place  when  the  table  reverses,  wltile  tlie  table  travels  at  it? 
full  speed  practically  the  whole  len^t  h  of  the  stroke,  botli 
('uHiiig  and  ]'et\irnitig.  In  testing  a  -1  ft .  Tiiachine  on  a 〗2H. 
st  i-nkc,  il  w;i.s  lound  t  hat ,  over  10  cycles  of  the  tabic,  the  Iii^li 
cJIiciency  of  98.33  per  cent,  was  attained.    Tliis  result  is  due 
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to  the  use  of  flywheel  energy,  which  is  utilised  to  its  fullest 
extent,  in  combination  with  an  almost  instantaneous  cliange 
from  the  driving  to  the  reverse  gears,  and  an  absence  of  belt 
shifting.  The  belts  run  constantly  in  one  direction,  and  have 
not  to  be  shifted  from  one  pulley  to  another,  and  the  usual 
uneven  strain  at  the  time  of  reversal  is  taken  off  tliem  by  the 
action  of  the  flywheels.  The  accuracy  of  this  statement  is 
seen  in  the  fact  that  a  2in.  belt  will  drive  a  machine  to  plane 

Jrft.  by  4ft.  by  12ft.  using  three  tools  and 

taking  the  heaviest  cuts. 

Two  flywheels  are  employed,  one  on 

cither  side  of  the  machine.    These  are 

continuously  driven  by  open  belts,  and 

are  alternately  coupled  up  to  the  cutting 

and  return  trains  of  gear  by  means  of 

])ands,  which  are  carried  in  the  flywheels, 

these  being  instantly  brought  into  con- 
tact with  the   peripheries   of  pulleys 

keyed  ou  to  the  driving  shafts.    On  the 

cutting   side  there   is,  in  addition,  a 

positive  clutch  connection  between  the 

flywheel   and    the   pulley,    which  is 

brought  into  use  automatically  im- 
mediately the  reverse,  preceding  tlie 

cutting   stroke,  is   completed.  Both 

cutting  and  return  belts   run   in  the 

same  direction,  so  that  the  tlyvvhccl  on 

ihu  cuttiLi^  bide  has  the  assistance  of 

the  flywheel  on  the  return  side  wlien 

cutting  and  vice  versa. 

The  turning  and  boriug  mill  exhibited 

had  a  table  46in.  diarn.,  which  was 

driven  by  spur  gearingof  nearly  the  same 

tliameter,  and  would  admit  work  48in, 

diam.  by  3yin.  height.    The  cross  slide 

carried  two  heads,  each  of  these  being 

independent,  both  as  regards  feed  and  movement.  Each  head 
was  capable  of  swivelling  on  tlie  saddle  through  an  angle  of 
45°  either  side  of  centre,  and  the  saddles  and  rams  could  be 
operated  from  either  end  of  the  cross  slide,  indexed  dials  being 
provided  on  each  screw  and  feed  rod  graduated  to  T?5\T7Jin. 
The  toolholders  of  these  machines  are  quickly  fixed  in  position 
and,  we  noticed,  will  pass  inside  tlie  slide,  thus  allowing  the 
heads  to  get  close  down  to  the  work. 


in  season-cracking.  Sheet  metal  is  not  subject  to  it  and  wire 
cracks  when  made  into  springs,  fntiguctl  and  subjected  1  o 
repeated  vibration .  While  analagous  to  season-cracking,  and 
perhaps  is  identical  with  it,  this  plienoiiicnon  is  called 
" crystallisation  "  and,  possibly,  season-cracking  is  the  warno 
tiling.  Tlie  cause  niay  be  different,  however,  but  llie  clFcrt 
seems  to  be  almost  identical. 

The  nianufacturer  who  purcliases  sheet  brass  from  a  ro}>ut  - 


THE  SEASON-CRACKING  OF  BRASS  AND  OTHER  NON- 
FERROUS  METALS  AND  ALLOYS. 

BY  EKWIN  S.  SPEKRY. 
Withoct  question,  the  season-cracking  of  brass  is  the  most 
exasperating  of  any  of  the  difficulties  to  whicli  it  is  subject. 
It  is  exasperating  for  the  reason  that  it  rarely  occurs  wliile 
the  brass  is  in  the  mill  of  the  manufacturer  who  makes  it. 
Indeed,  it  may  be  said  that  season-cracking  takes  place  so 
seldom  in  lii.s  mill  that  when  it  actually  does  occur,  on 
cxt  rcmely  rare  occasions,  it  is  worthy  of  note.  Many  of  the 
workmen  in  a  brass  rolling  mill  making  slieet,  rod,  wire,  or 
t ul)ing  liave  never  seen  a  case  of  season-cracking,  except, 
porhaps,  tliat  wliich  may  have  been  noticed  on  scrap  returned. 
They  are  familiar  with  fire-cracks,  but  season-cracking  is  a 
new  plieiiorneiion  to  tliem.  It  is  tlie  customer  of  the  brass 
rolling  mill  who  has  the  difficulty  and  it  is  for  this  very  reason 
that  it  is  so  annoying  when  it  does  occur.  It  may  happen 
several  years  after  the  brass  has  been  purciiased  and  goods 
have  been  made  up.  It  may  season -crack  after  made  up  into 
various  articles  and  sent  broadcast  over  the  country  to  the 
roiisumer.  If  the  article  thus  made  of  brass  is  cheap  nothing 
i.s  said  nhout  it,  hut  if  expensive  goods  are  made  up,  tlisn  the 
"i Momor  brings  the  matter  before  the  manufacturer  of  the 
^roods  wlif),  in  turn,  considers  that  the  brass  is  at  fault  and 
'•o!iif!s  hack  at  the  brass  rolling  mill  with  some  pointed  remarks 
about  t  tie  quality  of  his  metal -  When  goods  season-crack  in 
sucli  a  manner  it  is  an  extremely  difficult  matter  to  convince 
the  manufacturer  who  made  tliem  from  sheet  or  other  form  of 
br;iss,  t  hat,  the  brass  is  not  to  blame.  There  are,  of  course, 
or-c;isif)iis  wlif'n  it  iii;iy  l>e，  if  tubing  is  used  as  it  is  possible,  l)y 
uneven  drawing  to  produce  internal  strains  which  mmj  result' 
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able  rolling 川 ill,  makes  it  into  wares,  and  when  tlie.se  have 
been  made  and  have  been  in  stock  for  some  time,  finds  tliat 
they  have  cracked  badly  is  quite  apt  to  blame  the  manu- 
factui'er  of  the  sheet  brass.  He  knows  that  the  goods  were  all 
right  when  they  were  finished,  and  when  packed  in  boxes  and 
put  on  his  shelves  in  the  store-room  were  likewise  perfect,  so 
that  when,  aft&r,  perhaps  a  number  of  months,  lie  finds  that 
tlie  goods  are  cracked  (possibly  every  one  of  them)  lie  naturally 
believes  that  the  fault  lies  with  the  maker  of  the  sheet  brass. 
From  the  time  brass  slieet  began  to  b&  made  this  difficulty 
has  occurred,  and  the  manufacturer  has,  it  is  believed,  been 
unduly  censured  and  in  many  instances  subjected  to  treatment 
not  clue  to  him.  Rather  than  have  any  controversy,  "  broad 
gauge  manufacturers  have  been  known  to  take  back  such 
season- cracked  brass  and  pay  for  the  labour  put  upou  it. 
This,  however,  was  in  the  past,  when  little  was  known  of  the 
cause  of  season-cracking,  and  the  brass  rolling  mill  proprietor 
was  somewhat  dubious  about  the  real  cause  of  the  cracks.  He 
faintly  imagined  that  there  was  a  remote  possibility  of  the 
difficulty  actually  being  caused  by  imperfect  treatment  of  thr 
brass  at  his  rolling  mill,  so  lie  granted  the  demands  of  liis 
customer  and  allowed  his  claim.  As  a  question  of  policy  this 
may  have  been  all  right,  but  to-dav  the  matter  is  different . 
When  the  user  of  the  brass  sheet  finds  that  his  goods  are 
reason-cracked  and  the  rolling  mill  can  give  him  no  reason  for 
it,  it  is  not  surprising  that  he  should  firmly  believe  that  the 
fault  lies  with  the  slieet  brass  ；  but  when  it  is  possible  to  get 
to  him  and  say  :  "  Your  difficulty  is  in  the  shape  of  your  dies, 
or  in  the  way  the  goods  are  annealed,  or  \\\  the  fact  that  you 
are  using  mercury  in  preparing  the  goods  for  electroplating, 
then  it  is  possible  to  demoiustrate  to  him  that  he  and  not  the 
brass  itself  is  the  cause. 

Such  is  the  state  of  tlie  art  to-dav  and  the  greater  our 
knowledge  of  the  cause  of  such  a  phenomenon  as  season- 
cracking,  the  more  manufacturing  becomes  simplified.  It 
serves  to  close  the  gap  that  has  always  existed  between  the 
rolling  mill  and  the  manufacturer  who  cuts  up  the  brass  and 
makes  it  into  articles  for  the  trade.  The  excuse  for  writing 
this  article  is  t  he  fact  that  little  has  been  known  about  season - 
cracking  l)eing  caused  by  iTiercui'y.  To  be  sure  it  has  been 
known  for  some  time  among  certain  of  t lie  brass  rolling  mills, 
but  as  general  knowledge  it  has  not  oxiytcd.    As  fa r  as  known, 
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the  fact  that  mercury  will  bring  about  season-cracking  has 
never  before  been  published,  and  it  is  believed  to  be  a  more 
frequent  source  of  season-cracking  than  is  imagined. 
Mercury  is  extensively  used  in  electroplating.  More  particu- 
larly in  silver  plating,  perhaps,  and  it  will  readily  be  appre- 
ciated that  a  large'  amount  of  it  is  done.  It  is  hoped, 
therefore,  that  this  article  may  serve  to  explain  some  of  the 
perplexing  instances  of  cracking  that  occur  on  silver-plated 
goods.  Before  entering  into  the  details  of  the  })lienoii)enon, 
let  me  explain  what  season-cracking  is  ： ― 

Season-cracks  are  those  which  occur  in  ln*ass  ()r  other 
metals  when  the  article  upon  whicli  they  occur  is  not  in  use  or, 
in  other  words,  is  at  rest.  If  in  motion,  ilie  phenomenon  is 
called  "  crystallisation  "  and  there  se-ems  to  be  a  very  close 
connection  between  the  two.  The'  cracks  may  make  their 
appearance  soon  after  the  goods  have  been  made,  or  they  may 
occur  long  afterwards.  Ordinary  season-cracking  may  be 
caused  by  internal  strains  in  the  goods.  For  example,  a 
seamless  brass  tube  that  has  been  compressed,  while  being 
drawn  through  the  die  on  a  drawbench  more  on  the  outside 
than  on  the  inside,  and  particularly  if  the  brass  has  been 
drawn  very  liard  so  as  to  almost  fatigue  the  metal  will  often 
crack  on  standing.  The  same  is  true  of  brass  sheet  after  being 
drawn  in  a  press  in  which  the  die  and  ])unch  are  so  made  that 
the  metal  is  not  stretched  at  all,  but  simply  formed  into  shape. 
This  puts  strains  in  the  metal.  Another  cause  is  the  action  of 
various  chemicals  such  as  ammonia  or  its  compounds.  Season - 
cracking,  therefore,  may  be  defined  as  that  which  takes  place 
without  any  apparent  outside  influence  and  jwr  ,、r.  It  is  sup- 
posed to  occur  spontaneously.  Ordinary  season-cracking 
occurs  in  yellow  brass,  although  German-silver  and  other 
alloys  containing  zinc  are  subject  to  it.  The  red  metals  are 
not  apt  to  crack,  although  now  and  then  instances  are  known 
where  they  have  done  so.  Even  copper  has  been  known  to 
develop  th&  difficulty.  With  mercury,  as  will  subsequently 
be  explained,  tlie  season-cracking  may  take  place  with  all  the 
non-ferrous  metals. 

One  may  naturally  ask  the  question  :  From  what  source 
does  the  mercury  come?  Is  it  in  the  brass,  or  used  in  its 
manufacture  ?  In  reply  it  may  be  said  that  it  comes  from  two 
sources.  (1)  From  mercury  salts  used  in  a  solution  for  pre- 
paring brass  or  other  non-ferrous  metals  for  silver  or  gold 
plating.  This  solution  is  known  as  a  "  quick-dip  "  or  a 
blue-dip."  It  contains  some  salt  of  mercury  in  solution. 
The  brass  or  other  metal  is  dipped  into  it  and  becomes  coated 
with  a  film  of  mercury.  The  longer  it  is  allowed  to  remain  in 
the  solution,  the  more  mercury  will  adhere  to  the  surface. 
The  article  is  then  silver  plated.  The  mercury  serves  to  bind 
th©  silver  to  the  base'  metal  and  it  is  customary  and  has  been 
for  many  years  to  use  such  a  solution  in  silver  plating.  It 
prevents  the  silver  from  peeling  while  the  articles  are  in  use, 
and  while  it  is  possible  to  silver  plate  without  it,  it  is  con- 
sidered standard  practice  and  the  safest  to  use  the  mercury 
dip  previous  to  depositing  the  silver.  (2)  From  mercury 
compounds,  such  as  ointments,  pastes  containing  mercury  salts 
as  a  preservative  and  other  chemicals  containing  mercury  that 
may  come  in  contact  with  the  brass  or  other  non-ferrous  metal 
in  some  way  or  another. 

It  has  been  known  for  some  time  that  mercury  would  cause 
the  season-cracking  of  brass,  but  whether  it  would  have  a 
similar  effect  on  other  non-ferrous  metals  was  uncertain.  It 
was  deemed  advisable,  therefore,  bo  make  some  experiments  in 
order  to  ascertain  whether  the  effect  was  similar  to  that  of 
brass.  It  was  found  that  all  the  non-ferrous  alloys  are  affected 
in" a,  similar  manner. 

To  test  the  effect  of  mercury  on  the  various  non-ferrous 
alloys,  samples  of  various  shapes  were  taken  and  coated  with  a 
slight  film  of  mercury  and  then  allowed  to  stand.  It  was 
found  that  the  mercury  did  not  penetrate  the  metal  imme- 
diately, but  after  a  few  hours  the  effect  was  noticeable.  A 
longer  time  produced  a  greater  penetration.  After  having 
remained  for  several  hours,  the  article  was  bent  slightly  when 
the  cracking  took  place.  The  samples  tested  comprised  ： 
(1)  A  seamless  brass  tube,  made  of  high  brass.  When 
squeezed  slightly  in  a  vice,  the  cracking  took  place. 
The  tube  was  hard  drawn.  (2)  A  brazed  brass  tube 
of  low  brass.  This  tube  was  annealed  before  treating 
and  when  bent  or  flattened  the  cracking  took  place. 
It,  is  a])])arent  ill  at  Hie  effect  of  the  mercury  is  more  manifest 
on  liard  drawn  brass  than  upon  soft  metal.  (3)  A  No.  8 
13.  &  S.  gauge  German-silver  wire.    It  contained  10  per  cent. 


of  nickel.  When  slightly  bent  after  treating  with  mercury, 
fracture  took  place.  The  wire  was  soft  and  the  effect  of  the 
mercury  was  quite  marked.  (4)  A  piece  of  seamless  phosphor- 
bronze  tubing  containing  98  per  cent,  of  copper,  2  per  cent .  of 
tin,  and  a  small  amount  of  phosphorus  (about  0'05  per  cent.). 
This  behaved  like  the  others.  (5)  Hard  rolled  high  brass 
sheet.  This  cracked  similarly  to  the  others  after  treatment 
with  tlie  mercury.  (6)  Soft  sheet  copper.  This  cracked  after 
st;iii(lin^  for  some  time,  but  unless  given  from  5  to  24  hours 
the  metal  did  not  appear  to  be  affected  appreciably. ― "  The 
Brass  World." 


ELECTRICAL  POWER  TRANSMISSION  FOR  SHIP  PROPULSION. 

At  a  meeting  of  the  Society  of  Engineers  (Incorporated),  held 
on  the  41-h  inst.,  Mr.  Wm.  P.  Durtnall  read  a  paper  on  "  The 
Generation  and  Electrical  Transmission  of  Power  for  Marine 
Transportation."  The  author  pointed  out  that  the  funda- 
mental problem  of  propulsion  was  to  produce  economically  a 
thrust  sufficient  to  overcome  the  resistance'  with  whicli  a  ship 
meets  in  moving  through  the  water.  It  was  stated  that  the 
earliest  attempt  at  applying  mechanical  power  to  propulsion 
was  made  by  Blasco  de  Garay,  a  Spanish  navigator,  in  1543， 
and  that  the  screw  propeller  was  introduced  about  1835  by 
Francis  P.  Smith,  a  farmer,  of  Hendon  ；  the  "  Great  Britain  ，， 
being  the  first  screw-driven  boat  to  cross  the  Atlantic. 
Reference  was  made  to  the  hot-air  propelled  ship  "  Ericsson,'' 
designed  by  the  famous  inventor  of  that  name,  and  to  the 
method  of  propulsion  by  jets  of  water.  A  description  was 
also  given  of  the  propelling  machinery  of  the  "  Great 
Eastern." 

The  author  suggested  that  the  "  thermal  propulsive 
efficiency,"  the  percentage  of  fuel  heat  converted  into 

effective  thrust  at  propeller,  should  be  the  measure  of  the 
commercial  value  of  a  ship,  especially  in  tli&  mercantile 
marine,  and  he  showed  that  the  intermediate  losses  were  often 
very  great.  The'  conditions  of  speed  for  effective  propulsion 
by  screw  propellers  were  discussed,  and  the  practical  require- 
ments which  should  be  met  by  the  prime  mover,  especially 
with  regard  to  speed  control,  were  laid  down. 

The  advantages  and  disadvantages  of  the  steam  turbine 
for  marine  propulsion  were  enlarged  upon,  and  it  was  shown 
that  the  latter  were*  by  no  means  inconsiderable,  and  that 
therefore  the  steam  turbine  driven  vessel  was  not  the:  last 
word  in  efficiency,  although  in  many  respects  the  turbine 
possessed  advantages'  over  the  reciprocating  engine. 

An  account  was  given  of  the  author's  investigation  of  the 
problem  of  devising  some  system  of  propulsion  in  which  the 
defects  of  steam  turbine  would  be  wanting,  and  the  resulting 
introduction  of  the  method  of  electrical  propulsion  known  as 
the  "  Paragon  "  system,  which  is  now  being  installed  on  the 
collier  "Jupiter"  of  the  U.S.  Navy.  This  vessel,  of  20,000 
tons  displacement  and  about  6,000  h.p.,  was  the  first  high- 
power  electrically  propelled  ship  ever  built,  and  when  her 
trials  are  compleied  an  instructive  comparison  will  be  possible 
with  her  sister  ship,  the  "  Cyclops/'  in  which  the  propellers 
are  driven  by  steam  engines. 

The  "  Paragon "  system  of  electrical  propulsion  was 
described  in  detail  and  it  was  shown  that  this  method  met  all 
the  requirements  whicli  had  been  laid  down  as  necessary  for 
an  efficient  motive  foroo  for  driving  ships'  propellers.  It  was 
pointed  out  that  the  electrically  driven  ship  had  now  become 
a  matter  of  more  ihan  academic  interest,  and  that  the  success 
which  might  attend  the  trials  of  the  "  Jupiter  ',  might  even 
change  the  naval  programme  of  more  than  one  of  the  Great 
Powers.  An  appendix  to  the  paper  gave  illustrations  and 
descriptions  of  the  system  designed  and  advocated  by  the 
author. 


Danish  Locomotive  Building. ― In  consequence  of  a  general  d(\sire 
throii^lioiit  Denmark  that  the  country  should  ； is  far  as  po.ssi' 山1 
1k»  iiuleptMident  of  foreign-made  machinery 3  pressure  lias  hecn  put 
upon  Parliament  to  encourage  thv  construction  of  locomotives 
ut  hoiiic  iiist (、； id  of  importing  them  from  foreign  countries.  The 
result  is  that  tlie  Danish  State  Railways  Administration ,  \\  hirli 
])r(M'ioiisly  ord(M'ed  its  locomotives  from  abroad,  has  just  ordered 
thrco  I'roni  tlie  Krichs  Company  at  Aarlnis.  Those  engines  、vill  ho 
o!'  ;i  small  ty |x\  for  shunting  piirjiost's,  Imt  tlie  company  liave 
ari-;i ii^ihI  to  Imild  ii(、、v  large  locomotive  "m'k.s  "\viili  tho  olijcci  oi 
(■(iiistrucliu^;  not  only  large  locomotive 、- s，  Imt  also  many  other  kinds 
of  railway  material. 
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IGNITION  OF  GAS  BY  MINIATURE  ELECTRIC  LAMPS. 

The  question  has  often  been  asked  whether  firedamp  can  l>e 
ignited  by  breaking  the  bulb  of  a  miniature  incandescent  lamp 
in  a  body  of  it.  This  question  is  of  more  importance  now 
than  at  any  previous  time  because  of  the  increasing  use  of 
electric  lamps.  The  development  of  the  tungsten  filament 
has  given  a  fresh  impetus  to  the  manufacture  of  such  lamps. 

In  connection  with  its  investigations  of  mine  accidents  and 
the  dangers  attending  the  use  of  electricity  underground,  the 
American  Bureau  of  Mines,  at  its  experiment  station  in  Pitts- 
burg, has  undertaken  the  study  of  various  matters  relating  to 
the  ignition  of  firedamp  by  electrical  equipment.  The  tests 
described  below  were  preliminary  to  more  extensive  tests 
which  the  Bureau  proposes  to  make  upon  complete  portable 
lamp  equipments.  The  following  brief  review  of  the  test 
results  is  published  in  advance  of  a  more  detailed  description 
of  the  investigation. 

The  tests  were  made  with  miniature  i u candescent-lamp 
bulbs  containing  tungsten  filaments.  The  bulbs  were  sup- 
plied by  the  General  Electric  Company,  the  Federal  Minia- 
ture Lamp  Company,  and  the  National  Electric  Lamp 
Association.  In  all  tests  the  filaments  were  glowing  at  the 
moment  when  the  bulbs  were  broken.  One  hundred  and 
tliirty-one  bulbs  were  broken  in  a  mixture  of  natural  gas 
(that  used  in  Pittsburg)  and  air  combined  in  the  proportion 
of  8*6  per  cent,  to  91*4  per  cent.  air.  These  percentages  of 
the  gas  and  air  form  the  most  explosive  mixture. 

Fortv-five  tests  were  made  in  gas-and-air  mixtures  other 
than  the  most  explosive.  These  mixtures  contained  from 
3  per  cent,  to  12*4  per  cent,  of  gas.  Mixtures  containing  as 
little  as  5  per  cent,  of  gas  and  others  containing  as  mucli  as 
12*4  per  cent,  of  gas  were  ignited  by  1'5-candle  power,  3'5-volt, 
0'3-ampere  bulbs  that  were  smashed  while  burning  at  rated 
voltage. 

Eesults  of  Tests. 
Table  I. ― Bulbs  causing  Ignition  at  or  heloto  Rated  Voltar/e. 


Pcreontagc  of 

Xumber 

Number  of 

rated  voltage 

Mamifarturor's  rating. 

of  tests. 

ignitions. 

causing 

ignition. 

CP. 

Volts. 

Amperes. 

1-0 

2-5 

0.3 

11 

100.0 

1.5 

3-5 

0.3 

23 

US 

100.0 

2-0 

5*5 

0-3 

9 

6 

98-7 

1*0 

2-0 

9 

】00." 

1-0 

2-5 

10 

3 

100-0 

2-0 

4-0 

10 

82-2 

2-0 

4-5 

10 

85.3 

2-0 

0-73 

3 

04-5 

4-0 

0-53 

94- <) 

fi.O 

0.30 

88.2 

Table 

II. — Bulbs  causin 

7  Ignition  at  more  than  Bated 

Voltage. 

Percentage  of 

Number 

Number  of 

rated  voltage 

Manufacturer's  rating. 

of  tests. 

ignitions. 

causing 

ignition. 

CP. 

Volts. 

Am  pores. 

0*5 

C4 

10 

1 

2-0 

0.23 

9 

3 

120.0 

2-0 

0-40 

9 

3 

10".  0 

2-0 

0-53 

6 

5 

102-0 

The  values  given  in  the  last  column  in  each  table  are  the  average  per- 
f-ontages  of  the  voltages  impressed  upon  such  hulbs  as  caused  ignition. 


Palmer  Engineering  Scholarship. ― The  council  of  the  Institu- 
tion of  Civil  Engineers  are  prepared  to  consider  applications 
made  before  December  1st  for  a  nomination  to  the  Palmer 
Scholarship-  The  nominee  must  be  the  son  of  a  civil 
engineer  ；  he  must  be  desirous  of  studying  and  graduating  at 
the  University  of  Cambridge  ；  and  liis  circumstances  must 
be  such  as  to  need  the  help  afforded  by  the  scholarship. 
It  is  of  the  annual  value  of  £40.  Copies  of  the  regulations 
may  be  had  on  application  to  the  secretary  of  the  Institution 
of  Civil  Engineers,  Great  George  Street,  Westminster,  S.W. 


HEAVY  OIL  ENGINES.* 

l''V  C'AVT.  H.  RIALL  SANKEY,  K.E.  (UKTIUKD),  INST.C'.K. 

{Continued  from  paf/e  -rj42.) 

Various  Types  and  Sizes  of  Diesel  Engines. ― There  aro  a  v('rv 
large  number  of  makers  of  Diesel  engines,  especially  on  the 
Continent  of  Europe  ；  hut  so  far  in  this  country  for  land 
purposes  there  are  only  two  makers  of  repute,  and  the  largest 
engine  made  by  them  is  about  600  b.li.p.  A  large  majority 
of  the  engines  manufactured  are  of  the  vertical  type,  and  there 
is  a  great  similarity  in  all  the  designs.  There  is  not  the  sanu^ 
variety  that  is  to  be  found  amongst  steam  engines,  and  t  ho 
reason  is  two-fold  ；  the  designs  have  emanated  practically 
from  one  source,  and  the  differences  caused  in  steam  engines  by 
variations  in  steam  pressure,  ami  whether  the  engine  is  con- 
densing or  non-condensing,  do  not  occur.  The  differences  con- 
sist principally  in  the  methods  of  driving  the  cam  shaH  and 
the  compressor,  and  in  details  of  valve  levers,  fuel  pumps  and 
governors. 

Table  II. — Sizes  manufactured  by  Burmeister  &  Wain,  Ltd. 


5 

C'vliiidcr    . . 

30 

40 

.-)0 

"(> 
120 

(100) 

(125) 

(150) 

(IT.".) 

(200) 

(2.-.0) 

'I'w  o  ( '.vlinilrr、 

80 

10(1 

l.'.d 

20(1 

2.->() 

Three  ,, 

].">() 

ISO 

225 

300 

450 

.-)2.-. 

110(1 

7.")(l 

Four      . , 

2(10 

240 

：!(>() 

40(1 

.")()(» 

(>()() 

700 

soo 

HMIII 

R.P.M  

2.-)0 

24(t 

22.") 

210 

200 

1<H» 

ISO 

J  70 

hii) 

!.")() 

Figs.  23,  24,  and  25  show  views  of  a,  reversible  4-line 
2-stroke  400  b.h.p.  engine  (Messrs.  Sulzer)  in  wliicli  tlie 
scavenging  blower  and  2-stage  air  compressor  are  driven  dii  ect 
by  the  crank  shaft . 

Many  makers  publish  lists  of  sizes  up  to  1,000  b.h.p. 
Table  II. ，  based  on  Messrs.  Burmeister  and  Wain's  list,  gives 
an  example  of  how,  with  11  sizes  of  cylinders,  24  engines  can 
be  constructed  varying  in  power  from  30  b.h.p.  to  1,000  b.li.j)., 
and  in  speed  from  250  revs,  per  minute  to  150  revs,  per 
minute.  With  the  A  frame  form  of  construction  the  unit 
consists  not  only  of  the  cylinder,  but  also  of  the  valves,  con- 
necting rod,  and  A  frame  itself,  so  that  by  varying  the 
bedplate,  the  shaft  and  the  two-to-one  shaft,  several  different 
sizes  of  engines  can  be  built.  This  is  an  important  advantage 
from  the  manufacturing  point  of  view.  A  similar  table 
(Table  III.)  lias  been  prepared  from  the  list  published  by  the 
Maschinenfabrik  Augsburg-Niirnberg  Company.  In  this  list 
there  are  17  sizes  of  cylinders,  from  which  45  different  sizes  of 
engines  are  constructed.  Only  a  few  of  the  cylinders  are 
shown  in  the  table  to  indicate  the  principle.  For  each  size  of 
cylinder  the  width  and  height  of  the  engine  is  the  same,  but 
the  length  varies  according  to  the  number  of  cylinders.  This 
table  refers  to  slow-speed  engines  ；  for  high-speed  engines  a 
similar  table  could  be  prepared. 

Table  III. — Abstract  from  Table  of  Sizes  manufactured  hij  the 
Maschinenfabrik  Aug  sburg  -  Number g  Co, 


Number  of  Lines. 


One  

Two  

Three   

Four   

Revolutions  ]ier  minute 
Overall  dimensions —— 


Width  

Height  

Length  (of  engines  mark- 
ed thus*)  including  fly- 
wheel. 


B.H.P.  produced  at  full  load  at  sjH'cds 
given  below. 


8* 


270 

Ft.  Ins. 
6  7 
6  2 


4  5 


18 

50 

150 

36* 

100* 

300 

150 

450* 

200 

000 

250 

195 

1"  丁 

Ft.  Ins. 

Ft.  Ins. 

Ft.  Ins. 

8  6 

11  2 

13  9 

7  3 

9  10 

14  9 

8  2 

10  10 

22  4 

(250) 

750 
1000* 
150 

Ft.  Ins. 
16  5 
10  :) 

31  2 


Beyond  these  powers  there  do  not  appear  to  be  any 
standard  sizes,  but  many  makers  are  now  prepared  to  make 
engines  up  to  2,000  h.p.  and  4,000  h.p.  each,  and  Messrs. 
Sulzer  state  that  they  are  prepared  to  make  engines  up  to 
8,000  li.p.  running  at  105  revs,  per  minute.  According  to 
Dr.  Diesel,  the  4 -stroke  cycle  engine  may  at  present  be 
regarded  as  the  type  for  stationary  plants  from  5  h.p.  up  to 

*  Howard  lectures  delivered  before  Uio  Royal  Society  of  Arts,  Api  i 卜 Ma> '  191-2. 
Reproduced  from  the  "Journal  of  the  Koynl  Society  o(  Arts." 
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800  li.p.  It  is  possible,  however,  tliat  this  position  may  be 
affected  by  improvements  in  the  2-stroke  engine.  For 
torpedo  boats  and  submarines,  a  light  type  of  engine-  lias  been 
constructed  in  which  tli&  framing  is  made  of  manganese 
bronze,  and  such  things  as  doors,  &c.，  of  aluminium.  The 
weight  of  these  engines  is  as  low  as  from  401bs.  to  541bs.  per 
brake  horse-power,  and  witli  six  cylinders  they  give  150  b.li.j). 
at  550  revs,  per  minute.  Larger  engines  with  eight  cylinders 
run  at  400  revs,  per  jninute  and  give  1,200  b.h.p. 

High-speed  engines  are  made  in  two  types,  heavy  and  light, 
tlie  former  weighing  about'  1  lOlbs.  per  brake  horse-power, 


though,  generally  speaking,  no  alteration  in  tlie  compression  is 

needed. 

A  good  d&al  of  confusion  exists  because  some  of  the  oils 
have  different  names  in  the  various  countries  ；  for  example, 
what  we  call  paraffin  oil  is  called  petrol  in  France,  and  what 
we  call  petrol  is  called  benzine  in  France.  In  this  country  it 
is  not  unusual  to  say  that  "  crude  "  oil  is  used  with  the  Diesel 
engine.  "  Crude  "  oil,  however,  is  in  reality  the  natural  oil 
as  it  comes  from  the  earth,  and  it  contains  many  oils  wliich 
are  too  valuable  to  Imrn  in  a  Diesel  engine  ；  for  example,  the 
benzines  and  petrols,  the  illumiiialing  oils,  wliich  are  also  used 


Fig.  23. 


Fig.  24— Sulzer  Rkvkrsible  Two-stroke  400 


Oil  Engine. 


principally  for  driving  dynamos  direct,  and  the  latter  weighing 
from  301bs.  to  6011is.  per  brake  horse-power  for  destroyers  and 
submarines.    The  following  are  examples  : — 


for  the  ordinary  oil 
engine,  and  it  is  only 
the  residue  ―  known, 
for  example,  as 
11  Masut  ，，  or  "  Astaki  ，， 
-— which  is  generally 
used  in  the  Diesel 
engine. 

The  characteristics 
of  a  fuel  oil  suitable 
for  Diesel  engines  are 
the  following  :  Chemi- 
cal composition,  vis- 
cosity, specific  gravity, 
igniting  point,  amount 
of  residue,  calorific 
value. 

As  regards  chemical 
a   rule  hydrocarbons 
hydrogen.      In  the 


B.H.P. 

No.  of  Lines. 

Revolutions 

per  minute. 

150 
600 
] ,200 

6 

6 
8 

Heavv. 
300—400 
225—275 
215 

Light. 
550 
450 
400 

Fuel  Oils.  ~ "Tlie  heavy  oil  engine  of  tlie  explosion  type  is 
much  limited  in  respect  of  the  kind  of  oil  it  can  use,  and  great 
care  has  to  be  exercised  in  its  selection.  To  obtain  the  best 
results  the  compression  must  be  carefully  adjusted,  and  a 
change  in  oil  usually  requires  a  change  in  the  compression,  for 
wincli  purpose  distance  pieces  are  provided  for  altering  the 
length  of  tlie  connecting  rod.  "With  tlie  Diesel  engine  almost 
any  kind  of  oil  can  be  used,  even  animal  and  vegetable  ；  for 
some  of  them,  however,  special  arrangements  are  required, 


composition,   these    oils    being  as 
consist    principally    of    caihon  and 

crude  petroleum  the  proportion  by  weight  of  carbon  varies 
from  82  per  cent,  to  86  per  cent.,  and  that  of  the  hydrogen 
from  11  per  cent,  to  14  per  cent.  In  the  coal-tar  oils  the  pro- 
portion of  carbon  is  about  90  per  cent.,  and  that  of  the 
hydrogen  about  8  per  cent.  The  proportion  of  hydrogen  is 
important,  because  on  it  depends  the  capability  of  giving  off 
inflammable  gas  to  initiate  tlie  ignition  even  at  the  high 
temperature  existing  in  the  Diesel  engine  at  the  end  of  com- 
pression. If  the  hydrogen  proportion  is  insufficient,  as  in  the 
case  of  coal-tar  oils,  special  ignition  oil  has  to  be  used  to 
initiate  the  combustion.  Sulphur  is  an  impurity,  and  must 
not  exceed  1 J  per  cent. 

Viscosity  is  not  of  great  importance,  because  if  it  is  higli 
and  the  oil  will  not  flow  readily,  it  can  be  reduced  to  the 
desired  point  by  warming  the  oil  by  the  exhaust  gases  or  by 
adding,  say,  5  per  cent,  of  illuminating  oil. 

The  specific  gravity  is  of  no  consequence  per  .w，  but  is  a 
reliable  guide  as  to  the  type  of  oil  under  consideration.    If  the 
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Desoriptinn  of  Oil. 


S poo i fie  Gravity. 


Hydrogen 
( ''mtent. 
Per  cent. 


Calorific  Value,  B.Th.U.  per  lb. 


Higher. 


flash-point  is  too  low  danger  may  arise  in  storage,  especially 
on  board  ship.  Lloyd  s  rule  is  that  the  flash-point  should  not 
be  less  than  150°  Fah.  The  flash-point  of  heavy  oils,  however, 
is  over  350°  Fah.,  and  the  lower  flasli-point  can  only  be  caused 
by  the  admixture  of  more  volatile  oils. 

If  the  ignition  point  is  too  high,  caused,  as  pointed  out 
above,  by  insufficient  hydrogen,  a  difficulty  will  arise  with  the 
usually  adopted  compressions  of  from  4501bs.  to  5001bs.  per 
square  inch.  Successful  trials  have  been  made  with  oils  having 
a  high  ignition  point  by  forcing  up  the  compression  to  40 
atmospheres,  that  is,  about  6001bs.  per  square  inch  ；  but, 
practically,  the  difficulty  is  got  over  by  the  use  of  igniting  oil, 
which  will  be  referred  to  more  in  detail  later. 

The  residue  should  be  small,  to  prevent  accumulation  on 
the  valves,  and  so  obviate  too  frequent  cleaning  of  them. 

As  regards  the  calorific  value,  it  is  important  to  dis- 
criminate between  what  are  known  as  the  higher  and  lower 
values,  the  difference  between  them  being  the  latent  heat  of 
the  water  produced  by  the  combustion.  This  latent  heat 
cannot  possibly  be  utilised  by  an  internal-combustion  engine, 
or  by  a  steam  boiler  for  that  matter,  and  two  committees  of 
the  Institution  of  Civil  Engineers,  viz.,  the  Committee  on 
Tabulating  the  Results  of  Steam  Engine  and  Boiler  Trials,  and 
the  Committee  on  Standards  of  Thermal  Efficiency  of  Internal- 
combustion  Engines,  decided  that  the  lower  calorific  value 
should  be  used  for  all  calculations  of  thermal  efficiency.  The 
higher  calorific  value  is  that  obtained  in  a  bomb  calorimeter, 
and  if  the  proportion  of  hydrogen  is  known  it  is  easy  to  deter- 
mine the  lower  value,  because  the  difference  between  the 
higher  and  lower  values  for  hydrogen  is  10,305  B.Th.U.  per 
pound,  and  hence  the  following  rule  can  be  established  ： 
Lower  calorific  value  =  higher  calorific  value  ―  10,305  x  H  per 
cent.  Table  IV.  gives  the  calorific  value,  higher  and  lower, 
for  several  types  of  oils,  &c. 

In  this  country  petroleum  oils,  the  largest  supplies  of 
which  come  from  the  U.S.A.  and  Russia,  are  used  for  oil 
engines.  The  crude  or  natural  oil  contains  ：  (1)  Light  oils 
(spirit),  specific  gravity  0*65  to  076,  which  are  used  for  petrol 
engines;  (2)  medium  oils,  specific  gravity  076  to  0.86，  used 
for  illuminating  and  for  explosion  engines  ；  (3)  lubricating 
oils  ；  (4)  residues,  from  which  fuel  oils  for  Diesel  engines, 
specific  gravity  0  86  to  0*94,  are  obtained,  together  with  solids 
such  as  paraffin  wax  and  pitch. 

In  1899  the  oil  production  of  the  U.S.A.  was  about  ten 
million  tons,  and  that  of  all  other  countries  also  ten  million 
tons.  In  1910  the  oil  production  of  tlie  U.S.A.  had  gone  up 
to  twenty-four  million  tons,  and  that  of  other  countries  to 
eighteen  million  tons. 


and  tlie  lieat  produced  l)y  tlie  l)urning  of  tliis  oil  raises  the 
temperature  to  t lie  point  required  for  the  ignition  of  ilie 
tar  oil . 
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Fig.  26.— The  World's  Output  of  Oil  from  1857  to  1910. 

The  Mascliinenfabrik  Augsburg-Niirnberg  Company  used 
a  closed  nipple.      The  ignition  oil  is  injected  by  a  separate 


Tai-,le  IV. 


In  Germany,  owing  to  the  high  duty  on  residue  oils ― 36s. 
per  ton ― coal-tar  oils  are  principally  used  with  the  Diesel 
engine.  Originally  the  Diesel  engine  could  only  use  oils 
having  the  relatively  liigh  proportion  of  11  per  cent,  to  14  per 
cent,  of  hydrogen,  which  excluded  tar  oils,  as  they  only  con- 
tain 6  per  cent,  to  7  per  cent,  of  hydrogen  ；  the  reason  being 
that  with  tlie  usual  compression  of  from  30  to  32  atmospheres, 
the  temperature  reached  is  insufficient  for  ignition.  It  has 
been  found  possible  to  use  tar  oils  by  increasing  the  com- 
pression to  over  40  atmospheres,  but  as  a  practical  matter  it, 
has  been  found  better  to  retain  the  usual  compression,  and  to 
effect  the  ignition  by  a  pre-injection  of  ignition  oil,  which 
usually  is  the  oil  employed  for  making  oil  gas.  From  3  per 
cent,  to  5  per  cent,  of  the  ignition  oil  at  full  load  is  required, 


pump,  and  the  practice  is  to  use  a  constant  amount  for  all 
loads  ；  that  is  to  say,  the  amount  of  ignition  oil  is  not  regu- 
lated by  the  governor,  and  only  the  tar  oil  pump  supply  is 
thus  controlled.  In  the  Korting  engine  the  governor  con- 
trols both  tlie  ignition  oil  and  the  tar  oil. 

The  tar  oil  must  be  screened  to  remove  solid  impurities, 
and  the  water  must  be  eliminated.  This  latter  is  a  difficult 
matter  witli  tar  oils  obtained  from  horizontal  or  inclined 
retorts,  but  the  water  separates  easily  from  the  oil  obtained 
from  vertical  retorts.  The  tar  oil  must  be  pre-warmed,  say 
by  the  exhaust  gases,  in  order  to  render  it  fluid,  but  the  tempe- 
rature must  not  be  sufficient  to  cause  any  distillation.  Animal 
and  vegetable  oils  can  also  be  used  in  the  Diesel  engine,  and 
the  matter  is  now  receiving  much  attention  from  Dr.  Diesel. 
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A  fuel-testing  laboratory  has  been  established  at  the  Univer- 
sity of  Zurich  under  tlie  direction  of  Prof.  Constan,  and  it  is 
probable  that  a  similar  laboratory  may  be  established  in  this 
country. 

From  tests  and  examinations  already  made,  power  oils 
have  been  divided  into  the  following  tliree  classes  ： ― ^ 

(1)  Normal  oils  which  can  always  be  used  ： ― 

Hydrogen  over  10  per  cent. 
Calorific  power  over  10,000  cal. 

(39,680  B.Th.U.) 卞 
No  solid  impurities. 


(a)  Mineral  oils  freed  from 
benzine  (gas  oils) 


t  Hi^hev  oalovilir  value  per  IciloKrauimo. 


(b)  I^ignite  tar  oils. 


(c)  Fat  oils  from  vegetable 
or  animal  sources,  such 
as  earth  nut  oil,  castor 
oil,  fish  oils,  tire.  ... 


Hydrogen  over  10  per  cent. 
Calorific  power  over  9,700 
(； i8,489  B.Th.U.). 

Scarcely  any  researches  have 
been  made  on  these.  Earth- 
nut  oil  has  11*8  per  cent, 
hydrogen,  and  calorific  power 
8:600  cal.  (34,124  B.Th.U.) 

(2)  Oils  which  can  be  used  only  with  the  aid  of  special 
apparatus  ：  (a)  Pit  coal-tar  oil  ；  (h)  vertical-oven,  water-gas, 
:ukI  oil-gas  tars,  probably  also  coke-oven  tars,  the  tests  on 
which  have  not  yet  been  completed. 

General  characteristics  ：  Hydrogen  not  over  3  per  cent. ； 
amount  of  free  carbon  not  over  3  per  cent.  ；  residue  on  coking 
not  over  3  per  cent.  ；  calorific  power  not  under  8,600  cal. 
(34,124  B.Th.U.). 

(3)  Oils  which  cannot  be  used  :  Tars  from  horizontal  or 
inclined  retorts. 

It  must  not  be  understood  that  these  will  not  be  used  in 
Diesel  engines  under  special  conditions  ；  but,  on  the  whole, 
i  he  above  classification  is  accurate  in  tlie  present  state  of 
development  of  the  Diesel  engine. 

Specifications  of  Tar  Oil  Suitable  for  Diesel  Engines*;— (1)  Tar 
oils  should  not  contain  more  than  a  trace  of  constituents 
insoluble  in  xylol.  The  test  on  this  is  performed  as  follows  : 
25  grammes  (0'88  oz.  av.)  of  oil  are  mixed  with  25  cm. 
(1.5*25  cub.  in.)  of  xylol,  shaken  and  filtered.  The  filter  paper 
before  being  used  is  dried  and  weighed,  and  after  filtration  has 
taken  place  it  is  thoroughly  washed  with  hot  xylol.  After 
redrying,  the  weight  should  not  be  increased  by  more 
than  0'1  gr. 

(2)  The  water  contents  should  not  exceed  1  per  cent.  The 
testing  of  the  water  contents  is  made  by  the  well-known  xylol 
method. 

(3)  The  residue  of  the  coke  should  not  exceed  3  per  cent. 

(4)  When  performing  the  boiling  analysis,  at  least  60  per 
cent,  by  volume  of  the  oil  should  be  distilled  on  heating  up  to 
300°  C.  The  boiling  and  analysis  should  be  carried  out 
according  to  the  rules  laid  down  by  the  Trust. 

(5)  The  minimum  calorific  power  must  not  be  less  than 
8,800  cal.  per  kilogramme.    For  oils  of  less  calorific  power  the 


•  Full  load 
toad 


Atmosphere 


Fig.  27. 


purchaser  has  the  right  of  deducting  2  per  cent,  of  the  net 
price  of  the  delivered  oil  for  each  100  cal.  below  this 
minimum. 

(G)  The  flash-point,  as  determined  in  an  open  crucible  by 
Von  Holde's  method  for  lubricating  oils,  must  not  be 
below  65°  C. 

(7)  The  oil  must  be  quite  fluid  at  15°  C.  The  purchaser 
has  not  the  right  to  reject  oils  on  the  ground  that  emulsions 
appear  after  five  minutes'  stirring  when  the  oil  is  cooled  to  8°. 

Purchasers  should  be  urged  to  fit  their  oil-storing  tanks 

•  From  Dr.  DieBcl's  paper  roafl  before  the  Institution  of  Meclianical  Kimineorfl, 
March  15tli,  1912. 

%  From  the  German  Tav  Production  Trust  at  Esson-Ruhr. 


and  oil  pipes  with  warming  arrangements  to  redissolve  emul- 
sions caused  by  the  temperature  falling  below  15°  C. 

(8)  If  emulsions  have  been  caused  by  the  cooling  of  the  oils 
in  the  tank  during  transport,  the  purchaser  must  redissolve 
t  hern  by  means  of  this  apparatus. 

Insoluble  residues  may  be  deducted  from  the  weight  ol' 
oil  supplied. 

Fig.  *2G  shows  the  world's  output  of  oil  from  1857  to  1910 
expressed  in  millions  of  tons. 

Testing  of  Oil  Engines. ― The  testing  of  Diesel  and  oil 
engines  is  comparatively  easy,  at  anyrate  ho  far  as  measure- 
nuMii s  oC  t he  fuel  are  concerned,  and  in  this  respect  presents 
； i  great  contrast  to  tlie  difficulties  arising  in  testing  sle;un 
engines  and  boilers,  or  gas  engines  and  producers.  Tlio 
simplest  method  of  weighing  oil  is  to  fit  the  tank  supplying  tlio 
oil  to  the  fuel  valve  with  a  pointed  hook  gauge.  Assuming 
the  level  of  tlie  oil  to  be  above  tlie  point  of  the  gauge,  as  t  his 


Fifi.  28. 

level  sinks  a  moment  will  arrive  when  the  point  of  the  gauge 
will  emerge  from  this  surface,  and  can  be  snapped  on  a  stop 
watch.  Later,  a  weighed  quantity  of  oil  is  emptied  into  the 
tank  sufficient  in  amount  again  to  cover  the  point  of  the  hook 
gauge.  The  inoment  at  which  the  point  again  issues  is  taken 
on  the  stop  watch,  and  the  interval  thus  recorded  is  obviously 
the  time  needed  to  consume  the  weighed  amount  of  oil  ；  this 
process  can  be  continued  as  long  as  desired,  and  if  the  load  on 
the  engine  is  constant  and  the  same  weight  of  oil  is  emptied 
into  the  tank  each  time,  the  time  intervals  ought  to  be  sub- 
stantially the  same.  As  regards  measurement  of  power,  the 
engine  can  either  be  made  to  drive  a  calibrated  dynamo,  in 
which  case  the  kilowatts  are  measured,  or  a  brake  is  used, 
usually  of  the  hydraulic  type. 

Fuel  Economy  at  Various  Loads. ― Fig.  27  shows  indicator 
diagrams  taken  at  varying  loads.  It  will  be  noticed  that  the 
compression  is  constant,  and  that  the  area  of  the  diagram  is 
reduced  by  reducing  the  approximately  constant  pressure  part 
of  the  diagram,  which  means  that  less  fuel  is  used ,  and  that 
the  time  of  combustion  is  shortened.  The  action  is  similar  to 
altering  tlie  cut-off  of  a  steam  engine.  In  this  case  the 
revolutions  remain  constant,  which  is  the  usual  condition  for 
land  engines.  In  the  case  of  marine  engines,  however,  the 
load  is  reduced  by  diminishing  the  number  of  revolutions  ；  in 
this  case  the  oil  consumption  per  diagram  remains  approxi- 
mately wiiat  it  is-  at  full  load,  and  the  brake  efficiency  also 
remains  nearly  constant  instead  of  diminishing  as  it 
does  when  the  revolutions  remain  constant.  The'  effect 
is  that  the  oil  consumption  per  brake  horse-power  is  more 
nearly  constant  at  all  loads  than  it  is  in  the  case  of  constant 
revolution  engines.  The  following  published  results  illustrate 
this  point : — 


B.H.P. 

lb.  per  B.H.P.  hour. 

Chalkley. 

Sulzcr. 

400 

0.473 

0.471 

300 

0.475 

0-471 

200 

0-401； 

0-477 

100 

0-40：^ 

().54fi 

The  above  results  are  those  obtained  on  test,  but  it  would 
appear  that  they  are  substantially  maintained  in  actual  work. 
A  special  advantage  of  the  Diesel  engine  is  that  it  only  con- 
sumes fuel  when  actually  running,  and  it  is  able  to  start 
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•  405 
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>>rake  1'oi'se- power,  ami  this  is  as  it  should  he  in  respect  of  the 
i】"'r  :  hut  from  the  scientific  point  ol'  view  it  is  desirable  to 
know  wliat  tiie  consumption  is  per  indicated  liorse-power.  In 
this  <：()]) i)pci  ion  it  is  to  be  observed  tliat  the  area  of  the  indi- 
'•at oi"  flia^r;irn  in  the  case  of  the  Diesel  engine  represents  a 
pmvf'r  ^ro;il  or  1  lui  n  t  he  t  nio  indif-nt  e<l  power  wliich  is  defined 
as  the  power  produced  in  t  lie  cvlindcr  by  the  combustion  of  the 


type,  single-acting.  Tliev  had  a  2 -stage  vertical  air  com- 
pressor, compressing  from  atmosphere  up  to  50  atmospheres  to 
70  atmospheres,  and  driven  by  an  overhanging  crank.  The 
speed  could  be  altered  from  400  revs,  per  nuimte  to  1  o0  revs. 
j)cr  minute,  the  engines  being  intended  for  ship  driving. 


Loc. 


fuel.  In  tlie  case  of  the  Diesel  engine  a  certain  amount  of  t ] i c 
power  required  for  compressing  the  ])ulverising  air  is  recovered 
iu  the  cylinder  by  admission  of  tlie  higl 卜 pressure  air.  To  give 
an  idea  of  the  effect  of  this  recovery  of  power,  let  it  be  Hssurriod 
that  the  oil  consuinpt  ion  is  0*4511).  per  brake  horse-power  liour, 
and  that  tlie  ratio  of  the  brake  horse-power  to  indicated  Iiorse- 
power  shown  by  the  actual  indicator  card  or  "  card  I.il.lV  is 
76  per  cent.  ；  then  the  oil  per  "  card  I.H  P.  will  be  0*45  0*76 
= 0*342.  It  may  also  be  assumed  tliat  the  power  shown  )>y  tin; 
indicator  cards  of  the  air  compressor  is  7  per  cenl .  ()「 
shown  by  the  indicator  card  of  the  engine  cylinder,  a. n (J  ii' 
5  per  cent,  is  recovered ― that  is  to  say ,  if  the  indicator  card  is 
reduced  by  5  per  cent. ― then  the  oil  consump" (川  per  true 
indicated  horse-power  will  be  increased  to  0'342  x  r05  =  0'U 

Mr.  Dugalcl  Clerk  thinks  tliat  the  whole  7  per  cent.  sliouUI 
b©  deducted,  in  which  case  tlie  oil  coiisumptioii  per  true 
indicated  horse-power  would  be  increased  to  0'366.  Tlie 
subject  is  somewhat  difficult,  and  has  not  yet  been  fully 
considered. 

The  figures  given  above  refer  to  full  load,  and  oorresj)ond- 
ing  iigures  for  other  loads  are  given  in  Table  VII.    It  will  he 


Table  VII. 


Quarter 
load. 

Half 
load. 

Thn'e- 
(juartcr 
load. 

Full 
IojwI. 

10  pur 

(•('111.  n\'cr 

Vw  E.H.P.  

Card  I.H.I'.  

J'ruo  l.H. P. 

0-04 
0.21» 
0-305 

0-50 
0-51 
0-325 

6  o  o 

寸寸门 

0-458 
0-354 
0.:i72 

noticed  tliat  the  oil  consumption  per  indicated  liorse-power 
diminishes  as  the  load  gets  less. 

The  following  comparison^"  of  a  slow-speed  and  a  higli- 


immediatelv  and  stop  innnecliately  ；  this  latter  advan- 
tage is  not  shared  by  any  other  prime  heat  mover 
except  petrol  engines.  In  the  case  of  the  steam 
engine  tlie  steam  has  to  be  got  up  iu  the  boiler,  and 
wiien  the  engine  is  shut  down  there  is  still  a  large  amount  of 
unutilised  heat  in  the  unburned  coal  on  the  grate,  in  the  heat 
in  the  boiler  setting,  in  the  water  in  the  boiler,  &c.  With  a 
gas  engine  time  is  required  before  the  producer  can  make  gas, 
and  wheu  the  engine  is  shut  down  a  considerable  amount  of 

一  i^is^j^z:  


%  Of  Full  Load 
Fl".  '29. 

fuel  is  left  in  the  producer.  Iu  the  case  of  other  heavy  oil 
engines  the  hot  bulb  has  to  be  heated  by  means  of  a  lamp  ； 
there  is,  however,  no  fuel  wasted  on  stopping  the  engine. 

In  Fig.  6  (vsee  page  476  ante),  which  referred  to  the  case 
of  a  4-stroke  engine,  the  brake  thermal  efficiency  was  given  as 
310  per  cent.,  and  assuming  the  calorific  value  of  the  fuel  to 
be  18,500  B.Tli.U.  per  pound,  the  heat  converted  into  work 
on  the  shaft  will  be  18,500  x  0'319-5,740  B.Th.U.  per  pound 
of  oil  consumed.  Hence  the  consumption  of  oil  per  brake 
horse-power  at  full  load  would  be  2,545  -f-  5,740  =  0*4431b. 

In  the  case  of  the  2-stroke  engine  the  brake  thermal 
efficiency  would  be  reduced  to  297  per  cent.,  and  the  oil  con- 
sumption increased  to  0*461b.  per  brake  horse-power. 

The  above  figures  relate  to  tlie  full-ratecl  load  of  the  engine 
as  given  in  price  lists,  and  the  makers  generally  guarantee  a 
10  per  cent,  overload  for,  say,  two  hours,  but  with  a  slightly 
increased  consumption .  As  the  load  diminishes  the  oil  con- 
sumption per  brake  horse-power  increases.  The  following  is  a 
ty pical  guarantee,  expressed  in  pounds  of  oil  per  brake  horse- 
power (calorific  value  18,500) : — 


Quarter. 

0-64 


Half. 

0-50 


Tlirec- 
tiuaitev. 

045 


Full. 

0-448 


10  per  cent. 
Overload. 

0-458 


Considerably  better  results  than  these  are  obtained.  Tlioye 
given  in  Table  VI.,  ])ublished  by  the  Maschinenfabrik 
Augsburg-Niirnberg  Company  (converted  to  English  units  and 
English  horse-power)  appear  to  be  about  the  best. 

The  coiisurTiption  of  Diesel  oil  engines  is  always  quoted  per 


GOO 


Fig.  30. 


Overload 


s})ccd  Diesel  engine  of  2«o0  b.h.p.  to  300  b.h.p. ,  driving  n 
dynamo,  will  be  of  interest.     Both  engines  were  of  4-stroke 
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Description.  -  High  speed.    Low  speed. 

Lengt  h    3,055  mm.       4.275  mm. 

Width   1,060    ，，         2,000  ，， 

Height   2,120    ，，         3,375  ，， 

WVight.  without  llywlu^l    11,800  kg.        22,900  kg. 

Cost    15  per  cent,  to  20  per  cent 

less  than  low  spt-ed. 

Oil  con.suniption  (grammes  per  15. H. P.) ― 

Overload    205  205 

Full  load    195  1!)5 

Tlim'-qiiaj'k'r  load    215  2 1 5 

Half  loiul   235  240 


At  full  load  the  brake  efficiency  in  both  cases  was  0'7tS. 
These  engines  were  worked  with  the  following  oils  :  Crude 
naphtha  of  088  sp  gr.  ；  solar  oil  of  0*883  sp.  gr.  ；  a  mixture  of 
70  per  cent,  solar  oil  and  30  per  cent,  masut  0*88  sp.  gr.，  and 
with  masut  0'9  sp.  gr. 

It  will  be  interesting  to  determine  what  the  oil  consump- 
tion ought  to  be  from  theoretical  considerations,  and  it'  is 
proposed  to  do  this  by  means  of  tlie  heat  chart,  Fig.  4  (see 
p.  475  ante).  In  Fig.  28  is  shown  the  heat  chart  diagram  of  a 
Diesel  engine,  and,  for  comparison,  that  of  a  gas  engine,  and 
also  of  an  explosion  heavy  oil  engine.  In  tlie  case  of  the  two 
latter,  as  already  explained,  the  admission  of  heat  theoretically 
takes  place  at  constant  volume,  and  the  abstraction  of  heat 
also  takes  place  at'  constant  volume.  Assuming  constant 
specific  heat,  it  can  be  shown  that  each  element  of  the  heat 
introduced  lias  t-he  same  thermal  efficiency.  Actually,  how- 
ever, the  specific  lieat  increases  with  temperature,  and  tlie 
constant  vokune  lines  shown  in  Fig.  28  have  been  drawn 
taking  account  of  tlie  increase  of  specific  heat  according  to  the 


bustion  may  become  more  imperfect  and  the  efficiency  ratio 
will  then  be  reduced. . 

Returning  to  Fig.  29,  the  reason  for  the  lesser  thermal 
efficiency  of  the  gas  engine  and  of  the  ordinary  oil  engine  is 
obvious  ；  in  the  cases  given,  at  full  load  the  theoretical 
thermal  efficiencies  are,  respectively  :  Diesel  oil  engine,  57  per 
cent.  ；  gas  engine,  51  per  cent.  ；  explosion  oil  engine, 
41  per  cent. 

In  Fig.  29  tlie  brake  thermal  efficiency  is  also  shown, 
(led need  from  the  experiments  for  the  tests  referred  to  above. 
Tlie  power  required  for  driving  the  -engine  was  found  to  bo 
sdnsibly  69  h.p.,  and  the  eflect  on  economy  is  clearly  shown 
hy  the  curvature  of  tlie  brake  efficiency  line.  At  full  load  the 
best  figure  is  obtained  ；  at  light  loads  the  improvement  in 
indicated  thermal  efficiency  is  overshadowed  by  the  loss  due  to 
the  brake  loss;  and  above  full  load,  although  the  brake 
efficiency  is  better,  the  brake  thermal  efficiency  is  less  because 
of  the  reduced  indicated  thermal  efficiency. 

The  total  fuel  used  per  brake  horse-power  is  plotted  in 
Fig.  30  on  a  load  base,  and  it  will  be  seen  tliat  it  nearly  follows 
a  Willans  line,  which  if  produced  cuts  the  origin  at  a  point 
showing  an  oil  consumption  of  19  per  cent,  of  the  full  load 
fuel  ；  that  is  to  say,  that  the  engine,  wlien  running  light, 
requires  19  per  cent,  of  the  full  load  fuel.  On  producing  the 
line  showing  fuel  consumption  per  indicated  horse-power,  it  is 
found  that  0'281b.  of  oil  is  required  per  indicated  liorse-power, 
and  as  the  brake  loss  is  69 】i.p.，  tlie  oil  consumption  works  out 
to  0  28  x  69  =  19'31bs.，  which  is  19  3  per  cent,  of  the  total  fuel 
per  hour,  namely,  1001bs.,  and,  therefore  in  good  agreement 
with  the  figure  previously  obtained. 


TAliLE  VIII. 


Pfrccnta^c  (liiTtTcncc  hctw trn  l.H.P. 

and  B.ll.P. 

.Dost  ript  ion  of  Engine. 

Three- 

Size, 

Quarter 

Half  load. 

quarter 

Full  load. 

10  per  cent. 

B.H.P. 

load. 

load. 

Overload. 

1000 

36-0 

36-4 

37.0 

39.0 

](H)0 

37-5 

37-7 

40-4 

43-0 

1000 

30.fi 

30-7 

30.0 

Jvrii])]),  vertical  2-stroke,  150  revs,  per  minute   

J  000 

33.4 

37.O 

35.0 

J^iinncister  &  Wain,  vertical  4-stroke,  150  revs,  per  minute  .... 

1000 

25-0 

26-2 

26-3 

26.  (i 

Willans  &  Robinson,  vertical  4-stroke,  200  revs,  per  minute  

225 

30'8 

30.6 

30.6 

30.7 

31-2 

figures  given  by  Mr.  Dugald  Clerk  in  his  paper  for  tlie 
Institution  of  Civil  Engineers.  The  effect  of  this  increase  of 
specific  heat  is  to  make  the  slope  of  the  constant  volume  line 
for  admission  less  than  that  for  the  exhaust,  and,  conse- 
quently, the  thermal  efficiency  of  elements  of  heat  added  at 
the  higher  temperatures  is  less  than  that  of  thos&  added  at  the 
lower  temperatures.  This  effect,  however,  is  greatly  increased 
in  the  case  of  the  Diesel  engine,  as  will  be  obvious  from  the 
figure  by  comparing  the  constant  volume  and  constant  pressure 
lines  drawn  through  the  initial  point  of  combustion. 

In  the  case  of  the  Diesel  engine,  the  power  is  reduced  by 
diminishing  tlie  oil  supply,  and  on  the  diagram  this  is 
expressed  by  reducing  the  area,  which  corresponds  to  the 
amount  of  heat  produced  per  stroke  at  full  load.  Four  cases 
have  been  taken  in  Fig.  28,  and  the  percentage'  of  full  load  is 
indicated  in  the  left-hand  bottom  corner  of  each  area.  From 
these  the  theoretical  indicated  thermal  efficiency  for  each  of 
these  loads  can  be  obtained  by  measuring  the  respective  areas  ； 
this  has  been  done,  and  the  result  is  given  in  Fig.  29，  and  it 
will  be  seen  that  all  the  points  lie  sensibly  in  a  straight  line, 
and  thai  the  thermal  efficiency  at  no  load  is  65  per  cent,  and  at 
10  per  cent,  overload  it  is  reduced  to  55  per  cent. 

Results  of  tests  made  by  the  lecturer  on  a  3-throw 
225  b.h.p.  engine  at  Messrs.  Willans  &  Robinson's  works  in 
] 909  have  also  been  inserted  in  this  figure.  It  will  be  seen 
that  the  actual  thermal  efficiency  per  indicated  horse-power  at 
the  various  loads  tested  also  lies  very  nearly  in  a  straight  line. 
Tlie  ratio  between  the  actual  thermal  efficiency  and  the 
theoretical  thermal  efficiency  gives  the  efficiency  ratio,  and  this 
has  also  been  plotted  on  the  figure,  and  it  will  be  seen  that  the 
efficiency  ratio  is  greater  at  light  loads  than  it  is  at  full  load 
within  tlie  limits  of  the  test,  as  might  be  expected,  because 
wii  liin  tliese  limits  t-he  combustion  will  pr (山 al>】y  l)e  equally 
and  as  tlie  iein|)ar;itures  ai  li^ht  loads  ； u-e  less  titan  ； it, 
full  load  thcr<i  will  Ix:  less  loss,  and  t  h('rH'()i'e  better  efficit'iicy 
ratio.    At  heavier  loads  and  at  much  lighter  loads  the  cgm- 


The  indicated  horse-power  and  brake  horse-power  lines  are 
also  plotted  on  Fig.  30，  and  it  will  be  seen  that  these  lines  are 
sensibly  parallel,  that  is,  the  power  required  to  drive  the 
engine  and  the  air  compressor  was  69  h.p.  at  all  loads,  and 
since  the  full  load  is  225  b.h.p.  the  percentage  is  30*7.  The 
approximate  constancy  of  tlie  difference  between  the  indicated 
horse- power  and  the  brake  horse^power  appears  to  be  general 
with  Diesel  engines,  as  is  shown  by  Table  VIII.  ?  deduced  from 
actual  guarantees,  the  percentage  varying,  however,  with  the 
size  of  the  engine,  whether  vertical  or  horizontal,  and  whether 
of  the  4-stroke  or  2-stroke  type. 

(To  be  continued.) 


Clyde  Shipbuilding  Output. ― The  Clyde  shipbuilding  output  dur- 
ing October  lias  been  on  a  substantial  scale,  totalling  48,04-5  tons, 
spread  over  19  vessels.  The  aggregate  for  the  ten  months  of  the 
year  is  thus  raised  to  520,318  tons,  、、- hich  is  10,500  tons  al>ove 
the  previous  record  for  the  corresponding  period  established  in 
1906.  In  only  two  previous  Octobers  has  this  month's  total  been 
exceeded.  The  new  work  booked  includes  four  armoured  cruisers 
for  the  British  Admiralty. 

New  Electric  Plant  for  Manchester.  —The  Manchester  Corporation 
Electricity  Committee  have  accepted  the  tender  of  Messrs.  James 
Howden  Co.3  Ltd.,  of  Glasgow,  for  a  new  15300U  \\\v.  unit,  witJi 
Messrs.  Su'inens  as  sul)— contractors  for  the  alternator j  and  Messrs. 
KicliiU'dsoiiSj  Westgarth,  for  the  condensing  plant.  The  main 
turbine  will  be  of  the  Howden  Zoelly  pure  impulse  type,  with  14 
"heels,  designed  to  \\  ork  with  a  steam  pressure  of  2001 bs.,  super- 
heat 200°  Fall.,  and  vacuum  27\\r\.  The  speed  will  be  1,000  revs, 
per  Tiiinutc.  Tlie  main  altern.ator  will  he  of  the  totally  enclosed 
type.  The  rotor  will  be  of  the  solid  typo,  cylindricnlly  wound. 
The  main  {•oiulfMiscr  will  be  of  the  Contra flo  design,  and  the  circu- 
lating pumps  will  1)o  of  the  Rateau  type  and  in  duplicate,  both 
srt s  Ix'iiig  <lri\'(Mi  I>y  stoain  turbino.  I1  lie  kinetic  air  pumps  and 
、、； it(、r  ni[)s  :u(，  also  in  duplicate^  ； m(l  (、； uli  lino  is  to  bo  d riven 
l,v  ； 1 11  ； Mi\ili;ii'\-  sica m  Im'l'im'.  Tl"、  tnrltino  iind  alternator  、、(、igli 
*2.)U  toiiSj  and,  iii('lu<liiig  Ui('  coink'nsing  plant,  the  total  weight 
will  be  approxinmtely  350  tons. 
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DAVIDSON  &  LARMUTH'S  INTERNAL-COMBUSTION  ENGINE. 

We  illustrate  herewith  a  design  of  2-stroke  cycle  internal- 
combustion  engine  of  the  type  in  which  two  cylinders,  placed 
side  by  side  are  in  open  communication  with  each  other 


at 


Fig.  1.— Davjdson  &  L.vhmi:th"s  Intkuxal- combustion  Engixk. 


both  ends,  one  of  the  cylinders  having  inlet  and  the  other 
exhaust  ports  controlled  directly  by  the  pistons  in  the 
cylinders,  and  the  combustible  mixture  being  compressed  in 
the  crank  chamber  before  entering  the  cylinders ― the  joint 
invention  of  Mr.  John  Davidson,  of  39， 
Devonshire  Road,  Pendleton,  Manchester, 
and  Mr.  William  O.  Larmuth. 

Referring  to  Fig.  1,  the  working 
cylinders  A，  B  are  in  direct  communica- 
tion with  one  another  at  both  ends  and 
are  water- jacketed.  The  outer  end  of  the 
cylinder  A  has  an  inlet  O  connected  with 
the  combustion  charge  supply  and  fur- 
nished with  a  non-return  valve  (not 
shown).  The  cylinder  A  has  inlet  ports 
P  around  it  in  or  about  the  middle, 
which  are  connected  together  by  a  belt 
Q,  and  by  means  of  a  pipe  R  brought  into 
communication  with  the  outer  ends  of 
the  cylinders  A  and  B.  The  cylinder  B 
has  around  it  also  in  or  about  the  middle 
exliaust  ports  S,  which  are  conn  set  ed 
together  by  a  belt  T  furnished  with  an 
exhaust  pipe  (not  shown). 

The  cycle  of  operations  is  as  follows  ： 
Upon  the  up-stroke  of  tlie  pistons  C  and 
D  tlie  coinbustible  charge  is  drawn  into 
the  outer  ends  of  the  cylinders  through 
the  inlet  0，  while  on  the  down-stroke  of 
the  pistons  C  and  D  the  combustible 
charge  drawn  in  is  somewhat  compressed, 
being  prevented  from  returning  by 
the  non-return  valve.  When  the  piston 
D  of  the  cylinder  B  is  n earing  the  end  of 
its  down-stroke,  it  uncovers  the  ports  S. 
The  pressure  of  the  burnt  gases  in 
the  cylinders  A，  B  then  falls  at  once,  and  at  the  same  time 
tlie  cliarge  inlet  ports  P  in  tlie  cylinder  A  are  uncovered  by 
fli"  r^s|>f^;live  pist' (川. The  conipnwsorl  charge  within 
outer  ejifl  of  the  ^vliiiflers  A  and  B  thcji  rushes  through  the 


pipe  R  and  inlet  ports  P  into  the  other  end  of  the  cyliinlcr 
B,  driving  before  it  the  exhaust  gases  and  completely  filling 
both  cylinders  A  and  B  with  a  fresh  charge;  the  pistons  C 
and  D  then  rising  compress  tlie  charge,  which  is  fired  wlien 
tliey  reach  the  inner  end  of  their  stroke  in  the  usual  way. 
With  a  view  to  preventing  loss  of  the  incoming  charge, 
through  the  exhaust  ports  S，  the  cr;nik  pi  ns 
E，  F  are  set  at  slightly  different  angles,  so  that 
t ho  exliaust  ports  S  open  somewhat  before  the 
inlet  ports  P,  and  also  close  slightly  before  the 
latter  close.  The  piston  C  in  the  cylinder  A 
may  be  made  much  smaller  in  diarneler  1  ] i ;n i 
the  piston  D  and  act  as  a  distributing  valve 
instead  of  a  working  piston.  It  will,  huwever, 
still  operate  and  tend  to  assist  to  turn  tlie 
crank  shaft  in  the  ordinary  way. 

In  the  arrangement  shown  in  Fig.  2  the  pi::- 
ton-like  crossheads  K  and  L  are  utilised  as  air 
compressors  for  scavenging  purposes.  The 
chambers  U  and  V  are  provided  with  non- 
return valves  W  and  X，  and  a  distributing 
piston  valve  Y  is  arranged  to  be  driven  from  an 
eccentric  or  crank  Z.and  work  in  a  casing.  The 
bottom  of  the  casing  G  is  in  direct  communica- 
tion with  the  chamber  V，  and  the  top  of  the 
same  communicates  with  the  outer  end  of  tlie 
cylinders  A  and  B  by  a  pipe  H.  The  chamber 
U  is  in  direct  communication  with  the  atmo- 
sphere. 

This  engine  operates  as  follows :  When  the 
pistons  C  and  T>  are  forced  inwards  by  tlie 
explosion  of  the  combustion  mixture,  the  pis- 
ton D  commences  to  uncover  the  exhaust  ports 
S，  and  thereby  relieves  the  cylinders  A  and  B 
of  excessive  pressure  before  the  scavenging  air 
is  admitted.  The  piston  C  then  uncovers  the 
inlet  ports  P，  and  as  the  valve  Y  is  above  the 
port  J，  it  allows  the  compressed  air  from 
the  chamber  V  to  enter  the  cylinder  A  and  drive  out 
the  -exploded  gases  from  both  cylinders  A  and  B.  The 
valve  Y  then  commences  to  descend  with  a  velocity  which 
increases  as  the  piston  nears  the  end  of  its  inward  stroke, 


'2.— Davidson  S:  Laiimuth's  iNTEitNAL-coMjirsTiox  Engine 


until  it  comes  below  the  port  J,  and  therebv  allows  the 
charge  conipressefl  in  the  outer  ends  of  the  cyliiiders  A  and 
B  by  tlie  pistons  (-  and  D  to  j)ass  tlirough  tlie  ]>i|>e  II  and  port 
J  into  the  cylinder  A  and  thereby  charge  botli  cylinders  A 
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and  B.  The  port  J  remains  open  until  covered  by  the  now 
outward  moving  piston  C，  whereupon  the  new  charge  is 
fired  and  the  operation  repeats  itself.  The  air  is  drawn 
through  the  '-Iwimber  A  when  the  pistons  move  inwards,  the 
\  ;ilv,'s  X  ('losing  t  lie  cli;i  inber  V  during  tins  time,  and  then 
forced  into  the  chamber  V  in  a  compressed  state  during  the 
outward  stroke  of  the  piston,  the  valves  W  preventing  it 
from  returning  to  the  open  air  through  tlie  chamber  XJ. 
The  cliauiber  V  tlius  serves  as  a  reservoir  for  the  compressed 
;iir.  Tlie  engines  described  may  be  】nade  to  have  two,  four, 
or  six  cylinders,  or  more  according  to  the  power  and  speed 
required. 


SCIENTIFIC  SHOP  MANAGEMENT  ON  THE  TAYLOR  SYSTEM. 

I  n  ； i  p;ip,n'  (m  the  above  subject  by  Mr.  G.  C.  Allingham,  read 
flu'  Junior  Institution  of  Engineers,  the  author  said  it 
had  long  been  universally  recognised  tliat  manual  labour, 
generally  speaking,  was  very  inefficiently  performed,  and  that 
tlie  working  man,  if  only  he  could  by  some'  means  be  induced 
to  do  his  best,  could  do  a  great  deal  more  work,  per  hour  or 
per  day,  than  he  actually  did.  Many  remedies  for  this  state 
of  things  had  been  proposed  and  tried  ；  and  these  included 
ju'emium  or  bonus  systems  of  payment,  profit-sharing  or 
co-part nersliip  of  various  kinds  and  philanthropic  schemes, 
l>ut  none  of  these  had  met  with  any  considerable  measure  of 
success.  As  things  were  at  present,  the  interests  of  masters 
and  of  men  were,  he  observed,  essentially  opposed  in  this 
respect,  that  it  was  the  interest  of  the  masters  to  get  as  much 
work  as  possible  out  of  the  men  in  a  given  time,  while  it  was 
i  lie1  interest  of  the  men  to  do  as  little  work  as  possible  in  tlie 
time.  There  was  also  always  a  natural  tendency  on  the  part 
of  the  worker  to  jog  along  at  an  easy  pace,  unless  there  was 
something  to  keep  him  constantly  up  to  tlie  scratch .  Another 
cause  of  inefficiency  was  that  the  men  did  not  know  liow  to  do 
their  work  in  the  most  efficient  way.  Employers  did  not 
attempt  to  ascertain  in  any  systematic  way  what  was  the  most 
efficient  and  quickest  way  to  do  each  job  or  to  give  definite 
instructions  to  the  men  how  to  do  it;  the  man  was  supposed 
to  know  his  trade/'  to  need  only  to  be  told  what  to  do,  and 
not  -exactly  how  it  should  be  done.  Mr.  F.  W.  Taylor,  the  dis- 
tinguished American  engineer,  had,  however,  shown  how  this 
could  all  be  changed.  He  had  shown  us  how  the  amount  of 
labour  required  for  any  given  piece  of  work  could  be  scientifi- 
cally ascertained,  as  accurately  as  the  amount  of  material. 
For  the  past  30  years  Mr.  Taylor,  and  those  associated  with 
him,  had  been  engaged  in  a  systematic  study  of  manual  labour 
of  various  kinds,  with  a  view  to  determining,  in  a  scientific 
maimer,  the  laws  governing  the  speed  with  which  work  of  all 
kinds  could  be  done.  As  the  result  of  their  investigations, 
they  had  found  that,  as  a  general  rule,  work  could  be  done, 
not  merely  in  spurts,  but  steadily  and  continuously,  in  from 
(ine-lialf  to  one-quarter  of  the  time  liitherto  expended,  and,  by 
applying  their  methods  to  practice,  they  had  actually  suc- 
ceeded in  doubling,  trebling,  and  even  quadrupling  the  output 
of  the  workmen  of  those  firms  who  had  adopted  the  Taylor 
System  of  Scientific  Management. 

The  author  said  the  principle  on  which  Mr.  Taylor  and  his 
associates  had  worked  throughout  their  investigations  had 
been  to  analyse  every  piece  of  work  into  its  component 
dements,  and  to  study  and  i.ime  each  element  separately.  A 
coinj)aratively  simple  law  could  be  arrived  at  governing  tlie 
time  required  for  each  element  ；  but  each  element  was  affected 
by  different  factors,  so  that  if  an  attempt  were  made  to  study 
the  job  as  a  whole,  the  number  of  variables  in  the  equation 
would  be  so  enormous  that  it  would  be  hopeless  to  attempt  to 
solve  it.  By  the  determination  of  a  comparatively  small 
mnnber  of  unit  times  for  any  given  class  of  work  it  became 
possible  to  calculate  the  exact  time  required  for  a  very  large 
variety  of  jobs,  which  were  built  up  of  various  combinations 
of  those  units.  The  unit  times  were  arrived  at  by  means  of 
" time  studies  ，•  or  by  timing  the  work  with  a  stop  watcli.  A 
mail  was  selected  who  would  take  an  interest  in  the  work  and 
would  co-operate  in  the  investigation  in  hand.  It  was  occa- 
sionally necessary  to  time  the  men  without  their  knowledge  ； 
l>ut  wlierever  possible  it  was  best  to  time  them  openly  and  with 
t  lieir  consent  and  co-operation.  The  man  was  given  an 
explanation,  suited  to  his  capacity,  of  the  object  of  the  time 
si  udv,  ;uul  it  was  niacle  clear  to  liirti  tliat  it  would  eventually 
oiiahlc  1 1  i  1 1 1  to  oMin  hi^hor  wa^es.  It'  was  then  usually  found 
1 1wil  lie  \v;is  qui"'  willing  i  o  liclp  in  tlie  work  ；   Mild,  jn  order 


to  make  the  man  more  willing  to  do  liis  best,  he  was  paid  extra 
money  while  he  was  being  timed.  The  work  was  divided  up 
into  elements,  and  each  of  these  was  timed  separately.  While 
t  Ins  was  being  done,  the  motions  of  the  man  were  carefully 
watched  ；  and  if  the  observer  were  an  expert,  who  had  had 
considerable  experience  of  study  of  this  kind,  lie  generally 
found  it  possible  to  cut  out  unnecessary  motions  and  to 
improve  others,  and  so  to  expedite  the  work  considerably. 
Intelligent  and  close  observation  of  this  kind  had  resulted  in 
many  improvements  having  been  made  in  the  methods  of 
carrying  out  manual  work,  as  well  as  in  the  speeding  up  of 
machines  by  the  modification  of  details. 

This  "  motion  study,"  or  systematic  study  of  tlie  motions 
performed  by  a  worker,  was  in  itself  a  very  important  brancli 
of  tlie  process  of  increasing  the  efficiency  of  labour.  The 
motions  of  a  bricklayer  in  laying  a  brick  were,  for  example, 
reduced  from  18  to  5，  and,  in  one  case,  from  18  to  2,  and 
the  number  of  bricks  laid  was  increased  from  1,000  to  3,500 
per  day,  with,  if  anything,  less  physical  effort  to  the  bricklayer 
than  before.  Systematic  experiments  had  been  made  to 
ascertain  the  most  efficient  method  of  carrying  out  various 
kinds  of  work.  For  instance,  the  art  of  shovelling  had  been 
scientifically  investigated.  Two  or  three  first-class  shovellers 
were  selected,  and,  for  several  weeks,  their  work  was  carefully 
observed  by  trained  observers ；  the  shovel  load  was  gradually 
varied,  and  it  was  found  that  there  was  a  definite  shovel  load 
with  which  a  larger  tonnage  per  day  could  be  shovelled  than 
with  a  load  either  above  or  below  that  amount.  A  first-class 
man  could  do  his  biggest  day's  work  with  a  load  on  his  shovel 
of  211bs.  ；  witli  a  load  of  either  241bs.  or  181bs.  he  could  not  do 
so  much.  As  a  result  of  this,  it  was  found  that  it  paid  to  use 
shovels  of  different  sizes  for  different  materials  ；  for  instance, 
the  same  shovel  that  would  pick  up  301bs.  of  iron  ore  would 
pick  up  only  41bs.  of  small  coal,  which  was  not  only  lighter, 
but  very  slippery  ；  it  was  obvious,  therefore,  that  a  smaller 
shovel  should  be  used  for  the  ore  and  a  much  larger  one  for 
the  coal. 

Another  instance  mentioned  by  the  author  was  the  loading 
of  pigs  of  iron  into  railway  trucks  from  stacks  on  the  groui»d. 
Instead  of  allowing  the  men  to  work  and  rest  as  they  felt 
inclined,  they  were  told  when  to  pick  up  a  pig  and  walk,  and 
when  to  stop  and  rest.  And  it  was  found  that  whereas, 
when  left  to  their  own  devices,  the  men  loaded  12^  tons 
of  pig  per  man  per  day,  when  they  worked  according  to 
instructions,  with  those  intervals'  of  rest  which  were 
found  by  experiment  to  be  best,  they  could  handle 
47+  tons  per  man  per  day,  or  very  nearly  four  times 
as  much.  This  result  could  never  have  been  attained 
without  time  study  and  training  of  the  men  ；  without 
training  they  could  not  tell  how  often  and  how  long  they  ought 
to  rest.  If  no  daily  task  was  fixed,  the  men  rested  more  than 
was  necessary,  they  could  work  more  and  rest  less  without 
overtiring  themselves  ；  on  the  other  hand,  if  tlie  task  were 
fixed  at  the  higher  limit  and  the  men  were  left  to  reach  it  as 
best  they  could  without  guidance  or  direction,  they  would 
probably  rush  at  the  work  and  tire  themselves  out  before  half 
the  day  was  done.  In  all  heavy  labouring  work  of  this 
description  it  had  been  found  that  there  was  a  definite  per- 
centage of  the  working  day  during  which  the  man  could  be 
under  load  without  becoming  unduly  exhausted. 

By  far  the  most  remarkable  of  all  the  instances  of  scientific 
investigations  of  this  kind  made  by  Mr.  Taylor  and  his 
co-workers  was  that  of  cutting  metals.  Experiments  were 
made  to  determine  the  laws  connecting  the  cutting  speed  and 
feed  with  the  rate  at  which  metal  could  be  removed  from  the 
casting  or  forging.  By  plotting  the  results  of  the  various 
series  of  tests,  curves  were  obtained,  from  which  mathematical 
expressions  were  deduced  representing  the  relations  between 
tlie  different  sets  of  variables.  These  expressions  were  found 
to  be  logarithmic  in  character,  so  that  it  was  possible  to  con- 
struct slide  rules,  by  means  of  which  the  very  complicated 
equations  which  have  to  be  dealt  with  could  he  solved  without 
difficulty  by  any  ordinary  clerk  or  foreman.  With  such  a 
slide  rule  the  best  speed  and  feed  for  a  given  job,  on  a  given 
macliine,  could  be  worked  out  in  a  fraction  of  a  minute. 
AVhen  the  correct  cutting  speeds  and  feeds  for  the  jobs  in  hancl 
were  calculated  in  this  way  it  was  frequently  found  that,  in 
order  to  obtain  them,  it  was  necessary  to  alter  the  pulleys  on 
tho  machines  or  countershafts,  or  tlie  feeds  of  the'  niacliincs, 
； wid,  hy  ； i Iterations  of  this  kind,  great  increases  of  ouiptit  worv 
nl'i  v]\  ohtaiiH'd.     In  f;i<"t,  this  i"v(、st  igatiou  had  shown  up  t he 
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tact  that  lutlierto  the  driving  at»d  feed  gears  of  machine  tools 
had  not  been  designed  on  any  scientific  basis. 

Having  ascertained  how  to  calculate  the  cutting  speed  and 
feed,  the  time  required  to  remove  a  given  amount  of  metal 
could  thus  be  estimated,  and  special  slide  rules  had  been  con- 
structed for  this  purpose  also.  When  any  given  machining 
job  had  to  be  done  it  was  divided  up  into  its  elements,  svich 
as:  (n)  Lifting  work  from  floor  to  machine;  (b)  putting 
on  carrier  ；  (r)  adjusting  work  in  chuck  or  on  centres  ； 
(f/)  calipering  :  {f)  setting  tool  ；  (,')  making  cuts ；  ((/)  extra 
hand  work  ；  (A)  removing  work.  In  making  actual  time 
studies  tliese  elements  were  still  further  sub-divided. 

The  principles  of  scientific  time  study  were  sutninarisecl 
by  the  autlior  briefly,  as  follows  :  (1)  Each  piece  of  work  was 
analysed  into  its  constituent  elements  ；  (2)  the  iniuimum  time 
required  to  carry  out  eacli  element,  i ,  its  "  unit  time,  was 
determined  and  recorded  ；  (3)  records  of  unit  times  for  a  large 
variety  of  elements  naving  been  accumulated,  the  time  that 
would  be  required  for  carrying  out  any  new  job  could  be  pre- 
dicted with  a  high  degree  of  accuracy  by  adding  together  the 
already  known  unit  times  of  the  elements  of  which  it  was  com- 
posed. When  fixing  a  standard  time  for  a  new  job  tlie  time 
required  was  calculated  in  this  way,  and  afterwards  checked 
by  putting  on  a  first>rate  man  to  do  the  job  and  timing  him 
with  a  stop-watch.  A  very  large  quantity  of  data  liad  already 
been  amassed,  as  the  result  of  the  work  of  Mr.  Taylor  and  iiis 
associates,  as  to  the  "  unit  times  for  the  elements  composing 
work  of  a  great  variety  of  kinds,  and  these  data  were  being 
n tided  to  every  day. 

The  a ut lior  next  referred  to  the  advantages  to  the  em- 
plover  of  being  able  to  ascertain  how  quickly  any  kind  of 
work  could  be  done.  In  tlie  first  place,  the  amount  of 
work  which  each  workman  ouglit  to  do  in  a  clay  could  be 
defined,  ami  the  piecework  or  premium  rates  fixed  on  a 
definite  and  accurate  basis,  giving  tlis  men  an  undertaking 
that .  so  long  as  tlie  method  remained  unaltered,  the  rates 
woulfl  never  be  "  cut."  The  rates  were  therefore  fixed  so 
that,  by  working  fairly,  the  men  were  able  to  earn  wages 
exceeding  the  ordinary  rates  by  an  amount  which  varied 
between  30  per  cent,  and  100  per  cent.,  according  to  t lie 
class  of  work.  When  the  payment  was  by  time  a  large  fixed 
l)onus  was  paid,  in  addition  to  the  ordinary  day-wages,  if  the 
work  was  done  in  standard  time  or  less.  This  bonus  usually 
finiouiited  to  from  20  per  cent .  to  50  per  cent,  of  the  total 
day-wages,  according  to  tlie  class  of  work.  Jn  order  to  carry 
out  the  system,  a  special  planning  department  was  pro- 
vided in  the  works.  Tlie  time-studies  were  carried  out  by  the 
staff  of  this  department,  who  prepared  an  "  instruction  card  " 
for  every  job  which  was  issued  to  the  workman.  On  this 
card  all  tin*  elements  of  which  the  job  was  made  up  were  set 
fort  1 1  in  a  table,  together  with  the  standard  "  unit-time  ' 
allotted  to  each  and  the  fatigue-allowance.  The  card  speci- 
fied the  tools,  jigs,  etc.,  t,o  be  used  for  each  operation,  and, 
in  the  case  of  macliining,  it  stated  where  to  start  each  cut , 
tlie  exact  (leptli  of  each  cut,  liow  many  cuts  to  take,  and  the 
sp^erl  and  feed  to  be  used  for  each  cut.  On  the  card  were 
also  entererl  the  numbers  of  the  drawings  to  be  referred  to, 
hikI,  of  course,  the  piece  number  and  order  number  of  the 
job  ；  the  piecework  or  premium  rates  to  be  paid  for  tlie  job 
were  also  stat?d.  TIib  planning  def)ailnient  also  arranged 
the  exact  route  by  wliicli  each  piece  of  work  was  to  travel 
t lirou^li  tlie  shop  from  madiine  to  machine,  so  that  it'  could 
he  rlons  in  tlie  most.  e(:oii(m'i(，aJ  manner. 

No  'W>nbt,  wlien  t  he  Taylor  system  was  int  rodii(:e(l  int-o 
iliis  country,  the  trade  unions  would  not  like  it  at.  first. 
Tlio  trails  unions  in  this  (*()unt,ry  were  more  powerful  tlian 
in  t lif  U，ii"'(i  Stales,  oi*  i ixleefl  \\\  almost  any  otliei'  country, 
except  pfrliri  ps  A  ust  ralin,  aiul  they  might  put  greater  fliffi- 
'•ulties  in  the  way  than  t  liose  experienced  in  America.  But 
surh  flifficulties  would  be  only  temporary  ；  in  the  end,  tl'p 
t rade  unions  wouM  no  mors  be  able  to  resist,  the  introduction 
of  ，1"'  Taylor  system  than  they  had  been  able  to  resist  the 
，'，trofl，":tio，i  of  l?ibf)ur-savin^  madiinery.  The  system  was 
already  in  extensive  ua?,  in  tlie  United  States  and  Canafla  ； 
aiifi  at,  least  50,000  workmen  in  the  United  States  were 
fmployfd  inuler  it.  Tt  liarl  l)een  applied  to  a  lar^e  variety 
of  flifTorfiit  t  r;uh's,  ； i  nrl  the  re  Hpp'^ired  t  o  be  no  reason  wliy 
it  slioulrl  nf)t  \yv,  Jipplierl  wi<  li  pfj nal  surrp'ss  in  work  of  almost 
'-、 "rv  1< i nrl .  Tlu'  nut  put  per  ""，  n  l';，（l  l)pf'，i  i ncroisfd  t lire:' 
or  fourfr>lfl,        1  li;M  ,  ；， It  t  lie  ('； i niiu^s  ])v r    m;m  Iwul 
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costs  had  been  reduced  to  one-half,  or  less  than  one-half,  of 
what  they  were  under  t  iu:  old  system  even  in  well-nianaged 
works.  Tins  represented  ti)e  irnprov<uiHM)t.  tJiat  had  been 
obtained  solely  as  the  result,  of  ihv  inl  roductioi)  of  1  li*- 
system  of  scientific  niaii.igeirierit,  tlie  plint  and  eqiiipmei" 
remaining  the  same  as  before. 


A  BIRMINGHAM  BOILER  EXPLOSION. 

Thk  Danger  of  Negi'iocting  Inspection. 
A  Hoa Hi)  of  Thadk  enquiry  was  held  at,  Birniingh;irit  r>n  \ 
30tli  nit.  into  the  circumstances  attending  a  boiler  explosion 
which  occurred  oti  April  22nd  last  at  the  premises  of  the  late 
firm  of  Messrs.  W.  H.  Butcher  &  Co.，  30，  Princip  Street,  Jiir- 
mingliam.  The  Board  of  Trade  Commissioners  were  Messrs. 
George  Warner,  barrister-at-law,  and  Arthur  J.  Magiimis. 
consulting  engineer. 

Mr.  Vaux,  solicitor  for  the  Board  of  Trade,  said  tlie  boiler 
was  of  the  ordinary  Lancashire  type,  made  of  steel  in  1 89(>, 
with  a  working  presstire  of  801bs.  to  the  square  inch.  It  was 
used  by  Messrs.  Butcher  tor  supplying  steam  to  an  engine, 
which  drove  the  beams  used  in  the  boring  and  grinding  of 
gunbarrels.  The  boiler  was  never  used  at  a  greater  working 
pressure  than  501bs.  to  the  square  inch,  and  in  the  year  1902 
the  safety  valves  were  adjusted  to  blow  off  at  a  pressure  of 
about  351bs.  The  boiler  was  insured  with  t he  British  Engine 
Boiler  and  Electrical  Insurance  Company,  and  was  periodi- 
cally inspected  by  their  inspectors  from  1896  until  190G.  In 
May,  1911，  the  insurance  was  discontinued,  and  no  further 
inspections  of  the  boiler  were  made.  On  April  22nd  last, 
while  the  stoker  was  away  for  about  20  minutes  during  the 
dinner-hour,  an  explosion  occurred,  one  of  the  flues  rupturing 
longitudinally  for  about  4ft.  6in.，  and  forming  an  opening 
about  8iu .  in  widtli  at  tlie  centre.  The  rush  of  steam  wrecked 
part  of  the  brick  wall  separating  the  boiler  from  tlie  engine- 
house,  but  fortunately  nobody  was  injured. 

Mr.  Warner,  in  giving  the  judgment  of  the  Court,  said  Mr. 
Butcher  did  not  appreciate  the  serious  consequences  to  the 
boiler  of  the  intermittent  falling  of  rain  through  the  defective 
roof  of  tlie  boiler-liouse  on  to  the-  back  part  of  the  boiler  aiul 
on  to  the  brickwork  adjacent  to  the  boiler.  Th©  Court,  1  i o 
said,  could  find  no  excuse  for  Mr.  Butcher  s  negligence  in  not 
having  given  facilities  for  a  thorough  examination  of  t  iie 
boiler,  and  would  have  dealt  with  Mr.  Butcher  severely  hut 
for  the  fact  that  lie  had  failed  in  his  business  owing  to  events 
over  whi(,h  he  had  little  control .  In  the  circumstaru^es,  1  ho 
order  of  the  Court  was  that  Mr.  Butcher  should  pay  towards 
tlie  expenses  of  the  enquiry  the  sum  of  £15. 


World's  Mining  Statistics. 一 'Hi''  Cliu-t  I  n.sjn';'tor  of  、liiit_'.、.  in  ； i 
W"'r;il  ivport  to  the  Hoard  of  Trade,  ^\vos  statistics  rehiting  1o 
j>^rsons  e"】i)lovpd,  output,  d.，  of  the  mines  and  quarries  in  tlie 
Britisli  colonies  :'ml  foreign  countries  in  191(1.  I1  his  si  lows  tli;'t 
the  numhor  of  persons  engaged  i n  mining  :md  ([iiarrviii^  ； it  liom'' 
and  altrojul  m  1U10  exceeded  i\{  millions.  Of  this  total,  rou^lily 
sppuUiny;,  ncn rly  one-fil  th  were  employed  in  tl"、  United  K  i m ^flom, 
；， ml  more  th;» ii  mit>- third  in  tli(、  British  Empire.  Moiv  than  h;ilf 
of  the  total  mm 山 t*r  were  employed  in  getting  coal  ； iloiic.  (irc;it 
Britain  employing  m>arly  1,1133,1^1,  t\w  I'nited  States  over 
72.1,<H »l,  (； (M-maiiy  o\(>r  <iU4,0()(l,  Krjince  nojirly  1{)7,(MI0.  Rnssm, 
fU)(18)  m"r  1  74,(  H  H),  BHgiuni  ，ie;irlv  \UJ  K  Ml,  Austria  m(>r  I31,IKMI, 
； m(I  m»*;i  i-lv  I  MiJKMI.     As  ivg:it'(ls  the  world's  output  of  tlir 

most  import;) nt  niiiHTals  in  191",  tlii、  total  ； unount  of  coul  pro 
(liiced  was  1 ,1  U-l  million  metric  tons,  tlie  v;'lm'  of  wliicli  is  rsti- 
m;itd  ； it  rly  >  million  |"、'm(ls  stcrli  it^.  The  (| u;i  nt  ity  ;i  ihI 
\a  hie,  ('ompi'rwl  u  it  Ii  MH  )<),  slm、v  ； i  n  ii，r，v:is('  of  ne;irl  v  "H 卜; mil  I  ion 
t:",s  iii  tln>  mit])iit ,  ； hhI  nt  t2i )  nnllinn  pou st(.>rli i n  tli(、  \  aiiuv 
Tlie  :i  mmm  t  p  rod  need  ； i  w<\  its  \  ;i  I  in*  "v  t  ltr  tli  in-incip;!  I 
countries  \vfM*e  : —— 

Metric  tons. 

I'liitcd  States    4.V)，"4o,U M I    £129,272, 0( t(» 

(； rent  Brita in    2(>8,077,( MMt    t\i »S.37S.( M K I 

("，rm;m.v    222,37").OOH    £8~),2(>1  ，'""》 

I  ii  tlu»  ('； is"  ot  i ron  tlit'  Unitetl  States,  with  ； i n  output  f»l  rly 
27:；  oiillion  tons,  is  m'isidor" blv  ;»1i，'；h1  of  :i n v  other  country.  Tin* 
(:('，'m;i  ii  KiDpirc,  w  I tli  ov*M"  cifj;lit  million  tons,  ("•' 、；、 t  Brit ；"， i  with 
uv,'r  fi\c  million  tons,  l',r;iii('<»  wit  li  o、  ,'r  iivo  million  tons,  m  nrl 
S ii  w  ill)  m';irl.、  1  \  million  tons,  conn1  next .  Taking  mim'、. 
lor  w  liicli  I  he  ii^urcs  :i  r<、  irlv  r(、"i|、lrt''.  1  \\r  山、; itli  r;"''  '、t  tl，'、 
l"t»ito<I  K  in^flom  u  ;is  1  ■  7n,  wlii lo  f  oi-  A  nst  ri;i  it  \vas  】*17,  I^cl^intn 
■9."),  J' ，，； mr,、  MW.  .in pan  2  *23,  (； ermany  !  Oo.  ； uul  tlio  United  Sl;itcs 
:V7!，.    Tin'  rltsit  I)  r;ii«*  lor  foreign  countries  •xoaorally  、va.s  *J*  I •"». 
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NEW  PATENTS. 

Specifications  of  the  following  are  now  published^  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  lOd.  Address 
tf  Mechanical  Engineer^1  53,  New  Bailey  Street,  Manchester. 

MECHANICAL,  1911. 

Uovorsible  regenerative  gas  furnaces.    Reynolds.  16041. 
Furnaces.    Fletcher.  20087. 

( 'nitrifugal  governors  and  speed  iiulicators.      S.  Sniilli  iV:  S<»n, 

Ltd.,  and  Dorer.  20232. 
Governing    mechanism    lor    (Mastic- fluid    turbines.  Vei'eiiiigte 

Dampfturbinen  Ges.  20549. 
Evaporating  and  drying  apparatus.    Kayser.  2232G. 
Jet  condenser  and  feed-wator  lieator  ； nul  puriiier.  Watson.  22354. 
8  team  boilers  and  water  heaters.    Howes  <fe  Banner  man.  2242-"). 
Variable-speecl  gearing.    R viand  &  Louis.  22450. 
Drills  and  sockets  therefor.    Barnes.  22498 
Treatment  of  peat.    Rigby  <fe  Testrup.    22501 . 
Temperature-regulating  apparatus.  Macarcllo. 
Valves  for  internal-combust io"  engines.    Corhrano.  22(i30. 
IMstons  and  piston  valves.    Allen.  22713. 
V;i riahle-speed  gearing.    Crofton  ^  Hunt.  22714. 
Self-starters  for  explosion  (、ngiii('s.    (Iiristonson  &  15oult.    227 7M. 
Rotary  explosion  motors.    Ve relet.  22820. 

Apparatus  for  indicating  temperature  of  bearings'  Boaler.  2'28'5D. 
INIotor  road  vehicles.    New.    22881 . 

(Viitrii'ugal  fans  or  pumps.    Whitfield,  and  Whitfield  Fan  Com- 
pany.    23014.  . 
Variable- speed  gear.    Jolmson  A:  Kilgoiu'.  23148 
Va riable-speed  transmission  gearing.      Yoxnll  &  TlionieytTd 
23292. 

Steam  regenerative  furnaces.    Higgins.  23347. 

Pressure  release  valve  for  use  in  connection  with  locoiiiotivc  and 

other  steam  engines.    J^obinson.  23353. 
Carburetters  for  explosion  motors.    Soc.  du  Carburateur  Zenith. 

24392. 

Compressors  for  air  and  gas.    Hurst.  24943. 

Motor  road  vehicles.    Alldays  &  Oi、ion:s  Pneumatic  Engineeri 

Company,  and  Simms.  25189. 
Work-holders  for  metal-cutting  machines.    Mattliews  tV:  Holmes. 

25395. 

Apparatus  for  measuring  gases  or  liquids.    Wilson.    2.>4  18. 
Kluiil-pressure  regulating  or  reducing  valves.    David  Auld  and 

Sons,  Ltd.,  Auld,  and  Graham.  2-)(ilk2. 
IntcM'iial-combustion  engines.    Mills.  2o88o. 
Stoa m  engines.    Shaw.  26074. 
Gas  scrubber.    Davidson  tfc  Liversedp;e. 

Method  of  and  machine  for  extruding  metal  tubes  and  rods.  I"il"、. 
27923. 

liitornal-combustion  engines.    Gordon.    2831 1  - 
Micrometer  gauges.    Turner.  28727. 
Die-casting  machine.    Whiteman.  29113. 

1912. 

Automatic  lubricator  for  the  cylinders  of  steam  engines.    Burea u. 
453. 

Starters  for  internal-combustion  olivines.    FitzGerakl.  485. 

Pipo  or  tube-cutting  appliances.     Tonilinson.  1-319. 

Pumping  of  condensed  steam  water  to  elevated  feed-heaters  in 

ste  a  m  sli  ips.    Weir .    2005 . 
8 tea m-turbine  pumps,  blowers,  aiul  air-compressors.      G.  &  J . 

\V(»ir,  Ltd.,  and  Petermbller.  3602. 
Heating  apparatus  using  vaporised  liquid  fuel.    Von  dcM'  HeyrU'ii . 

3920. 

Carl)uretters  for  interiial-comliustion  engines.    Ay  res.  5038. 
.Means  for  indicating  tho  tension  nn  holts.    Dobson.  3143. 
Kiigiiio  packings.    Talent.  o3.j(i. 

J  iii(M  iial-coinl)iistion  turliincs.     Inrig  A:  Im'ig.  7733. 
S"、:uii  ^tMKTMtor    fitted  with  superheaters.     】5; 山 cock  cV  Wilcox, 
Ltd.  831". 

J'，in'l>ri(lges  of  m;u'i"(、  Woi Icr  I  nrnacos.  liliike  S:  Caldwell.  804 U. 
linll  lusirin^s.    KoiuuM-folt.    (Jf )  1  1 . 

('arburotters  for  ititcniMl  comhustion  on^inos.    Day  ton.  9208. 
IN)t;irv    cn^inos.    Silvcstri,     B:u;is(h,    Scli\\;»rz,    A:  FindtMiifj;^:. 
10624. 

Tiirl>ino  vanes.       Frasor  A*  C'halnuM's,  Ltd.,  and  Poc-hobnulsky. 

11706.  _ 
K (山 ir.v  internal  comlnistion  (''igiiics.    Sjhh-Iicz  iV:  I5;»ra(l;it.  r2-V)0. 
W';itor-tulK?  stoani  g('，i('r;iLm's.    Stirling  Hoi  lor  Conipanv.  1278(3. 
Railway  rail  joints,    (jlornutn.  】308'"5. 
]{iiil\\  ay  r;i il  joints.     Tolp'ii .     1  31 " 卜 

Stc;iiM  rti^incs  ;ind   p;irl  icularly  locomotives  usin^  biiperlieatcd 

stt^im.    A<l;im.     1377 1 . 
Kuniaces.    Blair.  151B0. 

Means  for  ships'  propul.sion.    Rocsllig.  1UG93. 


ELECTRICAL,  1911. 

Electro-magnetic  means  for  the  transmission  of  power.  BalBillio. 
22690. 

Electrical  insulators.      KUis3    and   British    Insulated  &  Hdsby 

Cables,  Ltd.  23663. 
Means  for  increasing  the  power  factor  and  overlo;ul  capacity  of 

alternat i il ^-cu r rcn t  synchronous  machines.    Kapp.  24823. 
M  agnetic  brakes  of  tramcars.    Conaty  &  Ketley.  26969. 

1912. 

KIcH'tric  switchos.    British  Thomson-Houston  Company.  4o0. 
Suspenders  I  or  overho;uI  ('hvctric  cables.     I':l'l。r.  11)75. 
Kl<>('tric  motor  control  systems.  AllgeniciiHi  J^lokti  icitiiis  (Jos.  -'>KI)3. 
Single- iiulnction  regulators.    Sienieiis-Schuckertwcrko  Ges. 
70!»7. 

Electrically-propelled  motor-ca va.    Allnuimia  Svcnska  Klektrisku 

Akt.-Bolaget.  7992. 
lOlcctric  heating  apparatus.    Berry.  13861. 
I01(»<'tric  swiiciies.    Merriam.  14751. 
Telegraphic  relays.    Muirhead  &  M uirhead.  179-55. 


METAL  QUOTATIONS. 

TUESDAY,  NOVEMBKK  rnn. 

Aluminium  ingot   82/-  per  cwt. 

"         wire,  according  to  sizes,  &c  from  102/-  " 

，，        sheets        ，,  ,，   ，  120/-  ,， 

Antimony  £39/-/-  to  £40/-/-  per  ton . 

Brass,  rolled    9Jd.  per】b. 

，,    tubes  (brazed)    ll  jd. 

，，       ，，     (solid  drawn)   lOd. 

，，       ，，     wire   9Jd. 

Copper,  Standard   £75/J;"5/-  per  ton. 

Iron,  Cleveland   67/-  ,, 

,， Scotch   73/-  ，, 

Lead,  English    £18/10/-  ，， 

，， Foreign  (soft)    £18/7/6  ,, 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

"  ，，  ，，       medium   3/6  to  6/- 

,，  ，，  ，，       large   7/6  to  11/- ，， 

Quicksilver   £7/12/6  per  bottle 

Silver   28Jfd.  per  oz. 

Spelter    £27/7/6  per  ton. 

Tin,  block   £228/5/-  ,, 

Tin  plates   15/6  ,, 

Zinc  sheets  (Silesian)   £31/5/-  y, 

,,  (Stettin  ；  Vieille  Montagne)   £31/10/-  ，, 


Mining  Machinery  Exhibition. 一 A  Mining  Machinery  Exhibition 
will  be  held  at  the  Agricultural  Hall,  Islington,  London,  N.， 
from  May  29th  to  June  7th,  1913.  Particulars  may  be  obtained 
from  the  Exhibition  Offices,  43,  Essex  Street,  Strand,  London 3  W.C. 

The  State  and  Industrial  Disputes. ― An  interesting  paper  on 
" State  Regulation  of  Industrial  Disputes  "  was  read  by  Mr. 
A.  H.  B.  Constable,  K.C.j  the  president  of  the  Scottish  Society  of 
Economists.  He  said  the  outstanding  feature  of  recent  industrial 
struggles  had  been  the  attempt  of  organised  labour  in  vitally  im- 
portant industries  to  exert  pressure  on  employers  by  stopping 
supplies  to  the  consumer ― in  other  words :  to  put  in  operation  the 
principle  of  tho  general  or  sympathetic  strike.  When  tb©  stage 
of  actual  industrial  war  was  reached  the  function  of  the  Govern- 
ment wasi  to  preserve  law  and  order  by  enforcing  contracts  nud 
preventing  a nd  punishing  destruction  of  property  and  violence 
to  person.  If  they  could  not  compel  the  individual  striker  to 
work  they  must,  if  the  industry  was  one  on  which  the  continued 
injiiiitenaiice  of  the  life  of  the  community  depended,  use  all 
moans  at  their  disposal  to  ensure  a  supply  of  necessaries  for  the 
population.  They  must  endeavour  to  mediate  between  the  parties 
or  pass  special  legislation  for  the  redress  of  their  grievances.  The 
attempt  made  by  the  legislation  of  1871-1906  to  place  trade 
unions  in  the  position  of  being  at  once  within  and  beyond  the  law- 
was  unsatisfactory  and  unjust.  A)\\  sclnMiie  of  general  conipul- 
sory  arbitration  and  prohibition  of  strikes  and  lock-outs  must  at 
once  1>(、  dismissed  as  impracticable.  It  would  ultimately  involve 
tho  lixing  ))\  k'jiislatiNe  enactment  of  a  minima  of  wages,  hours 
of  lahonr.  and  other  conditions  in  all  employments.  They  seemed 
to  be  driiting  towards  such  a  system,  and  it  could  not  be  suddenly 
applied  without  imminent  risk  to  national  hankruptcy.  Tliere 
were,  liowevor,  certain  c;ise«  in  which  tlie  principle  of  compulsory 
arbitration  and  prohibition  were  worthy  of  consideration,  such 
as  disputes  as  to  the  meaning  of  existing  industrial  contracts, 
disputes  in  State-owned  ami  conducted  industries  and  .services, 
.sticli  as  tlu>  Post  OfHcc,  railways,  d.  ；  a  nd  disputes  it)  puhlic 
utility  scr\  ic(\s ― the  supply  oi"  、、； it。r，  light,  public  transport  and 
coninninicntioii— w  liich  、vt'r(、  necessary  to  t\u\  comnuinity.  Tlioy 
could  not  afford  to  wait  indolinilcly  the  results  of  cxporinionls  iti 
n tli or  pliicos  for  the  sohiiion  of  ilte  pr (山 lt、m  oi'  industrial  unrest. 
Each  country  must  endeavour  to  solve  its  own  problem  in  its  own 
way. 
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Shortness  of  Water  and  Fusible  Plugs. 

Locomotive  boilers  on  railways  are  remarkably  free  from 
mishap  as  a  rule,  and  if  anything  does  give'  way  the  facts 
are  usually  fully  revealed  at  the  Board  of  Trade  enquiry. 
In  this  latter  respect,  however,  a  failure  on  the  South-eastera 
and  Chatham  Railway  at  Tunbridge  Wells  on  April  29th 
last,  and  which  has  just  been  reported  on,  is  an  exception. 
A  train  of  empty  carriages  had  travelled  about  1^  miles 
from  Tunbridge  Wells  Station  wlien  the  roof  of  the  firebox 
collapsed  (as  shown  in  the  illustration  on  page  603),  and  the 
engineman  and  fireman  were  blown  off  the  footplate  and 
very  seriously  injured.  Mr.  Carlton,  who  subsequently 
investigated  the  matter  for  the  Board  of  Trade,  had  no  diffi- 
culty in  arriving  at  the  conclusion  that  the  failure  of  the 
crown  was  due  simply  to  overheating  from  shortness  of 
water,  and,  indeed,  the  facts  do  not  admit  of  any  other  con- 
clusion. The  crown-plat©  was  not  structurally  weak,  and  yet 
it  bulged  locally  and  stripped  away  from  tlie  greater  portion 
of  the  suspension  stud  stays  holding  it  to  the  cross  girders, 
whereas  the  other  portions  of  the  firebox  were  practically 
uninjured.  Further,  the  whole  area  of  the  crown  bore 
obvious  traces  of  overheating.  The  puzzling  thing  about  the 
case  is  how  the  overheating  came  about.  There  was  an 
ample  supply  of  water  in  the  tender,  while  the  fireman 
affirmed  that  the  gauge  glasses  were  three-fourths  full  just 
before  the  explosion,  and  when  examined  the  water  gauges 
and  injector  fittings  were  found  to  be  clean  and  in  good 
working  order.  The  condition  of  the  gauges  themselves  thus 
disposed  of  any  suggestion  that  they  might  have  given  a 
false  reading  and  so  misled  the  men  on  the  footplate.  It 
would  liave  been  better  if  the  driver  could  have  corroborated 
tlie  fireman's  evidence,  but  unfortunately  this  was  not  pos- 
sible, as，  after  recovery  from  his  injuries,  his  mind  was  a 
complete  blank  from  the  day  before  tlie  explosion  to  10  days 
afterwards,  when  he  regained  consciousness  in  the  infirmary. 
The  facts  as  revealed  by  the  firebox  crown  and  the  condition 
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of  the  fittings  cannot  be  reconciled  with  the  fireman's  state- 
ment that  the  gauge  glass  was  three-quarters  full,  which  wmikl 
give  a  water  level  of  5^in.  above  the  top  o(  t lie  crown-plate 
just  before  it  collapsed.  The  inevitable  conclusion  is  t hut  \\v 
was  mistaken,  and  that,  through  some  oversiglit  or  other, 
an  empty  gauge  glass  was  mistaken  for  a  full  one.  A 
feature  of  the  explosion  worth  noting  is  that  tlie  crown-plate 
was  fitted  with  a  fusible  plug,  which  had  melted  m"，  but 
failed  to  give  any  warning  because  the  orifice  was  ahnost 
closed  with  scoria  and  hard  scale.  As  the  plug  lia(l  l>:'i'ii  i 
newed  about  2i  months  previously,  it  shows  how  these  fittings 
may  be  rendered  useless  by  comparatively  brief  neglect,  and 
the  necessity  of  keeping  tliem  under  observation.  Th^rc  is 
a  tendency  for  attendants  to  overlook  this  fact,  and  to  imagine 
that  because  there  are  no  movable  parts  such  iittiiigs  will 
look  after  themselves.  This  is  a  mistake,  not  merely  do 
the  fire  and  water  sides  of  a  fusible  pluj^  require  to  Ik' 
clean  if  it  is  to  perform  its  duty  properly  in  the  event,  oi 
overheating  from  any  cause  and  allow  steam  and  water  io 
escape  and  put  out  the  fire,  but  th&  fusible  metal  itself 
requires  to  be  renewed  at  intervals,  since  the  alloys  used  are 
liable  to  undergo  deterioration  when  ex|)osed  for  ； i  long 
period  to  the  working  temperature  of  the  firebox  crown.  For 
this  reason  they  should  not  be  kept  in  service  for  irton— '  t  han 
two  years.  No  objection  could  be  urged  against  the  plug  on 
this  score  in  the  case  under  notice.  As  a  matter  of  fact,  it 
performed  its  duty  by  melting  and  running  out.  The  failure 
of  the  steam  to  escape  was  due  to  an  accumulation  of  scale  on 
the  water  side  which  was  sufficient  to  resist  the  steam  pressure 
when  the  plug  was  melted .  The  type  of  plug  adopted  is  not 
stated  in  the  report,  but  very  often  the  fusible  plugs  of  loco- 
motives are  of  a  primitive  kind  consisting  practically  of  a  small 
lead  rivet,  and  this  does  not  compare  in  efficiency  with  the 
carefully  thought-out  designs  generally  adopted  in  stationary 
boilers,  where  the  alloy  is  arranged  in  a  thin  annulus  which  is 
easily  fused  when  the  danger  point  is  reached,  and  liberates  a 
central  core  that  ensures  efficient  action.  We  have  known 
of  many  cases  of  explosion  where  simple  lead  rivets  have  failed 
to  act  properly,  because  as  soon  as  a  slight  perforation  has 
taken  place  the  escaping  steam  has  prevented  any  further 
melting. 

Boiler  Corrosion. 

Few  features  about  boiler  working  have  had  more  attention 
paid  to  them  at  one  time  or  another  than  internal  corrosion 
or  wasting  of  the  plates  through  the  action  of  the  feed  water. 
Boilers  are,  of  course,  liable  to  waste  outside  as  well  as 
inside,  but  the  source  iof  the  latter  can  be  detected  by 
careful  inspection,  and  if  preventive  measures  are  taken  to 
stop  the  dampness  from  which  it  nearly  always  springs  the 
wasting  can  be  arrested.  Internal  corrosion,  however, 
manifests  itself  in  such  a  variety  of  freakish  ways  that  it 
is  difficult  sometimes  to  deal  with.  Experiments  and  inves- 
tigations have  been  made'  without  end,  but  it  cannot  be  said 
that  these  aid  materially  the  methods  of  dealing  with  the 
trouble  derived  from  practical  experience,  and  a  perusal  of 
a  survey  of  some  recent  experiments  by  Prof.  Heyn  and 
Bauer,  of  the  Prussia  National  Physical  Laboratory,  gi、.（、u 
by  Mr.  Stromeyer  in  his  annual  memoranfluin  t  o  t  hr  M  ； i  n- 
cliester  Steam  Users'  Association,  tends  to  confirm  us  in 
this  conclusion.  The  experiments  as  laboratory  tests  were 
very  laborious,  and  they  cannot  be  said  to  lead  to 
anything  very  practical,  or  teach  more  than  is  already  known. 
The  corrosion  caused  by  boiler  feed  water  is  due  almost 
entirely  to  the  oxygen  and  carbonic  acid  of  the  air  whicli 
it  has  absorbed  when  in  contact  with  the  atmosphere.  Some 
of  the  old-fashioned  remedies  in  boiler  practice,  which  consist 


of  the  insertion  of  copious  (|uantities  of  organic  sabstances 
into  the  boiler  ni  cleaning  t init\  are  not  quite  so  superstitious 
as  suj>erf*K'ial  tlmugl",  ini^lit  lead  one  to  think,  though  the 
carcase  of  a  pi^  and  a  half-load  of  potatoes  does,  to  an  out- 
sicltM-,  seem  rat  lirr  like  ； i  propitiatory  offering  to  some 
mysterious  corrosiott  god.  The  function  of  such  prescriptions, 
however,  is  simply  f  I"'",  deoxidise rs  to  render  the  free 
oxygen  in  the  water  I]a.nnles.s,  and  these  】）】'imitive  organic 
materials  are  »iow  more  generally  replaced  by  tannin  com- 
|K)imds.  It  should  be  not&d,  however,  that  to  he  most  effective 
they  should  be  associated  with  an  alkali  ajid  introduced 
continuously  wit  li  t  he  feed.  Heyn  and  Bauer，a  experi- 
ments, it  may  be  added,  confirm  two  conclusions  already 
well  known,  viz.,  (hat.  most  ammonia  salts  are  power- 
ful corroclers  of  iron,  as  is  shown  ]>y  the  serious  wasting 
when  feed  waters  are  rout aininated  with  waste  liquors  from 
gasworks,  and  that  severe  pitting  may  be  set  up  if  sodium  car- 
bonate is  added  to  waters  impregnated  with  common  salt. 
Mr.  Sfci'orneyer  some  years  ago  discussed  in  an  interesting 
manner  and  at  some  length  the  various  types  of  water- 
softening  plants  that  were  then  in  use,  and  we  are  pleased 
to  learn  it  is  his  intention  in  the  near  future  to  deal  with 
this  subject  afresh,  and  to  report  how  tlie  various  methods 
of  softening  water  have  answered  in  practice. 


COMMERCIAL  DEVELOPMENT  OF  THE  ELECTRICAL 
INDUSTRY. 

In  the  course  of  his  inaugural  address,  delivered  before  the 
Manchester  Section  of  the 丄 nstituticm  of  Electrical  Engineers, 
Mr.  Arthur  A.  Day,  the  chairman,  said  the  application  of 
electricity  to  every-day  life  was  of  national  importance, 
inasmuch  as  ifc  involved  such  large  issues  as  the  abolition  of 
the  smoke  nuisance  in  our  large  towns,  the  conservation  of 
our  national  supply  of  fuel,  the  utilisation  of  waste  products, 
and  many  other  problems  of  a  like  nature.  The  first  essential 
to  the  increased  use  of  electricity  was  a  cheap  and  efficient 
supply  ；  this  they  were  now  in  a  fair  way  to  attain  in  large 
towns  and  cities 3  but  notwithstanding  this  the  increase  in 
output  was  not  advancing  as  it  should.  The  main  problem 
was  commercial  rather  than  technical.  The  increased  use  of 
electricity  involved  doing  everything  on  a  larger  scale,  from 
power  station  to  publicity. 

In  Euglaud  there  were,  he  considered,  far  too  many  gene- 
rating stations,  and  too  great  a  variety  in  the  types  of  current 
supplied,  necessitating  different  classes  of  apparatus  for  its 
application.  This  prevented  the  manufacturer  from  pro- 
ducing in  quantity,  and  so  increased  the  cost  of  apparatus, 
and,  moreover,  it  confused  the  ordinary  man.  Simplicity  was 
undoubtedly  a  large  commercial  asset.  With  the  example  of 
the  different  gauges  of  railways  and  tramways  before  them, 
was  it  not  of  the  utmost  importance  that  some  effort  should 
be  made  to  ensure  uniformity,  if  not  in  detail,  in  main 
essentials?  Even  in  smaller  matters  very  large  economies 
were  to  be  obtained  by  uniformity.  Mr.  Watson,  in  his 
address  to  the  Section  in  1909，  pointed  out  that  a  capital 
saving  of  £500,000  could  be  obtained  by  the  interconnecting 
of  the  electric  supply  networks  of  the  towns  just  round  Man- 
chester. Their  supply  stations  arid  networks  were  going  to 
be,  in  the  future,  infinitely  larger  tlian  they  were  that  day, 
and  if  extensions,  when  made,  were  controlled  by  certain 
general  considerations,  and  plant,  when  replaced,  was 
similarly  dealt  witli,  they  would  soon  see  a  great  difference, 
and  a  greater  tendency  to  uniformity.  It  would  not  be  neces- 
sary to  aim  at  uniformity  of  the  whole  country  on  one 
system  ；  the  system  most  iu  us©  in  any  given  area  would,  he 
supposed,  be  generally  accepted  as  the*  system  for  that 
district. 

If  it  were  conceded  that  these  things  were  desirable,  viz. : 
(1)  Large  generating  stations  with  large  units,  &c.，  in  the 
interests  of  low  cost  of  production  ；  (2)  co-operation  between 
existing  systems  of  supply,  with  a  view  to  economising  in  the 
cost  of  stai  ion  plant ,  and  also  in  tlie  cost  of  distribution  ； 
(.'))  uniformity  of  systems  of  supply  as  far  as  practicable,  and 
at  anyrate  in  adjoining  districts,  in  tlie  interest  mainly  of 
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the  manufacturer,  but  incidentally  also  of  the  consumer,  by 
reason  of  the  reduced  cost  of  apparatus ― was  it  not  within 
the  scope  of  the  Institution  to  do  anything  towards  attaining 
these  objects  eventually,  and  moving  in  that  direction  now  ？ 

He  suggested  that  committees  should  be  formed  of 
members  of  the  Institution  representing  each  interest 
involved,  viz.,  supply  authorities,  】nanufacttu'ers，  contractors, 
and  the  commercial  community.  They  would  obtain  all 
information  necessary  for  a  thorough  consideration  of  the 
question  in  the  area  they  were  appointed  to  enquire  into,  and 
would  recommend  the  lines  on  which  existing  supply  autho- 
rities should  extend,  and  so  on  to  a  main  committee,  consist- 
ing of  delegates  from  the  sectional  committees,  who  would 
consider  and  revise  the  whole  of  the  recommendations,  if 
necessary.  Having  through  these  committees  obtained  the 
lines  on  which  progress  should  be  made,  the  Institution 
could  approach  the  Government  of  the  day,  and  seeing  that 


co-operation  with  the  Government.  The  danger  was  that, 
the  cause  of  anxiety  having  for  the  time  being  more  or  less 
ceased,  the  matter  would  be  shelved,  and  the  obvious  lessons 
to  be  derived  from  the  strike  lost  sight  of. 

It  should  be  a  national  matter  to  encourage  any  system  of 
intensive  culture  of  land,  which  would  tend  to  lessen  our 
dependence  on  foreign  food.  Electricity  could  be  used  in  this 
direction.  Was  it  too  much  to  ask  the  Government  for  a 
grant,  and  to  help  generally  to  start  this  system  on  a  large 
basis,  seeing  the  national  importance  that  the  food  supply 
might  assume  at  any  time?  A  comparatively  small  sum 
would  effectually  prove  its  profitable  nature  to  tlie  farmer, 
who  would  then  adopt  it  from  commercial  motives,  and  if 
not,  it  would  be  the  Government's  business  to  see  that  it 
was  done.  Was  it  not  possible  for  our  Institution,  in  con- 
junction with  the  Government,  to  do  something  in  this 
direction  ？    He  did  not  plead  for  Government  ownership  ； 


Collapse  of  Furnace  Crown  of  a  Locomotive  Boiler  through  Shortness  of  Water  (see  page  601). 


the  movement  would  be  in  the  interests  of  all  coucerned  and 
also  in  the  interests  of  national  economy  and  system  instead 
of  chaos,  lie  saw  no  reason  why  the  said  committee  should  not 
be  allowed  to  co-operate  with  the  Board  of  Trade  and  the 
Local  Government  Board,  as  these  Government  departments 
were  important  factors  in  the  starting  or  extending  of  any 
supply  undertaking,  and  would  be  able  to  influence  consider- 
ably the  type  of  supply  started  or  extended.  The  wliole 
process  would  be  gradual,  and  would  be  intended  to  prevent 
the  extension  of  the  present  want  of  uniformity  and  cohesion 
between  systems  rather  than  the  enforcement  of  any  particu- 
lar system .  It  was  essential  that  the  Institution  should  be 
recognised  more  by  the  Government  departments  and  taken 
more  into  their  confidence.  Without  the  assistance  of  the 
Government  it  would  be  practically  impossible  to  carry  out 
such  a  scheme  as  was  suggested  some  little  time  ago  by 
Mr.  Ferranti. 

Those  who  had  had  the  responsibility  of  maintaining  the 
continuity  of  electric  supply  during  the  past  12  months  or  so 
Iiad  had  brought  home  to  them  more  forcibly  than  ever  before 
the  importance  of  electric  supply  to  the  community  *  and 
how  much  more  important  would  it  become  in  the  case  of 
the  larger  schemes  foresliadowed.  It  would,  indeed,  be  a 
matter  of  national  concern.  The  Government  seemed  to 
realise  tlie  seriousness  of  the  position ,  judging  by  the  anxious 
enquiries  which  they  made  during  the  strike  as  to  liow  long 
the  public  supply  was  able  to  last.  It  seemed,  therefore^  a 
proper  time  to  put  forward  a  plea  for  a  greater  amount  of 


he  did  not  believe  that  that  would  be  beneficial,  but  he 
thought  they  should  have  more  recognition  and  help  from  the 
Government,  seeing  that  the  application  of  electricity  was  so 
vital  to  public  interests. 

Thorium.  —  In  a  lecture,  on  "Thorium  aud  its  Com- 
pounds " delivered  by  Mr.  E.  White  before  the  Institute  of 
Chemistry,  th©  lecturer  said  that  thorium  occurred  in  a  large 
number  of  minerals  in  Norway,  which  were,  however,  found 
only  in  small  quantities.  Its  chief  commercial  source  at  the 
present  day  was  the  monazite  sand  deposits  in  Brazil  ；  similar 
sand  occurred  also  in  North  America,  India,  Australia, 
Nigeria,  the  Straits  Settlements,  and  South  Africa.  He 
referred  to  the  importance  of  thorium  in  the  gas  ligliting 
industry,  the  world's  requirements  in  gas  mantles  being 
estimated  at  about  400  millions  annually.  He  described  the 
general  methods  employed  in  the  extraction  of  the  element, 
drawing  attention  to  the  difficulties  which  arose  from  the  fact 
that  in  monazite  it  was  associated  with  10  to  12  times  its 
weight  of  the  cerite  earths.  The  latter  bodies  so  closely 
resembled  thorium  in  the  solubility  and  other  properties  of 
their  salts  that  a  sharp  separation  in  one  or  two  operations 
was  not  possible.  Hence  methods  based  upon  fractional 
crystallisation  and  precipitation  must  be  employed,  thus 
rendering  the  extraction  tedious  and  expensive.  The 
finished  product,  thorium  nitrate,  was  prepared  in  white 
crystalline  masses  or  granules  which  were  very  soluble  in 
water. 
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BOOK  REVIEWS. 

An  Outline  of  the  Metallurgy  of  Iron  and  Steel,  by  A.  Hum- 
boldt Sexton,  F.I.C.,  F.C.S.,  and  J.  S.  G.  Primrose. 
Manchester  :  The  Scientific  Publishing  Company.  8 fin. 
by  6in.  ；  572  pp.  ；  273  illustrations  ；  price  12s.  6d.  net. 
This  book  is  designed  to  meet  a  need  which  all  engineers 
must  at  times  feel,  viz.,  tliat  of  a  single  volume  of  moderate 
size  and  reasonable  price  winch  covers  the  whole  field  of  the 
metallurgy  of  iron  and  steel .  The  want  is  】iot  an  easy  one  to 
meet,  since  the  subject  is  so  large.  It  furnishes,  as  we 
know,  subject  matter  for  two  volumes  of  proceedings  each 
year  of  the  Iron  and  Steel  Institute,  and,  with  scientific 
progress,  is  of  an  ever-clianging  character.  The  authors  are 
both  well-known  authorities,  and  Prof.  Sexton's  reputation  as 
a  writer  on  the  subject  needs  no  praise  from  us.  Practical 
appreciation  of  it  is  afforded  by  the  fact  tliat  this  work  has 
run  to  a  second  edition.  In  its  preparation  the  authors  have 
spared  no  pains  to  bring  the  subject  right  up  to  date.  To 
do  this  has  practically  necessitated  the  re-writing  of  the 
work  and  materially  enlarging  the  contents,  especially  ii» 
respect  to  the  developments  in  electric  steel  melting  and  heat 
treatment,  and  the  application  of  the  microscope  to  the 
analysis  and  molecular  structure  of  iron  and  steel .  A  feature 
of  the  book  which  deserves  note  is  tlie  copious  way  in  which 
the  text  is  illustrated  with  diagrams,  photographic  and 
sectional  views  to  aid  in  describing  working  processes.  We  do 
not  know  of  another  work  which  comprises  witliin  a  single 
volume  so  wide  and  thorough  a  survey  of  the  subject,  and  we 
doubt  not  the  appreciation  accorded  to  the  first  edition  will 
be  equally  extended  to  the  one  under  notice. 

Primer  of  Scientific  Management,  by  Frank  B.  Gilbreth, 
Mem.Am.Soc.M.E.  London  ：  Constable  &  Co.  8^ in. 
by  5iin.  ；  108  pp.  ；  price  4s.  net. 

The  general  principles  underlying  what  is  termed  scientific 
management  have  received  most  attention  in  America,  pro- 
bably because  in  that  country  labour  is  more  costly  than 
elsewhere  and  interference  with  its  organisation  by  trade 
unions  less  pronounced.  The  author  is  well  known  for  his 
niuiion  studies  of  handicraft  operations  with  a  view  to  increas- 
ing the  efficiency  of  workmen,  and  this  little  work  is  practi- 
cally an  essay  on  the  principles  of  scientific  shop  management 
generally.  Although  the  essay  is  interesting  reading  and 
would  form  good  matter  for  a  few  articles  in  a  technical 
journal,  its  interest  to  most  readers  would  end  with  its 
perusal.    The  work  is  in  no  sense  a  reference  book. 


The  Coking  of  Coal  at  Low  Temperatures,  with  a  Preliminary 
Study  of  the  By-products  (price  Is.    London  ；  Chapman 
and  Hall),  by  S.  W.  Parr  and  H.  L.  Olin,  has  just  been 
issued  as  Bulletin  No.  60  of  the  Engineering  Experiment 
Station  of  the  University  of  Illinois. 
This  Bulletin  gives  the  details   of   experiments   in  the 
carbonisation  of  coal   at  relatively  low  temperatures,  not- 
exceeding  750°  Fah.    The  studies  indicate  that  the'  bitumi- 
nous matter  in  Illinois  coal  is  in  excess  of  the  amount  neces- 
sary to   produce  bonding   material   for  the   non-coking  or 
el lulose  residuum  of  the  coal  and  that  the  best  cokes  are 
produced  when  mixtures  of  fresh  coal  and  non-coking  coal 
materials,  such  as  coke  breeze  or  powdered  anthracite,  are 
used.    The  tests  show  that  the  by-products  consist  of  a  gas  of 
higli  illuminating  power  and  heat  value  (1,030  B.T.U.),  and 
tarry  material  whicli    consist  in   the  main  of  oils  of  low 
viscosity  having  marked   oxygen-absorbing   properties.  In 
one  important  aspect ,  this  work  constitutes  a  study  in  smoke 
prevention  from  a  chemical  ratlier  than  a  mechanical  stand- 
point , and  the  results  show  that  bituminous  coa】  in  a  form 
for  combustion  without  smoke  is  at  least  a  theoretical  possi- 
bility.    An  interesting  feature  of  the  work  is  the  information 


it  affords  as  to  the  theory  of  the  coking  of  coal.  The  sum- 
mary touching  this  point  concludes  that  "  for  the  formation 
of  coke  tli ere  must  be  present  certain  bodies  which  have  a 
1-ather  definite  melting  point/'  and  further,  that  "  the 
temperature  at  which  decomposition  and  carbonisation  take 
place  must  l>c  aWove  tlie  melt  ing  point.*' 


Calculations  on   the   Entropy    Temperature  Chart,    by  W.  .1. 

Crawford,  D.Sc.  London  :  Charles  Griffin  &  C)o.  8in. 
by  5?>in.  ；  74  pp.  ；  price  2s.  6d.  net. 

The  subject  of  entropy  has  been  presented  in  so  many 
forms  and  discussed  from  so  many  points  of  view  that  it  offers 
few  possibilities  for  fresli  t real meiit,  and  although  this  little 
text  boo"k  deals  with  the  matter  in  a  clear  and  intelligible 
manner,  it  can  hardly  claim  in  this  respect  to  do  more 
than  what  is  already  done  by  several  others,  in  fact,  the 
literature  on  tliis  subject  】i()\v  appears  to  have  reached  that 
stage  which  has  long  been  occupied  by  "  Mechanics,"  about 
wliich  almost  every  teacher  feels  it  incumbent  upon  him  to 
issue  a  text  book  to  meet  the  needs  of  his  own  students.  In 
saying  this  we  do  not  imply  anything  derogatory,  for,  so  far 
as  it  goes,  no  exception  can  be  taken  to  the  way  in  which  the 
subject  is  presented,  wliile  an  appendix  of  examination 
questions  with  helps  to  their  solution  adds  to  the  usefulness 
of  the  book. 

Industrial  Chemistry  ：  A  Manual  for  the  Student  and 
Manufacturer.  Edited  by  Allen  Rogers  and  Alfred  B. 
Aubent,  in  collaboration  witli  numerous  coadjutors. 
London  :  Constable  &  Co.,  Ltd.  7|in.  by  5in.  ；  328  pp. ； 
price  24s.  net. 

This  is  essentially  a  work  of  technical  reference  for  the 
manufacturer  and  the  workshop.  There  is  scarcely  any 
industry  nowadays  which  is  not  brought  at  one  or  more  points 
into  close  contact  with  chemical  operations,  or  which  does  not 
occasionally  call  for  special  information  of  some  kind  with 
regard  to  raw  materials  or  manufactured  products,  and  from 
this  standpoint  the  volume  under  notice  will  be  found  a  con- 
venient work  of  reference  in  most  industries.  Its  contents 
include  chemical  data  respecting  engineering  materials, 
though  we  should  add,  in  regard  to  this  section,  it  is  extremely 
brief  ；  water  for  industrial  purposes  ；  fuels,  producer  gas, 
sulphuric,  nitric,  and  hydrochloric  acids,  commercial  chemi- 
cals, limes,  cements,  oils,  varnishes,  fertilisers,  gas,  coal  tar, 
and  petroleum  products,  textiles,  glues  and  gelatines,  &c.  As 
to  the  merits  of  the  data  presented,  we  cannot  speak 
authoritatively  except  upon  a  small  portion.  The  profes- 
sional position,  however,  of  the  authors  may,  we  think,  be 
accepted  as  a  reasonable  guarantee  of  reliability. 
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The  Practical  Mechanic's  Handbook,  containing  useful  rules 
and  memoranda  for—  practical  men,  by  Franklin  E.  Smith. 
London  :  Constable  &  Co.，  Ltd..  7lin.  by  5in.  ；  328  pp. ； 
price  4s.  6d.  net. 

The  Properties  and  Design  of  Reinforced  Concrete,  instruc- 
tions, authorised  methods  of  calculation,  experimental  results, 
and  reports,  by  the  French  Government  Commissions  on 
Reinforced  Concrete,  translated  and  abridged  by  Nathaniel 
Martin,  B.Sc,  A.M.Inst.C.E.  London  :  Constable  &  Co. 
9in.  by  Tin.  ；  119  pp.  ；  price  8s.  net. 

Commercial  Engineering,  by  Alfred  Liversedge.  Man- 
chester : Emmot  &  Co.，  Ltd.  8|in.  by  Gin.  ；  369  pp.  ；  price 
7s.  6d.  net. 

Measurement  of  Induction  Shocks,  by  Ernest  G.  Martin, 
Ph.D.  London :  Chapman  &  Hall.  7iin.  by  5|in. ； 
117  pp.  ；  2s.  6d.  net. 

Electricity  Made  Plain,  by  George  R.  Peers,  Assoc.M.I.E.E. 
Manchester  :  John  Hey  wood,  Ltd.  Tin.  by  4^in.  ；  133  pp. ； 
price  Is.  net. 

Proceedings  of  Sydney  University  Engineering  Society,  New 
South  Wales,  Vol.  XVI.    Published  by  the  society  at  Sydney. 

Magnetic  Properties  of  Alloys  ：  A  general  discussion  held  by 
the  Faraday  Society,  April  23rcl,  1912.  Re])rinted  from  the 
transactions  ；  price  7s.  6d. 
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THE  LOW  COAL  FEED  GAS  ENGINE. 

Through  the  courtesy  of  Mr.  A.  M.  Low,  D.Sc,  of  15,  Great 
St.  Helen's,  London,  E.C.,  we  are  able  to  present  herewith 
particulars  aud  illustrations  of  a  novel  design  of  internal- 
combustion  engine  operated  by  a  direct  feed  of  coal  fuel. 
Mr.  Low  has,  we  understand,  been  experimenting  with  tins 
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type  of  engine  for  some  seven  years,  and  as  a  result,  about 
two  years  ago  he  constructed  a  small  engine  of  about  2  h.p. 
which  ran  successfully  on  solid  coal  direct.  He  has  since 
been  devoting  his  attention  to  the  coustruction  of  a  much 
larger  engine,  and  the  one  illustrated,  which  is  of  the  4-cycle 
type  of  80  h.p.  to  100  h.p.,  is  now  operating  successfully  in  a 
works  near  London.  This  engine,  which  has  a  16in. 
cylinder  by  25in.  stroke  and  runs  at  140  revs,  per 
minute,  is  in  reality  a  combination  of  a  gas  engine  and 
gas  producer.  The  coal,  about  the  size  of  "beans,"  is 
fed  into  a  hopper  at  the  side  of  the  cylinder.  The 
diagram,  Fig.  2，  shows  the  method  of  operation. 
The  coal  is  placed  in  the  hopper  and  is  drawn 
along  each  tube  by  the  worms  C  operated  by  a 
ratchet  from  the  half-time  shaft.  D  is  a  division  of  the 
coal  box,  and  the  tubes  have  small  holes  cut  in  them 
where  passing  this  division,  which  is  connected  direct  to 
the  inlet  valve.  The  fuel  is  first  heated  on  its  passage 
through  the  exhaust  box  E  and  then  raised  to  a  still 
higher  temperature  on  passing  tlirough  the  tubes  within 
the  combustion  chamber.  Air  and  steam  are  admitted 
to  the  ash  box  G，  so  that  upon  each  suction  stroke  of 
the  engine,  air  and  steam  are  drawn  over  the  liot  carbon, 
producing  air  gas  and  water  gas  respectively,  steam  or 
water  being  only  admitted  when  running  at  full  load. 
When  using  bituminous  coal,  the  coal  gas  that  is  given 
off  at  the  initial  stages  of  heating  is  drawn  also  with  the 
other  gases  into  the  cylinder,  extra  air  being  admitted  as 
required.  Heavy  overloads  can  instantly  be  met  by  cutting 
off  air  and  steam  from  the  asli  box  end,  increasing  the  speed 
of  the  worms,  and  running  on  a  mixture  of  coal  gas  and 
the  extra  air. 

One  of  the  principal  difficulties  in  connection  with  the 
successful  operation  of  gas  engines  using  producer  gas 
ol^tained  from  bituminous  coal  is  the  tar  trouble.  This,  Mr. 
Low  claims,  is  obviated  in  his  arrangement,  and 
(山 M'rves  that  if  a  tarry  coal  is  heated  slowly  in  bulk  it 
coagulates  and  the  tar,  which  may  be  imagined  to  include  all 
oth^r  volatilised  products,  will  be  slowly  driven  off  as  a  gas. 
Tins  gas  can  of  course  be  condensed  by  either  cooling  or  com- 
pression, which  is  exactly  what  happens  if  a  plain  producer 


plant  is  used  on  "  soft"  coal.  On  the  other  hand,  there  is  a 
well-known  simple  experiment  that  if  coal  is  heated  rapidly 
in  small  quantities  and  in  a  stream  of  steam  or  air  the  coal 
granulates  and  is  flashed,  the  tar  coming  off  as  an  atomised 
and  not  gasified  spray,  which  can  only  be  condensed  by  cool- 
ing under  a  compression  of  about  1501bs.  to  2001bs.  per  square 
inch.  For  this  l'ea'soii  the  Low  engine  is  not  run  at  excessive 
compression  pressures,  and  the  cylinder  pressure,  except  when 

firing,  i.e.,  heating,  is  taking 
place,  never  rises  sufficiently  to 
condense  any  of  the  tar  by- 
products, wliicli  are  passe (！ 
KS^T""^^ii,w^-、，-:^^「'"w  straight,   out    through  tlie  ex- 

9K^S^.^J^^^?>5wi^         haust,  the  latter  on  analysis 
-  "  showing  the  presence  of  nearly 

the  whole  of  the  tar.  Some 
of  it  is  naturally  "  cracked  ，， 
in  the  cylinder.  The  engine  is, 
it  is  claimed,  thus  enabled  to 
run  direct  on  the  coal,  wliicli 
is  flashed  exactly  as  water  is 
treated  in  a  flash  boiler. 

The  engine  runs,  according 
to  figures  furnished  by  Mr. 
Low,  on  about  |lb.  of  coal  peL 
brake  horse-power  per  hour. 
Inferior  qualities  of  fuel  may 
be  used,  from  slack  at  5s.  per 
ton  upwards.  The  efficiency 
of  the  plarit  is  due  to  the 
fact  that  the  waste  heat  of 
the  engine  is  utilised  in  the 
production  of  the  gas.  Tlie 
engine  can  be  operated  at  a 
high  temperature  without  fear 
of  pre-ignition,  while  the  space 
occupied  is  practically  no 
greater  than  that  of  a  similar 
powered  engine'  without  its  producer  plant.  As  regards 
safety,  there  is  never  any  large  body  of  coal  in  a  state  of 
incandescence  nor  of  free  gases,  as  the  engine  only  produces 
gas  for  its  immediate  needs.  At  starting  the  engine  is  simply 
run  on  coal  gas  or  oil,  the  change  over  to  solid  fuel  being 
made  by  means  of  a  two-way  cock.      This  operation  takes 


Si;rT|oN  THRol'tiH  tiAS  Pnol>UC'EIt. 


about  10  minutes, 
which  acts 


A  pipe  leads  from  the  ash  box  to  a  water 
as  a  safety  trap  in  the  event  of  the  small 


of  gas  in  tlie  tubes  becoming  prematurely  ignited. 


THE  TURBO-CONVERTER  ；  A  HIGH-SPEED  DIRECT-CURRENT 
GENERATING  UNIT  - 


IIY  F.  CRKKOY,  A.M.I.E.E. 


The  present  paper  describes  an  attempt  to  supersede  such 
a  mechanical  monstrosity  as  the  high-speed  commutator  of 
the  ordinary  dire (叶 -current  turbo-generator  by  a  const !M:ct  ion 
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though  differing  from  current  practice,  is  far  less 
fundamentally  objectionable.  The  fundamental  difficulty,  of 
course,  in  the  design  of  a  direct-current  turbo-generator  is 
the  collection  of  the  current  from  the  rapidly  revolving  com- 
mutator, and  for  this,  in  spite    of    the    engineering  skill 


Fig.  3. 


-Thk  Low  Coal  Feed  Gas  Engine.   View  of  the  Combustion 
Head  from  the  Hopper  Side. 


lavished  on  the  subject,  there  would  appear  to  be  no  remedy, 
except  reducing  the'  rate  of  revolution  of  the  commutator. 
In  order  to  do  this,  Mr.  H.  M.  Hobart  has  proposed  the  use 
of  an  alternating-current  generator  driving  a  rotary  con- 
verter of  the  ordinary  type,  but  this  proposal  has  not  often 
been  adopted  in  this  country,  presumably  through  fear  of 
the  cost.  Another  plan  which  has  had 
a  certain  measure  of  success  is  the  use 
of  double  helical  machine-cut  gears 
which  are  now  obtainable  in  sizes  suit- 
able for  transmitting  large  powers. 

The  present  paper  describes  a  new 
method  devised  by  the  writer  which 
may  be  regarded,  to  some  extent,  as  a 
combination  of  the  two  mentioned 
above,  in  that  an  alternating-current 
generator  of  the  induction  type  feeding 
a  rotary  converter  is  employed,  the 
induction  generator  being  used  at  the 
same  time  as  a  species  of  electro- 
magnetic gear.  By  this  means  it  is 
possible  to  reduce  materially  the  size 
of  both  the  rotary  converter  and  the 
alternating-current  generator,  since, 
while  in  Hobart's  proposal  it  is  neces- 
sary to  have  both  capable  of  delivering 
the  full  output  of  the  system,  in  the 
writer's  plan  the  output  of  the  system 
is  the  sum  of  the  outputs  of  the  com- 
ponent parts,  each  of  which  therefore 
need  only  have  half  the  capacity  of  the 
set. 

The  turbo-converter,  then,  in  the 
form  in  which  it  has  so  far  been 
developed  by  the>  writer,  consists  of  an 
induction  generator  combined  into  one 
machine  with  a  rotary  converter,  one 
member  (preferably  the  primary)  being 
mounted  on  the  converter  shaft  and 
revolving    with    it,    and    the  other, 

usually  the  squirrel-cage  rotor,  being  mounted  on  the  turbine 
shaft.  Fig.  1  shows  a  diagram  of  connections  of  the  device. 
By  mounting  the  generator  primary  on  the  converter  shaft, 
instead  of  having  it  stationary  as  in  Hobart's  proposal,  we 
make  use  of  the  driving  torque  required  by  tlae  induction 


generator,  or,  in  other  words,  the  resistance  which  its  rotor 
opposes  to  being  revolved  by  the  turbine,  in  order  to  drive 
the  converter,  which  is  thereby  caused  to  generate  dire<*t 
current  in  addition  to  its  function  as  a  converter. 

Let  us  take,  by  way  of  example,  a  4 -pole  generator  and 
4-pole  converter.  Let  the  converter  be  running  at  1，500  revs, 
per  minute,  say,  and  let  the  3-phase  induction  generator  be 
connected  to  3-phase  tappings  on  the  converter  armature 
through  the  hollow  shaft.  At  1,500  revs,  per  minute  3-phase 
currents  at  50  cycles  will  flow  through  the  tappings  on  the 
converter  armature.  These  tappings  are  so  connected  that 
the  revolving  field  of  the  induction  generator  rotates  the  same 
way  as  tlie  converter  armature.  In  a  4-]X)le  machino  with 
50-cycle  excitation  tlie  revolving  field  will  also  go  at  1,500 
revs,  per  minute  relative  to  the  primary  winding  which 
produces  it.  Hence  the  total  speed  of  the  revolving  field 
will  be  3,000  revs,  per  minute,  the  sum  of  its  speed  relative 
to  its  primary  and  tliat  of  ilie  primary  itself.  The  squirrel- 
cage  rotor,  and  therefore,  of  course,  the  turbine  will  go  at 
approximately  the  same  speed  as  tlie  field.  Hence  we  have 
obtained  an  apparatus  in  which  the  generator  only  runs  at 
a  fraction  of  the  speed  of  the  turbine. 

In  addition  to  its  function  as  a  direct-current  generator, 
the  converter,  of  course,  changes  the  power  of  the  induction 
generator,  equal  in  amount  to  its  own,  into  a  direct-current 
form,  and  the  total  power  flows  out  of  the  commutator  of 
the  set.  '  The  reader  will  not  fail  to  remark  the  analogy 
between  the  present  apparatus  and  the  well-known  and  very 
successful  motor  converter  of  Bragstad  and  La  Cour.  There 
are,  of  course,  fundamental  differences  between  the  principles 
of  action  of  the  two  machines,  but  the  analogy  is  sufficient 
to  lead  us  to  hope  that  the  newer  machine  may  find  a  sphere 
of  usefulness  similar  to  that  of  the  older. 

The  reasons  for  the  use  of  an  induction  rather  than  a 
synchronous  generator  would  appear  at  first  sight  to  be 
equally  applicable.  The&e  reasons  are  few  but  conclusive : 
(1)  If  a  synchronous  generator  were  employed  it  would  be 
necessary  to  synchronise  the  two  revolving  elements  every 


Fig.  4.— The  Low  Coal  Frrp  Gas  Kngine.    View  of  Combustion  Head  fbom  the  Asn 

Shoot  Side. 

time  the  set  was  started.  (2)  Owing  to  the  presence  of  two 
sources  of  magnetisation  in  the'  set ~ one  in  the  converter 
and  one  in  the  generator  field ― it  would  be  possible  for  the 
set  to  "  hunt  "  if  overloaded,  and  for  it  to  fall  out  of  step  if 
accidentally  short-circuited,  and  be  incapable  of  picking  up 


November  15,  1912] 


TUP,    MECHANICAL  ENGINEER. 


607 


again.  (3)  Collector  rings  would  bs  required  on  the  high- 
speed element  to  excite  the  field. 

The  converter  portion  of  such  a  set  will  be  distinguished 
from  an  ordinary  rotary  converter  by  a  number  of  pecu- 
liarities of  design  - 

1.  Owing  to  its  function  as  direct-current  generator,  it 
will  require  more  copper  on  the  armature  than  a  standard 
converter ― exactly  the  same  amount,  in  fact,  as  the  converter 
portion  of  a  motor  converter. 

2.  As  the  field  of  the  converter  has  to  perform  the  double 
function  of  magnetising  both  converter  and  induction  gene- 


Pig.  1. 

rator,  it  will  necessarily  be  somewhat  heavier  than  that  of 
an  ordinary  converter. 

The  magnetising  current  of  the  induction  generator,  in 
fact,  differs  90°  in  phase  from  the  working  current,  and 
circulates  in  the  converter  armature  in  such  a  position  as 
to  directly  demagnetise  the  field  of  the  converter.  This  field, 
therefore,  must  be  supplied  with  an  extra  number  of  amjDero- 
turns  sufficient  to  counterbalance  the  magnetising  current  of 
the  induction  generator. 

3.  The  drop  in  speed  of  a  turbo-converter  set-  from  no  load 
to  full  load  would  at  first  siglit  appear  to  he  considerable, 
as  the  "  slip  "  of  tlie  induction  "ein'rator  is  aflrled  to  t-lie  (Imp 
in  speed  of  the  turbine. 

However,  if  the  ratio  of  speeds  of  the  t ur1)ine  and  con- 
verter are,  say,  2  ：  1，  the  effect  of  the  slip  on  1  lie  speed  of  tlie 
converter  is  reduced  in  the  same  ratio,  so  iliat  tlie  resultant 
drop  in  sp^ed  is  much  less  than  might  have  been  anticipated. 

If  we  neglect  the  slip,  tire  general  rule  for  finding  tlie 
" gear  r&tio  ，'  of  a  set  having  any  n timber  of  poles  is  as 
follows :  <(  Divide  the  number  of  poles  on  the  inrlnction 
generator  by  the  sum  of  those  on  tlie  converter  and  tht' 
induction  generator,  and  the  result  will  be  the  ratio  of  tlie 
converter  speed  to  that  of  the  turbine  on  no  】oad." 

There  should  be  no  difficulty  in  a  machine  of  any  size  in 
reducing  tlie  slip  of  the  squirrel-cage  induction  generator 
to  2  per  cent.,  so  that  its  effect  on  tlie  converter  speed  will 
be  very  slight.  The  slip  in  the  induction  generator  might 
appear  to  have  a  seriously  injurious  effect  on  the  regulation 


1  ！ 招 
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of  the  set.  Investigation,  however,  shows  that  while  the 
series  field  of  such  a  set  requires  to  be  a  little  stronger  than 
on  an  ordinary  generator  in  order  to  offset  this,  yet  the 
effect  of  the  slip  is  of  quite  small  magnitude. 

4.  Such  a  set  can  very  readily  be  employed  as  a  3-wire  set. 
All  that  is  necessary  is  that  the  induction  generator  be  con- 
nected in  <(  star  "  and  a  tapping  led  from  the  neutral  point 
to  a  collector  ring,  the  brushes  on  which  are  connected  to 
the  neutral  wire  of  the  system. 

5.  The  turbo-converter  cannot  be  started  from  the  steam- 
turbine  end  without  auxiliary  means.      The  steam  turbine. 


and  squirrel-cage  rotor  attached  will  start  up  alone,  while 
tlie  converter  portion  remains  stationary  without  showing  any 
tendency  to  start,.  It  is  necessary  to  bring  the  converter  up 
to  a  sufficient  speed  to  generate  enough  voltage  to  excite 
the  induction  generator  before  the  primary  and  secondary  of 
the  latter  can  get  into  step. 

Methods  of  starting  may  be  divided  into  two  classes ~ 
electrical  ami  mechanical.  Let  us  take  electrical  methods 
first.  (1)  If  a  supply  of  direct  current  is  available,  the  con- 
verter may  be  started  up  as  a  direct-current  motor,  when  it. 
will  bring  the  turbine  up  with  it  to  its  rated  speed  of  twice 
or  more  that  of  the  converter.  Steam1  can  then  be  admitted, 
ami  the  set  will  be  ready  for  load.  This  is  by  far  the  best 
plan  where  applicable,  but  of  course  it  requires  an  appreciable 
supply  of  elect  ric  power  to  enable  it  to  be  used.  (2)  Another 
plan  requiring  only  a  very  small  supply  of  power  is  the 
following  :  Means  are  provided  for  causing  a  direct  current 
to  circulate  in  one  of  the  ph ases  of  the  induction  generator 
during  the  starting  period.  The  generator  so  excited  acts 
as  an  electric  clutch,  which  will  bring  both  elements  up  at 
the  same  speed,  and  may  be  automatically  thrown  out  of 
action  when  tlie  converter  reaches  the  desired  speed . 

Coming  now  to  the  mechanical  methods  ：  (1)  One  of  the 
best  mechanical  methods  is  that  illustrated  in  Fig.  2.  By 
means  of  an  auxiliary  idler  shaft  the  turbine  is  belted  on  to 
the  converter  by  the  use  of  pulleys,  which  may  conveniently 
be  arranged  to  give  the  same  velocity  ratio  as  the  induction 
generator.     On  starting  the  turbine,  the  converter  is  brought 


Fig.  3.— Punching  for  500  kw.  Induction*  Gknerator. 

up  to  its  correct  speed  by  tlie  agency  of  the  belts,  and  as 
soon  as  the  field  switch  is  closed  will  be  ready  for  load.  The 
belts  may  then  be  run  on  to  loose  pulleys  and  the  idler  shaft 
stopped.  This  may  be  done  by  hand  or  automatically  by 
means  of  a  solenoid  operated  by  the  voltage  across  the  con- 
verter brushes.  Gearing  could  be  used  instead  of  belts  in 
the  above  method,  but  would  probably  be  less  satisfactory. 

(2)  An  auxiliary  turbine  might  be  used  to  start  the  converter. 

(3)  Primary  and  secondary  of  the  induction  generator  might 
be  coupled  by  a  centrifugal  clutch  releasing  when  the  con- 
verter reached  its  rated  speed.  (4)  They  may  be  coupled 
by  a  clutch  operating  when  the  torque  between  primary  and 
secondary  exceeds  a  certain  value.  A  rudimentary  instance 
of  such  an  appliance  is  the  device  occasionally  useful  for 
experimental  purposes,  wherein  primary  and  secondary  are 
tied  together  by  means  of  a  predetermined  number  of  thick- 
nesses of  thread. 

When  the  machine  reaches  an  appropriate  speed,  the 
torque  between  the  two  becomes  sufficient  to  burst  the  thread 
and  the  two  portions  of  the  generator  fall  into  step.  When 
we  come  to  criticise  these  methods  with  a  view  to  picking 
out  one  for  practical  application,  we  find  that  all  of  them 
except  the  first  electrical  and  the  first  mechanical  methods 
are  subject  to  the  following  criticism.  So  long  as  everything 
is  in  perfect  order  all  of  them  will  operate  all  right,  but 
if  the  clutches  or  switches  required  failed   to    operate  as 
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expected,  the  converter  would  run  the  risk  of  being  raised 
much  above  its  rated  speed,  the  result  of  which  would  very 
likely  be  disastrous.  Means  could  probably  be  found  to  pre- 
vent this,  but  on  the  whole  it  seems  better  to  adopt  a  rnetliod 
where  this  criticism  cannot  arise. 

The  first  electrical  method  described  is  not  applicable  in 
tlie  absence  of  a  considerable  supply  of    electrical  power, 


lience  we  come  to  the  conclusion  that  the  best  method  of 
starting  is  by  means  of  belts  and  an  idler  shaft  as  described. 

Two  different  forms  of  mechanical  construction  are  pos- 
sible for  tlie  turbo-convert/er.  Firstly,  the  "  flywheel  "  type, 
or  secondly,  that  sketched  in  Fig.  6,  which  may  be  called 
the  "  spinner  ，，  type.  In  this  type  the  squirrel-cage  rotor 
forms  the  inner  element,  and  is  driven  direct  by  the  turbine. 
Surrounding  this  is  a  second  element,  the  "  spinner  }>  capable 
of  free  rotation  and  also  supported  by  means  of  ball  bearings 
or  the  like'  on  the  same  bearing  pedestals  in  which  the 
squirrel-cage  rotor  runs.  This  element  bears  the  primary 
winding  of  the  induction  generator  on  its  inside  surface  and 
the  armature  winding  of  the  converter  on  its  outside  surface, 
being  fitted  with  a  commutator  and  brushes  in  the  usual  way. 
Outside  of  this  again  is  the  field  ring  of  the  converter,  carry- 
ing the  pole-piec&s  and  their  windings,  &c. 

The  author,  however,  has  hitherto  devoted  his  attention 
chiefly  to  the  other  or  "  flywheel  "  type  of  design,  perhaps 
chiefly  because  it  permits  of  the  use  of  a  standard  design  of 
converter.  The  cardinal  feature  of  this,  of  course,  is  that 
both  primary  and  secondary  are  "  overhung,"  or,  in  other 
words,  supported  by  a  single  bearing.  The  most  essential 
feature  of  any  single-bearing  construction  is  to  reduce  the 
overliang-  of  tlie  centre  of  gravity  of    the    overhung  mass 

beyond  the  bearing-nose 
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as  much  as  possible.  It 
will  be  found  in  every 
case  that  the  design 
adopted  enables  us  to 
reduce  this  overhang  to  a 
matter  of  a  few  inches 
beyond  the  beariag-nose 
even  in  the  most  extreme 
cases,  and  for  sizes  of 
r)00  kw.  In  order  to  do 
this,  an  inducfiun  ^eneiutor  design  of  large  diameter  and 
short  length  must  be  adopted. 

We  need  lin ve  no  anxiety  as  regards  the  effects  of  centri- 
fugal force  on  the  primary.  It  is  merely  necessary  to  Uike 
i-iire  that  1  lie  primary  end  connections  are  well  anchored  in 
any  convenient  way.  The  peripheral  speeds  of  the  secondary 
:irc  also  ((itite  m("li'rate.  A  squirrel-cage  rotor  is,  of  course, 
ideal  for  higli-sj)eed  designs.  As  there  is  only  one  bar  per 
slot  which  can  f>e  pushed  tlirou^li  from  the  end  there  is  no 
difficulty  in  1  liickeiiintj-  t  lie  ovcrliiui^ing  lip  of  the  slot 
sufTirioiit  ly  to  I  ake  care  of  tlie  cenl  rifugal  foroe  of  tlie  bar. 


The  only  point  which  r  eed  cause  us  any  anxiety  is  the 
short-circuiting  ring  of  the  squirrel  cage.  This  cannot  be 
made  of  steel,  as  it  must  consist  of  a  high-conductivity  non- 
magnetic material.  In  this  connection  I  wish  to  draw 
attention  to  the  properties  of  aluminium  for  high-speed 
work .  It  will  be  found,  on  calculation,  that  for  all  high- 
speed work  aluminium  gives  a  factor  of  safety  only  inferior 
to  that  of  good  steel  on  account  of  its  extreme  lightness. 
Probably  some  of  the  new  li^ht  alloys  are  still  better  in  this 
respect.  At  present  prices,  moreover,  aluminium  is,  volume 
for  volume,  cheaper  than  any  other  material  except  cast 
iron  and  an  ordinary  grade  of  steel,  again  on  account  of  its 
lig'litiiess.  As  regards  conductivity,  il  is  a  commonplace  1  liai 
an  aluminium  high-tension  line  is  cheaper  than  a  oopj>er 
one  of  the  same  conductivity,  so  w©  may  foel  reassured  on 
this  head.  Hence,  if  we  adopt  the  end-ring  construction 
shown  in  Fig.  4，  in  which  the  end  ring  is  made  of  rolled 
aluminium  sheet,  we  have  an  ample  factor  of  safety  against 
centrifugal  force. 

Fig.  4  is  a  sketch,  approximately  to  scale,  showing  the 
mechanical  design  of  the  induction  generator.  國 will  be 
seen  that  the  centre  line  of  the  secondary  only  overhangs  the 
bearing-nose  by  little  more  than  an  inch,  while  the  slowly- 
revolving  primary  is  overhung  by  approximately  9in.  We 
m;i v  estimate  the  weiglit.  of  tliis,  including  everything,  as 
not  over  3,500]bs. ,  so  that  with  an  overhang  of  9in.  only 


Fig.  6. 

and  a  speed  of  600  revs,  per  minute  we  are  well  within  the 
range  of  flywheel  practice - 

The  cardinal  features  of  the  design  used  to  obtain  these 
results  are  two  in  number  ： —— 

1 .  The  primary  frame  is  made  of  a  non-magnetic  material 
in  which  a  number  of  holes  are  cast  corresponding  to  the 
stator  slots.  Through  these  holes  the  stator  bars  are  brought 
and  so  the  stator  winding  is  kept  outside  the  frame.  An 
alternative  construction  not  requiring  the  use  of  a  non- 
magnetic: frame  is  shown  in  Fig.  5. 

By  this  means  we  obtain  the  following  advantages :  (o) 
The  overhang  of  the  primary  is  reduced  very  much,  as  we'  do 
not  have  to  allow  space  for  the  end  connections  inside  the 
frame.  (b)  The  frame  abuts  solidly  on  the  punchings  all 
roiuul,  and  there  is  no  hollow  space  to  cause  mechanical  weak- 
ness .  (r)  There  is  ample  room  for  the  end  connections,  ami 
t  hey  do  not  have  to  be  cramped  in  any  way.  Any  engineer 
wh()，  like  the  writei*,  has  luul  to  design  end  connections  for 
a  cianiped  space,  will  know  how  great  an  advantage  i his  is. 
(d)  There  is  ample  ventilation  for  the  end  connections. 

2.  The  ot her  important  f'eatu re  of  the  design  is  i lie 
arrangement  by  wliirli  the  joint-  between  the  two  lnil>s  on 
whicli  the  pi-imai-y  and  secondary  of  the  iiuhuiiion  generator 
are  built,  up  is  made  inside  the  bearing  instead  of  on  tho 
projecting  pari'  of  the  shafts  in  tlie  usual  way.  This  enables 
us  to  have  ； i  quite  ample  ； uul  rigid  bearing  surface  and  yet 
only  have  a  shaft,  extension  of  about  3in.  in  the   set  con- 
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sidered.  The  distance  between  the  ends  of  the  two  bearing 
brasses  is  only  about  llin.,  scarcely  more  than  it  would  be 
with  an  ordinary  flange  coupling. 

The  machine  in  general  consists  of  two  forced  lubrication, 
water-cooled  bearings  of  large  size  supporting  respectively 
one  end  of  tlie  turbine  and  the  secondary  of  the  induction 
generator,  and  one  end  of  the  converter  and  the  primary  of 
tlie  induction  generator.    Mounted  on  the  turbine  shaft  by 


Fig. 


Amperes  Losd. 
一 Load  and  Speed  Citrves  as  Shunt  Generator 


Compounding). 


a  very  long  taper  fit  and  key  way  is  a  steel  hub  on  which  the 
secondary  of  the  induction  generator  is  built  up.  This  is 
built  up  of  punchings  in  the  usual  way,  the  end  rings  of  the 
squirrel-cage  winding  being  of  aluminium  in  which  holes  are 
punched  for  the  bars,  these  being  afterwards  riveted  over 
on  the  outside.  The  primary  is  built  up  within  a  frame 
provided  with  holes  on  one  side  through  which  the  insulated 
stator  bars  pass.  This  frame  is  mounted  by  a  taper  fit  of 
ample  area  and  keyway  on  another  steel  hub  similar  in 
general  design  to  that  used  for  the  secondary, 
which  is  again  mounted  by  a  taper  fit  within 
the  bearing  on  the  converter  shaft.  In  order  to 
save  the  space  taken  up  by  a  nut  on  the  front 
end,  these  taper  fits  are  arranged  to  tighten  up 
from  the  back  as  shown.  The  leads  are  brought 
from  the  primary  winding  through  the  hollow 
shaft  to  the  converter, 

Fig.  7  shows  load  and  speed  curves  for  the 
machine  as  shunt  generator.  In  these  curves 
the  turbine  speed  is  shown  to  one-half  the  scale 
of  the  generator  speed.  Since  half  the  speed  of 
the  turbine  is  the  synchronous  speed  of  the  gene- 
rator, the  difference  between  the  turbine  and 
generator  speeds  read  off  on  the  generator  speed 
scale  is  the  slip  in  revolutions  per  minute  of  the 
induction  generator.  It  will  be  seen  that  the 
load  was  limited  by  the  capacity  of  the  turbine, 
as  this  began  to  fall  rapidly  in  speed  above  90 
amperes  load. 

With  the  set  arranged  as  a  3-wire  machine 
in  the  manner  described  above,  load  was  applied 
to  one  side  of  the  system  only,  the  other  side 
being  left  entirely  unloaded.  The  maximum 
difference  in  voltage  between  the  two  sides  corre- 
s|Kjndiiig  to  full-load  current  on  one  side  and  no  load  on  the 
other  was  3^  per  cent.  The  total  voltage  fell  somewhat  as 
。m'  >idf  was  loaded,  but  this,  of  course,  could  be  corrected  by 
ordinary  compounding  coils. 


melting  them.  The  feature  of  the  arrangement  lies  in  1  \w 
quick  introduction  and  *  lie  rapid  expansion  or  explosion  of 
an  explosive  mixture  for  forcing  the  molten  rnetal  from  a 
tilting  containing  crucible  into  tlie  die  after  the  jneta]  I  wis 
commenced  to  flow  into  the  die,  whereby  no  part  of  t  he 
metal  will  be  deteriorated  l)y  oxidation.  Means  are  also 
provided  for  mounting  the  crucible  and  insulating  tho  same 
to  prevent  the  radiation  of  heat,  with  a  resulting  c'oolin"' 
of  the  metal  in  the  crucible.  The  construction  makes  use  of 
a  body  oscillatably  mounted  in  a  supporting  frame  with 
means  for  clamping  the  die  against  the  top  of  the  frame  and 
in  communication  with  the  crucible  held  with  the  frame. 

The  oscillating  crucible  containing  or  holding  pot  A  has 
an  inner  wall  forming  a  chamber  B  and  an  insulating 
chamber  C，  from  which  the  air  is  exhausted  through  the 
pipe  D  extending  through  the  outer  wall.  The  inner  chamber 
wall  has  four  ribs,  extending  inwardly  therefrom,  and  taper- 
ing slightly  from  bottom  to  top,  and  are  provided  for  the 
purpose  of  holding  a  crucible  E.  A  nipple  screwed  into  the 
walls  of  the  crucible-holder  has  a  two-way  valve  F  mounted 
on  the  end,  and  a  pipe  G  is  connected  thereto  for  supplying 
a  gaseous  or  other  explosive  mixture  under  j)resbure  aurl 
introducing  it  into  the  chamber  B  when  the  valve  F  is 
opened.  The  pipe  G  is  provided  with  a  check  valve.  A 
cover  fits  upon  the  flat  upper  ring  of  tlie  crucible  container  A 
so  as  to  make  an  air-tight  joint  therewith,  and  is  secured 
thereto  byi  bolts  extending  through  lugs  cast  integral  with 
tlie  cover  and  container,  respectively,  and  has  an  inner  or 
insulating  chamber  H  from  which  the  air  is  exhausted 
through  the  pipe  J.  Set-screws  are  used  for  holding  the 
cover  on  the  crucible. 

The  crucible  E  is  provided  with  a  small  gas  opening  K 
through  the  wall  above  the  level  which  the  metal  in  tlw 
crucible  will  assume  when  melted  and  the  crucible  is  upright. 
The  crucible  fits  down  within  the  chamber  B  and  rests 
against  and  is  secured  by  the  inwardly  extending  ribs, 
before  mentioned,  and  has  a  cap  adapted  to  fit  over  its  upper 
end  which  is  held  down  by  set-screws.    The  conical  pouring 


DIE-CASTING  MACHINE. 

Thk  die-casting  rnacliine  illustrated  herewith  has  recently 
been  patented  by  the  Indiana  Die  Casting  Development 
(Vnnpany,  301-338,  South  McGill  Street,  Indianapolis, 
U.S.A.,  ami  lias  en  designed  wit  li  t  lie  object,  of  providing 
a  machine  that  may  be  quickly  and  easily  operated  by 
unskilled  men,  and  adapted  to  make  successively  castings 
from  different  metals  which  require  different  treatment  iti 


Die-castin (；  Machine. 


spout  L  projects  through  the  opening  in  the  crucible  covvv. 
The  outer  end  of  this  spout  fits  into  a  shouldered  portion  in 
the  die  M，  this  die  being  held  thereon  by  means  of  a  screw 
having  a  liaiidwheel  N  keyed  thereon  and  with  the  iipp". 
portion  of  the  screw  threaded  through  a  frame  mounted  on 
arms  extending  upwardly  from  the  pot  A.  An  upward 
exiension  from  one  of  the  frames  carries  a  projection  () 
thereon  which  will  engage  an  L-shaped  handle  P  of  the  two- 
way  valve  F  when  tlie  pot  A  has  been  revolved  about  170°, 
and  cause  the  opening  of  this  valve.  The  air  exhaust  con- 
nections D  and  J  are  provided  with  pressure  gauges  and 
valves.  The  valve  F  lias  an  L-shaped  handle  P  with  a  coilerl 
spring  Q  about  one  leg  with  one  end  inserted  in  a  hole  in 
tlie  valve  body,  and  with  t-he  other  bearing  against  the  other 
leg  and   tending   to  keep   tlie  valve  in   a  closed  position. 
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The  free  end  of  the  handle  is  cut  obliquely,  and  has  the 
outer  part  S  connected  to  the  main  handle  P  by  the  spring 
hinge  T  (see  Fig.  3).  The  oscillating  movement  of  the  pot  is 
limited  to  an  arc  of  180°  by  means  of  a  stop . 

In  operation  a  portion  of  tlie  air  in  tlie  insulating 
chambers  C  and  H  is  exhausted  in  any  desired  way.  The 
crucible  E，  containing  molten  metal  wliich  has  been  melted 
elsewhere  in  any  desired  way,  is  placed  in  the  container  and 
the  cover  placed  on  the  crucible,  after  which  the  cover  is 
secured  upon  the  container  A.  The  pouring  spout  L  is  then 
driven  into  place,  the  die  M  adjusted  on  the  outer  end  of 
the  spout  and  tightly  secured  thereon  by  turning  the  liand- 
wheel  N  and  causing  the  screw  to  wedge  against  the  upper 
part  of  the  die.  The  pot  A  is  then  tilted  toward  the  posi- 
tion shown  in  Fig.  3,  by  turning  the  lever  R.  After  the 
pot  lias  passed  a  horizontal  position,  the  molten  metal  in  the 
crucible  E  will  flow  through  the  spout  L  into  the  die  M, 
and  when  the  pot  approaches  a  vertical  position,  having 
turned  through  an  arc,  say,  of  170。，  the  extension  S  of  the 
handle  P  will  be  depressed  by  the  projecting  lug  O  and  cause 


Fig.  3. —Die-casting  Machink. 


the  opening  of  the  valve  F.  The  gas  valve  lever  remains  in 
engagement  with  the  projection  O,  while  the  pot  turns 
through  an  arc  of  approximately  5°,  aud  on  passing  out  of 
engagement  with  the  lug  the  valve  is  quickly  closed  under  the 
action  of  the  spring  Q  on  the  stem.  This  closing  is  accom- 
plished before  the  pot  reaches  the  vertical  inv&rted  position. 
Thus  a  gaseous  mixture  under  pressure  will  be  suddenly 
introduced  into  the  chamber  B  and,  passing  through  the 
hole  K  in  the  crucible  E，  will  meet  with  the  molten  metal 
contained  therein,  ignite,  and  by  the  sudden  increase  of 
pressure  resulting  therefrom  within  the  crucible  the  metal 
will  be  forced  into  the  die.  This  sudden  introduction  of  the 
charge  and  the  explosion  thereof  at  a  de.sired  time  to  drive 
out  the  metal  closely  resembles  the  introduction  and  ignition 
of  the  explosive  charge  in  th©  cylinder  of  an  internal-com- 
bustion engine  where  the  piston  is  driven  outwardly  by  the 
explosion.  After  the  metal  has  been  poured  the  pot  is 
turned  back  to  its  normal  position,  and  in  such  passage  the 
lever  extension  S  will  again  meet  with  the  lug  0，  but  the 
hinge  T  will  allow  it  to  pass  by  the  lug  O  without  actuating 
the  valve,  and  the  spring  in  the  hinge  will  cause  the  exten- 
sion S  to  return  to  its  normal  position.  After  the  machine 
has  been  moved  to  its  normal  position,  the  die  may  be 
removed  from  the  machin©  by  turning  the  handwheel  N, 
thus  releasing  the  die.  It  will  be  readily  understood  that 
by  this  means  of  forcing  the  metal  into  the  die  none  of  the 
metal  will  be  oxidised. 

The  main  feature  of  the  machine  is  the  discharge  of  the 
metal  into  the  die  by  reason  of  the  explosion  or  quick  expan- 
sion of  an  explosive  mixture  in  the  crucible,  and  also  the 
employment  of  tlie  heat-insulating  chamber  within  the  pot 
or  surrounding  the  crucible  so  that  the  crucible  may  be 
transferred  to  the  pot  after  it  has  been  heated  and  the  metal 
therein  melted  in  a  separate  furnace,  and  yet  the  crucible 
be  prevented  from  chilling  for  a  reasonable  length  of  time, 


during  which,  by  successive1  die  casting  operations,  a  number 
of  castings  may  be  made  from  the  same  charge  of  metal  in 
the  crucible  and  until  all  of  the  metal  therein  has  been  used, 
without  removing  the  crucible  for  reheating  the  metal 
therein. 


THE  OIL  MOTOR  SHIP  "MONT 已 PENEDO." 

Another  oil  engine  driven  vessel  is,  according  to  "  Engineer- 
ing News,"  shortly  to  be  put  into  service  in  the  South 
American  trade,  probably  to  ply  between  New  York  and  Rio 
Janeiro.  The  ship  is  360fi .  in  length  and  the  breadth  50ft. 
It  was  built  at  the  Howaldt  Works  of  Kiel,  Germany ,  and  is 
designed  for  a  speed  of  10i  knots.  The  two  4-cylind©r  engines 
operate  on  the  2-stroke  cycle  ；  thus  an  impulse  is  obtained 
from  each  cylinder  at  each  revolution .  The  engines  were 
built  by  Sulze'r  Bros.,  of  Winterthur,  Switzerland,  and  repre- 
sent the  latest  type  of  Diesel  oil  engines  built  by  this  firm. 
While  most  2-stroke  cycle  Diesel  engines  previously  built  have 
had  the  scavenging  valves  in  the  cylinder  head,  on  the 
" Monte  Penedo's  "  engines  the  scavenging  air  is  admitted 
through  two  rows  of  ports  in  the  barrel  of  the  cylinder  nearly 
opposite  t  lie  exhaust  ports.  The  cylinder  head  construction 
is  thus  greatly  simplified  and  the  amount  of  gear  required  to 
be  removed  in  order  to  take  off  the  cylinder  head  to  get  at 
the  piston  is  much  reduced.  Compressed  air  for  scavenging 
the  engine  cylinders  is  furnished  by  a  double-acting  air  com- 
pressor driven  by  a  separate  crank  on  the  main  shaft  of  the 
engine.  The  same  crank  also  drives  a  3 -stage  air  compressor 
which  furnishes  compressed  air  at  9001bs.  per  square  inch  for 
spraying  the  fuel  into  the  cylinders.  There  are  two  50  h. p. 
auxiliary  Diesel  engines,  on©  driving  a  generator  for  lighting 
the  ship,  the  other  driving  an  air  compressor  furnishing  a 
supply  of  compressed  air  in  case  the  air  compressor  on  the 
main  engine  breaks  down,  and  also  furnishing  an  additional 
supply  to  serve  for  manoeuvring  the  main  engines  when  fre- 
quent starting  and  stopping  is  required  as  in  entering  or 
leaving  a  dock. 

An  interesting  table  furnished  by  the  builders  of  the  vessel 
shows  the  comparison  of  the  engine  equipment  of  this  vessel 
and  of  an  ordinary  steam  vessel  of  the  same  tonnage. 
The  estimated  saving  in  weight  of  the  machinery  of 
the  motor  vessel  over  the  steam  vessel  is  about 
170  long  tons.  A  motor  vessel  for  a  voyage  to  Bueuos 
Ayres  and  back  would  require  432  tons  of  oil  ；  a  steam 
vessel  with  the  latest  quadruple-expansion  steam  engines 
would  require  1,505  tons  of  coal,  or  with  a  triple-expansion 
engine  1,755  tons  of  coal.  The  total  saving  in  weight  in  both 
machinery  and  fuel  of  the  motor-driven  vessel  over  the  steam- 
driven  vessel  will  average  975  to  1,200  tons.  Converting  this 
into  cargo  space,  a  motor  ship  will  have  available  for  cargo 
about  28,000  cub.  ft.  to  33，000  cub.  ft.  more  than  a  steamship. 
A  steamer  will  require  16  firemen  aud  coal  passers;  the  motor 
ship  requires  6  labourers  for  the  engines  and  donkey  boiler 
service,  or  a  reduction  of  10  in  the  machinery  force  required. 


British  Foundrymcn's  Association,  Scottish  Branch. — At  a  meet- 
ing of  the  Scottish  Brancli  of  the  British  Foundrymen's 
Association  held  on  Saturday  last  in  the  Royal  Technical 
College,  Glasgow,  a  paper  was  read  by  Mr.  H.  S.  Primrose, 
Cathcart,  upon  "  Metallurgical  Control  in  the  Brass 
Foundry/'  After  describing  the  difficulties  under  which  the 
brass  founder  has  to  work  owing  to  the  fumes  arising  from  the 
molten  metal,  the  lecturer  detailed  the  usual  methods  of 
melting  in  crucible  and  air  furnaces.  Recent  improvements 
consisted  in  utilising  tilting  furnaces  either  heated  by  an  oil 
flame  or  in  some  cases  by  electric  current.  The  control  of  the 
metal  was  advocated  to  be  complete'  starting  with  the  raw 
material  and  tracing  it  through  all  the  departments  until  it 
was  sent  out  as  the  finished  product.  The  tests  applied  to  it 
were  not  only  chemical  and  physical,  but  where  possible 
microscopical  as  well,  as  this  was  the  surest  way  of  detecting 
the  cause  of  any  irregularities  in  the  metal .  The  methods  of 
removing  faults  or  preventing  failures  was  also  described  and 
the  beneficial  effect  of  ])liosplior  alloys  in  eliminating 
impurities  during  the  melting  si)ecially  commented  upon.  A 
short'  discussion  followed. 
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INTERNATIONAL  ENGINEERING  AND  MACHINERY  EXHIBITION,  OLYMPIA.— VI. 


Messrs.  Edward  G.  Herbert,  Ltd.,  of  Atlas  Works,  Levens- 
hulme,  Mauohester,  exhibited  their  well-known  file-testing 
and  tool  steel  testing  machiues,  together  with  an  Olsen 
universal  testing  machine  of  100，0001bs.  capacity.  This 
latter  tool  makes  tensile,  compressive,  and  transverse  tests, 
while  automatically  weighing  the  load  and  drawing  a  stress 
strain  diagram.      An  Olsen  autographic  transverse  testing 


Fig.  l.—BAii arcing  Heads.    IIessks.  Edward  G.  Herbert,  Ltd.,  Manchesteb. 

machine  was  also  shown,  this  being  chiefly  used  for  testing 
cast  iron  up  to  5,0001bs.,  while  recording  the  results  auto- 
graphically  ；  together  with  an  eccentric  saw,  in  which  the 
angular  position  of  the  blade  is  varied  periodically  by  means 
of  eccentric  motion  ；  a  rapid  saw  fitted  with  meclianism  for 
relieving  the  pressure  ou  the  blade  on  the  back  stroke  ； 
and  a  universal  filing  machine,  this  latter  being  a  very  useful 
tool  for  rapidly  facing  up  small  castings,  forgings,  &c.，  by 
power  filing- 

Many  new  and  useful  devices  in  the  shape  of  small  tools 
and  appliances  were  also  exhibited,  and  we  have  pleasure  in 
illustrating  and  describing  a  few  of  these  in    the  present 


They  are  superior  to  straight  edges,  because  they  do  not  need 
to  be  perfectly  levelled,  but  can  be  used  on  a  pair  of  ordinary 
shop  trestles  ；  also  the  shaft  to  he  balanced  need  not  be 
perfectly  horizontal,  and  it  may  have  two  diameters. 

Another  useful  device  is  shown  in  Figs.  2，  3，  and  4，  viz., 
an  improved  vee  crani])  for  u^e  on  drilling,  milling,  and 
planing  machines. 

As  will  be  seen,  in  addition  to  its  use  in  place  of  the 
ordinary  vee  blocks  tliis  cramp  can 
burned  on  its  side  to  hold  cylindrical  work 
with  its  axis  vertical.  This  greatly 
increases  its  usefulness  on  milling  and 
planing  machines,  and  makes  it  an  indis- 
pensable adjunct  for  all  drilling  machines. 
Used  as  a  ve&  block,  it  has  the  following 
advantages :  The  upper  surface  of  the 
shaft  is  exposed,  and  a  key  way  can  thus 
be  cut  along  its  whole  length;  shafts  can 
be  placed  in  and  removed  from  the 
cramp  without  interfering  with  the  hold- 
ing-down bolts,  ensuring  that  the  sliaft 
shall  always  come  in  the  same  position 
on  the  machine  ；  and  the  shaft  rests  on 
a  horizontal  plaued  surface,  wliereby  its 
parallelism  is  always  ensured. 

Fig.  5  shows  a  patent  hexagon  cramp 
of  Messrs.  Herbert's  manufacture —— a  most 
useful   type,    as   it   gives   six  different 
heights  of  packing  for  each   of   tlie  six 
sides  of  the  block .    The  advantage  of  this  arrangement  is 
obvious.    Time  is  saved  which  would  otherwise  be  wasted  in 
searching  for  packing,  and  the  cost  of  macliine  work  is  tlms 
considerably  reduced.    The  cramps  also,  being  of  steel ,  are 
strong  enough  to  stand  the  roughest  usage. 

Fig.  6  illustrates  a  "  sectional "  bar  rack  as  made  and 
supplied  by  the  firm.  By  the  use  of  the  sections,  it  will  be 
seen  that  any  required  size  of  bar  rack  can  be  readily  built, 
either  with  the  arms  at  one  side  only,  to  go  against  a  wall, 
or  with  double  arms  as  shown  in  the  photo  view. 

Messrs.  The  Sclson  Engineering  Company,  Ltd"  of  85，  Queen 
Victoria  Street,  London,  had  a  large  aud  interesting  exhibit 


Fig. 


Improved  Vee  Champ.    Messks.  I^dward  G.  Hkiibert,  Ltd. 
Manchestek. 


Fig.  4.— Vee:  C'RAiir  holding  work  ovebhaxgp  g 
tiil  Tablk.    Messrs.  Edwakd  G.  Herbert,  Ltd. 
Manchester. 


article,  while  others  we  liope  to  describe  in  a  succeeding  issue. 

Fig.  1  is  an  illustration  of  a  pair  of  balancing  heads 
consisting  of  discs  running  on  ball  bearings.  These  are 
intended  for  balancing  on  their  shafts,  armatures,  flywheels, 
pulleys,  &c.，  up  to  one  ton  in  weight,  and  are  very  sensitive. 


of  machine  tools,  including  drillers,  lathes,  shapers,  millers, 
grinders,  tooth-rounding,  broaching,  and  screw-making 
machines  ；  and  from  amongst  these  we  select  the  following 
described  tools  for  special  mention.  Considerations  of  space 
alone  prevent  us  giving  a  fuller  account  of  the  exhibits  on 
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t liis  stand,  as  almost  every  tool  sliown  liad  distinctive 
foal  ures  】tiei'it'iiig  more  t  liai)  mere  j>assin^  notice. 

Fi^.  7  shows  a  patent,  special  shaping  machine  shown  by 
the  firm  liaving  traversing  tool -box  and  adjustable  bottom 
1  able,  whereby  large  work  can  be  operated  on  as  well  as 
small.  This  illustration  in  itself  is  almost  self-explana- 
tory, so  we  do  not  purpose  taki»ig  up  much  space  with  a 
lengtliy  written  description  of  the  tool.  We  may,  how- 
ever, mention  that  it  has  been  specially  designed  lor 
operating  on  articles  too  large  to  be  mounted  on  the 
ordinary  rising  and  falling  table,  and,  for  this  purpose, 
the  baseplate  is  provided  with  a  work  table,  wliich  lias 
hand  lateral  adjustment.  The  head  of  the  ram,  a;, 
will  be  noticed,  is  built  in  the  form  of  a  cross  slide, 
along  which  the  tool  slide  can  traverse  automatically 
or  by  hand.  By  combination  of  the  lateral  Tiiove- 
Tiients  of  t'lie  bottom  table  and  tool  slide,  work 
usually  done  on  the  planer,  such  as  machining  the 
main  bearings  of  small  lengine  beds,  &c.，  can  be  per- 
formed on  this  川 at'liiii'e.  To  do  this  the  work 
is   bolted   to   the   bottom    t able,  which    is   locked  to 


first,  and  the  machining  process  repeated.  Tlie  ordinary 
rising  and  falling  table  is  hinged  to  the  cross  slide,  in  order 
that  it  may  be  swung  clear  of  large  work  without  the 
inconvenience  of  removal. 

Fig.  8  shows  a  novel  design  of  sensitive  drilling  niacliiiu1 


Fig.  5.— Hkxagon  Cramp.     ^Iessrs.  Ki)、、  、im  ci.  Hkukkkt,  Ltd., 
Manchester. 

tlie  baseplate,  and  the  first  bearing  machined  with  the  travel- 
ling tool.  Tlie  table  is  then  adjusted  until  tlie  secona 
bearing  is  brought  to  the  position  originally  occupied  by  the 


】'，ig.  6.—"  Se<*th>nai/'  }\ah 】U(  k.    1\Ij;sshs.  J-:d\vaui)  G.  Hkrbeut,  Ltd., 
Manchiistkr. 

exhibited.  As  will  be  seen,  tlie  drill  spindle  is  driven  by 
inverted  cones  and  friction  belt,  and  so  tlie  speed  of  the 
drill  can  be  increased  or  decreased  at  will,  as  "the  pointer  at 
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the  end  of  the  belt  shifter  is  moved  up  or  down  on  the  speed 
index  plate  on  the  side  of  the  frame.  This  index  plate 
shows  the  correct  speed  for  all  sizes  of  drills  from  jin.  to 
lin.  by  sixteenths,  and  thus  tliere  is  no  excuse  for  the 
machine  being  run  at  any  other  speed  than  that  correspond- 
ing to  the  drill  being  used. 

The  friction  of  belt  con©  can  also  be  varied  to  suit  the 
size  of  drill  being  used,  by  raising  or  lowering  the  lever 
shown  at  the  back,  without  stopping  the  machine.  All 
speeds  from  250  to  1,000  revs,  per  miuute  are  thus  available 
instantly. 

Two  useful  devices  are  illustrated  in  Figs.  9  and  10，  Fig. 
9  being  a  gravity  drilling  in  a  chine  vice,  and  Fig.  10  a  drilling' 
jig-  . 

By  slightly  turning  the  handle  of  the  former  tool  the 
jaws  may  be  opened  on  the  angle  guides,  the  upper  to  a 
maximum  of  Sin.  and  the  lower  to  2iin.  When  the  work 
is  set,  gravity,  supplemented  by  the  pressure  of  the  drill, 
forces  the  jaws  downwards  in  tlie  guides,  ensuring  an  abso- 


Tlie  work  is  held  in  a  vee  block,  provided  with  a  groove 
on  each  side,  fitting  the  square  portions  of  the  pillars,  which 
thus  act  as  guides,  enabling  the  block  to  he  rapidly  adjusted 
to  the  required  position  indicated  by  pointer  and  rule,  and 


Fig.  9.—"  Gravity  "  Drilling  Machine  Vice.   Messrs.  The  Selson 
Kngineektng  Company,  Ltd..  London. 

afterwards  locked  in  place  by  a  small  lever  instead  of  t'he 
hexagon  nut  shown  in  illustration.  This  block  admits  bolts 
from  l^in.  to  |in.  diam.,  and  for  smaller  work  an  additional 
vee  block  is  supplied,  which  fits  into  the  larger  one,  and  can 
be  used  for  objects  down  to  Jin.  diam.  For  studs  and  other 
parallel  work,  stops  are  provided  on  the  right  of  both  vee 
blocks,  against  which  tlie'  end  of  the  stud  rests. 

Amongst  the  small  tools  shown,  mention  may  bo  made 
of  a  novel  design  of  "He"  templet  gauge  which  is  greatly 
tapered  at  the  very  end  ；  then  there  is  a  short  length  very 
finely  tapered,  revealing  another  thousandth  to  come  off  the 
work,  and  finally  the  gauge  becomes  dead  size.  Such  gauges 
are  very  useful,  as  they  enable  th©  end  to  be  pointed  in,  and 
t!ie  operator  can  thus  judge  when  he  is  approaching  the 
correct  finished  size  of  hole. 

Messrs.  Kynoch,  Ltd.,  of  Lion  Works,  Witton,  Birmingham, 
exhibited  one  of  their  well-known  gas  engines  of  100  b.h.j). 


Vic.  8.— Patent  "  Qcttck  Change  Speed  "  Sknstttve  Drit-ltng  Machini:. 
Mkssrs.  TirK  Selson  Engineertno  Company,  Ltd. ,  London. 

lutely  firm  hold  of  the  work  and  making  the  vioe  practically 
an  automatic  tool.  A  slight  turn  of  the  handle  prevents 
the  work  from  becoming  slack  when  the  pressure  on  the  drill 
is  decreased  at  the  bottom  of  the  hole. 

The  vice  can  be  used  loose  on  the  machine  table,  except 
in  extreme  cases.  Slots  are,  however,  provided  for  bolting 
it  down,  although  same  are  not  shown  in  illustration.  It 
will  securely  hold  all  round  work  from  ！ in.  to  8in.  diam., 
and  work  is  ensured  against  turning  even  with  only  a  slight 
pressure  on  the  drill. 

The  drilling  jig  has  been  designed  for  drilling  pinholes 
in  bolts,  studs,  pins,  &c,，  and  for  this  class  of  work  dispenses 
entirely  with  the  necessity  of  marking  off.  As  will  be  seen, 
ifc  consists  of  a  baseplate,  on  which  are  mounted  two  pillars 
carrying,  at  the  top,  a  steel  cross-beam,  which  serves  as  a 
(•lamp  for  holding  the  work  and  also  as  a  guide  to  the  drill 
l>y  means  of  suitable  bushes.  Tlie  jig  can  either  be  used  on 
a  ta}>Io,  with  a  plain  surface  or  holted  down,  as  required. 
For  j)lain-surface  tal)les，  a  locating  pin  is  supplied  to  fit  \he 
baseplate  and  lu>]e  in  t  he  cent  re  of  drilling  niacliine  l  ahle, 
keej>ing  tlie  guide  l>usli  in  cross-boam  always  in  line  wit  li  t  hv 
drill  spindle. 


KlC.  10.  -"  SKLKON  "  QUICK-fHAN'OK  UxiVKRSAl,  DlULT.  .TlG  WITH  Top  V -RlocK 
ItKMOVKD  I-'OH  DRTLT.INfi   LaR({K   ROI^TS.       MESSRS.  THE    SEASON  KXCTNEFRTNC. 

Company,  Ltd.,  Ijonpon. 

Tliis  engine  was  shown  working  witli  gas  supplied  from  one 
of  t  heir  ])atent  suction  plants,  also  ere<-t^d  on  the  stand. 

Another  exhibit  of  the  (inn  was  tlie  Kynocli  patent  dus(- 
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proof  and  self-oiling  roller  bearing,  two  illustrations  of 
which  we  have  pleasure  in  giving,  Fig.  11  showing  the  com- 
plete bearing  and  Fig.  12  same  with  cap  removed.  On  the 
stand  lengths  of  shafting  were  shown  running  in  this  type 
of  bearing,  together  with  others  running  in  plain  bearings, 
and  so  fitted  that  the  amount  of  friction  in  each  case  could 


Three-operation  automatic  screw  machines,  or  pin  and 
stud  machines,  as  they  are  sometimes  termed,  are  deservedly 
popular  and  widely  used  on  account  of  simplicity  of  design 
and  ease  of  operation.  The  type  is  fully  automatic,  as  the 
operator  has  nothing  to  do  but  insert  the  bar  in  the  feeding 
meolianism,  remove  the  finished  product  and  swarf  from  the 
pan  of  the  machine,  and  keep  the  simple  tools  with  which 
they  are  equipped  in  order.  A  successful  operator  can  run 
with  tlie  aid  of  a  boy  as  many|  as  20  of  these  machines  on 
certaiti  work,  providing  tlie  ])ace  is  not  set  too  high,  but 
many  manufacturers  prefer  a  moderate  pace  with  long  life 
to  the  too】s，  and  a  large  number  of  inachines  per  operator 
as  being  more  economical  than  hi^li  speeds,  with  the  con- 
sequent repeated  tool  grindings,  with  the  time  lost  in  stop- 


Fig.  11.— Complete  Kynoch  lU>r 丄 Bearing. 

Birminoham. 


Messrs.  Kynoch,  Ltd., 


be  understood  at  a  glance.  The  coefficients  of  friction  of 
repose  and  of  motion  of  the  Kyncx-li  roller  hearing  are,  the 
firm  state,  "0115  and  '0082  respectively,  or  about  - j\, th  of 
the  coefficient  of  friction  of  an  ordinary  bearing  in  each  case. 
It  will  thus  be1  seen  that  a  considerable  saving  of  power 
results  from  their  adoption. 

Messrs.  George  H.  Alexander,  of  Doe  Street,  Birmingham, 
exhibited  a  large  collection  of  machine  tools,  principally  of 
the  fully  automatic  kind,  and  from  amongst  these  we  take 
pleasure  in  illustrating  and  describing  two  at  length.  Some 
18  machines  were  shown  altogether,  so  it  becomes  impossible 
for  us  to  more  than  mentiou  most  of  them.  They  included 
drilling  machines  of  several  types  and  sizes,  plain,  surface, 
and    universal    grinders,   fully    automatic    pin    and  stud 


Fig.  13.  -Thhke  c 


Automatic  Screw  Machine. 
London. 


Messrs.  Georoe  H.  Ai.kxandkr 


machines  (Models  "  D，"  "  F，，，  "  G，"  and  "  H  ，，)，  wood  screw 
worming,  shaving,  and  slotting  machines,  heading,  screw- 
threading,  and  pointing  machines,  and  a  four-spindle  boring 
machine.  The  ones  we  illustrate  are  Fig.  13，  a  three-opera- 
( ion  automatic  screw  machine,  and  Fig,  14，  an  automatic 
screw  slotter. 


^ra.  12. —Kynoch  Rollkr  Bearing  with  Top  Cap  Kkmoved  showing  Steel 

K()I,Ll'UtS  (IN  WHICH  THE  SHAFT  RKVOTiVES.         MF.RSRS.  KYNOCH    TjTD. , 
】{1BMINGHAM. 

ping,  and  the  extra  number  of  operators  required.  Thus, 
for  instance,  some  manufacturers  of  bicycle  chain  will  run 
as  high  as  20  finished  chain  rolls  per  minute,  whilst  others 
prefer  a  running  speed  of  12.  In  any  event,  the  speed  at 
which  a  piece  can  be  produced  on  this  machine  is  entirely 
within  the  will  of  the  manufacturer  up  to  the  maximum  limit 
which  is  possible  for  drilling,  forming,  and  cutting  off.  The 
machine  itself  is  constructed  sufficiently  well  so  that  the 
headstock  can  be  driven  at  the  maximum  speed,  and  the 
rigidity  of  the  machine  due  to  the  proper  proportion  of  its 
component  parts  is  such  that  it  will  stand  any  strain  which 
can  be  put  upon  it. 

Any  piece  within  the  capacity  of  the  wire  feed  can  be 
made  on  the  machine,  which  does  not  call 
for  more  than  three  operations,  and  work 
which  needs  more  than  three  operations  can 
oftentimes  be  dene  to  advantage  on  the 
machine  under  notice,  as  the  secondary 
operations  can  bs  cheaply  done  el&ewhere, 
such,  for  instance,  as  nuts  and  cones,  which 
are  blanked  on  this  machine  and  auto- 
matically tapped  on  nut-tapping  machines  ； 
bolts,  screws,  and  studs,  having  threads 
which  are  blanked  first  and  subsequently 
threaded  in  a  screw-threader,  or  a  bolt- 
cutter.  For  plain  or  taper  pins,  balls, 
washers,  rollers,  and  such  like  pieces  the 
machine  is，  however,  perfectly  adapted. 

The  cross  slide  of  the  machine  we  illus- 
trate is  in  two  pieces,  and  these  can  be 
operated  independently  or  simultaneously ~~ 
a  time-saving  feature  which  will  be  appre- 
ciated when  forming  and  parting  off  can  be 
done  at  the  same  time.  It  is  also  fitted 
with  fine  adjustment  for  forming  to  exact 
diameter,  with  positive  drawback  on  cams 
in  all  sizes  above  ^in.  wire  feed.  The  cam 
drum  actuating  the  cross  slides  on  all  sizes 
excepting  their  Model  "  D  ，，  is  in  two  halves 
to  facilitate  the  fitting  of  cams,  and  the 
machine  is  fitted  with  an  efficient  stop  for 
feeding  to  dead  length.  Five  changes 
of  feed  through  gearing  are  regularly  sup- 
plied, and  an  efficient  oil  pump  is  fitted 
to  each  machine.  Tlie  tailstock  can,  we  are  informed,  be 
supplied  either  fixed,  or  rotating  when  deep  hole  drilling 
is  required,  and  when  fitted  with  revolving  spindle  the  belt 
pull  is  taken  on  the  main  frame  casting,  and  not  on  the 
spindles. 

The  automatic  screw  slotter  shown  in  Fig.  14  embodies 
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many  new  and  valuable  features.  The  most  noteworthy  of 
these  are  that  the  screw  blank  is  rigidly  held  while  the  slot- 
ting takes  place  ；  sensitive  adjustment  is  provided  to  accu- 
rately locate  the  position  of  the  saw  with  respect  to  the 
screw  head  ；  the  saw  is  well  guarded,  and  this  guard  can  be 
quickly  swung  out  of  the  way  to  change  saws  ；  when  the 
saws  are  changed  the  saw  spindle  is  held  from  revolving  when 
the  clamping  nut  is  being  loosened  by  a  pin  which  is  tem- 
porarily inserted  into  the  driving  gear  disc  ；  and  provision 
is  made  to  allow  the  machines  to  operate  at  the  speed  which 
is  most  suitable  for  the  particular  screw  to  b©  slotted ― the 
power  for  driving  the  saw  being  obtained  through  a  belt 
from  a  countershaft  to  a  pulley  which  is  back  geared  to  the 
saw  spindle.  The  gearing  is  so  arranged  that  by  merely 
reversing  its  position  on  ibe  saw  spindle  a  suitable  speed  is 
obtained  for  both  stssl  as  well  as  brass  work,  thus  leaving 
the  pulley  always  in  the  same  position. 

In  the  operation  of  the  machines  the  blanks  are  placed 
in  the  hopper,  where  they  are  caught  by  their  heads  in  a 
blade  which  has  a  slot  along  its  top  a  little  wider  than  the 


Messrs.  The  Bosch  Magneto  Company,  Ltd.,'  of  40-42，  Newman 
Street,  Oxford  Street,  London,  W.,  exhibited  several  types, 
both  higli  and  low  tension,  of  their  well-known  magnetos 
and  liigh-tansion  sparking  plugs,  together  with  a  new  type 
of  mechanical  force-feed  lubricator  for  the  automatic  lubrica- 


Fia  L").  -Bosch  T, 


h  Mag\i:to  Ouwwy,  Ltd., 


tion  of  all  types  of  engines,  machine  tools,  &c.  Various 
patterns  specially  designed  for  use  with  Diesel  and  similar 
tyj)e  engines  were  shown,  together  with  locomotive  lubrica- 
tors, &c.  One  of  these  lubricators,  known  as  Type  "  A，"  we 
have  pleasure  in  illustrating  in  Fig.  15,  and  this  view,  together 
with  the  diagrammatic  illustrations  given  in  Fig.  1  G  and  the 


Fia.  】4.— Automatic  Screw  Slotter.    Messrs.  Gkorge  H.  Alexander, 
London. 

body  of  the  blank.  The  blade  swings  vertically  through  ths 
centre  of  the  hopper,  and  wlien  in  its  lower  position  is 
parallel  with  the  bottom .  As  it  is  elevated  through  the 
mass  of  blanks  some  get  caught  by  their  heads  and  carried 
to  the  upper  position,  which  is  an  extension  of  the  inclined 
chute.  Here  the  blanks  slide  into  the  chute .  Near  the 
point  where  they  leave  the  blade  is  a  rapidly  revolving 
toothed  wheel,  located  and  adjusted  so  that  any  blanks  which 
attempt  to  enter  the  chute  excepting  in  the  proper  position 
are  thrown  back  into  the  hopper.  This  leaves  the  entrance 
to  the  chute  clear  and  prevents  clogging. 

The  chute  covers  are  hinged  so  that  they  can  be  swung 
up  for  removing  any  blanks  that  may  become  lodged.  At 
the>  foot  of  the  chute  the  blanks  enter  the  small  carrying 
dial.  If  a  blank  becomes  held  half  in  the  dial  and  half  in 
the  chute  a  slight  special  motion  which  is  given  to  the  dial 
agitates  the  column  of  blanks  and  starts  the  feed  after  the 
loss  of  only  one  revolution  of  the  machine,  and  entirely 
without  the  attention  of  the  operator  The  carrying  dial 
has  "  V  "  notches  in  its  periphery  wliich  carry  the  blanks 
from  the  chute  to  the  slotting  point.  After  being  slotted 
the  blanks  are  carried  a  little  further  and  delivered  into 
their  receptacle. 


61 


Fio.  16.  —Diagrammatic  View  showing  Working  of  Type  "  A  "  Bosch 
Lubricator.   Mksrrs.  The  Bosch  Magneto  Company,  Ltd.,  London. 

following  short  description,  will  enable  its  general  design 
and  working  to  be  understood. 

In  this  lubricator  the  oil  is  taken  from  the  tank  by  a 
number  of  separate  pumps  arranged  in  a  circle  around  the 
common  shaft,  and  is  delivered  to  the  various  .points  of 
lubrication  through  suitably  arranged  tubes.     The  various 
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parts  of  the  pump,  consisting  of  the  pump  body,  the  valve 
|)ist(Mi,  and  the  pump  piston,  are  mounted  on  a  baseplate,  so 
thai  all  the  valve  pistons  are  concentric  to  the  pump  pistons 
and  are  operated  within  cylindrical  chambers  bored  in  the 
puni])  rastings.     The  common  drive  of  the'  valve  and  pump 


Fk;.  17.  -HifiH-si»RRn  Cold  Sawin (；  Machine.      ^[essrs.  F.  M.  Frye  &  Co., 

IjONPON. 

pistons  is  from  two  helical  wlieels,  the  pump  wheel  and  the 
valve  piston  wheel,  the  rims  of  which  are  guided  in  the 
crank-shaped  heads  of  the  pistons.  These  two  operating 
wlieels  are  set  at  an  angle  to  the  vertical  pump  shaft,  and 
are  arranged  to  each  other  so  that  th©  wheel  working  the 
valve  pistons  begins  to  operate  90°  earlier  than  the  wheel 
which  works  the  pump  pistons.  The  pump  wheel  is  fitted 
loose  on  the  shaft  and  is  carried  round  by  a  peg  engaging 
in  a  slot  which  is  made  in  the  valve  piston  wheel,  the  latter 
being  fixed  on  to  the  driving  shaft.  This  arrangement 
enables  the  lubricator  to  be  rotated  in  either  direction, 
without  any  special  alteration.  When  the  direction  of  rota- 
tion is  changed,  only  the  wheel  rotates  at  first,  until  the  end 
of  the  slot  cut  in  its  boss  engages  with  the  peg  of  the  wheel, 
when  both  wheels  move  together  again,  the  wheel  operating 
1 1 1 e  valve  pistons  having,  as  before,  the  necessary  lead  of  90°. 

Adjusting  screws  are  fitted  in  the  crank-shaped  heads  oi 
the  pump  pistons,  by  means  of  which  the  amount  of  the 
dead  movement  of  the  operating  wheel  can  be  altered.  These 
adjusting  screws  reach  through  the  cover  of  the  casing,  and 
are  protected  by  a  nut  which  also  covers  the  opening  of  the 
lubricator  casing.  The  opening  is  enclosed  by  a  removable 
filter  which  collects  foreign  substances  from  the  oil  that 
might  injure  the  pumping  mechanism. 

A  pinion  is  mounted  on  the  pump  shaft,  and  is  rotated 
hy  a  worm  which  is  mounted  on  the  driving  shaft.  This 
latter  projects  through  the  lubricator  casing,  and  is  coupled 
to  the  driving  shaft  of  the  machine.  The  base  of  the  pump 
is  fixed  to  tlie  oil-box  cover  by  means  of  three  bolts,  so  t'hat 
it'  is  possible  after  removing  tlie  cover  to  take  the  complete 
pumping  mechanism  fro 川  the  lubricator  box.  】n  order 
t  hat  tlie  oil  level  may  be  seen  witliout  removing  the  nut,  an 
ins]>ect-i()n  window,  as  sliown  in  Fig.  15,  is  arranged  in  the 
front  of  the  lul)ricator  l)ox. 

Tlif*  Bofu'h  lul)ricaU)r  works  as  follows  ：  Tlie  pump  sliaft. 


14  (see  Fig.  16)  is  rotated  by  means  of  a  worm  and  pinion  as 
soon  as  tlie  niacliine  is  put  in  motion.  The  two  Iielical 
wlieels  20  and  22  rotate  with  the  pump  shaft  and  operate 
the  pistons  as  a  result  of  the  rims  of  the  wlieels  running  in 
the  guides  of  the  piston  heads  and  forcing  the  latter  to 
move  up  and  down.  The  various  valve  and  pump  pistons  do 
not  all  work  simultaneously,  but  successively  in  accordance 
with  the  setting  of  the  helical  wheels,  which,  as  already 
described,  are  so  set  to  one  another  that  the  valve  pistons 
always  begin  to  operate  90°  before  the  pump  pistons. 

Tlie  left-hand  top  illustration  of  Fig.  16  shows  the  position 
of  the  various  parts.  The  pump  piston  2  has  just  read"  (I 
its  lower  dead  centre,  and  is  at  the  beginning  of  its  suction 
stroke  wlieji  the  corresponding  valve  piston  3  is  half-way 
up.  When  tlie  pump  sliaft  14  is  rotated  (in  this  figure  right- 
liand  rotation  is  presumed)  the  valve  piston  3  continues  on 
its  upward  stroke,  and  so  establishes  a  connection  between 
the  suction  61  and  the  pump  base  G2,  as  is  clearly  shown 
in  the  middle  top  figure.  ( 'ontimiing  the  movement  of  the 
pump  shaft  14，  tlie  ])iunp  piston  2  moves  upwards,  thereby 
drawing  the  oil  througli  tlie  siwt  inn  channel  61  into  the 
pump  base  62.  When  piston  2  has  reached  the  upper  end 
of  its  stroke,  as  shown  in  the  right-hand  top  illustration,  the 
valve  piston  3  will  have  closed  tlie  suction  tube  61  again. 
The  valve  piston  3  continues  its  movement  downwards  and 
forms  a  passage  between  the  pump  space  62  and  pressure 
connection  63，  so  that  under  th©  pressure  stroke,  of  the  pump 
piston  2  the  oil  in  the  pump  space  62  is  forced  in  the  direc- 
tion of  the  arrow  (bottom  left-hand  illustration)  into  the 
pipe  63.  Wlien  the  pump  piston  2  has  again  readied  tlie 
lower  end  of  its  stroke  all  the  parts  will  be  in  the  position 
shown  in  the  first-mentioned  view,  and  the  previous  sequence 
of  operations  will  once  more  be  repeated. 

As  tlie  movement  of  the  pump  and  valve  pistons  depends 
on  the  position  of  the  two  helical  wheels,  the  sequence  of 
operations  just  described  is  repeated  successively  on  all  the 
pumps  arranged  round  tlie  pump  sliaft  14  (see  tlie  right-liand 
bottom  view). 

Messrs.  F.  M.  Frye  &  Co,,  of  46，  Upper  Thames  Street,  Lon- 
don, E.，  had  an  interesting  exhibit  of  machine  tools, 
including  shapers,  high-speed  cold  sawing*  machines,  lathes, 
drilling  machines,  and  chucks.  From  amongst  these  we 
select  the  three  following  tools  for  special  mention,  and 
supplement  this  with  a  short  description  of  several  of  tlie 
other  tools  shown. 

Fig.  17  is  an  illustration  of  a  high-speed  cold  sawing 
machine  shown  by  the  firm.  Great  advancement  has  been 
made  during  the  last  few  years  in  the  capacity  of  this  class 


Fio.  18.— Hand  Shvpiou.     Mkssiis.  V.  IU.  Kkyk  iV  Co.,  T"'o、't)(>、'. 

of  tool ,  and  i  1 1  c  machine  exhibited  was  one  of  the  l;it  osi 
])ro(luctaons  on  the  Tiiarket.  As  sliowing  its  ca|)al>ilit  ies,  、、',' 
may  rneut ion  t  hat  at,  \he  exhibition  one  of  the  machines  was 
shown  at  work  cutting  througli  Bessemer  steel  bar  3.Un . 
diain.  in  under  I)  mins.      The  drive  of  the  saw  is  not  from 
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the  centre,  as  usual,  but  by  means  of  a  gear  which  engages 
in  slits  near  the  circumference  of  the  saw  blade,  the&e  slits 
being  clearly  shown  in  the  illustration.  By  this  means  any 
tendency  to  bend  and  break  the  saw  blade  is  avoided,  and 
the  utmost  capacity  of  the  saw  can  be  drawn  upon.  Friction 


1 


- -  國國 

Fig.  19.— Sensitive  Drilling  Machine.    Messrs.  F.  M.  Frye  &  Co,,  London. 

feed,  operated  from  the  side  of  the  machine,  is  adopted,  and 
this  feature  prevents  the  sawings  and  lubricant  from  getting 
into  the  working  parts  ；  and,  by  means  of  the  special  spindle 
which  operates  the  feed,  any  feed  can  be  obtained  while  the 
machine  is  in  motion.  A  pump  is  fitted  to  give  sufficient 
lubricant  and  cooling  fluid  to  the  saw  blades  whilst  at  work, 
this  lubricant  flowing  back  automatically  after  use  into  the 
stand  of  the  machine,  which  serves  as  a  tank. 

Shapers  were  represented  by  a  small  hand  machine,  which 
we  have  pleasure  in  illustrating  in  Fig.  18，  and  one  of  the 
largest  sizes,  18in.  stroke  machines.  They  are,  Messrs.  Frye 
and  Co.  state,  manufactured  by  the  largest  works  in  the 
whole  of  Europe,  making  this  class  of  tool  a  speciality,  viz., 
Messrs.  Wotan-Werke,  Aktiengesellschaft.  The  general 
design  of  the  hand  shap&r  will  be  undersiood  from  the  illus- 
tration of  it  we  give.  As  will  be  seen,  the  head  can  be  set 
at  any  angle,  so  that  sloping  key-seats,  &c.，  can  readily  be 
produced,  self-acting  surfacing  motion  being  also  fitted,  giv- 
ing slow  or  rapid  traverse  to  the  tool  as  desired. 

Fig.  19  shows  one  of  tlie  firm's  sensitive  drilling  machines, 
the  main  features  of  which  will  also  be  gathered  by  a  glanca 
at  the  illustration .  This  has  been  designed  for  drilling  holes 
up  to  ^in.  diam.,  and,  as  shown,  is  fitted  with  a  sliding 
headstock.  Lathes  were  represented  by  a  Gin.  centre 
" I.X.L."  machine,  fitted  with  capstan  head  ；  one  of  the  rapid 
reduction  type  ；  and  a  tliird,  a  treadle  machine  of  5in.  centre . 
This  latter  lathe  is  a  well-made  tool,  having  gap  bed,  and 
capable  of  doing  surfacing,  sliding,  and  screw-cutting. 
Independent,  combination,  geared  scroll  lathe  chucks,  and 
two  and  three- jawed  drill  chucks,  were  also  to  be  seen  on 
the  stand  in  many  sizes.  Messrs.  Frye  &  Co.,  we  may  men- 
tion in  conclusion,  only  supply  customers  through  local 
engineers'  factors. 


Messrs.  Humpage,  Thompson,  &  Hardy,  of  Jacob  Street, 
Bristol,  exhibited  gear-hobbing  machines,  a  class  of  tool 
they  make  in  large  quantities  ；  high-speed  hack-saws  ；  hack- 
saw sliarpeners  ；  and  lathe-centre  grinders,  many  of  wliicli 
were  shown  in  operation. 

Three  sizes  of  high-speed  gear-Iiobbing  machine  were  on 
view,  viz.,  a  32in.,  22in.,  and  16in.，  the  two  latter  being 
shown  at  work.  These  machines,  we  noticed,  were  excep- 
tionally stiffly  built,  so  that  they  are  capable  of  taking  heavy 
cuts  without'  chatter  ]  and  the  speed  and  feed  changes  are 
also  extremely  easy  to  operate.  All  were  self-contained,  no 
rountershaft  thus  being  required,  and  any  may  be  electrically 
cl riven  by  motor  mounted  oti  the  colunin .  As  showing 
their  capacity,  we  may  mention  tliat  on  the  32in.  machine 
a  steel  wlieel  31  in.  diam.  and  4in .  face  may  be  cut  with 
60  teetli,  2  D.P.  (1  iin.  circular),  f !om  the  solid  blank  in 
.「）  hours.  This  nmchine  will,  however,  cut  wheels  up  to  1  1  in. 
face. 

The  second  size  mentioned  was  fitted  with  spiral  cutting 
attachment,  and  was  suitable  for  bobbing  spur  and  worm 
wliesls  ii p  to  22in.  diam.  by  9in.  face,  by  4  diametral  pitch 
in  st&el，  and  spiral  wheels  of  specified  leads.  The  spirals 
are  cut  from  formers,  and  thus  no  mathematical  knowledge 
on  tlie  part  of  the  operator  is  required.  The  machine  has 
been  specially  designed  for  the  use  of  gas-engine  makers  and 
others  who  have  much  repetition  work  on  standard  spirals. 

The  16in.  machine  was  capable  of  bobbing  spur  and  worm 
wlieels  up  to  16in.  diam.  by  9in.  face  by  4  diametral  pitch 
in  steel,  and  can,  we  understand,  be  fitted  with  the  spiral 
cutting  attachment  mentioned  above  when  desired. 

The  hack-saws  shown  by  tlie  firm  were  fitted  with  an 
ingenious  device  by  means  of  which  the  pressure  on  the  saw 
blades  could  be  regulated  and  remain  constant  till  they  were 
nearly  through  tlie  work,  when  the  saws  were  relieved 
automatically  of  nearly  all  the  pressure .  A  rocking  motion 
was  also  given,  and  on  the  return  stroke  the  saws  were  auto- 
matically lifted .  Patent  roller  steadies  compel  the  blades 
to  move  in  a  truly  vertical  plane,  and,  as  showing  the  efficacy 
of  these,  some  sections  of  steel  -^in.  thick,  cut  from  a  6in. 
bar  in  19  mins.  each,  were  also  shown. 

The  lathe  centre  grinder  shown  by  the  firm  we  have 
pleasure  in  illustrating  in  Figs.  20  and  21.  This  is  a  handy 
and  very  useful  tool,  as  by  its  means  not  only  can  lathe 
centres  be'  accurately  and  quickly  ground,  but  internal  and 


Fio.  20.— Lathk  Ckntrk  Grinder.    Messrs.  Humpage,  Thompson,  &  HABirr, 

Bristol. 

external  parallel  grinding  may  also  be  accomplished  on  small 
work  by  its  aid. 

Fig.  20  shows  the  device  fitted  to  the  tool-holder  of  a 
lathe,  and  in  position  for  centre  grinding.  It  is,  as  will  be 
seen,  operateR  by  hand,  and  when  so  fixed  automatically 
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reciprocates  to  and  fro  across  the  face  of  the  centre  to  be 
ground .  This  reciprocating  motion  is  imparted  by  means 
of  a  lever,  opei  ;ited  by  a  worm  wlieel  whicli,  is  fixed  in  the 
recess  at  the  back  of  the  box-shaped  upright  casting,  and 
which  in  tui'n  is  driven   from  a  worm  on    the  handwlifrl 


Fui,  ^1.— Lathe  Centre  Giunder,  vjttkd  with  internal  grinding  attaciuiknt 
Messrs.  Hump  age,  Thompson,  <fe  Haudy,  Bristol. 

shaft.  The  travel  of  the  wheel  obtained  by  this  means  is 
lin.  When  fitted  with  the  at  t  achnient  si  town  in  Fig.  21  tin- 
tool  may,  as  mentioned  above,  be  used  for  internal  grinding, 
provided  the  face  to  be  ground  be  not  more  than  2in.  in 
length,  and  not  less  than  i^in.  bore.  The  attachment  is 
fixed  in  position  by  slacking  back  a  clamping  nut,  slipping 
the  forked  arm  of  the  internal  grinder  under  the  nut,  and 
tightening  up.  When  the  wheel  is  not  desired  to  recipro- 
cate, the  cover  is  moved  aside  al:  tlie  back,  and  a  screw  taken 
out  of  the  worm  wheel  and  inserted  in  another  hole.  The 
spindle  is  speeded  up  by  means  of  a  pair  of  bevel  wheels,  the 
larger  of  which  screws  on  to  the  periphery  of  the  nut-plate 
holding  the  4in.  grinding  wlieel  in  position,  the  nut-plate 
having  a  thread  cut  on  it  for  the  purpose.  The  larger  bevel 
wh&el  is  thus  screwed  up  against  the  large  grinding  wheel , 
and  this  arrangement  avoids  dismantling  the  grinder  for 
conversion  from  one  form  to  the  other.  It  is,  of  course,  not 
intended  that  this  attachment  should  be  regarded  as  a 
substitute  for  an  internal-grinding  machine,  but  as  a  con- 
venience when  such  a  machine  is  not  available. 

Messrs.  The  Leeds  Meter  Company,  Ltd.,  of  Tower  Works, 
Armley,  Leeds,  had  an  interesting  and  instructive  exhibit  of 
meters  for  measuring  water  flow  in  pipes.  These  were  shown 
in  great  variety,  both  in  the  form  of  complete  meters,  and 
as  sectional  models,  the  latter  enabling  the  construction  and 
working  of  the  meters  to  be  readily  understood.  Both  dry 
rotary,  wet  rotary,  and  dry  disc  types  were  on  view,  with 
their  respective  sectional  models,  and  ranging  in  size  from  fin. 
to  5in.,  as  well  as  the  firm's  Helix  meter,  which  latter  we  have 
pleasure  in  illustrating  in  Figs.  22  and  23,  and  in  describing 
at  length  below.  This  meter  is  especially  adapted  for  regis- 
tering big  flows,  and  metering  large  mains,  a  duty  which, 
up  to  now,  has  been  performed  almost  exclusively  by  instru- 
ments which  register  the  deviations  and  the  velocity  of  the 
water,  or  a  factor  corresponding  to  the  same.  With  the  meter 
under  notice,  however,  the  quantity  of  water  passing  through 
it  is  not  calculated  from  a  velocity  diagram,  as  is  the  case  in 
all  other  types  of  meters  used  for  the  same  purpose,  but  is 
registered  directly  on  the  dial,  and  when  required,  this  regis- 
t  va\  ion  can  be  transmitted  from  the  dial  to  a  diagram,  either 
by  mechanical  or  electrical  means.  In  the  latter  case  the 
nia^ram  may  be  placed  at  any  distance  from  the  meter  itself. 

rFlie  construction  of  the  Helix  meter  is  founded  on  the 
principle  of  the  old  type  fan  current  meter,  used  for  deter- 
mining t  he  velocity  of  water  in  open  channels,  the  instru- 
ment for  measuring  being  a  propeller  with  helical  screw- 
sliapod  vanes.  This  measures  the  actual  velocity  of  tlie  flow 
of  water  impinging  on  the  face  of  the  helical  vanes,  and  this 


actual  velocity  multiplied  by  the  sectional  area  of  the  mains, 
less  the  section  al  area  of  tlie  helical  vanes,  gives  the  actual 
delivery  of  water.  This  is  the  theory  on  wliich  the  delivery 
of  the  Ifelix  meter  is  calculated. 

Conditional  to  there  being  an  absence  of  friction,  and 
also  to  the  helical  vane  being  exactly  screw  shaped,  by  each 
revolution  of  the  helical  vane  the  length  of  the  water  stream 
passing  is  equal  to  the  pitch  of  the  screw.  Supposing,  there- 
fore, 1)  to  be  the  pitch  of  the  screw-blades,  R  the  number  of 
revolutions,  A  the  sectional  area  of  the  pipe  less  the  sectional 
area  of  the  helical  vane,  and  D  the  delivery  ：  Then  the 
delivery  per  revolution  of  the  vane  is:  D -  A  .  P  and  at  R 
revolutions  D  — R  .  A.  P. 

At  any  velocity  of  water  this  proportion  is，  of  course, 
constant,  and  A  and  P  being  constant  for  any  size  of  water 
meter,  D  is  exactly  proportional  to  R，  and  it  is  proved  that 
the  revolutions  of  the  helical  vane,  and  therefore  the  regis- 
tration of  the  meter,  increase  proportionally  with  the  increase 
of  velocity  of  the  water  flow. 

It  is  well  known  that  the  average  velocity  of  water  flow 
in  a  plain  closed  pipe  or  conduit  takes  place  between  the 
circumference  and  the  centre  of  the  pipe,  tliat  is,  at  a'  point 
between  the  maximum  velocity  at  the  centre,  and  the  inini- 
inum  velocity  at  the  circumference  where  the  friction  is. 
When  helical  vanes  are  fitted  to  a  section  of  the  pipe,  as 
becomes  the  case  when  the  meter  under  notice  is  fitted,  there 
are  two  points  of  average  velocity,  and  the  problem  becomes 
to  construct  a  helix  so  that  these  two  points  fall  on  the 
blades.  This  the  Leeds  Meter  Company  claim  to  have  done. 
Furthermore,  as  the  vane  is  of  very  light  material  (celluloid), 
and  provided  witli  a  hollow  cylinder,  a  certain  buoyancy  is 
acquired,  and  as  it  is  entirely  submerged  and  therefore  may 
be  considered  weightless,  as  far  as  pressure  on  its  bearings  is 
concerned,  innnediately  on  the  cessation  of  the  flow  of  water 
in  the  pipe  the  momentum  of  the  vane  is  overcome,  and  the 
meter  stops  running.  Another  advantage  of  the  light  con- 
struction, as  pointed  out  above,  is  that  the  whole  weight  of 
tlie  helical  vane  is  taken  off  the  bearings,  and  the  running  is 
essentially  without  friction.  Supposing  a  heavier  or  metal 
vane  were  to  be  employed,  then  the  number  of  revolutions 
would  be  more  or  less  behind  the  velocity  of  water,  and  in 
order  to  determine  the  quantity  of  flow  this  fact  would  have 


Fig.  22.-  The  Heux  Mf.tku.   Messrs.  The  Leisdr  Meter  Company, Tuns>. ,  Lefps 

to  be  taken  into  consideration.  Tt'  is  only  tlirougli  rendering 
the  vane  wei^liiloss  in  、v;i"'r，  i  t  he  Helix  nietoi-  lias  Invome 
M|)|)lical)le  in  ]>ractice. 

rV\\o.  meter,  as  will  be  seen  }>y  ； i  ret'eronce  U)  tlie  illustrations 
we  give,  is  provided  witli  a  dial  gear  placed  directly  on  tlie 
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top,  allowing  convenient  reading  of  the  quantity  of  water 
passing  through;  and,  for  the  observatiou  of  the  water  con- 
sumption, which  is  the  general  object  of  the  use  of  water 
nieteis,  this  is  the  best  and  simplest  form. 

A  simple  regulation  contrivance  is  also  fitted  by  means  of 
which  any  errors  within  the  limits  of  _+  10  per  cent,  can  be 
corrected.  This  consists  of  a  movable  plate  regulated  from 
the  outside  of  the  meter,  which  when  not  in  use  is  covered 
with  a  cap,  fastened  with  a  lead  seal,  to  prevent  it  being 
tampered  with. 

During  the  last  few  years,  we  understand  the  adoption  oi 
the  Helix  meter  has  very  rapidly  increased,  and  several  thou- 
sands of  this  type  are  now  in  use  in  water  mains,  varying 
from  2in.  up  to  48in.  cliam. 

The  firm  are  to  be  complimented  on  the  excellence  of 
their  exhibit,  and  uo  less  on  the  workmanship  displayed 
in  their  finished  products. 

Messrs.  Kater  &  Ankersmit,  of  34，  Feucliurch  Street^  London, 
E.C.,  exhibited  their  new  "  universal  }1  patent  Massip  system 
oil  separator  and  steam  dryer  ；  a  model  of  their  "  Hamon  " 
wooden  chimney  type  water- cooliug  tower  ；  a  patent  air- 
pressure  recorder,  for  automatically  recording  the  draught  in 
boiler  furnaces  ；  and  a  "universal"  patent  auto,  boiler  feeder, 
for  automatically  maintaining  the  water  in  steam  boilers  at 
normal  level.  This  latter  we  have  pleasure  in  illustrating 
herewith  (see  Fig.  24),  and  in  describing  at  length. 

The  essential  parts  of  the  apparatus  are  composed  of  the 
open  float  T  and  a  balance  weight  K,  which  between  tbem 
control  the  feed  valve  V  through  the  levers  shown,  the  whole 
being  actuated  by  the  water  level  iu  the  boiler.  When  the 
water  level  falls  below  the  orifice  of  the  tube  E,  the  water 
surrounding  the  float  T  runs  into  the  boiler  and  is  replaced 
by  steam.  The  float  therefore  loses  its  equilibrium,  over- 
comes the  balance  weight  K，  and  in  falling  opens  the  feed 
valve  V  and  the  boiler  receives  water.  When  the  level  of  the 
water  seals  the  orifice  of  the  tube  E，  the  steam  in  the  vessel 
G  and  the  conuectiug  pipe  L  condenses,  and  water  is  again 
drawn  up  iuto  the  vessel  G  by  the  vacuum  thus  formed  ；  the 
float  T  returns  to  equilibrium,  and  by  the  help  of  the  balance 
weight  K,  the  feed  valve  V  is  closed,  and  the  water  supply  to 
the  boiler  ceases  until  the  cycle  commences  again.  The  auto, 
feeder  can  be  put  out  of  action  by  sim ply  turning  the  balance 
weight  K  over  on  its  hinge,  as  shown  in  the  illustration,  when 
the  boiler  can  be  fed  in  the  usual  way  without  its  aid. 

With  an  automatic  boiler  feeder,  such  as  described,  it 
will  be  seen  that  the  stoker,  being  absolved  from  the  duty  of 
regulating  the  feed,  can  give  more  attention  to  the  firing  ; 
priming  is  also  minimised,  and  tlie  plates  are  prevented  from 
risk  of  overheating.  The  firm  undertake  to  supply  them  on 
approval  on  the  understanding  that  they  are  paid  for  after 
one  month's  satisfactory  working,  failing  which  they  may  be 
returned  to  them  without  payment. 

The  automatic  air  recorder  mentioned  above  depends  for 
its  action  on  the  loss  of  pressure  of  the  air  due  to  its  passage 
through  the  fire.  This  loss  of  pressure  is  directly  proportional 
to  the  quantity  of  air  passing,  and  thus  a  measure  of  the 
air  supply  is  obtained  as  accurate,  it  is  claimed,  as  tliat  found 
by  an  analysis  of  the  flue  gases. 

Messrs.  Cunliffc  &  Croom,  Ltd.,  of  Brougliton  Ironworks, 
Manchester,  exhibited  a  col】ectioii  of  】nachine  tools  of  their 
manufacture,  including  milling,  planing,  boring,  drilling,  and 
gear  generating  machines,  many  of  which  were  sliown  in 
operation,  as  well  as  numerous  small  tools,  vices,  dividing 
chucks,  &c. 

Milling  machines  were  represented  by  one  of  the  firm's 
plain  horizontal  type,  having  a  capacity  of  21in.  by  6^in.  by 
】6^in.  ;  and  a  latest  pattern  vertical  3-spindle  planer  type, 
admitting  work  6ft.  long  by  2ft.  6in.  between  the  uprights. 
This  latter  machine  was  specially  adapted  for  the  use  of  motor 
manufacturers  for  machining  cylinders,  crank  cases,  gear 
boxes,  &c.，  as  well  as  for  general  engineering  work. 

Double-])ower  gearing  was  provided  on  the  headstock,  and 
the  iiKH-liine  was  furnislied  with  a  cone  drive.  Single  pulley 
and  gear-box  drive  can,  however,  be  fitted,  and  with  either 
system  12  spindle  speeds  are  obtainable.  The  spindle  head- 
stock  of  this  type  of  machine  is  provided  with  a  power-feed 
motion  along  the  cross  slide  in  either  direction,  and  automatic 


trip  motions,  while  the  table  has  eight  geared  feeds  with 
reverse  and  quick-return  motions  in  either  direction  alon^ 
the  bed,  with  automatic  trip.  All  levers  and  liandles  are 
conveniently  situated  at  one  side  of  the  machine,  and  tlie 
elevating  screws  for  the  cross  slide,  and  the  feed  nut  unde r  t  lur 
table  are  provided  with  ball  thrust  bearings. 

Two  sizes  of  the  company's  upright  drilling  machines  were 
shown,  viz.,  the  20in.  and  24in.  swing,  the  first-mentioned 
being  capable  of  drilling  l^in.  and  the  latter  l^in.  from  i  lu- 
solid.  A  new  type  of  radial  drilling  and  tapping  machine 
was  also  shown,  capable  of  drilling  l^in.  diameter.  This 
was  entirely  self-contained,  fast  and  loose  pulleys  being  pro- 
vided on  the  base,  fitted  with  foot-operated  belt  shifting 
gear.  Eight  spindle  speeds  were  provided,  and  a  reverse 
motion  for  tapping  was  also  fitted  on  the  saddle,  which  could 
be  instantly  operated  by  lever  without  shock  or  jar.  The 
machine  was  furnished  with  sensitive  hand  lever,  and  worm 
and  wheel  feed,  with  quick  return  of  spindle  by  hand  wheel. 
The  machine  exhibited  had  also  the  addition  of  a  power-feed 
motion  giving  three  rates  of  feed. 

Gear  generating  machines  were  represented  by  the  firm's 
No.  1  size,  capable  of  cutting  wheels  up  to  lSin.  in  diameter, 
and  having  a  maximum  width  of  tooth  of  4.Un.    This  was 


Fig.  23.  — Longitudinal  Skctiox  of  the  Helix  Meter,  showing  dial  geak. 
Mkssrs.  The  Leeijs  Meter  Company,  Ltd.,  Lkeds. 

shown  iii  operation,  being  fitted  with  a  temporary  electric 
drive.  Ordinarily  the  machine  is  driven  by  means  of  a  three- 
speed  cone  from  a  countershaft,  this  being  the  only  belt  used. 

The  vertical  feed  is  obtained  through  a  change  speed  box 
having  four  rates  of  feed  operated  by  a  lever,  whilst  an  auto- 
matic stop  motion  is  provided,  and  a  graduated  hand  adjust- 
ment is  fitted,  operated  by  a  hand-wheel  at  the  top  of  the 
column.  The  swivelling  motion  to  the  cutter  headstock  is 
also  operated  by  a  hand-wheel,  whereby  fine  adjustments  can 
be  quickly  made.  An  improved  steady  is  a  feature  of  the 
machine.  This  supports  the  upper  end  of  the  work  mandril, 
and  by  loosening  a  bolt  the  arms  may  be  swung  clear  from 
the  work,  thus  simplifying  the  process  of  setting  up  the  gear 
blanks.  The  bed  is  fitted  with  a  suds  tray,  and  is  mounted 
upon  cabinet  standards,  one  of  which  forms  a  tank  for  the 
cutting  lubricant,  while  the  other  is  used  as  a  cupboard  for 
wheels,  &c. 

Messrs.  J.  B.  Stone  &  Co.,  of  I.']5,  Finsburv  Pavement , 
London,  E.C.,  exhibited  their  now  well  known  "Alligator" 
steel  belt  lacing,  an  illustration  of  wliich  we  have  pleasure  in 
giving  in  Fig.  25.  This  forms  a  thoroughly  satisfactory  and 
efficient  method  of  lacing  all  kinds  of  machinery  belting.  No 
tool  is  required  but  a  hammer,  it  is  alike  on  both  sides,  the 
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belt  runs  smoothly  either  under  or  over,  and  a  4in.  belt  can, 
we  understand,  be  laced  in  four  mitiutes. 

As  will  be  seen  by  a  reference  to  the  illustration,  the 
teeth  ou  each  side  of  the  lacing  enter  the  belt  on  different 
lines  of  perforation  ；  each  prong  has  two  teeth,  the  longer 
clinching  through  the  belt,  the  shorter  point  on  opposite  side 


Fig.  24.— Umvkrsal  Auto  Jion>i:u  l'K】':j)】':it，  showing  feed  open.    Okifice  of  Tube  E  unskalkd 
Mksshs.  】《ATi':it  iV*  Ankehsmit,  London. 


of  prong  giving  great  additional  stretigtli.  Both  enter  tlie 
belt  so  that  the  pull  is  against  the  edge  of  the  steel  and  not 
against  the  flat,  which,  it  is  claimed,  avoids  weakening  the 
belt,  and,  in  rubber  and  textile  belts,  does  not  cut  the  Jong 
threads  in  which  lie  the  strength  of  that  class  of  belting. 
Being  separable,  also,  this  lacing  is  especially  adapted  for  use 
on  overhead  belts,  as  the  ends  can  be  dropped  down,  the  lacing 
applied  and  hinge  pin  inserted,  after  which  the  belt  is 
returned  to  the  shafting.  By  taking  out  pin,  the  belt  may  be 
temporarily  removed  from  service,  lengthened  by  inserting  a 
stub  section  of  belting,  or  shortened  by  cutting  off  the  excess 
from  one  end,  and  using  half  of  a  new  lacing. 

The  connecting  bar  between  the  prongs,  which  is  clearly 
shown  in  the  illustration,  is  indented  on  the  under  side  to 
allow  it  to  be  broken  into  required  lengths  (cutting  pliers 
not  being  required),  and  the  use  of  a  single  section  on  any 
width  of  belt  up  to  12in.  This  indentation  also  insures  that  in 
use  over  heavily  crowned  pulleys  the  bar  may  be  broken  with- 
out weakening  the  lacing,  as  each  indentation  separates  a  full 
staple  which  retains  its  own  efficiency. 

The  pin  consists  of  two  specially  formed  steel  wires  having 
oval  faces  with  lugs  on  their  back,  to  fit  in  between  the  loops 
of  the  hinge  and  keep  it  from  working  out.  In  service  the 
sections  of  the  pin  remain  stationary  in  the  loops  of  the 
】aciug，  and  give  the  necessary  flexibility  to  the  joint  by  rock- 
ing on  their  oval  faces. 

Other  manufactures  shown  by  the  firm  were  belt-lacing 
niachiiies,  and  tools  of  various  kinds  ；  ''Stephenson's"  bar 
belt  dressing,  and  Stone's  easy  car  pusher,  the  latter  being 
a  special  form  of  pinch  bar,  for  use  in  moving  cars,  railway 
wagons,  &c.，  along  the  metals  by  man  power  alone. 

Messrs.  Vickcrs,  Ltd.,  of  Vickers  — 1 丄 mise，  Broadway,  West- 
minster, London,  S.W.,  exhibited  several  variable-speed  and 
one  constant-speed  motors  of  their  iiiauufacture  on  the  stand 
of  Messrs.  William  Asquith,  Ltd.,  of  Halifax.  These  included 
motors  of  10  h.p.,  1\  h.p.,  and  5  h.p.，  the  first-mentioned 
being  of  the  type  used  in  connection  with  the  well  known 
Vickers"  reversing  gear,  which  is  largely  used  in  connec- 
tion with  planing  machines,  and  other  heavy  reciprocating 
machine  tools.  The  remaining  motors  and  the  whole  of  the 
control  gear  came  from  the  Birmiiigliain  works  (The  Electric 


and  Ordnance  Accessories  Company,  Ltd.).  These  motors  were 
of  the  usual  standard  industrial  type. 

The  control  gear  for  the  constant-speed  motor  consisted  of 
the  usual  faceplate  type  of  starter,  mounted  in  conjunction 
with  "  Vickers  "  ironclad  combined  switch  and  fuse. 

The  control  gear  for  tlie  variable  speed  motors  was  of  a 
(juif  e  special  type,  which  is  applicable  to 
nil  industrial  motors,  and  especially  for 
t  hose  cases  wliere  the  service  is  rendered 
particularly  severe  by  frequent  stopping 
and  starting,  and  where  the  apparatus 
has  to  be  operated  by  men  who  are  not 
skilled  hi  the  use  of  electrical  appliances. 
In  this  control  pillar,  the  contacts  are  of 
th©  barrel  type,  having  arc  shields  and 
1 1  Ki^netic  blowout,  and  a  double-pole 
circuit  breaker  is  incorporated  in  the 
design.  When  speed  variation  is  re- 
quired, t  lie  shunt  regulator  is  operated  by 
th©  main  starting  handle,  and  when 
reversing  is  required,  an  additional  barrel 
with  a  separate  handle  is  provided.  All 
these  devices  are  either  mechanically  or 
electrically  interlocked  in  suck  a  way  as 
to  make  the  pillar  absolutely  foolproof. 

On  another  stand  Messrs.  Vickers, 
Ltd.,  exhibited  vanadium  high-power 
drills  and  one-lock  adjustable  reamers. 
These  were  shown  at  work  ；  th©  drills  in 
an  "  Asquith  "  vertical  machine,  and  the 
reamers  in  a  "Roberts"  vertical  boring 
】nill，  both  of  tliese  machines  being  driven 
Ky  motors  of  Messrs.  Vickers'  manufacture. 

Tlie  irliolr,  of  the  drill,  including  the 
taper  shank,  is  formed  from  one  twisted 
flat  bar,  and  this  twist  of  the  shank, 
it  is  claimed,  gives  great  holding  power  with  a  total  absence 
of  a  tendency  to  "  jam."  The  tang  also  is  relieved  of  all 
strain  and  consequently  cannot  break,,  while  the  shank 
accurately  centres  the  drill  and  keeps  it  in  perfect  alignment. 
They  are  】nade  in  all  sizes  from  fin.  to  3in.  in  diameter  (rising 
by  ^in.),  and  a  large  assortment  were  on  view  on  the  stand. 

An  ingenious  and  very  effective  socket  for  securing  a 
thorough  distribution  of  the  load  on  the  shank  was  also 
shown.  This  result  is  obtained  by  means  of  an  internal  stud 
which  engages  with  the  convolutions  of  the  drill  shank,  and 
in  consequence  the  drill  tends  to  screw  up  into  the  socket. 
The  shank  is  thus  brought  into  perfect  contact  with  the  sur- 
face of  tlie  socket,  and  a  rigid  drive  is  ensured. 

The  reamer  was  shown  taking  both  roughing  and  finishing 
cuts.  Expansion  is  obtained  by  the  longitudinal  movement 
of  a  cone  on  which  the  blades  are  bedded,  the  adjustment 
being  very  simple.  The  operator  slacks  out  a  locking  nut 
slightly,  and  then  places  an  adjusting  key  in  pin  holes  pro- 
vided in  the  cone  bolt.  Turning  this  in  a  clockwise  directicii 
expansion  is  obtained.  Each  small  division  on  the  face  of 
the  cone  bolt  corresponds  to  -p^^in.  variation  in  diameter, 
while  in  the  metric  dimensions  each  division  is  equal  to 
1/100  mm. 

In  repetition  work  it  is  generally  essential  that  a  number 
of  holes  should  be  parallel  and  strictly  correct  in  diameter. 


Fig.  '25.—"  Allioatoh  ■'  StkeIj  Belt  Lacing.   Messiis.  J.  B.  Stone  &  Co.,  London. 

The  Vickers  adjustable  reamer  provides  for  this  because  by 
the  reinoval  of  the  box  spanner  and  adjusting  key  it  is  not 
possible  for  the  operator  to  tamper  with  the  adjustment  of 
the  tool.  The  range  of  expansion  varies  from  *035in.  with  a 
lin.  reamer  up  to  *154in.  with  a  6in.  tool. 


November  15,  1912] 


THE    MECHANICAL  ENGINEER, 


621 


COMBINED  SUPERHEATER  AND  WATER-TUBE  BOILER. 

A  combined  arrangement  of  superheater  and  water-tube 
boiler,  the  invention  of  Mr.  John  E.  Bell,  of  Barberton, 
Summit  County,  Ohio,  U.S.A.,  is  shown  in  the  accompanying 
views,  in  which  M，  N，  and  O  indicate  the  top  drums  of  the 
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Combined  Supekheatkii  and  AVatkk-tube  Boiler. 

boiler,  P  the  bottom  drum,  and  Q  the  lower  (h'mn  of  the 
superheater.  The  drums  M  and  O  are  connected  with  the 
drum  P  by  the  banks  of  water  tubes  R  and  S,  while  the 
drum  N  is  connected  with  the  lower  drum  Q  by  the  super- 
heater tubes  T.  The  water  spaces  of  the  steam  and  water 
drums  M  and  O  are  directly  connected  by  water  circulatois 
U，  and  steam  tubes  V  lead  from  the  steam  space  of  tlie 
drum  M  to  that  of  the  drum  O.  Steam  pipes  W  lead  from 
drum  O  back  to  the  intermediate  drum  N，  which  is  the  upper 
drum  of  the  superheater  forming  the  middle  pass.  The 
steam,  by  its  passage  through  the  pipes  V,  drum  0，  pipes  W， 
and  drum  N，  loses  its  moisture  to  a  large  degree,  and  passes 
down  through  some  of  the  superheater  tubes  T  to  the  drum 
Q  and  thence  back  through  others  to  the  steam  outlet  X 
from  drum  N.  The  drum  N  has  an  intermediate  transversa 
partition  Z，  tubes  W  entering  it  on  one  side  of  this  partition 
and  the  steam  outlet  X  being  on  the  other  side.  The  tubes 
V  are  at  one  side,  as  shown,  so  as  not  to  interfere  with  the 
return  steam  tubes  \V.  Th©  water  circulators  U  extend 
between  the  superheater  tubes  and  may  be  arranged  in 
groups  or  singly.  The  drum  Q  is  connected  with  the  mud 
drum  P  by  pipes  Y.  In  this  way  the  superheater  may  be 
flooded,  and  may  be  used  as  part  of  the  water-lieati ng  surface 
of  the  boiler. 


Pit  Cage  Accident.  ―  An  nlartning  accident, 
unattended  by  loss  of  life,  occurred  at  the  St.  Hilda  Colliery, 
South  Shields,  on  the  7th  inst.  Coal  drawing  was  in  opera- 
tion, and  two  cages  were  about  midway  in  the  shaft,  when  a 
rope  broke,  and  a  laden  cage  crashed  to  the  bottom. 

Obituary.  ―  We  regret  to  announce  the  death  of  Mr. 
Dugald  Drummond,  chief  mechanical  engineer  of  the  London 
and  South-western  Railway,  and  formerly  locomotive  superin- 
tendent of  the  Caledonian  and  North  British  Railways,  which 
took  place  ab  his  residence  in  London  ou  Thursday  of  last 
week. 


DEVELOPMENT  IN  AUXILIARY  UNITS  BETWEEN  EXHAUST 
PIPE  AND  BOILER.* 

JiY  WILLIAM  WEIK. 

(Concluded  from  page  570.) 
Feeu-watkk  Heating. 
Thl:  develo}3iiient  in  marine  fe*e(l-water  heating  in  the  last 
25  years  lias  merely  consisted  in  the  adaptation  of  design  to 
suit  the  conditions  imposed  by  varying  requirements  for 
different  classes  of  vessels.  As  regards  types  of  feed  heater, 
there  are  only  two，  direct  contact  and  surface.  There  are 
also  two  locations,  the  first  being  on  th©  suction  side  and  tlie 
second  on  the  discharge  side  of  the  feed  pump.  The  heating 
steam  may  be  obtained  from  two  sources,  auxiliary  exhaust 
and  receiver  steam,  and  on  these  six  variants  many  different 
arrangements  have  been  devised. 

Broadly  speaking,  direct-contact  heaters  should  be,  and 
generally  are,  of  universal  adoption,  on  account  of  their 
simplicity  and  of  th©  outstanding  advantage  of  their  ability 
to  eliminate  the  corrosive  gases  from  the  feed-water.  Their 
universal  adoption  is,  however,  controlled  in  lighter  draught 
vessels  and  in  warships  by  the  necessity  of  placing  them  high 
up  in  the  ship,  and  also  to  a  slight  extent  by  a  disinclination 
to  mix  auxiliary  exhausts  direct  with  the  main  feed  on 
account  of  th©  suspected  boiler  troubles  due  to  oil.  In  very 
large  ships  where  the  exhaust  of  single  auxiliaries,  such  as 
electric-light  engines  of  considerable  power,  do  contain  oil  in 
a  considerable  amount,  this  argument  is  tenable,  but  when  it 
is  considered  that  almost  5,000  vessels  are  now  running  satis- 
factorily with  direct-contact  heaters,  many  of  them  25  years 
old,  and  in  addition  that  there  are  probably  more  cases  of 
trouble  with  oil  in  boilers  on  vessels  without  direci>contact 
heaters  than  with  them,  some  other  explanation  must  be 
looked  for  in  connection  with  this  difficulty. 

As  regards  location,  direct-contact  heaters  are  necessarily 
always  on  the  suction  side  of  th©  feed  pumps,  while  surface 
lieaters  are  most'  f requently  arranged  on  the  discharge  side, 


Fig.  11-  Ahuangkment  of  Fked-wateu  System. 

1.  Air  pim"，  disc  barge  to  hot-«.'ell  tank.  2.  Hot-well  puui])  suction.  3.  Hot- 
well  i)uiiii，  discharge  through  surface  feed  heater  to  the  direct- con  tact  lieater.  4. 
KciMl-])ump  suction  from  direct-con  tact  heater.  5.  Feed-pumi)  suctiou  from  liot- 
woll  tank.  6.  Feed-puuip  discliavge  to  boilers  thronj,'h  main  feed  pipe.  7.  Feed- 
])UiMI)  discharge  to  boilt.'rs  tln'ou^li  auxiliary  feed  pipe.  9.  Condensed  steam  drain 
from  surface  heater.  9.  Regulated  steam  to  feed  pumps.  10.  Direct  steam  to  feed 
pumps.  11.  Keg  ul  a  ted  steam  to  liot-well  pimii).  1*2.  Direct  steaui  to  hot- well  ]nuii]>. 
13.  Generator  sets  exhaust  to  surface  feed  heater.  14.  Auxiliary  exhaust  to  tlirect- 
eontact  lieater.    15.  Auxiliary  exhaust  to  auxiliary  condeuser. 

although  not  necessarily  so.  A  discharge  surface  feed-water 
heater  offers  the  only  method  of  obtaining  very  high  degrees 
of  feed  heating  over  say  230°  Fab. 

As  regards  th©  source  of  heating  steam,  the  essential 
principle  is  to  use,  in  the  first  place,  all  the  auxiliary  exhausts 
and  then  supplement  from  the  low-pressure  receiver.  Iu 

*  Paper  read  before  the  Institution  ot  Engineers  and  ShipbuilJers  in  Scotland. 
October  22nd,  1912. 
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For  direct-acting  puirii),  double  strokes  per  minute. 

Fox*  rotary  pump,  simihir  variations  in  capacity  at  constant  speed. 

Fig.  17.— Diagram  of  Steam  Consumption  of  Feed  Pumps. 


earlier  days  the  proportion  of  auxiliary  exhausts  to  the  main 
feed  quantity  was  low,  now  it  has  greatly  increased.  In 
ordinary  cargo  steamers  these  exliausts  will,  on  the  average, 
lieat  the  feed-water  through  a  range  of  about  70°  Fall.,  and  in 
some  passenger  steamers  tlu'ougli  a  range  of  90°  Fah.,  while 
in  turbine  vessels,  and  especially  combination  vessels,  i.lie 
range  is  rendered  much  higher  on  account  of  the  increase* I 
efficiency  of  tho  main  installation  as  compared  with  recipro- 
<";iting  installations,  and  also  by  the  additional  steam  required 
for  independent  air  and  very  large  circulating  pumps, 
together  with  the  provision  of   oil-lubricating  and  water- 


FlC.  1 5  —  A R R A X G E M E N T  OF  FEED-"VVATER  SYSTEM. 

1.  Hot-well  pump  discharge  to  low-pressure  heater.  2.  Feed-pump  suction  from 
Jlo;it  tank.  3.  Feed-pump  discharge  to  "Multiflow"  heater  ana  boiler.  4.  Feed- 
pump tliacliarge  in  boiler  direct.  5.  Feed-pump  suction  from  hot-well.  G.  Regu- 
lated steam  to  feed  pumps.  7.  Direct  steam  to  feed  pumps.  8.  Drain  from  feed 
1 1 eaters  to  hot-well  through  grav  itation  filter  G.  9.  Auxiliary  exhaust  to  multiflow 
heater.  10.  Auxiliary  exhaust  from  electric  engines  to  low-pressure  heater.  】1. 
Auxiliary  exhausts  to  auxiliary  condenser. 

service  pumps.  These  represent  increases  on  the  auxiliary 
exhaust  supply,  while  for  the  same  power  the  main  feed- 
water  itself  is  decreased. 

Fig.  14  shows  a  diagrammatic  representation  of  the  feed 
heating  installations  and  general  treatment  of  the  feed-water 
on  some  of  the  liighest-powered  vessels  afloat.  It  is  specially 
applicable  to  vessels  fitted  with  large  electric-light  installa- 


hot-well  tank  B，  from  which  the  independent  hot>well  j'mnp 
C  draws  the  water  and  delivers  through  the  low-pressure 
surface  feed  heater  D  to  the  direct-contact  heater  E.  The 
main  feed  pumps  F  then  draw  from  the  direct-contact  heater 
and  deliver  to  the  boilers  through  tlie  main  or  auxiliary  pipes. 
The  supply  of  heating  steam  to  the  surface  li eater  D  is  tlie 
exhaust  from  the  high-speed  reciprocating  engines  driving  the 
electric  generators,  and  the  condensed  drain  water  from  this 


tions  w  lie  re  the  generators  are  driven  by  reciprocating  eiiLriiic> 
of  which  the  exhaust  steam  contains  a  certain  proportion  of 
oil,  and  where  it  is  not  generally  advisable  to  lead  tlie 
exhausts  from  such  engines  into  the  same  exhaust  pipe  as  the 
otlier  auxiliaries  on  account  of  the  fluctuations  in  pressure. 
In  this  installation  tlie  "Dual"  air  pumps  A  deliver  to  ihe 


heater  passes  through  the  gravitation  filter  G  to  the  liot>well 
tank  B.  The  heating  steam  to  the  direct-contact  heater  E 
will  be  all  the  auxiliary  exhaust  steam,  with  the  exception  of 
the  exhaust  from  the  generator  sets  already  mentioned. 
Fig.  15  shows  an  arrangement  for  large  vessels,  where  it  is 
desired  to  separately  filter  the  whole  of  the  condensed 
auxiliary-exhaust  steam  before  mixing  it  with  the  main  feed 
supply.  In  addition,  this  arrangement  enables  the  maximum 
temperature  of  feed  to  be  obtained  in  cases  where  there  is  a 
very  large  ratio  of   auxiliary   exhaust   to   the   main  feed 

supply.  This  arrangement 
is  also  interesting  as  show- 
ing the  application  of  hofc- 
^■ell  pumps  attached  to  the 
main  air  pump  for  pumping 
the  feed  water  through  the 
first-stage  feed-heater.  The 
installation  consists  of  two 
or  more  pairs  of  Weir  feed 
pumps,  li  Dual  "  air  pumps, 
with  attached  hot-well 
pumps  (independent  hot- 
well  pumps  may  alterna- 
tively be  fitted),  low-pres- 
sure surface  feed-water 
heater  C  and  "  Multiflow  " 
】ugh-pressure  feed-water 
heater.  The  "  Dual  "  air 
pumps  A  discharge  into 
self-contained  hot-well,  from 
whicli  the  liot-well  pumps 
B  draw  and  deliver  through  the  low-pressure  heater  to  a 
floart  tank  D.  The  main  feed  pumps  E  draw  from  the  float 
tank  】〕， in  wliich  is  contained  t heir  control  gear,  and 
deliver  to  the  boilers  tlirougli  Mie  "Multiflow"  feed-water 
heater  F，  or  i  lirougli  tlie  auxiliary  feed  pipe. 

In  tli is  arrangement  the  electric  engine  exhausts  are  led 
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to  the  first  or  low-pressure  heater  C  through  the  pipe  10  ; 
the  remainder  of  the  exhausts  are  led  to  the  high-pressure 
feed -heater,  and  a  pressure  up  to  151bs.  may  be  maintained 
in  the  auxiliary  exhaust  pipes  to  enable  the  feed-water 
through  a  much  greater  range. 

Fig.  16  shows  diagrammatically  the  arrangement  used  on 
some  recent  large  war  vessels  iu  which  feed  heating  is  done  in 
two  stages.  In  a  small  direct-contact  heater  of  light  weight 
and  extreme  simplicity  fitted  to  the  feed  tank,  the  feed  is 
raised  in   temperature  by   contact  with  auxiliary-exhaust 


representative  of  actual  every-day 
certain  amount  of  experimental 


Fir;. 


-Weik,  '  Umtokkkd  ' 


steam  to  about  140°  Fah.  It  is  then  heated  to  over 
200°  Fah - ,  also  by  auxiliary-exhaust  steam  in  small  surface 
feed  heaters  placed  in  the  stokeholds  and  fitted  on  the  feed- 
discharge  pipes.  The  preliminary  heating  enables  a  great 
reduction  to  be  made  iu  the  size  and  weight  of  the  High- 
pressure  heaters. 

Independent  Feed  Pumps. 
The  detailed  history  of  the  development  of  the  indepen- 
dent feed  pump  would  be  largely  a  recital  of  endless  experi- 
ment with  and  investigation  of  mechanical  details.  The 


-Wr,rRlSYSTKMi  of  Ijocomotive  Feed  Heating  and  Boilf.r  Feeding  applied  to  Main  Link 
Passknger  Locomotive. 


difficulty  of  regulating  a  crank-driven  machine,  together  with 
the  great  and  variable  stresses,  rendered  this  type  quite 
inapplicable  for  high-pressure  boiler  feeding.  Stroke  varia- 
tion and  high  steam  consumption,  together  with  the  multipli- 
cation of  parts,  similarly  handicaps  the  duplex  type. 
Accordingly  the  single  direct-acting  pump  has  become  the 
standard,  and  when  arranged  in  conjunction  with  feed  heater 
or  tank  float-control,  this  type  has  become  universal  in 
its  use. 

The  general  and  even  the  detail  design  of  the  pump  ends, 
wliich  at  one  time  varied  mainly  in  their  degrees  of  ineffi- 
ciency, has  now  become  standardised  by  almost  all  makers 
adopting  the  same  design,  and  the  remaining  difference  of  the 
rrifuiy  types,  apart  from  workmanship  and  material,  lies  in 
steam-distribution  valves.  On  such  a  subject  as  tlie 
liis",ry  of  these,  a  separate  paper  might  be  written. 

A  ])oinf  of  interest  in  direct-acting  feed  pumps  concerns 
i*Helf  with  i  hf  ir  st.eam  consumption  at  varying  speeds  arid 
l'oilf'i.  pros.^uros,  and  as  sucli  does  not  appear  to  have  heen 


hitherto  published,   Fig.   1 7  shows  a  set  of  curves  which 
represent  neither  the  best  nor  the>  worst  performances,  but 
which  can  be  taken 
practice. 

During  recent  years 
work  has  been  carried 
out  with  rotary  feed 
pumps  of  the  centri- 
fugal type,  and  on  the 
Continent  a  number  of 
these  have  been  instal- 
led in  electric  power 
stations.  The  applica- 
tion of  this  type  of 
pump  to  marine  use  is 
of  great  interest,  and  it 
is  rather  unfortunate 
that  the  bulk  of  the 
experience  obtained  on 
shore  has  been  with 
electrically-driven  cen- 
trifugal pumps.  If  it 
were  possible,  or  even 
prudent,  to  drive 
marine  feed  pumps  by 
electric  motors,  then  it 
is  believed  their  adop- 
tion would  be  rapid  on 
account  of  the  pro- 
perties of  the  electric 
motor  as  regards  non- 
variation  in  speed,  and 
in  this  connection  it  is 
more  than  questionable 
whether  electrically- 
driven  feed  pumps 
constitute  good  practice 
even  for  electric 
power  stations.  On 
board   ship   the  feed 

pumps  should  be  F|G-  -°-  、VriR  Locomotive  Feed  Pimp. 
driven  in  every  case  by  the  same  source  of  power  that  actuates 
the  main  machinery,  and  this  at  one©  involves  the  adoption 
of  either  a  rotary  steam  engine  or  a  steam  turbine  in  conjunc- 
tion with  the  centrifugal 
pump.  The  successful  combina- 
tion of  centrifugal  pump 
wheels  with  a  small  steam  tur- 
bine is  a  problem  which,  while 
to  a  certain  extent  solved,  is 
one  requiring  the  utmost  care 
and  knowledge  of  design  and 
materials,  while  the  application 
of  the  combination  to  meet 
the  conditions  of  varying  load 
on  board  ship  will  require 
considerable  and  extended  ex- 
perience. Fig.  18  shows  a 
" Rotofeed  ，，  pump  designed  for  3001bs.  boiler  pressure.  A 
considerable  number  of  these  machines  are  now  running  and 
in  the  course  of  manufacture,  with  a  view  to  developing  a 
suitable  machine  for  the  varied  conditions  of  marine  service. 
For  land  work  they  are  thoroughly  satisfactory,  particularly 
for  large  units,  but  the  marine  application  requires  consider- 
able caution,  and  it  appears  difficult  at  present  to  regard 
them  as  suitable  for  universal  use  in  ordinary  vessels.  Their 
initial  adoption  will  probably  be  for  installations  where  the 
outstanding  advantage  of  this  type  of  pump  is  prominent, 
t'.e.y  the  saving  in  weight  and  space  on  board  war  vessels. 

On  the  steam-consumption  diagram  for  direct-acting 
pumps  there  is  also  shown  the  performance  of  tlie  turbine- 
driven  type,  and,  as  will  be  seen ,  this  type  is  to  a  fair  extent 
less  economical.  In  the  future  this  feature  may  be  improved, 
while  as  a  counterbalancing  advantage  for  certain  conditions 
tlie  weiglit  comparison  is  given  in  Table  V.,  which  shows 
tlie  relative  weights  of  direct-acting  punij^s  for  diff^ront 


624 


THE   MECHANICAL   ENGINEER.  [November  15,  1912 


classes  of  vessels,  and  discloses  a  very  large'  possible  reduction 
by  the  rotary  punij). 


Table  V. — Comparative  Weights  of  Indcjjevdent  Feed  Pumps. 


Feed  pipe 

Weight  of  pump 

pressure,  lbs. 

jK'r  H.J*,  of 

Class  of  Vessel. 

j:er  square  inch. 

main  engines. 

210 

•  74 

210 

•  72 

210 

•  "("「> 

285 

•  "4 

285 

•  43 

Weir  "  llotofccd  "  pump  

285 

.14 

In  concluding  this  note  on  feed  pumps,  while  it  is  hardl v 
directly  connected  with  the  subject  of  the  paper,  it  may  be 
of  interest  to  show  on  Figs.  19  and  20  the  latest  development 
of  the  Weir  pum])  for  locomotive  feeding,  wlierein  it  is 
associated  with  a  special  design  of  exhausi>steam  feed-water 
lieater.  Tlie  adoption  of  this  apparatus  secures  a  consider- 
able degree  of  coal  economy,  and  (lie  advantages  of  st ea<ly 
boiler  feeding  for  this  purpose,  as  compared  wit h  ilie  non- 
flexible  injector,  are  obvious. 

Fekd  Make-up  Avparati  s. 

Since  1885,  when  the  first  commercial  feed  make-up 
evaporator  was  constructed  by  Mr.  James  Weir,  practically 
the  development  has  been  one  of  detail,  and  such  detail  has 
to  a  considerable  extent  been  associated  with  the  innumerable 
methods  of  arranging  the  heating  surface  for  its  easy  and 
satisfactory  withdrawal  for  cleaning  purposes.  The  original 
evaporators  used  receiver  steam  in  the  coils,  and  the  vapour 
was  discharged  to  the  feed  heater.  The  universal  practice 
now  is  to  utilise  boiler  steam  in  the  coils,  except  in  H.M. 
Navy,  where  the  auxiliary  exhausts  are  used.  lu  the  last 
12  months  some  rather  revolutionary  developments  in  the 


Fig.  21.— Weir  Evaporating  and  Distilling  Plant  (1912). 

design  of  evaporators  have  been  made,  and  Fig.  21  shows  a 
representative  installation  for  warship  use,  while  a  copy  of 
tlie  trial  results  is  given  on  Table  VT.  along  with  similar 
data  from  tlie  practice  of  1895. 

Circulating  Pumps. 
With  regard  to  this  auxiliary,  tlie  development  lias  not 
been  in  type  but  rather  in  the  field  of  design.  The  early 
circulating  pumps  were,  of  course,  engine  driven,  and  of  the 
double-acting  piston  type  ；  but,  as  dimensions  and  speeds 
increased ?  the  independent  pump  became  necessary.  The 
low  head  and  large  quantity  of  water  necessarily  involved  the 
adoption  of  the  centrifugal  pump,  and  it  appears  difficult  to 


foresee  any  further  development  of  type.  The  advent  of  the 
turbine  for  auxiliary  driving  may,  however,  influence  the 
future  of  tlie  circulating  pump  to  a  considerable  extent,  as 
it  is  certainly  the  most  adaptable  auxiliary  for  the  new  type 
of  prime  mover.      Comparatively  few  examples  of  these 


FlfJ.  '22.  -  AVRIU  Tl'RltlNF.-niUVKN  ClROULATINfi  PUMP. 

pumps  for  marine  use  are  in  existence,  and  Fig.  22  shows  the 
first  unit  of  tliis  type'  supplied  for  torpedo-boat  use  in  this 
country.  In  this  design  the  special  features  embodied  are 
efficiency  at  low  powers  and  simplicity.  It  may  be  of  interest 
to  state  that  tlie  reduction  of  weight  is  most  marked,  together 
with  tlie  general  suitability  of  the  pump,  in  installations  of 
very  large  power. 


Table  VI. ― Comparison  of  Evaporating  and  Distilling 
Machinery.    Weigh  is  and  Performances. 


Installation  foi 

Tu.stallation  for 

Data. 

Small  Cruiser 

Small  Cruisoi 

(1895). 

(1912). 

Evaporator  heating  surface  

85-5  sq.  ft, 

37-3  sq.  ft. 

4G  sq.  ft. 

85  sq.  tt. 

Weight  of  evaporator   

38  cwts. 

14 J  cwts. 

1\  cwts. 

5\  cwts. 

14|  c、vts. 

\2h  cwts. 

12  cwts. 

4  cwts. 

Trial 

performance. 

85Ibs. 

1351bs. 

19Ibs. 

31bs. 

244 

390 

Drain  from  coils  in  gallons  per  hour . . 

299 

460 

1.22 

1-18 

85° 

80° 

(.'ircvilatin^;  outlet  temperature  .... 

No  record. 

132° 

106° 

140° 

Brine  discliar^o  in  gallons  per  hour . . 

122 

200 

Ratio  of  briiH'  to  gained  w  ator  .... 

•  5 

•  51 

Frosli 

Fresh 

Weight  of  plant  por  ton  of  fresh  \\  ator. 

2881bs. 

981bs. 

Hardening  and  Tempering  of  Steel. ― Reference  is  made  in 
a  pamphlet  recently  issued  by  the  United  States  Bureau  of 
Mines  to  the  necessity  of  adopting  the  latest  methods  in  the 
hardening  and  tempering  of  steel,  if  waste  is  to  be  avoided. 
An  instance  is  recorded  in  which  a  manufacturer,  at  present 
making  about  300,000  steel  blades  a  day,  has  reduced  his 
costs  more  than  one-half  through  the  adoption  of  up-to-date 
methods.  About  three  tons  of  cold-rolled  steel  per  week  are 
now  used.  The'  blades  were  formerly  hardened  by  using  65 
machines  whicli  utilised  gas  and  blast  for  the  heating  process, 
ran  day  and  night,  and  required  15  men  for  their  control. 
On  the  advice  of  an  expert  chemical  engineer  six  electrically- 
heated  furnaces  have  been  installed  which,  in  an  eight-hour 
day,  give  double  the  old  capacity  and  require-  the  services  of 
only  two  operators.  For  the  tempering  process,  th©  blades, 
701bs.  at  a  time,  ar©  dipped  into  an  electrically-heated  salt 
bath,  and  are  held  for  a  definite  period  at  a  temperature  pre- 
cisely controlled  by  pyrometers. 
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THE  GENERATION  AND  ELECTRICAL  TRANSMISSION  OF 
POWER  FOR  MARINE  TRANSPORTATION.- 

BY  WILLIAM  P.  DURTNALL. 

Mechanical  power  was  first  applied  to  propulsion  in  1543, 
by  Plasco  de  Garay,  a  Spanish  sea  captain,  who  is  said  to  have 
succeeded  in  giving  motion  to  paddle  wheels  by  the  use  of 
steam.  Various  attempts  have  been  made  to  use  the  pro- 
pulsive force  of  a  jet  of  water,  and  in  1661  a  patent  was 
granted  to  Thomas  Toogood  and  James  Hayes  for  a  method  of 
propelling  ships  by  forcing  out  water  through  the  bottom  of 
a  vessel.  Early  experiments  and  patents  in  propulsion  l)v 
mechanical  power  were  those  of  Robert  Hook  in  1681，  with  a 
feathering  paddle  wheel,  and  of  Joseph  Bramali,  an  engine 
maker  of  Piccadilly  ,  in  1785,  with  his  rotary  steam  engine, 
and  worm  gear  driven  stern  paddle  wlieel,  or  screw  type 
propellers. 

Screw  propulsion  was,  however,  practically  introduced 
about  1835,  by  Francis  P.  Smith,  a  farmer,  of  Hendon, 
Middlesex.  On  May  31st,  1836，  a  model  boat  fitted  with  a 
wooden  screw  was  exhibited  in  operation  on  what  is  now  the 
Welsh  Harp  pond  at  Hendon,  and  was  inspected  by  Sir  John 
Barrow,  Secretary  to  the  Admiralty.  The  results  were 
deemed  so  satisfactory  that  in  the  autumn  of  the  same  year 
a  boat  was  built  of  six  tons  burden  and  about  6  h.p.,  with  a 
wooden  screw  consisting  of  two  turns.  On  November  1st, 
1836，  she  was  exhibited  in  operation  on  the  Paddington 
Canal,  and  continued  to  ply  there  and  on  the  Thames  until 
September,  1837.  In  February  of  that  year,  an  accident 
showed  the  advantage  of  diminishing  the  length  of  the  screw, 
about  half  the  length  of  tlie  propeller  being  broken  away, 
whereupon  the  boat  immediately  quickened  her  speed,  and  a 
higher  thrust  was  produced  for  the  same  shaft  horse-power. 
The  sea-going  capabilities  of  the  boat  were  then  demon- 
strated, but  before  the  Admiralty  would  give  a  decision  tliey 
insisted  that  the  screw  propeller  should  be  tried  on  a  vessel 
of  at  least  200  tons.  The  "  Archimedes,"  of  237  tons,  was 
therefore  built  at  a  cost  of  £10,500,  and  was  fitted  with 
80  h.p.  engines.  It  was  designed  for  a  speed  of  4  or  5  knots, 
which  on  trials  was  about  doubled. 

The  Admiralty  then  decided  to  adopt  the  screw  propeller 
in  the  Navy.  Some  further  experiments  were  carried  out  by 
Mr.  Brunei,  at  Bristol,  following  which  the  "  Great  Britain," 
originally  built  for  paddle  wheels,  was  fitted  with  a  screw 
propeller,  and  was  the  first  screw-clriven  boat  to  cross  the 
Atlantic.  A  number  of  professional  men  at  that  time  did 
not  believe  that  a  steamship,  owing  to  having  to  carry  machi- 
nery and  coal,  instead  of  using  the  wind  for  propulsion,  could 
cross  the  Atlantic,  which  goes  to  show  how  theory  may  often 
be  upset  by  practice,  and  the  theory  of  some  modern  engineers 
that  electrically-driven  sea-going  vessels  are  impracticable 
may  meet  with  a  similar  reverse  in  the  near  future. 

The  engines  of  the  "  Great  Britain"  ran  at  18  revs,  per 
minute,  while  the  propeller  shaft  was  geared  up  to  54  revs, 
per  minute,  the  propeller  having  six  blades,  and  tlie  steam 
pressure  being  251bs.  by  gauge.  This  boat  ran  fairly  success- 
fully under  steam  from  1843  to  1874，  when  slie  was  converted 
into  a  fully-rigged  sailing  ship.  The  gearing  between  tlie 
engine  and  the  propeller  was  a  source  of  trouble  and  decreased 
efficiency,  until  Smith  joined  forces  with  Captain  Ericsson,  a 
capable  engineer  and  navigator,  who  increased  tlie  speed  of 
the  engine,  and  direct-coupled  it  to  the  propeller.  Every 
credit  must  be  given  to  those  early  workers  in  marine 
transport,  who  experienced  great  opposition  from  many 
quarters  and  not  only  had  not  the  advantage  of  modern 
machinery,  but  had  to  educate  navigators,  shipbuilders,  and 
owners  who  were  not  engineers,  were  opposed  to  new  methods 
of  propulsion,  and  liad  very  little  desire  or  ability  to  master 
tlie  higher  branches  of  either  navigation  or  mechanical  sea 
transport. 

Ericsson  later  went  to  America,  and  in  1853  constructed 
a  craft  in  which  one  of  the  boldest  attempts  was  made  to  find 
a  substitute  for  steam .  This  was  the  "  Ericsson/'  which  had 
two  masts,  and  ordinary  paddle  wheels  32ft.  diam, ,  but  no 
funnels  the  machinery  being  operated  on  what  was  then 
known   as  the  "  caloric  ，，   principle,   which   rendered  them 
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unnecessary.  She  was  250ft.  】ong，  40ft.  broad,  and  31ft. 
deep,  with  a  gross  tonnage  of  1,920,  and  a  speed  of  12  knots 
for  a  consumption  of  6  tons  of  coal  per  day.  She  was  practi- 
cally a  hot-air  propelled  ship,  and  Mr.  Ericsson  was  then 
probably  very  near  to  the  discovery  of  the  internal- 
combustion  engine.  To  him  is  also  due  the  invention  of  the 
lt  Monitor  ，，  type  of  warship,  which  rendered  sucli  enormous 
service  in  the  American  war,  this  ship  being  the  one  whicli 
encountered  and  disabled  the  "  Merrimac "  and  saved  the 
American  Navy  of  that  day  from  annihilation.  To  him  also 
we  owe  tlie  idea  of  protecting  propellers  from  hostile  shot,  and 
many  other  ingenious  invent  ions,  which  entitle  liini  to  rank 
as  one  of  the  greatest  inventors  that  the  world  has  ever 
known. 

An  interesting  atienipi  to  solve  tlie  ])roblern  of  ])ropu]sion 
was  that  made  in  connection  with  H.M.S.  "  Waterwitch,"  an 
iron-plated  gun-boat  lG'Jft .  long,  32ft.  beam,  and  9ft.  9iu. 
draught,  with  a  displacement  of  1,062  tens.  She  was  pro- 
pelled either  head  or  astern  by  means  of  two  water  jets  placed 
close  to  the  hull,  and  taking  advantage  of  the  hull  wake 
effect.  The  jets  were  produced  by  a  steam-driven  3-cylinder 
engine,  ruiming  with  the  crank  shaft  vertical,  coupled  to  a 
kind  of  rotary  pump,  whicli  drew  water  from  the  underside  of 
the  vessel  and  delivered  a  jet  at  each  side.  With  an  expendi- 
ture of  750  i.h.p.  the  speed  obtained  was  9  knots,  this 
performance  being  considered  very  inefficient,  as  compared 
with  a  screw  propeller,  and  the  scheme  therefore  dropped. 
If  an  effort  were1  made  to  reintroduce  the  system  to-day,  using 
electric  motor-driven  turbine  pumps,  and  many  more  jets, 
and  arranging  for  the  water  inlets  to  be  facing  the  direction 
in  whicli  ihe  boat  is  proceeding,  something  might  come  of  it, 
for  jet  propulsion  possesses  the  advantage  that  the  propelling 
apparatus  is  not  only  well  below  water  level,  but  inside  the 
boat  and  therefore'  not  easily  damaged  by  projectiles  as  are 
other  forms  of  mechanical  propellers. 

We  now  come  to  the  "  Great  Eastern,"  which  was  pro- 
pelled both  by  paddle  wheels  and  a  screw  propeller,  had  five 
funnels,  was  680ft.  long,  82ft.  beam,  and  had  a  loaded 
draught  of  30ft.  The  displacement  was  27,000  tons,  while 
she  had  four  decks  and  six  masts,  with  a  sail  area  of 
6,200  sq.  ft.  Ample  attention  was  given  to  the  provision  of 
bulkheads,  of  which  12  were  transverse  and  two  longitudinal, 
and  the  spaces  were  used  as  coal  bunkers,  an  idea  originated 
by  tlie  genius  of  Brunei,  and  copied  by  the  designers  of  the 
" Lusitania/'  the  "  Mauretania/'  and  other  modern  vessels. 
The  paddle'  wheels  of  the  "  Great  Eastern  "  were  56ft.  diam., 
with  float  boards  13ft.  long  and  3ft.  wide.  The  screw  pro- 
peller had  four  blades,  a  diameter  of  24ft.,  and  a  pitch  of  37ft. 
Five  boiler-rooms  were  provided  to  supply  steam  at  a  pressure 
of  251bs.  per  square  inch  by  gauge,  the  total  indicated  horse- 
power being  about  8,000.  She  was,  however,  a  commercial 
failure,  for  steam  engineering  had  not  then  reached  the 
efficiency  necessary  to  ensure  success.  Signs  are  not  wanting 
now  that  the  size  of  ships  has  again  reached  a  point  where, 
unless  a  further  increase  in  the  thermo-dynamic  efficiency  is 
attained,  great  financial  losses  will  he  experienced. 

Since  the  days  when  Ericsson  coupled  his  engine  direct  to 
the  screw  propeller  countless  efforts  have  been  made  t'o 
increase  the  efficiency  of  ship  propulsion.  For  instance,  the 
steam  engine,  instead  of  working  by  single  expansion,  was 
compounded,  whicli  increased  the  efficiency  and  reduced  the 
fuel  consumption  ；  then  followed  the  triple-expansion  engine, 
whicli  gave  further  increase  in  efficiency  ；  progress  also  took 
place  in  the  design  of  hull,  and  considerable  research  work  was 
done  with  regard  to  propellers  working  under  various  con- 
ditions. Great,  improvements  were  introduced  in  the  opera- 
tion and  construction  of  steam  boilers,  and  an  attempt  was 
made  to  introduce  the  water-tube  in  place  of  the  fire-tube 
marine  boiler,  with  a  view  to  reducing  the  dead-weighfc,  thus 
again  increasing  the  over- all  thermal  efficiency  of  the  vessel 
measured  by  the  number  of  heat  units  used  per  thousand  ton- 
miles  at  a  given  speed. 

One  of  the  most  efficient  trials  of  a  cylindrical  fire-tube 
boiler  was  conducted  on  the  "  Saxonia,''  kindly  lent  for  the 
purpose  by  the  Cunard  Steamship  Company  between  October, 
1903，  and  May,  1904.  She  is  a  vessel  of  14,281  tons,  580ft. 
long,  64'2ft.  beam,  and  38'4ft.  deep,  driven  by  twin  screws 
and  quadruple-expansion  steam  engines,  aud  was  at  the  time 
considered  a  very  efficient  ship.  The  boilers  showed  a  thermal 
efficiency  of  82'3  per  cent',  with  a  feed-water  temperature  of 
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178°  Fah.，  and  an  evaporation  of  ll'31bs.  of  water  per  pound 
of  coal  burnt,  over  a  run  of  13  hours,  during  which  period 
only  six  of  the  27  furnaces  were  cleaned.  The  boiler-room 
equipment  of  the  "  Saxonia  "  weighed  about  1,000  tons,  and 
produced  an  output  of  132,6001bs.  of  steam  per  hour,  or 
132'61bs.  per  ton  weight  of  the  boiler  installation.  The  total 
steam  consumption  per  indicated  horse-power  hour  was  only 
1 3*261bs.,  showing  that  the  quadruple-expansion  type  of 
engine  is  very  efficient  from  a  thermal,  if  not  from  a  mechani- 
cal, point  of  view.  Boiler  efficiency  does  not  seem  to  have 
made  much,  if  any,  improvement  since  that  date,  but  great 
progress  has  been  made  in  other  directions. 

Reciprocating  steam  engines,  although  greatly  improved 
and  brought  up  to  a  fin©  state  of  efficiency  as  such,  have  grave 
disadvantages,  the  greatest  perhaps  in  the  case  of  passenger 
ships  being  the  unavoidable  vibration,  as  it  is  a  natural  law 
that  a  revolving  body  which  is  not  exactly  balanced  always 
runs  unequally,  and  transmits  a  tremor  to  anything  with 
which  it'  may  be  in  contact.  Large  power  engines  of  this  type 
as  required  in  modern  liigli-speed  vessels  of  heavy  displace- 
ment, stand  so  high  in  tlie  ship  that  their  cylinders  are  well 
above  water  level  ；  this  being  a  special  disadvantage  in 
warships,  and  is  no  doubt  one  of  the  reasons  why  the  steam 
turbine  has  replaced  the  efficient  reciprocating  steam  engine 
in  the  British  Navy. 

The  measure  of  the  commercial  efficiency  of  a  ship  in  the 
mercantile  marine  is  roughly  the  ratio  of  the  dead-weight  of 
freight  carried  at  a  given  speed  to  the  amount  of  fuel  con- 
sumed in  the  process,  the  effective  horse-power  produced  on  a 
ship  is  estimated  from  pounds  produced  in  tlirust  x  by  vessel 
speed  in  feet  per  minuter  33,000  =  E.H. P.  It  may  be  well  to 
mention  liere  that  the  mechanical  equivalent  of  heat  is  repre- 
sented by  778  ft. -lbs.  of  work  done,  this  quantity  being  called 
a  British  Thermal  Unit.  One  pound  of,  say,  Welsh  coal  con- 
tains at  least  15,000  units  of  heat,  and  if  this  lib.  of  coal  is 
burnt  in  one  hour  it  is  equivalent  to  11,580,000  ft. -lbs.,  or 
nearly  6  li.p.  An  ordinary  tramp  steamer  consumes  on  an 
average  approximately  l^lbs.  of  coal  per  indicated  horse- 
power hour,  from  which  it  is  clear  that  enormous  thermal 
losses  take  place  daily  in  thousands  of  ships.  These  losses 
and  their  causes  may  be  roughly  stated  as  follows  ： ― 

Fuel  heat  distribution. 

Per  cent. 

Heat  in  gases  passing  through  funnel  (some  part 
of  this  is  used  for  maintaining  boiler  draught)  20 

Surface  radiation  from  boiler    10 

Heat  absorbed  by  condenser  and  auxiliaries    56 

Steam  friction  in  cylinder    2 

Steam  condensation  in  cylinder    2 

Mechanical  friction   in   engine   and  propeller 

shaft    3 

Propeller  and  otlier  losses    3 

96 

Thermal  propulsive  efficiency,  i.e"  efficiency  of 
propulsion  expressed  as  a  percentage  of  fuel 

heat   4 

100 

That  is,  the  equivalent  of  100  h.p.  in  fuel  units  at  the 
furnaces  produces  only  4  h.p.  of  actual  propulsive  effect,  or 
the  "  thermal  propulsive  efficiency  ，，  is  only  4  per  cent.  If  a 
high  thermal  propulsive  efficiency  for  a  given  speed  aud  dis- 
placement were  insisted  upon  as  a  standard  of  excellence  a 
vast  decrease  in  the  cost  of  the  sea  transportation  would  be 
effected,  to  the  benefit  of  both  the  shipping  trade  and  the 
public.  It  is  well  known  that  a  screw  propeller  to  produce  a 
maximum  thrust  must  run  below  a  certain  critical  speed , 
beyond  which  slip  and  blade  friction  losses  occur,  and  cavita- 
tion sets  in.  The  results  of  numerous  trials  show  that  the 
pressure  per  square  inch  of  projected  area  is  approximately 
lib.  for  every  1,000ft.  per  minute  circumferential  velocity  of 
the  blade  tips.  At  full  speed  and  power  the  pressures  eeern 
t  o  be  for  slow  cargo  vessels  from  51bs.  to  6 lbs.  per  square  inch, 
！ or  ocean-going  mail  steamers  from  61bs.  to  71bs.，  for  cross- 
channel  ))oats  7-51bs.  to  8.51bs.，  for  cruisers  and  battle-ships 
Slhs.  io  10*51bs.,  and  in  some  torpedo  craft  91bs.  to  lllbs. 
Ahout.  91t>s.  ]>er  square  inch,  or  rather  less,  is  the  lower  limit 
lor  turbine  screws  ；  from  lOlbs.  to  1  libs,  for  fast  speed 
vessels,  but  pressures  greater  than  about  lllbs.  per  square 


inch  seem  to  give  low  thrust  efficiency.  The  pressures 
referred  to  are  estimated  mean  pressures^  as  there  exists  no 
method  of  accurately  determining  the  local  intensity  per 
square  inch,  though  it  may  be  assumed  in  some  cases. 

Propeller  efficiency  presents  a  complicated  problem 
depending  on  the  form  and  speed  of  the  boat.  Small 
diameter  high  revolution  screw  propellers  have  been  found  to 
give  much  less  thrust  when  the  vessel  is  travelling  against  a 
head  wind  or  tide,  and  such  propellers  are  run  close  to  the 
speed  at  which  cavitation  sets  in,  so  that  in  case  of  real 
necessity  for  a  spurt  at  high  revolution  speed  to  meet  certain 
conditions  when  entering  harbours,  &c.，  there  is  a  very  small 
margin  for  increase  of  speed  before  cavitation  sets  in.  Low 
speed  propellers  with  their  larger  blade  surface  have  a  great *m- 
holding  power  under  the  above  conditions,  with  the  material 
advantage  of  allowing  a  reasonable  increase  in  revolution 
speed  to  meet  certain  requirements  at  sea,  which  are  not 
possible  with  tlie  liigh  speed  type  of  propeller. 

There  is  now  a  noticeable  tendency  to  increase  tlie 
diameter  and  reduce  the  revolutions  of  the  propeller,  wliile 
the  use  of  twin  screws  is  being  advocated  in  place  of  triple  or 
quadruple  screws  for  heavy,  high-speed  vessels.  The  revolu- 
tion speed  is  of  great  importance  in  connection  with  the 
means  of  driving  tlie  propellers,  the  fuel  consumption  and 
consequently  the  li  thermal  propulsive  efficiency  "  of  tlie  ship 
at  a  given  speed. 

Until  a  suitable  type  of  internal-combustion  engine 
appears,  steam  will  continue  to  be  used  for  heavy  marine 
propulsion  ；  its  economical  generation  is  therefore  of  the  very 
highest  importance.  A  gas-fired  steam  generator  shown  at 
the  recent  Engineering  Exhibition  is  stated  to  have  a  thermal 
efficiency  as  high  as  90  to  93  per  cent"  and  in  the  author's 
opinion  the  crude  and  old-fashioned  methods  of  generating 
steam  for  prime  movers  in  furnaces  are  doomed  and  will  be 
superseded  by  this  new  and  more  efficient  method. 

The  experience  of  sea-going  engineers  shows  that  the 
motive  power  for  driving  the  propeller  should  conform  to  the 
following  conditions :  (1)  The  driving  power  must  be  simply 
and  quickly  reversible.  (2)  It  must  be  capable  of  being 
started  and  stopped  quickly.  (3)  It  must  be  capable  of  being 
promptly  speeded  up  and  down  ifrom  dead  slow  to  full  speed , 
or  even  in  case  of  emergency  be  capable  of  increasing  the 
revolution  speed  above  normal  for  short  periods  of  time. 
(4)  It  must  be  capable  of  being  kept  running  at  any  desired 
set  speed  and  of  running  economically  at  that  speed  for  very 
long  periods.  The  "  dead- slow  ，，  speed  should  if  possible  be 
slower  than  one-fourth  of  the  normal  full-speed  revolutions, 
and  in  very  fast  vessels  one-eighth  or  less.  (5)  It  must  be 
capable  of  working  well  and  reliably  in  smooth  or  rough 
water  with  the  power  varying  from  zero  to  sometimes  more 
than  the  normal  maximum  for  short  periods,  when  the  pro- 
peller experiences  rapid  changes  in  resistance  to  rotation, 
(6)  It  must  meet  the  previous  conditions  without  racing  or 
showing  more  than,  say,  5  to  8  per  cent,  deviation  from  the 
normal  set  speed,  and  in  the  case  of  heavy  rolling,  means 
should  be  provided  to  vary  the  power  automatically  from  port 
to  starboard  propellers  when  operating  two  or  more  pro- 
pellers. (7)  All  working  parts  must  be  readily  accessible  for 
overhauling  and  adjustment,  and  all  wearing  surfaces  must 
be  capable  of  being  easily  examined.  (8)  The'  driving  machi- 
nery must  be  economical  in  fuel  at  all  speeds,  especially  at  the 
normal  full  speed  at  which  it  is  generally  run,  and  the  maclii- 
nery  should  have  the  least  number  of  working  parts. 

Fractures  in  the  tunnel  and  tail  shafts  sometimes  occur 
in  spite  of  careful  inspection,  and  such  an  accident  is  very 
serious,  especially  on  single  screw  vessels,  and  may  even  lead 
to  the  】oss  of  the  ship.  A  sliip  "being  practically  a  flexible 
girder,  the  longer  the  propeller  shafts  are  the  greater  the 
strains  set  up  in  them,  and  tliis  source  of  danger  should  be 
minimised  by  making  the  shafts  as  short  as  possible.  This  is 
done  in  some  vessels,  such  as  cargo  boats,  in  which  it  is  pre- 
ferred to  have  the  machinery  at  tlie  stern  to  give  by  its  weight 
sufficient  propeller  immersion  when  travelling  light,  but  in 
passenger  boats  the  boilers  and  machinery  are'  generally 
placed  forward,  so  that  long  tunnel  shafts  are  unavoidable. 
Electrically-driven  vessels  hav&  the  undoubted  advantage  that 
tlie  steam  and  power  generating  plant  mav  be  placed  fo»'\v;ii'(l, 
whilst  tlie  propeller  driving  motors  may  be  ])laced  as  fa r  n ft 
as  tlie  lines  of  the  vessel  wi"  allow. 

(To  be  continued 
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HEAVY  OIL  ENGINES* 

BY  CAl'T.  H.  KIALL  SANKEY,  it.E.  (ukTIRED),  M.1NST.C.E. 

{Concluded  from  page  596.) 

Cost  of  Running  in  Comparison  with  other  Prime  Movers.—  It  will 
be  of  interest  to  make  a  comparison  of  the  fuel  consumption  of 
oil  engines  with  that  of  other  prime  movers,  and  for  this 
purpose  Table  IX.  has  been  prepared,  giving  various  typical 


cent,  above  the  rated  power,  but  the  gas  engine,  as  usually 
rated  in  makers'  price  lists,  can  only  do  its  rated  power  for 
short  periods,  and  only  85  per  cent,  of  that  continuously.  It 
is  not  only  the  cost  of  fuel  that  has  to  be  taken  into  <xmsi("'r"- 
tion  when  determining  which  is  the  best  prime  mover  to  use  in 
any  particular  case,  as  the  interest  on  capital,  labour,  depre- 
ciation, repairs,  &c ；.，  must  also  be  taken  into  account.  To  give 
some  idea  wliat  this  means,  Table  X.  has  been  prepared - 
Assuming  that  Uie  average  load  is  200  b.h.p.,  and  that  for 
short  periods  300  b.h.p.  is  required,  the  rated  powers  of 

various  prime  movers  would, 
therefore,  be  as  follows  : — 


Non-condensing  steam 
engine  

Condensing  steam  en- 
gine   

Ovei  'type  superheated 
condensing  steam  en- 
gine   

Gas  engine  

Oil  engine  

Diesel  engine   270 


270  B.H.P. 
230  ，， 


230 
300 
300 


In  Table  X.  the  estimate 
for  capital  cost  includes  boilers, 
foundations,  producers,  build- 
ing, &c.  The  cost  of  repairs, 
maintenance,  and  labour  has 
been  also  estimated,  and  the 
plant  is  assumed  to  be  run  for 
3,000  hours  per  year.  The 
post  of  fuel  has  been  taken  as 
follows : — 


Fig.  31.— Hohnsby-Ackroyd  Oil  Engine. 

cases,  which  shows  that  the  Diesel  engine  is  easily  at  the 
head.f 

In  many  industries  a  prime  mover  is  required  that  has  to 
give  occasionally  for  sliort  periods  a  considerably  greater 
power  than  the  average.  In  such  cases  the  condensing  steam 
engine  has  an  advantage,  because  it  can  for  short  periods  give 


Oil   

Coal  for  pressure  pro- 
ducers   

Coal  for  suction  pro- 
ducers   

Coal  for  steam  boilers . 


42s.  per  ton. 

18s.  ，， 

28s.  ，， 
18s.  ，， 


It  will  be  seen  that  the  annual  cost  of  running  the  overtype 
superheated  steam  engine  is  £53  less  than  that  of  the  Diesel 
engine  when  all  conditions  and  items  of  expense  are  taken  into 


OWCRfLOW  OIITLf 


；丄 2      \  AI'OJUSKR  VaI,\  i;SI'>0\,  HoltNSliY-AcKRCJVI^Olh  KNOIM:. 


as  much  as  50  per  cent,  above  the  rated  power.  In  this  con- 
nection, it  may  be  pointed  out  that  under  similar  circum- 
stances the  non-condensing  engine  can  give  10  per  cent,  above 
tlie  rated  power  ami  the  Diesel  engine  can  also  give  10  per 

♦  Howard  lectureM  delivered  Ijefore  the  Royal  Society  of  Arts,  April-May,  1912. 
lif;|>rodnccd  from  U":  "Journal  of  the  Koyal  Society  of  Arts." 

t  In  most  of  t>ic  IU  him  two  lines  arc  given.  The  first  refers  to  an  enyine  whose 
i  fiUifl  load  in  100I5  H.I'.,  anrl  the  Hcoond  to  a  larger  engine  capable  of  developinti 
IX)  B.H.P. 


Fig.  33.  -Section  of 


Cuoss  OilIEnx.im:- 


consideration.  The  conditions  assumed  are  not  at  all  unusual 
for  small  plants,  but  obviously  they  may  be  so  varied  as  to 
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produce  very  differeiii/  results,  and  each  case1  must  be  con- 
sidered on  its  own  merits,  but  the  above  will  give  an  idea  how 
to  proceed.  Especially  is  it  easy  to  make  a  correction  should 
the  price  of  fuel  vary  from  that  given  above.  Thus  if  tlie 
price  of  fuel  oil  is  increased  to  55s.  a  ton,  the  cost  for  fuel  for 
Diesel  engines  would  be  x  ^  =£330，  and  hence  the  aimual 
cost  would  be  increased  to  £1,010. 

Various   Heavy  Oil    Engines.    TIip  |n'pceding  remarks  n、"'r 

T  Alil.K 


The  Allen  is  an  explosion  engine  with  a  hot-pot  vaporiser  ； 
a  blow  lamp  is  used  for  heating  the  hot-pot  for  starting,  or  the 
online  may  l>e  started  oil  petrol.  The  ignition  is  also  ensured 
l»y  ； t.  magneto,  and  these  engines  use  |>;miH'm  oil  of  0'82  sp.  gr.， 
and  are  built  from  2\  b.h.p.  at  800  revolutions  to  75  b.h.p.  at 
500  revolutions. 

The  Cross  engine,  built  by  the  Westinglious©  Brake  Com- 
pany, is  shown  in  Fig.  33.  As  will  be  seen,  it'  has  a  divided 
IX. 


Description  nl'  1' 


( 'alorilic 
Villi"'  of 
l'，u,'l， 
B.Th.U. 

PIT  11). 


N(iii-((iii(lciisin^  slcani  jilaul 


( 'oiidcnsiiij;  steam  plant   

Overtype  .superheated  condt'iising  slcani 

("las-engine  pL-cssuro  prdduccr   

tJas-i'iigiiie  suction  proilucer  

Oil  engine   

Diesel  engine   


13,000 

13,000 
13,000 

13,000 
14,000 
1"，I,0I> 
IS. -,(io 


Total  fuel  iii'qiiir<i 


lldiir  at  Various  J'nipoitiims  of 
l'，ull  Load. 


(Quarter 
load. 
25 


200 
！ )5 
55 
:{7 
5：} 
34 
4!t 
2(i 
：{：! 
II; 
I!) 


Half  load 
50 


240 
I2<l 
75 
."»!» 
70 
53 
(i4 
40 
411 
25 
27 


Full  load 
100  B.H.R 


270 
：520 
I!)0 
1:") 

m 

104 
85 
!)(> 
()5 
72 
45 
45 


10  per  cent. 
Overload. 
110 


2!»() 
:iW 
2KI 
150 

no 

104 

78 
.r>l 
50 


50  per  cent. 
Overload. 
150 


410 

:uo 

230 
140 
130 
97 
09 


Table  X. 


i)e.sci'i|)tion  of  Plant. 

Capital 
at  5 
per  cent. 

Fuel 
Weight. 

Fuel 
Cost. 

Stores 
Laboiif. 

Maintenance, 

Repairs, 
Dcpri'oiation 

Total 
Annual 

Cost. 

£ 

Toiw. 

£ 

£ 

£ 

£ 

125 

1,022 

！ )20 

150 

250 

1,445 

120 

607 

546 

150 

240 

[,05(； 

Overtype  superheated  coiidciLsing  strain  pliiiit  

122 

415 

373 

140 

244 

879 

167 

305 

275 

220 

334 

996 

147 

282 

395 

170 

294 

1 扉 

150 

1!1：{ 

405 

200 

300 

1,055 

1(50 

120 

252 

200 

320 

932 

principally  to  Diesel  engines.  There  are  many  other  heavy 
oil  engines  on  the  market,  both  of  the  explosion  and  of  the 
combustion  type,  and  tlie  following  have  been  selected  as  being 
representative  of  the  various  types  ： ― 

The  Hornsby-Ackroyd  engine  is  one  of  the  earliest  of  the 
explosion  engines,  and  it  is  understood  that  some  40,000  of 
them  have  been  made.  Fig.  31  shows  a  section  through  the 
cylinder  of  one  of  these  engines,  and  Fig.  32  gives  an  enlarged 


combustion  chamber,  and  there  are  two  air  inlets,  one  through 
the  combustion  chamber  and  a  second  through  the  valve 
pocket.  As  the  piston  nears  the  top  of  its  stroke  the  supply 
through  the  valve  pocket  is  cut  off  and  a  charge  of  air  at 
1501bs.  pressure  is  trapped  in  this  valve  pocket.  The  fuel  is 
injected  at  the  top  of  the  stroke  in  a  fine  spray  by  means  of  the 


J^'io.  34  — Skction  of  Vvkl  Vvmv.   C^huss  Oil  KNciiNE. 


view  of  the  vaporiser  valve  box.  Tlie  relief  valve  is  regulated 
by  the  governor;  the  oil  pipe  delivers  a  oonstant  amount  per 
stroke,  and  the  amount  not  required  to  deal  with  the  load 
flows  b;u'k  into  the  tank  through  the  relief  valve.  The  com- 
pression has  to  be  adjusted  to  suit  tlie  oil  in  use  ；  the  most 
usual  oil  for  these  engines  is  Russian  oil  of  a  specific  gravity  of 
0*823  to  0'825,  but  they  also  work  satisfactorily  with  Texas  oil 
o(  0*933  sp.  gr.  The  oil  consuin])t  ion  is  stated  to  be  0'6741b.  of 
Texas  oil.    Tliese  engines  are  listed  to  al^out  370  b.h.p. 


Fui.  35.— Huston  ruocxou  Oil  hxciiNE. 

sju-cia]  pump,  a  section  of  which  is  given  in  Fig.  34,  There 
are  two  suction  and  two  delivery  valves  driven  by  a  cam  and 
under  the  control  of  the  governor.  The  fuel  injected  into  the 
hot  compression  chamber  ignites,  no  matter  how  small  the  load 
may  be,  and  on  the  piston  descending  the  air  charge  trapped 
iii  t he  valve  pocket  completes  the  combustion.    The  hot  bulb 
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is  of  small  size,  and  only  requires  about  three  minutes  to  heat 
it  by  a  blow  lamp.  These  engines  are  built  up  to  about  40  h.p. 
in  four  Hues.  The  specific  gravity  of  the  oil  used  is  0*85.  In 
this  engine  it  is  probable  that  a  portion  of  the  oil  is  exploded, 
followed  by  combustion.  The  engine  may  therefore  be  said  to 
be  partially  of  the  explosion  aud  partially  of  the  combustion 
type,  or,  as  they  are  sometimes  called,  of  the  semi-Diesel  type. 

The  Huston-Proctor  engine  is  shown  in  Figs.  35  and  36，  the 
last  of  which  gives  a  section  through  the  cylinder  breach. 
Like  the  Diesel  engine,  it  compresses  pure  air,  but  the  com- 
pression, which  is  from  2701bs.  to  2801bs.  per  square  inch, 


oil.  These  engines  are  principally  intended  for  the  propulsion 
of  small  ships,  such  as  fishing  vessels,  &c,，  and  very  large 
numbers  have  been  supplied  for  these  purposes.  The  reversal 
of  the  engine  is  effected  by  means  of  an  apparatus  diagrarn- 
niatically  shown  in  Fig.  38."  Tliere  are  t wo  fuel  pumps,  the 
plungers  of  which  are  marked  B  and  C  respectively  ；  A  is  the 
fuel  pump  ；  B  is  the  normal  pump  worked  by  the  pecker  F 
actuated  as  shown  in  the  figure.  The  full  pump  supply  only 
comes  into  action  when  the  direction  of  rotation  of  the  engine 
is  to  be  changed  either  from  ahead  to  astern,  or  from  astern 
to  ahead.    To  change  the  direction  of  the  engine  from  tliat 


Kl(i.  3li  — Kustun-Puoctou  Oil  Engink. 

produces  a  temperature  insufficient  to  ignite  the  oil,  aud  the 
necessary  temperature  has  to  be  obtained  by  the  addition  of  a 
hot  bulb.  This  engine  is,  therefore,  also  of  the  so-called 
semi-Diesel  type.  The  hot  bulb  is  heated  by  a  lamp  to  a  dull 
red  before  starting,  an  operation  which  requires  about  20 
minutes,  and  it  is  maintained  at  this  temperature  during 
running  by  a  water  injection.  The  mean  pressures  obtainable 
are  841bs.  with  crude  oil,  and  801bs.  with  Italian  refuse.  The 
oil  consumption  is  0*451b.  and  0'491b.  per  brake  horse-power 
hour  respectively,  according  to  test  made  by  Prof.  Robiuson 
on  a  50  b.h.p.  engine.  A  speciality  of  this  engine  is  the  way 
in  which  the  fuel  is  injected  :  a  needle  valve  is  lifted  by  the 
action  of  the  pressure  produced  by  the  oil  fuel  pump,  and  a 
swirling  motion  is  given  to  the  oil  by  means  of  a  special  device. 
The  governor  actuates  a  by-pass  which  opens  the  instant  the 
necessary  fuel  has  been  injected,  thus  reducing  the  pressure 
and  causing  the  needle  valve  to  drop  and  shut  ofi  the  oil. 

The  Petter  engine  is  a  2 -stroke  engine  of  the  semi-Diesel 
type.  The  scavenging  air  is  compressed  in  the  closed  crank 
chamber  on  the  down  stroke  of  tlie  piston .  This  air  clears 
out  the  exhaust  products,  and  on  the  up  stroke  pure  air  is 
compressed  to  a  moderate  pressure  and  the  fuel  oil  is  injected 
by  a  pump,  and  by  a  special  arrangement  is  intimately  mixed 
with  tlie  compressed  air.  These  engines  work  with  "  fuel  "  oil 
of  0  93  sp.  gr.，  and  the  consumption  of  oil  of  0'93  sp.  gr.  is 
stated  to  be  0'471b.  per  brake  horsepower  hour. 

The  Bolinder  engine  is  of  tlie  explosion-combust  ion  type  ； 
the  makers,  like  many  others,  object  to  the  name  "  senii- 
Diesel."  Its  action  will  be  easily  realised  from  Fig.  37.  Jusl, 
before  the  bottom  of  the  stroke  the  exhaust  valve  G  is 
uncovered,  and  almost  immediately  after  theporl  H  opens  and 
admits  the  scavenging  air  compressed  in  the  closed  crank 
chamber  by  the  descending  piston  which  sweeps  out  the 
remaining  products  of  combustion.  By  the  special  shape 
given  to  the  top  of  the  piston,  this  air  finds  its  way  into  the 
hot-pot  E，  to  clear  out  the  exhaust  products  there.  These 
engines  are  made  in  from  one  to  four  lines,  and  from  5  b.li.p. 
to  320  b.h.p.  The  consumption  of  Scotch  shale  oil  varies  from 
lib.  to  0'61b.  per  brake  horse-power  hour,  according  to  t  he 
size  of  the  engine.  At  heavy  loads  water  is  injected  into  the 
hot-pot  to  prevent  it  getting  too  hot,  and  thus  "  cracking  ，，  the 


Fig.  37.— Bolinber  Oil  Engine. 

shown  by  the  arrow,  the  lever  G  is  pulled  over  to  the  right  ； 
this  brings  the  link  K  into  contact  with  the  friction  wheel  D 
and  by  means  of  the  mechanism  shown  puts  the  pecker  F  out 
of  action,  bringing  pecker  T  into  action.  The  pump  C  is  so 
timed  as  to  inject  the  charge  of  oil  before  the  piston  reaches 
the  top  of  the  stroke  ；  this  checks  the  up  stroke  and  drives  the 
piston  down  in  the  reverse  direction. 

An  engine  has  recently  been  proposed  by  Mr.  Durtnall, 
which  is  of  the  Diesel  type,  but  the  suction  valve  is  arranged 


Fig.  38.— AkuanctKmknt 
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to  close  before  the  end  of  the  out  stroke,  so  that,  as  shown  in 
Fig.  39，  pure  air  is  drawn  in  from  A  to  B，  and  this  air  is 
expanded  along  the  line  B  C  to  the  end  of  the  stroke  at  G. 
The  reduction  in  pressure  at  the  end  of  the  stroke  acts  as  an 
air  cushion,  arresting  the  motion  of  the  parts  and  reducing 
the  bearing  pressure.  On  compression  of  the  stroke  the  indi- 
cated diagram  follows  the  line  C  B  D,  and  the  compression 
space  in  the  cylinder  can  be  so  arranged  that  the  pressure  at 
D  shall  be  5001bs.  per  square  inch  needed  for  heavy  oil  igni- 
tion.   D  E  shows  the  full  admission  as  iu  a  Diesel  eugiue,  and 
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the  expansion  E  F  G  is  extended  to  atmospheric  pressure. 
The  exhaust  of  this  engine  would  therefore  be  at  constant 
pressure.  B  D  E  F  B  would  be  the  diagram  of  ilie  ('orre- 
spouding  Diesel  engine.    The  theoretical  thermal  efficiency  of 


Co>!>rAM'  Vol i" ml 


xplosive  mixture  is  produced 


by  vaporisation  of  tho  oil 
either  at  atmospheric  tcni- 
pcratui'O  (light  oil-)  or  at  a 
I)  i.l;  her     tL'inpciMturo  {heavy 


Compressed  iu  the  cyliu'lcr  pi  i 
to  explosion  by  a  hot  tube 
bulb,  or  by  an  electric  spui k 

ComprcsEion  limited  upwards 
avoid  pre-ignition 

Lo、v  Compression 
so  lbs.  por  square  iuch. 
Sp.  Or.  O'OH  to  U- 


^AHTI-V  CONSTAM 


compressed 
before  the 


I'^mtion  b  caused  by  the  tcm- 
pcnituie  of   the  compressed 


Coini'tv"ioii  1 1  mitod  downw.inls 
to  cusui L'  i^nitiou 


1 1 1 c , i I  COMI'/tlCSSIOS 

00  lbs.  per  squarrt  incl 
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striking  against  ti  Uut  .■jui-iacc 
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Light  and  Heavy  Oii'  Engines. 
this  type  of  engine  would  therefore  be  greater  than  that  of  the 
pure  Diesel  engine. 

In  conclusion,  the  chart,  Fig.  40，  is  given,  discriminating 
between  the  various  types  of  light  and  heavy  oil  engines. 


Boiler  Accident  on  a  Warship. ― Through  the  blowing  out  of 
a  boiler  head  on  board  the  U.S.  battle-ship  "  Vermont  ，，  on 
November  1st,  six  men  were  more  or  less  scalded,  three  of 
them  so  seriously  that  they  died  in  hospital  on  the  following 
day. 

Flywheel  Accident.  ―  An  accident  occurred  at  Llanelly  on 
the  8th  inst.  to  an  engine  at  the  Burry  tinplate  works  of 
Richard  Thomas  &  Co.，  Ltd.  The  flywheel,  weighing  over 
25  tons,  burst  and  was  hurled  through  the  roof.  One  portion 
travelled  300  yards,  and  other  pieces  of  the  wheel  fell 
dangerously  near  several  houses.  A  girl  was  struck  by  a 
brick,  but  she  escaped  serious  injury. 

The  Need  for  Closer  Co  operation  between  Engineers  and  Architects. 
― At  the  opening  meeting  of  th-e  new  session  of  the  Royal 
Institute  of  British  Architects,  the  president,  Mr.  Reginald 
Blomfield,  speaking  of  steel  construction,  said  Prof.  Archibald 
Barr  had  called  attention  to  the  unfortunate  severance  of 
engineering  from  artistic  design,  and  had  said  that  the  engi- 
neer took  a  too  exclusively  utilitarian  view  of  his  calling,  and 
architects  had  】iot  sufficiently  mastered  the  science  of  steel 
construction  to  be  able  to  design  in  it  freely.  He  thought 
Prof.  Barr  was  right,  and  the  conclusion  to  b©  drawn  was 
that  in  the  modern  practice  of  architecture  the  necessity  of 
the  study  of  scientific  construction  became  more  and  more 
urgent.  But  he  did  not  believe  that  the  whole  future  of 
architecture  rested  with  steel  construction  or  reinforced  rm 卜 
crete.  Brickwork  and  masonry  must  always  hold  their  place 
in  buildings,  and  though  architects  would  do  well  to  avail 
themselves  of  all  the  resources  of  applied  science  there  was  no 
reason  for  throwing  up  llieir  familiar  tools  and  rushing  head- 
long into  methods,  however  their  promise,  which  had  not  yet 
stood  the  test  of  time.  While  lie  heartily  endorsed  Prof. 
Barr's  appeal  for  more  thorough  study  of  construction,  and 
for  closer  co-operaliou  l>etween  tlie  engineer  and  the  arcliiiect  ， 
he  did  not  think  that  architecture  was  going  to  be  stranded 
lii^h  and  dry  by  the  engineer. 


CENTRIFUGAL  GOVERNOR  FOR  SPEED  INDICATORS. 

The  acoompanyiug  illustration  shows  an  arrangement  of 
centrifugal  governor  device  for  speed  indicators,  the  joint, 
invention  of  Messrs.  S.  Smith  &  Son，  Ltd.,  9，  Strand,  Wesl - 
minster-,  and  Mr.  P.  O.  Dorer.  Upon  the  spindle  A  is 
carried  a  ring  B  which  constitutes  tlie  centrifugally- operated 
element.  A  support  for  tlie  ring  is  provided  by  two  pivots 
disposed  across  the  diameter  of  the  ring,,  the  pivots  being 
carried  by  a  bell-like  sleeve  C  rigidly  connected  to  the 
spindle  A.  A  sleeve  D  is  inounted  upon  the  spindle  and  is 
provided  with  a  hook  E  rigidly  secured  to  it,  and  which 
engages  a  pin  provided  with  an  ant  i-i'rict  bowl  F  mounted 
in  the  ring  B.  Between  the  sleeve  D  and  the  bell-shaped 
sleeve  C  is  a  controlling  spring  in  compression.  The  sleeve 
D  carries  a  rack  G，  and  is  cut  away  as  shown  in  order  to 
balance  the  centrifugal  action  of  the  hook  E  which  is 
mounted  on  that  side  of  the  sleeve.  The  spindle  is  driven 
by  a  pinion  H ,  ； i  nd  t  he.  rack  (J  en^a^e's  a,  pini(m  J  connected 
to  the  speed  indicator  pointer. 

The  operation  of  the  device  is  as  follows :  When  the 
spindle  is  revolved  centrifugal  forces  tend  to  make  the  ring 
B  assume  a  horizontal  position,  such  as  is  indicated  in  chain 
line  in  Fig.  1 .  As  the  ring  moves  from  the  position  of  rest 
shown  in  full  line,  it  carries  with  it  the  hook  E，  so  dis- 
placing the  sleeve  D  against  the  controlling  force  of  the 
spring    finally    taking    up    some    position  intermediate 
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between  the  position  of  rest  and  that  shown  iii  chain  line. 
The  condition  of  the  sleeve  D  under  the  action  of  the  force 
applied  to  the  hook  E  and  that  exerted  by  the  spring  is 
one  in  which  it  is  tilted,  or  tends  to  ba  tilted,  owing  to  the 
want  of  lateral  symmetry  arising  from  the  fact  that  only 
one  hook  is  employed.  The  result  of  this  is  that  friction  a  1 
binding  between  the  sleeve  and  the  spindle  tends  to  be  pro- 
duced, and  would  be  unchecked  if  the  cam-face  N  of  the  hook 
were  at  right  angles  to  the  spindle,  and  would  be  enhanced 
if  the  face  N  were  upwardly  sloped.  By  giving  to  the  face 
N,  however,  a  slight  downward  (as  viewed  in  Fig.  1)  slope, 
a  force  is  introduced,  by  the  action  thereon  of  the 
pin  on  which  the  anti-friction  bowl  F  is  mounted, 
which  counteracts  more  or  less  completely  the  tilting 
action,  so  reducing  or  eliminating  tlie  consequent  binding 
effect.  The  reduction  or  removal  of  the  binding  effect  has 
for  its  result  a  greater  responsiveness  in  tlie  indications  of 
the  instrument,  that  is  to  say,  there  is  a  less  change  of  sj>eed 
necessary  to  produce  some  movement  of  the  sleeve  D,  since 
the  latter  is  no  longer  held  by  the  same  frictional  bincliji^ 
force,  and  does  not  therefore  require  the  same  force  to  be 
exerted  before  it  will  move. 


Personal. ―  The  London  Covuity  Council  have  promoted 
Mr.  G.  W.  Huinphreys,  tlie  Deputy  Chief  Engineer  of  the 
Council,  as  from  ，1amiar\-  1st  next  to  he  Chief  Engineer  and 
County  Council  Surveyor  at  a  salary  of  £2,000  per  annum. 
There  were  4】  applications  for  the  position  vacant  by  the 
resignation  of  the  late  Chief  En^itieer,  wlio  left  tlie  service 
of  tlie  (V)im('il  to  si  art  in  private  practice. 
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INDUSTRIAL  AND  TRADE  NOTES. 

A  New  Pump  Valve— The  Dennatine  Company,  "t  it:i  and  «)5,  Neate 
St  root,  Camberwell,  London,  S.E"  have  just  introduced  a  now 
valve  called  S.B.  This  is  suitable  where  gritty  or  dirty  water 
is  met  with,  and  is  of  particular  interest  to  engineers  of  water 
works  and  others  in  charge  of  deep  Avell  pumps.  The  company 
w  ill  bo  pleased  to  send  full  particulars  to  engineers^  &c. 

Light  Railway. ― The  Board  of  Trade  have  recently  coniirnied  the 
ujidor-inentioned  Order  made  by  the  Light  Railway  Commis- 
sioaers :  East  Kent  Light  Railways  (Extensions)  Order,  1912， 
authorising  the  construction  of  light  railways  in  the  county  of 
Kent,  from  Wiugbam  to  Stodhiarsh,  and  from  Great  Mongeham 
to  Ripple,  in  extension  of  the  light  railways  authorised  by  the 
East  Jveut  Light  Railway  s  Orders,  1911. 

Scottish  Blastfurnacemen's  Wages.— As  a  result  of  the  report  by  Mr. 
John  M.  MacLeod,  C.A.,  Glasgow,  to  Messrs.  J  as.  C.  Bishop  and 
J  as.  Gavin,  joint  secretaries  ot  the  Board  of  Conciliation  between 
the  owners  of  blastfurnaces  in  Scotland  and  blastfurnacemen  as 
to  the  price  of  Scotch  pig-iron  warrants  in  the  Glasgow  market 
tor  the  months  of  August,  September,  and  October,  1912,  there 
is  ； i  rise  of  10  per  cent,  in  the  wages  of  the  workmen. 

Meldrum  Bros.,  Ltd. ― The  works  and  assets  of  this  company  at 
Timpoiley,  Cheshire,  which,  with  the  goodwill,  for  two  or  three 
years  have  been  in  the  hands  of  a  liquidator,  have  together  been 
transferred  to  a  new  company,  formed  for  the  purpose^  which  will 
continue  the  business  under  the  style  of  "Meldrums,  Ltd./'  ot 
which  company  Mr.  John  W.  Meldrum,  Avbo  has  been  manager 
during  the  liquidation,  will  be  the  managing  director. 

Scottish  Ironmoulders'  Wages  Increased.  ― An  adjourned  conference 
I m: twee ii  representatives  of  the  National  Light  Casting  and  Iron- 
ioundery7  federation,  the  Associated  Ironmoiilclers  ot  Scotland, 
and  the  Central  Iroumoulders'  Association  was  held  on  the  28th 
ult.  at  Glasgow,  to  consider  the  claim  of  the  men  tor  an  increase 
of  wages.  After  an  exchange  of  views  extending  over  hve  hours 
the  conference  agreed  that  there  should  be  an  increase  of  wages 
to  the  extent  of  2^  per  cent.'  beginning  from  February  3,  1913. 

Appointment  of  H.M.  Trade  Commissioner  for  Australia. ― The  President 
ot  the  Board  of  Trade  lias  appointed  Mr.  G.  T.  Milne  to  be  H.M. 
Trade  Commissioner  for  the  Commonwealth  of  Australia,  in  suc- 
cession to  Mr.  C.  Hamilton  \\  icke^,  who  has  been  transterred  to 
Canada.  Mr.  Milue  is  at  present  completing  an  enquiry,  on. 
behalf  of  the  Advisory  (Committee  to  the  iJoard  of  Trade  on  Com- 
】n("*(  iiil  Intelligence,  into  the  conditions  and  prospects  of  British 
Trade  in  Central  America,  and  will  proceed  to  Australia  early 
next  yc;i  r. 

An  Oil-Tanker  Boom. ― It  is  estiina,ted  that  115  oil- (； arryiug  sliips  are 
now  under  construction  in  this  country  and  abroad.  The  demand, 
in  fact,  is  so  great  that  the  firms  who  specialise  in  this  class  ot 
work  are  only  accepting  contracts  for  delivery  a  long  time  ahead. 
Owing  to  the  impossihility  of  obtaining  prompt  tonnage  for  the 
conveyance  of  petroleum  and  other  liquids  in  bulk,  some  owners 
are,  we  learn,  buying  ordinary  cargo  boats  for  conversion  into 
Uinkcr.s.  The  Admiralty,  whicli  already  owns  three  oil- carriers, 
lius  ordered  another  four  to  be  built,  all  to  be  fitted  with  intornal- 
coinbustion  engineSj  which  will  be  built  at  Barrow  and  at  Cowes. 

Shot-firing  in  Mines. — In  view  of  representatious  whicli  have  been 
mude  to  the  Home  <  )lfice  on  tlie  subject  of  tlie  |HoluljiLion  of  squibs  for 
tin?  purpose  of  firing  shots  in  coal  mines  where  safety  lamps  are 
not  r^juired  to  l>e  used,  the  Home  Secretary  li;is  appointed  a 
tonimittoo  to  oiujuire  and  report  on  the  matter,  and  particu- 
larly as  to  \vl Hither  the  use  ot  squiljs  in  these  mines  is  attended, 
with  such  special  (ianger  as  to  make  it  <lo*iiraljle  that  this  method 
ot  firing  shots  should  Ik;  prohil>itod,  and,  it  not,  whether  any 
special  conditions  in  rogarcl  to  the  niaiiufa<;ture  and  uhg  of  squibs 
slioukl  be  laid  down.  The  committee  consists  of  Mr.  H,  Johnstone 
(inspe<:U)i-  of  mines  for  the  Midland  and  Soiitlicni  Division)'  M r. 
A.  M.  "ml,,  and  Mr.  S.  \V;il«h3  AI  R 

Propoied  New  Mining  Laboratory  lor  Edinburgh.  ― A  proposal  is  under 
coiisidci  aiion  to  <M  ('<-i  a  lunv  uiiiiing  la  horatory  in  coiuicction 
、、i"i  ""，  H«riot-\Vatt  Co\U%v}  Kdinlmrgli.  Mr.  Hriggs,  the  niin 
i，ig  l<'<-.turcr  at  the  College,  in  ； i  import  on  the  sebenu^  urges  tlie 
ii''"d  lr>r  ； i  university  degree  in  mining  in  Edinburgh.  A  throe 
•v'':i，V  mining  corn's^  \vlu»thcr  for  dipJonm  or  d(»grec,  cannot  bo 
romplcto  witliout  the  niotitllihMons  lirancli  being  studied 
； is  、、（'ll  ； is  t)i;it  f)l  coal.  Kxin'ricMcc  has  sliown  tliat  tluMc  is  a 
consi<I<T;i l>!c  (Icmi;iik1  iOv  training  in  mot;il  mining  in  lr,<linl)uigh. 
Jt  is  ivm:' rkable  that  at  present  thtsrc  is  no  institution  in  the 
J，''"st  ol  Scotland  in  w  liich  ""'Uiihirgy  is  taught.  Tlio  full  scheme 
川；' l"'s  I'rm  isimi  lor  tlie  following  rooms :  Coal  "liiiing  hlmratoi'y, 
t"',  ^'； js  t«-stii^  l;d»or;itorios,  i'"s，，ardi  j;tl",r;it()r.v，  nictiilliirgical 
hilHHiiLor.v,  "iirr"K';i|""f:，  w'f  tmii  (Mittin^,  :iti(l  plioiogiapliic 
rooms,  drawing  office,  rescue  apparatus  room,  lecturers'  private 


rooms  and  office,  museum  and  library ,  metallurgical  and  mining 
loc'tur(，  thcatreSj  central  machinery  hall  and  ore-dressing  and 
coal- washing  laboratories. 

International  Exhibition  at  Ghent.— Particulars  of  tlie  spaces  taken 
by  the  various  countries  officially  (exhibiting  at  the  luternatiojial 
Exhibition  at  (ili("it，  l(JJ:i,  have  j ust  been  announced  by  tlie 
Belgian  autlioritics.  The  British  pavilion  has  an  nron  ot  101 ,000 
sq.  ft.  Of  this  space,  1)1)，1)00  sq.  It.  is  to  be  fillo<l  with  a  display 
ot  textile  nuK-liinery  and  machine  tools,  while  the  remainder  is 
taken  up  with  an  exhibit  of  arts  and  crattSj  pottery,  and  a  display 
by  the  British  Government.  The  organisation  ot  the  Jirjti.sli 
； section  is  in  the  hands  of  the  J^xhibitions  Branch  of  the  JJoard 
of  Trade3  Queen  Anne's  ChaniljtH's^  Westminister,  S.W .  Hi" 
(Janadian  pavilion  has  an  a rea  ot  80,000  sq.  ft.  The  official 
J^'rench  pavilion  is  over  twice  the  area  of  the  British,  and  l，r("i(:h 
firms  have  between  the  in  taken  a  still  larger  area,  the  total 
reaching  8(jQ,O0U  sq.  ft"  or  nearly  2U  acres.  The  German  exhibit 
is  to  be  housed  in  a  special  pavilion  of  modern  and  striking 
design,  and  、vill  occupy  1. 10,000  sq.  ft.  Belgium,  of  cour.se；  has 
taken  a  large  ainouiit  ol  space.  The  whole  exhibition  covers 
roughly  2o0  acres,  winch  is  5U  acres  more  than  the  great  exhiln- 
tion  ai  Brussels  in  1U1U. 

Co-uperation  in  Commercial  Development.— In  the  last  leport  of  tliu 
colonial  series  recently  issued,  dealing  with  the  work  during  1911 
ot  the  Imperial  Institute,  the  director  reports  continued  progress 
in  those  special  cominerciai  investigations,  especially  of  now 
sources  of  raw  materials,  whicli,  while  primarily  conducted  ior 
the  Dominions  and  Crow  n  Colonies  by  the  scientitic  and  technical 
statt  of  the  Institute,  are  also  of  material  assistance  to  tlie 
British  manutactuivr  and  merchant.  The  mineral  surveys  insti- 
tuted and  yuper\'ised  by  tlie  J inpenal  Institute  are  an  ini],jort;i.jit 
branch  ot  its  、vork,  and  have  yielded  valuable  l'esults  to  both 
coninieixe  a nd  science.  丄 u  Soutlierii  Nigeria  the  mineral  survey 
has  been  the  means  ol  re\  tailing  the  sources  oi  fuel  which,  it  is 
hoped,  will  be  of  immense  value  to  the  whole  ot  West  Atrica,  and 
tlie  reports  show  that  the  work  ot  the  Imperial  Institute  lias 
brought/  the  matter  well  witbiu  the  sphere  oi  cominerciai  enter- 
prise. With  the  sanction  of  the  foreign  OtticCj  a  miuerai  sui\uy 
lias  also  been  organised  in  the  territories  ot  the  Mozanibiquu 
Company,  in  Portuguese  liiast  Africa.  The  scientitic  and  teclmi 
cal  aepartment  of  the  Institute  works  in  co-operation  with  the 
mines  Uepartmenta  m  the  Colonies,  whose  operations  it  fc>upx)le- 
nients  by  undertaking  investigations  and  enquiries  of  a  special 
scientific  and  technical  character  connected  with  mineral  develop- 
ment. 

bisputes  in  the  Engineering  Trade. ― At  a  meeting  of  tlie  lmiiutriul 
Council,  held  on  the  (ith  inst.  in  London,  Sir  George  Askwith 
presiding,  evidence  was  submitted  on  behalt  of  the  employers 
uy  Mr.  .vihui  -VL.  ； Smith,  secretary  of  the  Engineering  Employers 
oderation.  Keplying  to  Sir  George  Ask^  itu  on  the  question  ot 
the  advisability  ol  the  introduction  of  a  third  party  in  the  mat- 
ter ot  a  trade  dispute,  he  said  he  had  no  desire  to  mniimise  the 
usetulness  ot  outsiders,  but  the  Federation  held  very  strongly  to 
thti  view  that,  if  tliey  would  come  to  an  agreement  witii  the 
unions  representing  tlieir  workmen,  there  was  a  very  mueii 
greater  chance  ot  tlieir  arriving  at  an  hannonious  conelu»iun  lliaa 
it  an  outsider  came  in,  on  the  ground  that  family  quarrels 
were  beat  settled  without  outside  interference.  He  opposed  the 
suggestion  that  difficulties  should  be  settled  by  arbitration.  There 
had  liitlierto  been  no  difficulty  in  getting  either  side  to  meet  the 
other,  except  iu  one  or  two  isolated  cases  where  the  old  system 
was  still  in  vogue,  and  the  employer  did  not  desire  to  deal  witii 
trade  unionists.  Agreements  were  not  arrived  at  in  a  hurry. 
He  knew  of  cases  where  agreements  liad  taken  seven  years  in  the 
making.  Tlie  re  was  machinery  in  existence  for  the  avoidaiici1  of 
disputes,  and  this  resolved  itself  into ― first,  a  coniereiice  Ijotwecu 
the  masters  and  the  men's  section;  second ^  a  meeting  between  the 
h'cflcration  and  the  trade  union  officials ；  and,  third3  it'  no  settle- 
ment had  boon  arrived  at  the  question  in  dispute  must  be 
referred  to  the  contral  authority  of  the  Federation.  This  pro- 
codurc  was  a  necessary  preliininary3  and  stoppage  oi  work  beioiv 
it  luul  been  cairiod  through  constituted  a  breach  of  a^reemunt, 
]>ut  at  the  conclusion  of  the  complete  procedure  the  contcuuhn^ 
l>artios  could  tako  what  action  they  chose.  He  did  not  think  any 
industrial  agreomcnt  u oukl  be  satisfactory  uikIct  any  circ\iiii- 
stancos  tin  less  tluu*o  was  some  agreement  that  they  were  coni- 
p(、lle(l  to  discuss  prior  to  any  extreme  stop.  In  the  event  of  sucli 
a  breach  of  agreement  a  monetary  penalty  should  be  imposed 
at  tho  rate  of  so  】nu('h  por  man  per  day  so  long  as  the  strike 
lasted.  He  sul>mittod  that  tho  cniorccniont  ot  industrial  agiw- 
nii'iits  hy  criminal  process  had  not  proved  a  success,  hut  such  t'n - 
forctMiHMit  Ity  civil  process  did  not  prosont  tlio  samo  clifticultios. 
A  most  iniport;'iit  consideration  in  organisation  was  the  suhjtH- 
tion  ol  tli(、  individual  to  iUv  disciplino  ol"  tlio  governiiig  l""l.v. 
； uid  ii  u;is  suggested  that  both  tlio  omployors  and  workinon 
.should  he  responsible  tlirougl»  their  rebpectivo  organisations. 
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NEW  PATENTS, 

Specifications  of  the  following  are  now  published }  and  we  shall 

be  pleased  to  forward  copies  post  free  on  receipt  of  Wd,  Address 
" Mechanical  Engineer^  55，  New  Bailey  Street,  Manchester. 

MECHANICAL,  1911. 

M(i(thanism  for  the  starting  with  compressed  air  of  multi-cylinder 
iiitcriKil-combustion  engines.    Marks  18665, 

Heat-storage  devices.  British  Thomson-Houston  Company.  18676. 

Uotiiting  cutter  machines  for  shearing  metal.    Hendee.  18694. 

(icar-ciitting  machines.    Darling,  Sellers,  <fe  Spencer.  19145. 

Manufacture  of  steel  sheets  for  use  in  making  tin  plates.  Bevan. 
23002. 

Vapour  burners  for  steam  generators.    Galvao.  23132. 
Internal- combustion  engines.    James,  Orr,  &  Maude.  23332. 
Draught-regulating  devices  for  fire- tube  boilers.    Schulz.  23352. 
i\l auufacture  of  steel.    Wilmot.  23526. 
Turbines.    London.    23"3 1 . 

Propulsion  of  vessels.  Thornycroft,  and  John  I.  Thornycroft  and 
Co.  23746. 

Pneumatic  railway  signalling  systems.    Glenn.  23818. 

Apparatus  for  treating  gases  and  vapours  with  liquids.  Fowler 
' and  Medley.  23864. 

Devices  for  grinding  circular  cutters  having  a  plurality  of  cutting 
blades.  J  err  am,  and  British  United  Shoe  Machinery  Com- 
pany. 23939. 

Testing  or  gauging  attachment  for  use  with  scribing  blocks  or 

calipers.    Grant.  23947. 
\ '； ih-es  with  two  or  more  seats.    Romanou  sky.    24231 . 
V;uie  wheel  inmip.    Wacliter.  24483. 

Method  of  and  nicaiis  tor  lvmoving  tallon  snnd  from  or  for  <*Io;ui- 

ing  moulds  prior  to  casting.    Ijockart.  24845. 
M en ns  for  cooling  internal-combustion  engines.    Weller.  42oo()4. 
Vaporisers  for  intern nl-combustion  engines.    Dawson.  26385. 
Rotary  engine.    Lewis.  26583. 
Valve  mechanism.    Marks.  27901. 

Ship  propulsion.    British  T 1 10 rnso n-H o u sto n  Company.  28512. 
Mechanical  or  power-actuated  hammers.    Blacker.  28656. 


compressors. 


1912. 

British 


Thomson-Houston    CVnnj);in\  , 


Byrne,  Lawrence,  and  Howes  &  Bur  ley, 


Centrifugal 
1497. 

Acetylene  generators. 
Ltd.  2333. 

Apparatus  for  vaporising  fuel  for  internal-combustion  engines. 
Constantinescu.  2870. 

Screw-cutting  gear  for  turret  lathes.  Ludw.  Loewe  &  Go.，  Akt.- 
Ges.  &  Sauer.  4778. 

Manufacture  of  seamless  tubing.  Pittsburg  Steel  Products  Com- 
pany, Brock  &  Selkirk.  4793. 

Manufacture  of  twist  drills.    Spencer.  5074. 

Superheaters.    English,  Mills,  &  Haimaii.  6056. 

Nut-locking  device.    Martinez.  6144. 

Steam  superheaters.    English,  Mills,  &  Harman.  6692. 

Regulation  of  continuous  combustion  internal-combustion  engines. 
Otten.  6777. 

Rotary  engines  and  pumps.    Ogden.  6789. 

Speed-regulating  device  for  hydraulic  motors.  Schwier  &  Schien. 
7601. 

Gas  turbines.  A.  Horch  et  Cie  MotorAvagenwerke  Akt.-Ges.  8131. 
Wrenches.    Vinton.  8401. 

Revolving  chain  grates.    Bennett  &  Smitli.  9300. 

Working  of  metal.    British  Thomson-Houston  Company.  9877. 

Screw  propellers.    Blake.  10157. 

Simplified    method    of    cooling    pistons    of  internal-combustion 

engines.    Sheppard  &  Sheppai'd.  10314. 
IU' versing    gear    for    internal-combustion    engines.  Kylliainen. 

10648. 

Apparatus  for  injecting    fuel    in    internal- combustion 

Franke.  10707. 
Self  starting   devices  for    internnl-coinbuistioTi  engines. 

Mud  Willison.    1 2269. 
A iitoinntic  stop  valves.    Aa^na rd.    ] 4oOG. 

l?oi  ;i  r.v  ii)teri)iiI-coml)U8tioii  motors.    Bosc  S:  Falig;'  '，  1'.    ]  402-3. 
S"';i m  ^'iierators.    Steinmiiller.  15042. 
I  nsti'umciit  for  ('oiivwtiiig  inoasurcnH^its. 
Nut  locks.    Edwards.    15491  • 
Windmills.    Lowo.  15668. 
Piopcllors.    Koriimaim.  166f)8. 
SI c;i m  tur])inc.  p];int  for  worldiig  w  it  li  li 

Voreiiiigtc  Da inpftur1)in(Mi  (>vs.  I(i7】（l. 
I'ilot   v:i】v<，    ：i  rr;m winriits    for    fluid  prcssm  r   con U'oIKmI 
I  (JKD7  ;dk1  K)H!)H. 
II  ;» nd  disc  v;i  ri;il>lc  speed   ni('('li;i  iiism.      J'ollcn   A'  Islic 

17441. 


engines. 


(V>nt4.  15H3. 


； i  ml 


list  si( 


Adjusting  the  friction  drive  of  fans  for  air-cooled  motors.  War- 
rick. 17809. 

Conveyer-belt  for  pulverised  materials.    Garolly.  19045. 
Safety  screw  and  nut.    Itschner.  19062. 
Aeroplanes.    Esnault-Pelterie.  20927. 

Carburetters  for  internal- combustion  engines.    Torrens.  21 
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METAL  QUOTATIONS. 
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"         wire,  according  to  sizes,  &c  from  1 12/-  ，, 

，，        sheets        ,，  ，，   ，  120/-  ，， 

Antimony  £38/-/-  to  £40/—/—  per  ton. 

Brass,  rolled   9|d.  per  lb. 

"    tubes  (brazed)    ll^d. 

，，       ，，     (solid  drawn)   9^d. 

，,       ，，     wire   9Jd. 

Copper,  Standard   £76/7/0  per  ton. 

Iron,  Cleveland   00/9  ，， 

，， Scotch   72/9  ，' 

Lead,  English    £1 !)/-/-  ，， 

" Foreign  (soft)   £18/7/0  ，， 

Mica  (in  original  cases),  small   (id.  to  3/-  per  lb. 

"  ,，  "       nicdiuin   3/6  to  6/-  ,， 

,，  ，，  ,，       large   7/6  to  11/- ，, 

Quicksilver   £7/12/0  per  bottle 

Silver   28|d.  per  oz. 

Spelter    £27/5/-  per  ton. 

Tin,  block   £227/5/-  ,， 

Tin  plates   15/fi  ，， 

Zinc  sheets  (Silosian)   £：{  I /5/  -  >, 

,，  (8lettiu  ；  Vicillc  Montague)   £31/10/-  ,' 
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Efficiency  Tests  of  Air  Compressors. 

In  his  paper  before  the'  Manchester  Association  of  Engineers 
on  t  he  Dili  iust Mr.  George  Earr  rendered  a  useful 
service  in  calling  attention  to  the  somewhat  careless 
and  inaccurate  luetliods  in  which  guaranteed  performances 
of  air  compressors  are  measured  and  the  misleading 
nature  of  many  of  tlie  so-called  efficiency  tests.  In 
respect  to  efficiency  this  class  of  machinery  has,  it  should  be 
noted,  laboured  under  a  bad  reputation.  "  Give  a  dog  a  bad 
name  and  hang  it  "  would  seem  to  be  an  adage  that  could  be 
very  pertinently  applied.  Many  old  steam-driven  machines 
inidoubtedly  deserved  this  reputation.  They  were  of  hori- 
zontal design,  cylinders  were  arranged  in  tandem  with  the 
air  cylinders,  which  had  no  water  jackets  and  depended 
simply  on  spray  cooling  arraiigenients,  piston  speeds  were  low, 
seldom  exceeding  300ft.  per  uiiiiute,  valves  were  heavy, 
clearance  spaces  were  large,  and  the  compression  was  effected 
in  a  single  stage.  Contrasted  with  really  high-class  and  well- 
thought-out  niachiiies,  such  designs  were  lamentably  anti- 
quated, and  there  is  all  the  difference  in  the  world  between 
the  efficiency  of  such  a  plant  as  compared  with  one  of  vertical 
enclosed  design,  forced  lubrication,  water-jacketed  cylinders 
;nid  a  pisttm  speed  of  500ft.  to  (300ft.  per  minute,  with 
clearance  spaces  down  to  2  or  3  per  cent.,  and  2-stage  com- 
l)ression  for  pressures  from  701b».  to  lOOlbs.  As  an  illustra- 
tion of  the  difference  which  may  t^xist,  Mr.  Barr  gives  an 
instance  where  a  well-designed  niac-hine  with  four  times  the 
capacity  replaced  an  old  machine  and  yet  required  only  the 
s;une  n  mount  of  steam.  It  a]>pears  probable,  too,  that 
i  ust  ； i  dcl's  where  such  iiiiproveinents  might'  be  effected  are  by 
no  means  rare,  and  that  advantage  is  uot  taken  of  this  possi- 
bility is  clue  to  the  rather  general  impression  that  nothing  but 
inefficiency  with  such  plants  can  be  expected.  One  regret- 
table coiisetjuence  of  tliis  lias  been  to  generate  a  degree  of 
slackness  in  respect  to  tests  demanded  in  coiuiecliun  with  their 
inatalhilioii,  and  it  is  scarcely  a  matter  for  surprise  that  a 
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considerable  amount  of  ignorance  prevails  as  to  the  value  of 
such  tests  and  tlie  way  they  should  be  made.  It  is  not  unusual 
to  find  even  enquiries  issued  for  large  compressors  accom- 
panied merely  with  statements  as  to  the  capacity  of  the 
liiacliiiie,  pressure,  and  vacuum  mentioned,  if  steam  driven, 
or  voltage,  if  operated  electrically.  On  rare  occasions  is 
steam  consumption  asked  for  and  rarer  still  is  a  capacity  test 
required,  while  such  a  test  wlien  mad©  is  seldom  any  check  on 
tlie  output  of  the-  machine,  since  it  is  generally  supposed  to  be 
complied  with  by  filling  a  reservoir  of  given  capacity  from 
atmospheric  pressure  to  final  working  pressure.  Temperature 
may  or  may  not  be  taken,  but  if  it  is,  it  is  generally  mislead- 
ing and  easily  allows  of  errors  up  to 】0  per  cent.  Indeed,  it  is 
questionable,  if  w©  accept  Mr.  Ban's  statements,  and  they 
appear  to  be  based  on  extensive  experience,  "  whether  th(、r<-  is 
at  present  any  compressor  at  work,  the  actual  capacity  of 
which  is  known  correctly  through  a  test,.''  This  is  a  rat lier 
strong  indictment,  but  he  offers  good  ground  for  it.  As  an 
actual  example  of  testing  ]>ractice,  lie  cites  the  case  of  an 
vlvri  rically-operated  up-to-date  plant  wliere  a  supposed 
volumetric  test  was  called  for  in  the  enquiries  issued,  with 
information  as  to  amount  of  current,  size  of  air  cylinders, 
stroke,  revolutions,  &c.  In  the  test,  receivers  of  known  capa- 
city were  used,  note  was  taken  of  the  revolutions  required  to 
do  this,  as  well  as  of  the  temperature  of  air  inlet  and  receiver, 
and  everything  was  passed  as  satisfactory.  Yet  it  requires 
little  consideration  to  recognise  that  the  volumetric  efficiency 
of  a  compressor  may  vary  greatly  between  atmospheric  and 
working  pressure,  and  tliat  a  test,  to  give  reliable  and  com- 
parative figures,  should  b©  made  with  the  machine  discharging 
against  a  constant  working  pressure  during  the  whole  run, 
whereas  the  test  as  carried  out  did  not  even  take  note  of  the  fact 
thai  the  receiver  was  actually  filled  with  on©  volume  of  air  to 
begin  with.  Errors  from  these  two  sources  alone  might  easily 
disturb  results  to  the  extent  of  12  per  cent. ,  and  with  possible 
errors  in  temperature  readings'  might  increase  this  to  even 

20  per  cent.  It  is  not  so  much  the  ignorance  of  engineers 
respecting  these  disturbing  influences  as  the  carelessness 
wliich  has  crept  into  specification  standards  regarding  air 
compressor  performances  to  which  Mr.  Barr  calls  attention 
and  against  wliich  lie  protests,  not  only  in  the  interests  of 
makers,  but  of  us&rs  who  seek  good  designs  and  high  efficiency, 
and  it  is  from  this  point  he  discusses  the  question  as  to  what 
is  a  reasonable  test  such,  for  instance,  as  would  permit  of 
results  being  expressed  within  a  limit  of  error  of  5  per  cent, 
for  imperfections  in  readings  of  temperature,  speed,  pressure, 
&c.  To  this  end  it  is  necessary  to  decide  in  the  first  place 
whether  the  test  is  to  be  made  at  the  inlet  or  the  discharge  of 
the  machine.  Provided  both  could  be  made  with  equal 
accuracy  and  simplicity,  there  is  nothing  to  choose,  and  hence 
it  is  desirable  to  consider  which  side  is  likely  to  introduce  the 
greatest  chance  of  error.  If  the  discharge  be  chosen,  it  is 
pointed  out  a  large  r&ceiver  capacity  is  desirable  to  eliminate 
errors  in  counting  speed ,  while  barometer  as  well  as  tempera- 
ture readings  should  be  taken,  careful  measurements  made  of 
th%  volume  of  receiver, pipes,  and  connections,  and  any  collected 
water  which  might  be  serious  in  amount  drained  away,  such  a 
te&t  being  supplemented  with  a  static  test  on  a  time  base  to 
note  drop  in  pressure  and  so  measure  leakage.  Without  going 
i n t  (j  refinements,  it  may  be  stated  that  such  a  test,  even  with 
care,  permits  of  certain  errors  creeping  in  from  which  a  test 
on  the  inlet  side  is  free,  though  in  practice  the  latter  is  more 
difficult  to  carry  out .  Tn  the  first  place,  the  estimation  of  the 
volume  of  air  flowing  through  an  orifice  requires  delicate 
anemometer  readings  over  the  area  and  somewliat  costly 
apparatus  if  it  is  to  be  made  correctly.  Granted,  however, 
that  ifc  is  available,  readings  may  he  made  within  an  error  of 

21  per  cent,  and,  coupled  with  a  careful  record  of  temperature 


and  barometric  pressure  at  the  inlet,  give  all  the  data  neces- 
sary for  correct  estimations  of  volumetric  efficiency.  This 
does  not  of  course  imply  that  tlie  inacliine  is  the  best'  design, 
lis  mechanical  efficiency  may  be  low  from  restricted  air 
passages,  ineffective  cooling  arrangenvents,  &c.，  and  vice  vcnsa 
a  machine  may  excel  in  tliese  points  to  begin  with  and  yet 
fail  to  maintain  it  through  defective  design.  What  the  user, 
after  all,  really  wants  is  a  compressor  which  requires  only  a 
small  amount  of  power  for  a  given  quantity  of  air  delivered, 
and  Mr.  Barr  suggests  tliat  a  definite  quantity,  say, 
100  cub.  ft"  delivered  against  a  definite  pressure,  say,  lOOlbs. 
per  inch,  for  a  certain  expenditure  of  power  might  be  taken  as 
a  standard  total  efficiency,  which  would  include  mechanical 
efficiency,  volumetric  efficiency,  losses  in  compression,  &c.， 
and,  taking  present  types  on  the  market,  such  a  figure  as 
20'5  electrical  horse-power  might  reasonably  be  expected,  with 
a  2-stage  compressor,  to  cover  90  per  cent,  motor  efficiency, 
90  per  cent,  mechanical  efficiency,  and  80  per  cent,  coin j>ressor 
efficiency,  and  be  Faii'ly  equivalent  to  20  h.p.  in  a  steam-driven 
maciiiiH'.  Mr.  Ban's  suggestion  has  much  to  recojinneiul  it, 
and  its  adoption  would  certainly  lead  to  a  more  scientific 
conception  of  air  compressor  efficiency  t lian  that  wliich  now 
prevails  among  users  and  makers  of  air  compressing  machines. 


THE  APPLICATION  OF  C02  TO  REFRIGERATION. 

At  a  recent  meeting  of  the  Junior  Institution  of  Engineers  a 
paper  was  read  by  Mr.  A.  H.  Tyler  on  the  above  subject,  in 
which  he  cautioned  those  reading  up  the  subject  to  carefully 
investigate  the  basis  of  any  published  figures.  Any  figures 
bearing  tlie  nam©  of  Dr.  R.  H oilier  could  be  trusted .  The 
title  of  C02  was  examined,  together  witli  tlie  source  of  supply, 
and  who  the  chief  consumers  were.  It  was  pointed  out  that 
C02  had  much  to  recommend  it  as  a  refrigerating  medium,  as 
it  was  inexpensive,  generally  obtainable,  and  safe  to  handle, 
being  inodorous  and  harmless.  The  specific  gravity  of  G02 
was  touched  upon,  and  a  table  of  the  properties  of  C02  (carbon 
dioxide)  was  given  ；  the  critical  temperature  being  dealt  with 
fully,  a  further  table  being  quoted.  A  diagram  of  tlie 
entropy  of  C02  was  shown,  and  the  factors  that  go  to  make 
up  efficiency  and  range  were  given.  In  describing  tlie  types 
of  compressor  and  efficiency,  several  tables  and  figures  were 
quoted,  aud  the  author  said  that  the  more  generally-known 
type  of  C02  compressor  was  the  double-acting  leather-packed 
compressor,  such  as  was  generally  used  for  marine  purposes. 
This  type  had  prevailed  on  account  of  the  commercial  points 
in  its  favour,  and  in  spite  of  its  low  efficiency.  The  results  of, 
an  interesting  series  of  experiments  on  frictional  losses  in 
power  to  drive  compressors  were  given  ；  and  for  the  effect  of 
range  on  power  consumption  at  different  ranges  the  power 
required  was  obtained  by  multiplying  the  power  by  the  brine 
percentages,  such  as  shown  on  the  set  of  curves  set  out  in  the 
paper,  which  gave  the  percentages  for  all  brine  temperatures 
from  45°  to  0°  Fall.,  and  condensing  water  temperatures  from 
55°  to  90c  Pah.  With  regard  to  two -stage  compressors,  very 
divergent  opinions  existed  among  the  leading  designers  of  C02 
compressors  as  to  the  advantages  to  be  gained  by  compressing 
in  two  stages  instead  of  one,  but  generally  speaking  there  was 
no  advantage  to  be  gained  by  using  two-stage  compression 
when  the  range  of  temperature  was  less  than  50°  F&h.，  or  for 
machines  of  less  than  20  tons  refrigerating  power.  The  paper 
concluded  with  a  full  consideration  of  wet  and  dry  compres- 
sions, and  of  the  minor  advantages  of  C02.  A  discussion 
followed  the  reading  of  the  paper,  in  which  Messrs.  H.  E. 
Newton,  W.  Stokes,  D,  N.  Hunt,  A.  J.  Ball,  T,  J.  Tapling, 
G.  C.  Hodsdon,  and  W.  S.  Douglas  took  part,  and  a  hearty 
vote  of  thanks  having  been  accorded  the  author,  the  meeting 
terminated. 


Fatal  Boiler  Explosion  near  Paris. ― A  boiler  exploded  in  a 
dyeworks  in  the  suburb  of  Vitry  on  Thursday  last  week  just 
when  tlie  workmen  were  returning  to  work.  One  man  was 
killed  outright  and  six  were  very  seriously  injured,  while  a 
score  more  were  hurt  but  not  so  badly.  Three  of  the  injured 
liave  since  dkd,  and  the  lives  of  two  others  are  despaired  of. 
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ROBINSON  S  PISTON  VALVE  FOR  LOCOMOTIVES. 

Thk  aocoinpaiiying  illustrations  show  two  designs  of  piston 
valves  for  locomotives,  the  invention  of  Mr.  John  G.  Robin- 
son, " Boothdale,  *  Fairfield,  Manchester,  Fig.  1  being  a 
sectioual  elevation  of  the  complete  valve  portion  of  the  piston 
valve  arranged  for  inside  steam  admission,  and  Fig.  2  a  section 
of  one  end  of  a  piston  valve  arranged  for  outside  steam  admis- 
sion. 

Referring  to  Fig.  1，  A  is  the  piston  valve  spindle  and  B  is 
the  liner  of  the  valve  casing  or  chamber  in  which  are  provided 
the  usual  ports  C  for  the  admission  and  exhaust  of  steam  to 
and  from  the  engine  cylinder,  D  being  the  port  for  admission 
of  steam  to  the  piston  valve  chamber.    The  main  portion  of 


Robinson's  Piston  Valve  fok  Insii>k  Steam  Admission 


the  valve  comprises  a  wrought-iron  or  mild-steel  tubular  stem 
E  divided  across  the  middle,  there  being  provided  at  the 
outer  eud  of  each  tubular  part  of  the  stem  E  a  relatively  thin 
or  light  disc  F  formed  integral  with  the  tubular  stem  E，  a 
tubular  boss  being  provided  on  the  outer  face  or  side  of  each 
of  the  discs.  G  is  the  outer  wrought-iron  or  mild-stee-l  cap  of 
the  valve  having  an  inwardly  projecting  tubular  boss  adapted 
to  abut  against  the  tubular  boss  on  the  disc  F.  The  tubular 
stem  E  and  cap  G  are  keyed  upon  the  spindle  A.  They  are 
also  held  against  displacement  longitudinally  on  the  spindle 
by  means  of  a  nut  H.  J  is  the  cast-iron  packing  ring,  K  the 
cast-iron  following  or  exhaust  ring,  and  L  is  tlie  distance  ring 
situated  between  the  disc  portion  F  and  the  cap  G.  The 
transversely  split  or  packing  ring  J  has  an  inwardly  projecting 
circumferential  flange  which  abuts  the  outer  face  of  the  disc  F. 
Semi-circular  grooves  U  are  cut  in  the  outer  periphery  of  the 
packing  ring  J,  whicli  is  split  transversely  in  the  maimer 
shown  at  M,  provision  also  being  made  by  shaping  or  cutting 
two  semi-circular  grooves  for  the  insertion  of  a  pin  N  by 
means  of  which  the  packing  ring  J  is  retained  in  position. 
The  transversely  split  or  spring  follower  ring  K  is  provided 
with  a  shouldered  portion  which  abuts  the  inner  face  of  tlie 
end  cap  G.  Into  the  recess  formed  by  this  shoulder  the  outer 
portion  of  the  packing  ring  J  fits  and  the  two  rings  J  and  K 
are  of  a  suitable  width  to  just  fit  between  the  disc  portion  F 
and  the  end  cap  G  when  placed  in  position.  The  follower 
ring  K  is  split  at  0，  as  shown,  a  circular  hole  being  cut  in 
this  ring  for  the  insertion  of  the  head  of  a  pin 
or  stop  P,  so  as  to  prevent  displacement.  L  is  an 
unsplit,  continuous  or  solid  ring  of  a  slightly  smaller 
diameter  tlian  the  inside  diameter  of  the  spring  ring  J,  so  thai 
an  annular  space  T  is  formed  between  the  rings  J  and  L  and 
t  ho  latter  ring  is  of  such  a  width  that  it  fits  closely  between 
the  flange  portion  of  the  ring  J  and  the  inner  face  of  the 
follower  ring  K.  The  pin  N  is  screwed  into  the  ring  in  such 
a  manner  that  when  the  packing  rings  J,  K，  L  are  in  position 
the  stop  N  will  engage  with  the  grooves  in  the  packing  ring 
J.  S  is  a  circular  hole  drilled  in  tlie  inwardly  projecting 
flange  of  the  ring  L  and  is  of  such  a  diameter  that  the  end  of 
a  stop  R  will  enter  and  engage  with  the  hole  S  when  the  parts 
of  the  valve  are  assembled.  The  pins  P  and  R  are  screwed 
into  the  end  piece  G  in  such  a  position  that  when  the  follower 
ring  K  and  the  solid  ring  L  are  in  position  the  pins  P  and  R 
engage  with  the  iioles  respectively  in  the  follower  ring  K  and 
solid  rihg  L  and  effectually  secure  them  against  displacement. 
The  pin  N  in  tlie  solid  ring  L  engaging  the  grooves  in  the  ring 


J  acts  to  hold  tlie  packing  ring  J  against  displacement.  By 
this  means  circumferential  displacement  or  rotation  of  the 
rings  J,  K，  L  are  prevented  and  consequently  the  joints  in  the 
rings  J  and  K  are  prevented  from  coming  into  lino  and  are 
tlius  retained  over  the  bars  in  the  liner  B  of  ilie  valve  chamber 
or  casing. 

Referring  now  to  Fig.  2f  wliicli  shows  one  end  of  a  pistoJi 
valve  arranged  for  outside  steam  admission,  it  will  be  seen 
that  the  relatively  light  or  thin  disc  F  is  secured  on  the  outer 
end  of  the  valve  spindle  so  as  to  be  under  the  influence  of  the 
sieam  admitted  to  the  steam  chest  through  the  port  D.  C  are 
the  ports  for  admission  and  exhaust  of  steam  to  and  from  the 
engine  cylinder.  G  is,  in  this  case,  an  inner  relatively  thick 
and  rigid  disc  formed  integrally  with  the  tubular  stem  E. 
The  arrangement  and  construction  of  the  packing  ring  J，  the 
follower  or  exhaust  ring  K，  and  the  distance 
ring  L  are  substantially  the  same  as  described 
and  illustrated  in  Fig.  1，  the  flanged  portion  of 
the  packing  ring  J  being,  in  this  case,  arranged 
to  abut  the  inner  face  of  the  end  disc  F,  the  rings 
K  and  L  being  arranged  accordingly.  The  con- 
struction and  arrangement  of  the  packing  rings 
J,  K，  L，  and  the  diaphragm  F  and  end  cap  G  of 
the  valve  are  such  that  while  the  packing  rings 
are  relatively  light,  consistent  with  the  neces- 
sary strength,  substantial  or  maximum  driving 
areas  or  faces  are  provided  on  the  rings  (as  it 
will  be  seen  that  the  major  portions  of  the  depth 
or  thickness  of  these  rings  are  employed  as 
driving  surfaces)  whereby  easy  working  is 
obtained,  and  wear  of  the  faces  of  the  packing 
rings  and  of  the  liner  is  considerably  reduced, 
and  consequently  the  accuracy  of  the  valve 
edges  regulating  the  admission  and  exhaust  of  steam  is  main- 
tained for  a  relatively  long  time,  thus  rendering  the  valve 
more  efficient.  As  the  discs  F，  and  caps  G,  and  valve  stem  E 
can  be  made  of  mild  steel,  a  relatively  light  valve  is  obtained. 

The  steam  enters  through  tlie  port  D  and  exerts  a  pressure 
upon  the  discs  F  of  the  valve  and  this  pressure  is  always 
maintained  while  steam  is  being  passed  to  the  cylinders. 
Owing  to  the  discs  F  being  made  of  a  relatively  light  section 
they  have，  under  the  action  of  the  steam  pressure,  a  tendency 
to  press  the  rings  J  and  K  against  the  caps  G，  thus  helping  to 
make  a  good  tight  joint.  When  the  spring  or  split  packing 
ring  J  passes  over  the  ports  D  of  the  valve  casing  liner  B 
steam  is  admitted  througli  the  grooves  U  in  the  ring  J,  througli 
the  transverse  split  portion  M，  into  the  annular  space  T，  and 


J  U 

Kig.  -2.— Koi3iN«oN*s  Piston  Vauve  run  Outside  Stkam  Admission-. 

causes  the  split  ring  J  to  be  expanded  or  pressed  outwardly  so 
as  to  make  an  efficient  steam-tigiit  joint  with  the  valve  seat 
or  liner  B  of  the  valve  chamber.  When  steam  is  shut  off 
from  the  valve  chest  the  packing  ring  recedes  from  the  liner, 
thereby  reducing  friction  and  wear  to  a  minimum. 

A  feature  of  the  valve  under  notice  is  that  it  is  simple  in 
construction  and,  it  is  claimed,  more  efficient  in  action  than 
valves  of  a  similar  type  heretofore  employed.  The  employ- 
ment of  cast/-iron  packing  rings  provides  the  best  medium  for 
withstanding  the  exceedingly  higli  temperature  of  tbe  steam 
as  used  with  present-day  engines. 
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-Apparatus  Used  to  Determine  Amount  of  Aih  Mechanically 
Entkainkd  in  Water. 


Water  Level 
in  Tank 


measured  the  air  in  a  condenser,  except  J.  A.  Smith  who 
had  introduced  known  quantities  of  air  and  noted  the  effect 
on  vacuum  and  heat  transference. 

In  view  of  the  lack  of  knowledge  of  this  subject  the  author 
deterniined  to  investigate  :  (rt)  The'  amounts  of  air  contained 
in  feed-water  and  those  entering  the  condenser  through  the 
prime  mover,  (b)  The  amounts  of  air  removed  from  the  con- 
denser by  means  of  the  air  pump. 
(r)  Tlie  effect  of  known  quantities 

of    ； on  the  action  of  a  surface  wire 
condenser  of  commercial  size. 

The  problem  of  air  in  the  feed 
water  has  been  investigated  by 
Smit  li,  wliose  paper  appeared  in 
" Engineering, "  October  7th,  1904. 
He  gives  a  table  showing  that  the 
gases  present  in  various  samples  of 
fresh  and  salt  water  varied  from 
approximately  jq  of  one  per  cent, 
to  as  much  as  3 A  per  cent,  by 
volume.  He  also  investigated  the 
omission  of  gas  from  water  when 
heated  to  about  the  boiling  point, 
and  gave  figures  and  curves  showing 
his  results. 

The  author's  investigations  were 
made  at  the  Waterside  No.  2  station 
of  the  New  York  Edison  Company, 
and  the  water  samples  were  taken 
i)ot  li  from  t  lie  suction  and  discliar^e 
sides  of  i  lie  feed  j)inii]).  Tlie 
average  l  ；' mpei'at  ui'e  of  the'  feed 
water  (luring  t  he  tests,  after  having 
passed     Hie     heater,     was  about 

】fJ(r  K;th.  II  was  thought  possible  tliat  there  might  be  air 
bul)hles  mechanically  entrained  in  the  water,  besides  the 
川 uf  ui'  iwy  in  solution.  To  fleterinine  t lie  ajuount  of  t'liis 
entiviinptl  air  sami)les  of  the  waier  were  allowed  to  flow 
t  lirou^li  the  ;ipp;irHtus  wliicli  is  shown  in  Fig.  1.  The  water 
entered  through  i  lie  tube  F  and  passed  to  the  top  of  the 
measuring  cylinder  where  the  air  separated  and  was  collected 
at  the  top  of  the  cylinder  ；  the  water  flowed  out  of  the 
cylinder  through  the  tube  B  into  the  glass  demijolin  wliere 


These  results  show  that  Croton  water  gives  off  most  of  its 
dissolved  air  in  passing  through  the  open  lieaters,  the  amaunt 
of  air  occluded  in  tlie  feed-water  (0*931  per  cent.)  being  com- 
paratively small.  Ai  81°  Fall,  and  2in.  of  mercury  absolute 
pressure  when  saturat/ed  with  water  vapour,  tliis  amount  of 
air  would  occupy  only  TLY  of  the  volume  of  the  condensed 
steam.  The  results  obtained  accord  well  with  reports  from 
other  sources,  although  the  aut  hor  could  find  but,  little  quanti- 
tative information  on  the  subject .    The  fact  was  established, 


Paper  read  before  the  American  Society  of  Mochanical  Engineers, 
t  Tranfi.  Am.  Soc.  M  E.,  Vol.  32，  p.  1139. 


Fig.  2.— Lay-out  i'ou  Measuring  Aih  Dist  hargku  by  Duy  Vacuum  Pump. 

】iowevei'，  that  very  little  air  came  into  tJie  condenser  1'roni  Hie 
feecl-waier. 

Having  obt  ained  ilw  porl  iojis  of  air  wliicli  eni cr  Uio  prime 
liiover  along  with  tlio  steam,  the  .next  objeci  of  iuvcHiigatioii 
was  to  del  ermine  t  he  amount  of  air  abstracted  from  tlie  con- 
denser by  the  air  pump.  Here  again  there  were  no 
precedents,  but  it  was  determined  to  catch  tlie  air  over  water 
in  a  gasometer.  For  this  purpose  the  discharge  pipe  of  the 
air  pump  was  piped  to  a  gasometer  bell  local ed  in  the  base- 
ment in  the  \Mciiiiiy  af  1  he  air  pump.  A  skeich  plan  of  this 
outfit  is  shown  in  Fig.  2.      After  the  air  pump  had  been 


it  was  measured.  These  tests  were  started  with  the  apparatus 
entirely  filled  with  water.  The  air  collected  was  measured  at 
atmospheric  pressure  by  means  of  the  pressure-regulai  i 
cylinder  D.  The  temperature  of  the  air  was  determined  by 
the  tlierniorneier  E.  The  amount  of  air  dissolved  in  tlie  feed- 
water  was  determined  chemically  by  means  of  the  following 
reactions  : — 

2Mn  (OH),  I  ()2  'JlKMnO, 

l^H.Mi^  +  8Hcl  二  2MnCU  +  GH.O -I-  UCL 

4KI  +  + 

The  free  iodine  liberated  was  titrated  wit'h  a  solution  ol' 
sodium  thiosulphaie  of  known  strength  ； mhI  its  amount  deter- 
mined. From  this  amount  the  quantity  of  oxygen  in  solution 
in  the  sample  of  water  taken  was  calculated.  Tlie  amount  of 
air  in  solution  was  then  figured  from  the  known  ratios  of 
oxygen  and  nitrogen  in  solution  in  water  at  various  tempe- 
ratures. The  determination  in  this  way  may  bo  considered 
quite  accurate.  This  determination  of  air  in  water  was  also 
made  of  a  number  of  samples  of  Croton  water  (the  make-up 
feed)  and  from  hot-well  water.  The  following  results,  in  per 
cent.,  were  obtained  of  air  l)y  volume  ai  atmospheric 
pressure  : — 

187°  Fab. 

Mccliiinicallv  cntra  med  ui  iVrrl  、、； d，'r，  a\  or;i^»  of  tvsis. . .  (t*(H.r>l 
Jn  solution  in  J"(h*<1  waior,  ;i、rr:w  oi  Umi  tests   0*iJKi 


lusters   0  U31 

r>2v  Fall. 

oi  ihvvv  samplos         A  32o 

80° 〗。ili 

UO  <)i"  tollJ'  tests   n-^ti'j 


Total  :m.  in  IVe<l  u  ;i  tor  I  roni  open 
I ii  solution  in  Cioton  "alt'r,  av，、r 
J 1)  solution  in  lint  \\v\\  、、； lU'r, 


AIR  IN  SURFACE  CONDENSATION.* 

BY  GEO.   A.  ORR0K. 

In  the  paper  on  "  The  Transmission  of  Heat  in  Surface  Con- 
densationt/'  the  subject  of  the  effect  of  air  on  vacuum  and 
heat  transference  was  considered  and  reference  was  made  to 
the  few  authorities  who  had  investigated  this  subject.  The 
author  was  unable  to  find  that  anyone  had  quantitatively 

Thermometer 

E 


Measuring 
Cylinder 
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rmuung  for  a  sufficient  time  to  make  sure  that  i ho  condit ions 
were  constant,  t he  valve  was  opened  and  t lie  discluirge  t'lont 
the  air  pump  was  allowed  to  enter  the  bell  allowing  it  to  rise . 
The  time  required  to  fill  the  bell  was  noted  with  a  stop  watch 
and  from  these  data  the  amount  of  air  delivered  was  calcu- 


lated. 


were  made  to  reduce  the  amount  of  drop  by  taking  out  tubes, 
thus  opening  channels  into  the  body  of  tlie  tube  surface.  The 
results  here  were  apparently  negative. 

To  ascertain  the  effect  of  known  quantities  of  air  on  the 
vacuum  suitable  orifices  of  various  sizes  were  installed  at  tl"' 
top  of  the  condenser,  so  that  the  introduced  air  mii/ht  niix 


The  air   in  the  bell  was  brought  to  atmospheric 

Table  I. ― Results  of  Tests  on  Dry  Air  Pumps  for  Surface  Condensers. 


Number  of  TettB  Made 

Date  of  Teite 

- Load  on  Turbine,  Kw. 

Vacuum  at  Top  of  Con- 
denser  Corrected  to 
i    30  Id.  Barometer 

Vacuum  of  Pump  Suc- 
tion Corrected  to  30 
Id.  Barometer 

Barometer 

Hot  Well 

Circulating  Water  Inlet 

Circulating  Water  Out- 
let 

Air  Suction 

Air  Discharge 

Air  in  Bell 

R.P.M.  of  Pump 

Air  discharged  per  Min- 
ute measured  id  Bell 

Air  discharged  per  Min-  ！ 
ute  at  Temperature  of 
Air  Discbarge 

l.H.P.  Steam  Cylinder 

l.H.P.  Air  Cylinder 

Mechanical  Efficiency 
of  Purap,  Per  Cent 

Temperature               -  || 
Inlet,  Deg. 

Temperature            ，  c 
Outlet.  Deg.  Qm 

Cubic  Feet              «  0 
used  per  Min-           o  | 

I      ute                         —  1 

Inches  of  Mercury 

Temperatures,  DeK-  Fahr. 

Cubic  Feet 

3 

2/14/11 

6.500 

28  49 

28  61 

30.09 

54.7 

35.7 

48.8 

63  0 

144  7 

94.3 

70  0 

12  94 

17  15 

26  92 

14  80 

57.1 

46  3 

5 

2/14/11 

8,200 

28.43 

28  61 

30  07 

55.0 

33.0 

4^.8 

68.0 

141.7 

93.3 

61.4 

8  59 

11.08 

22.85 

10  36 

45.7 

62  6 

5 

2/14/11 

10,400 

28  16 

28.40 

30.04 

63.0 

33.0 

54.2 

81.2 

139.4 

93.1 

60.4 

5.82 

7.40 

21.52 

10.24 

47.6 

53  7 

5 

2/18/11 

6,266 

28  50 

28.60 

29.92 

53.0 

33.6 

47.9 

62.8 

138.2 

96.5 

67.2 

12  65 

1^.65 

22.51 

11  94 

53  0 

38.56 

45.0 

5 

2/18/11 

8.133 

28.46 

28  60 

29.92 

57.8 

33.4 

51.1 

73.4 

136.2 

96.0 

66.4 

6  86 

8.50 

21.80 

9.35 

42.9 

38  00 

45  6 

2  21 

6 

2/18/11 

10.132 

28.11 

28.34 

29.92 

68.0 

33.0 

64.2 

84  9 

137.0 

95.5 

65.4 

5.75 

7.12 

20.08 

10.85 

68.9 

38  00 

46.0 

2.19 

3 

2/18/11 

10,000 

28.08 

28.32 

29.90 

68.3 

33.3 

64.7 

85.2 

144.8 

97  3 

74.0 

5.93 

7.83 

23  08 

12  30 

63.3 

37.20 

43.0 

3.91 

2 

2/18/11 

10.000 

27  95 

28  27 

29  90 

69.0 

34.0 

56.0 

86.0 

144.5 

96  3 

72.5 

589 

7.78 

23.89 

11  75 

49.2 

38  30 

49.8 

2 

2/18/11 

10.000 

27.90 

28.23 

29.90 

69.6 

34.6 

66.0 

87.7 

147.3 

96  0 

72.0 

5.27 

7.07 

23.32 

10.58 

45.3 

40.00 

67.8 

0.49 

♦3 

2/28/11 

No  load 

29.30 

30.20 

99.3 

98.6 

75.6 

1.31 

25.32 

13.99 

55.3 

37.70 

43.0 

3  H 

3/14/11 

6.075 

29.00 

30  39 

55.0 

114.0 

83.5 

77.0 

8.28 

6 

3/14/11 

9.252 

28  99 

30.35 

57.0 

111.2 

88.2 

75.5 

6  94 

3/14/11 

11,613 

28.93 

30.31 

69.8 

118.9 

85.6 

75  5 

6.33 

•3 

3/15/11 

No  load 

29.10 

29.98 

85.7 

96.5 

76.6 

0.63 

1/26/12 

9.100 

27.67 

28.74 

29.89 

33 

60 

91.8 

105.0 

87.2 

29.25 

31  25 

1/26/12 

5,970 

28.15 

28.65 

30.03 

33 

51 

91.0 

100.5 

88.0 

29.60 

30.95 

6 

4/24/11 

3,022 

28.06 

30.25 

69.1 

184 

95 

81 

39  S 

4/24/11 

6,204 

28  00 

30.18 

60  6 

198 

98 

80 

38.5 

6 

4/20/11 

8,258 

28.10 

29  78 

59.0 

164 

93 

85 

36.8 

•Valve  in  suotion  line  closed. 

pressure  and  temperature  before  the  final  readings  were 
taken.  Other  tests  were  made  with  the  pump  shut  off  from 
the  condenser  to  determine  the  air  leakage  in  the  pump  itself 
and  also  with  tlie  suction  piping  blanked  off  at  tlie  condenser 
to  determine  the  pipe  leakage. 

In  a  number  of  cases  these  readings  showed  excessive 
leakage  in  the  condenser  shell,  which  was  remedied  before  the 
final  readings  were  taken  -  A  second  apparatus  lias  been  pro- 
vided for  Waterside  No.  1,  and  both  stations  at  the  present 


witli  the  incoming  steam.  These  orifices  were  the  ordinary 
circular  orifices  tTirough  thin  plates  and  the  amounts  of  air 
entering  the  condenser  were  checked  up  by  the  air  delivered 
into  tlie  air  bell  from  the  air  punip.  Tliese  results  are  shown 
in  Fig.  4.  The  tests  in  each  case  were  run  at  constant  load, 
which  was  considerably  below  the  capacity  of  the  condenser. 
Four  sets  of  tests  were  run  to  determine  the  effect  of  load  on 


time  are  so  arranged  that  in  a  few  hours  the  air  leakage  of  all 
the  air  pumps,  as  well  as  the  condensers,  may  be  tested .  This 
is  a  great  help  in  operating  and  serves  a  useful  purpose  in 
enabling  attention  to  be  given  where  there  was  no  indication 
formerly  of  leakage. 

A  great  many  air  tests  have  been  made  on  all  of  the  units 
in  the  two  stations.  Usually  readings  were  taken  during  the 
time  necessary  to  fill  the  bell  (from  one  to  20  minutes)  of  the 
air  temperature  in  the  bell,  tlie  air  suction  temperature,  air 
discharge  temperature,  vacuum  at  the  top  of  tlie  condenser, 
vacuum  in  the  air  suction  line  to  tlie  pump,  hot-well  tempe- 
rature, circulating  water  inlet  and  outlet  temperature, 
amount  of  cylinder  cooling  water  with  its  inlet  and  outlet 
temperatures,  revolutions  per  minute  of  the  pump,  power 
delivered  by  the  prime  mover  and  sometimes  indicator  cards 
on  both  air  and  steam  cylinders.  Table  I.  shows  a  collection 
of  some  of  the  more  interesting  of  these  tests. 

In  the  experimental  apparatus  used  to  obtain  tlie  data 
for  the  paper  on  "  The  Transmission  of  Heat/'  it  was  impos- 
sible to  detect  any  difference  of  temperature  due  to  the 
segregation  of  air  in  the  various  parts  of  the  single  tube 
condenser.  On  the  large  condensers  on  which  these  air  tests 
were  made  sucli  a  difference  of  pressure  and  temperature  does 
exist,  the  differences  of  pressure  being  quite  strongly  marked . 
Tlie  curves  for  a  number  of  these  condensers,  showing  tlie 
increase  in  drop  with  the  increase  in  amount  of  steam  con- 
5mmption,  are  illustrated  in  Fig.  3.  A  number  of  experiments 
were  made  to  find  if  tliis  drop  wa«  continuous  through  the 
tube  surface  or  whether  tliere  were  restrictions  concentrating 
the  drop  in  one  or  more  places,  and  a  number  of  experiments 


震 養 魏 層 P- 雲震画 

Load  Kilowatts 

Fio.  3.— Cuuves  Showing  Relation  between  Load  and  Drop 
THRoroH  Condenser. 

air  leakage,  two  on  machines  which  were  in  bad  condition,  and 
two  on  comparatively  tight  machines.  The  results  are  shown 
in  Fig.  5.  It  should  be  noted  that  in  every  case  the  air 
leakage  is  less  at  the  higher  loads. 

In  the  paper  on  "  The  Transmission  of  Heat "  it  was 
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most  of  them  may  be  detected  by  filling  the  condenser  with 
warm  water  under  a'slight  head .  That  portion  of  the  leakage 
occurring  in  the  dry  air  pump  and  piping  may  be  detected  by 
the  shut-off  test  on  the  pump.  The  volume  of  this  leakage  is 
larger  than  generally  supposed  and  is  much  larger  when  the 
pump  is  warm. 

The  drop  in  vacuum  through  condensers  of  standard  design 
is  larger  than  it  should  be  and  a  design  which  freely  admits 
the  steam  to  the  tube  surface  should  give  better  results.  The 
opening  of  cliannels  into  tlie  surface  will  not  always  improve 
condit  ions.  The  results  indicate  i  hat  wide  shallow  condensers 
sluuild  give  better  results,  although  in  at  least  two  instances 
dee|>  narrow  condensers  gave  good  results.  Tlie  falling-olV  of 
vacuum  witli  increased  air  leakage  is  considerable  and  the 
work  necessary  to  niaitiiain  tight  coinlPMsei's  more  Mian  pays 
Cor  itself. 

Air  leakage  decreases  witli  an  incroase  of  load.  This  faci 
iii  sokk1   nicasure   <"rm'ts    tlie   decrease  of  vacimm   al   11 1 e 

increased  loads.  The  exponent  of  ilie  ratio  ^  on  page  1,1G1  of 
Volume  32  of  tlie  Transactions  of  the  Society  may  be  changed 
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Fig.  6.— Curves  SnowjNfi  Relation  Between  Ratio  p》 and  Hfat  Transfer. 

from  5  to  2，  pending  further  experiments  to  establish  a  better 
value.  . 

During  these  experiments,  in  which  four  different  kinds 
of  dry  air  pumps  were  investigated,  it  became  evident  that  the 
volumetric  efficiency  of  a  pump  working  between  ilb.  and 
151bs.  absolute  is  very  poor  indeed.  The  difficulties  of  keep- 
ing valves,  pistons,  glands,  and  packing  tight  against  such  a 
tenuous  fluid  as  air  at  vacuum  pressures  are  of  much  greater 
moment  than  is  usually  believed.  It  is  hoped  that  some  of 
the  types  of  kinetic  air  pumps  now  being  placed  on  the  market 
will  reduce  these  difficulties  to  a  practical  amount. 

Considerable  difficulty  was  experienced  in  securing  vacuum 
temperatures  during  these  experiments  and  most  of  the  work 
has  been  repeated  a  number  of  times  where  such  temperatures 
are  essential.  It  has  been  impossible  up  to  the  present  time 
to  secure  readings  which  were  entirely  consistent,  and  the 
work  along  this  line  will  be  carried  on  until  the  cause  of  the 
discrepancy  is  ascertained  and  correct  figures  obtained.  The 
author  wishes  to  acknowledge  the  efficient  aid  rendered  him 
in  conducting  these  experiments  by  his  assistants,  Messrs.  E. 
B.  Rickets,  J.  H.  Lawrence,  and  j.  S.  Kerins,  and  by  P.  E. 
Keynolds,  engineer  of  tests. 

Commercial  Developments  in  South  Wales.— Steps  are  being 
taken  for  the  (M-ectioit  of  tiiiplate  works  on  Aberavon  Moors, 
while  '丄「）  acres  of  land  have  been  secured  adjoining  Port  Talbot, 
Docks  for  tlie  const  ruction  of  blast  furnaces,  sheet,  mills, 
pr()(lud  plant ,  and  cokv  ovens. 


inferred  from  Smith  s  curves  that  the  heat  transfer  varied  as 

the  fifth  power  of  the  ratio  Since  that  time  manv  tests 

'■'7  Pt 

have  been  run  from  which  sufficient  data  to  calculate  this 
relation  were  obtained,  and  the  results  are  shown  in  Fig.  6. 
None  of  the  tests  approach  the  capacity  of  the  tube  surface, 
but  the  results  are  consistent. 

Conclusions.  ~ -  Where  open  heaters  are  used,  very  little  air 
is  carried  to  the  prime  mover  with  the  steam .    The  volinne  of 
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tliis  air  at  atmospheric  pressure  and  temj)erature  will  pro- 
bably not  exceed  1  per  cent,  of  tlie  volume  of  the  feed-water. 
As  the  whole  system  is  under  pressure  from  the  pump  nearly 
to  the  final  stage  of  tlie  turbine,  no  air  leakage  can  take  place 
up  to  that  point. 

The  air  discharged  by  the  dry  air  pump  at  atmospheric 
pressure  and  temperature  from  units  between  5,000  kw.  and 
20,000  kw.  in  size  varies  from  1  cub.  ft.  per  minute  when  tlie 

i0 

38 

36 
34 
32 


Load,  Kilowatts 

Fk*.  r'.    Cum  i:s  Showing  Kki-  kct  op  Load  Upon  Am  Lkakagk. 

units  are  in  the  best  condition,  to  15  cub.  ft.  or  20  cub.  ft. 
where  ordinary  leakage  is  present,  and  to  'M)  cul).  H .  or 
perhaps  40  cuh.  H.  or  50  cub.  ft.  where  the  units  are  in  very 
had  coiulition.  MoM  of  tJiis  leakage  comes  into  the  con- 
denser and  exliaust  passages  through  minute  leaks  in  the 
cast-iron  shells,  gaskets,  and  expansion  joints.  It  is  exceed - 
inglv  difficult  to  (l('"'H  I  hese  leaks  witli  a  candle  flame,  but 
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PEAT  FUEL  FOR  GAS  PRODUCERS. 

The  results  of  a  series  of  experiments  conducted  during  1910 
and  1911  at  the  Fuel  Testing  Station,  Ottawa,  Canada,  with  a 
gas-producer  plant,  designed  for  use  with  peat  fuel,  are  given 
in  a  report  by  Mr.  B.  F.  Haanel,  B.Sc,  the  Chief  of  the  Fuel 
Testing  Division,  recently  issued  by  the  department  of  mines 
at  Ottawa.  The  tests  are  divided  into  two  parts  ：  (I.)  Those 
carried  out  with  the  gas-producer  as  originally  constructed, 
which  showed  a  good  fuel  economy,  but  left  something  to  be 
desired  as  regards  the  cleanliness  of  the  gas  delivered  to  the 
engine.  The  deposition  of  tar  in  the  gas  main,  and  on  the 
valves,  cylinder,  and  piston  of  the  engine,  necessitated  the 
cleaning  of  the  parts  affected.  At  the  close  of  the  run  it 
was  generally  found  necessary  to  remove  the  valves  for 
cleaning,  and  to  wash  the  cylinder  and  piston  from  time  to 
time  during  the  running  of  the  engine.  AVhile  the  continuity 
of  the  running  of  the  engine  was  at  no  time  endangered  by 
the  presence  of  tar,  the  operation  of  cleaning  occupied  more 
of  the  engineer's  time  than  was  considered  desirable.  In 
order  to  obviate  this  trouble  the  producer  was  reconstructed. 

Part  II.  deals  with  the  tests  carried  out  with  the  pro- 
ducer after  reconstruction.  It  was  found  in  the  first  of  this 
series  of  tests  that  tar  still  reached  the  engine ― in  spite  of 
the  change  in  construction  ；  and  although  a  manifest  improve- 
ment was  discerned,  it  was  found  necessary  from  time  to 
time  to  wash  the  cylinder  and  piston  as  in  the  previous 
series  of  tests.  Further  tests  were  conducted  in  order  to 
observe  the  effect  which  changes  in  the  distribution  of  the 
air  admitted  to  the  upper  and  lower  combustion  zones  would 
have  upon  the  production  of  tar.  The  results  of  these  tests 
led,  on  the  one  hand,  to  the  abandonment  of  the  idea  of 
totally  destroying  all  the  tarry  matter  within  the  producer 
itself,  and  on  the  other  hand,  to  the  necessity  of  separating 
the  tar  from  the  gas  in  the  cleaning  system.  A  solution  of  the 
problem  was  found  by  placing  a  gauze  cone  in  the  top  cham- 
ber of  the  coke  scrubber.  After  the  inclusion  of  this  cone 
in  the  cleaning  system  no  further  trouble  with  tar  was  ex- 
perienced, and  the  operation  of  the  plant  was  then  found  to 
be  entirely  satisfactory. 

A  summary  of  the  results  of  the  investigation  are  as 
follows :  The  peat  producer-gas  power  plant,  as  now  con- 
structed, may  be  pronounced  thoroughly  reliable.  Its  opera- 
tion may  be  carried  on  continuously  for  a  week  or  more  with- 
out having  to  shut  down  for  the  purpose  of  cleaning  the 
valves  of  the  engine.  The  engine  has  been  operated  for  a 
period  of  150  hours  without  removing  either  t/ie  admission 
or  mixing  valves  for  cleaning.  It  should  not  be  found  neces- 
sary, in  commercial  practice,  to  remove  the  piston  for  the 
purpose  of  cleaning  more  than  once  in  six  months.  The 
operation  of  the  producer  is  uniform,  and  the  gas  delivered 
to  the  engine  varies  only  slightly  during  a  ten-hours  run. 
The  removal  of  ashes  and  the  cleaning  of  the  fires  can  be  done 
without  interfering  with  the  operation  of  the  engine,  due  to 
a  change  in  the  quality  of  the  gas.  The  plant  can  safely  be 
\fit  in  tlie  liands  of  an  intelligent  labourer  after  he  has 
received,  for  a  week  or  so,  instructions  in  the  handling  of 
the  plant  from  a  competent  engineer.  The  services  of  only 
one  man  are  required  to  run  this  plant  when  it  is  operated 
on  day-shift  work  only. 

It  is  recommended  that  the  gas  pipes  leading  from  the 
producer  to  the  cleaning  system  and  the  tar  filter  be  cleaned 
once  a  week,  if  possible,  when  the  plant  is  run  ten  hours  a 
day  during  the  working  days  of  the  year.  If  this  is  done,  very 
little  will  be  required  to  keep  the  plant  in  good  condition. 
The  ad niLssion  and  mixing  valves  of  the  engine  will  not 
require  cleaning  for  two  weeks  or  more. 

The  consumption  of  fuel  per  b.h.p.  hour,  including  stand- 
by losses,  is  for  full  load,  l'71bs.  of  dry  peat,  or  2'31bs.  of 
peat  containing  25  per  cent,  moisture  ；  for  :j  load,  the  fuel 
consumption,  including  stand-by  losses,  is  2' libs,  of  dry  peat, 
or  2*81bs.  of  peat  containing  25  per  cent,  nioistn re.  In  esti- 
mating fuel  costs,  the  assumption  is  made  that  peat  with  a 
moisture  content  of  25  per  cent,  can  be  delivered  to  the  pro- 
rlucer  for  8s.  per  ton.  As  the  fuel  burned  in  the  producer 
does  not  require  to  be  of  the  best  quality,  tlie  fuel  cost  may 
l>e  **onsiderably  reduced,  since  the  broken  peat  bricks  and 
ronHideruble  fines ~ which  always  occur  in  the  manufacture  of 


peat  and  otherwise  represent  a  loss ~ can  be  efficiently  utilised 
in  the  producer.  Assuming,  however,  t  hat  peat  can  ho 
delivered  to  the  plant  for  8s.  per  ton,  and  that  the  plant  is 
run  with  a  power  factor  of  75  per  rent,  for  3,000  hours,  the 
fuel  costs  would  be  42s.  per  b.h.p. -year,  including  stand-by 
losses.  The  first  cost  of  a  plant  of  this  type  depends  on  cir- 
cumstances. Local  conditions,  capacity  oi'  plant,  (V(:.，  change 
the  first  cost  so  considerably  that  any  figures  quoted  might 
prove  misleading.  The  net  cost  of  developing  power  is  con- 
siderably reduced  by  the  sale  of  sulphate  of  ammonia  and  tar, 
which  are  recovered  as  by-products.  This  recovery,  liowever, 
is  attempted  only  in  plants  of  larger  size  than  tlio  oi"' 
described  in  this  report. 
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A  Primer  of  the   Internal-combustion   Engine,  by  H.  E.  W'im 
peris,  M.A.，  Assoc.M.Inst.C.E.,  <fec.      London  ：  Con- 
stable &  Co.    7iin.  by  5in.  ；  143  pp.  ；  2s.  6d.  net. 

The  leading  features  of  this  book  are  its  cheapnesSj  the 
excellent  way  in  which  the  main  outlines  and  principles  of  the 
internal-combustion  engine-  are  presented,  combined  with  i  lie 
excellent  series  of  examples  interspersed  in  the  various 
chapters  in  order  that  the  reader's  knowledge  of  the  text  may 
be  tested .  It  is  essentially  a  text  book  for  class  work,  and  as 
such  we  have  every  pleasure  in  recommending  it  both  to 
teachers  and  students. 

Vapours  for  Heat  Engines,  by  W.  D.  Ennis,  Mem.Am.Soc  M.  Iv 
London  ：  Constable  &  Co.  8^in.  hy  5 Jin.  ；  78  pp.  :  lis. 
net. 

The  contents  of  this  book  consist  of  a  general  discussion 
of  the  use  of  fluids  other  than  steam  for  power  generation,  as 
well  as  the  desirable  vacuum  limits  in  steam  engines  ；  also 
methods  for  computing  the  efficiencies  of  vapour  cycles  and  a 
temperature  entropy  diagram  for  various  vapours.  Tlie 
matter  is  little  more  than  what  is  usually  given  in  the  intro- 
ductory chapters  of  most  text  books  on  thermodynamics,  and, 
having  regard  to  tliese  limitations,  the  book  does  not  appeal 
to  us  as  presenting  anything  either  cheap  or  new. 

*    #  * 

The  Gas  Turbine,  Theory,  Construction,  and  Records  of 
Results  from  Two  Actual  Machines,  by  Hans  Holzwartli . 
Translated  by  A.  P.  Clialkley,  B.Sc,  A.M. Inst. C.E. 
London  :  Chas.  Griffin  &  Sons.  9in.  by  6^in.  ；  140  pp. ； 
7s.  6d.  net. 

Although  little  has  so  far  been  done  with  gas  turbines  in 
actual  practice,  it  is  a  field  which  presents  many  features  of 
interest  to  students  of  thermodynamics,  and  the  problems 
connected  with  them,  so  far  as  w©  are  aware,  have  not  been 
worked  out  in  anything  like  the  detailed  manner  as  in  the  two 
cases  dealt  with  by  the  author,  and  hence,  in  presenting  his 
work  to  English  engineers,  the  translator  has  rendered  them 
a  service.  Tlie  mathematics  of  the  subject  are  neces- 
sarily difficult  and  the  circle  of  readers  on  this  account  will 
be  somewhat  restricted,  although  we  are  equally  certain  that 
to  those  wlio  are  interested  it  will  be  of  value. 
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The  Protection  of  Trade  Designs,  by  Robert  M.  Neilson, 
M.Inst.M.E.  Glasgow  ：  Fraser,  Aslier,  &  Co"  Ltd.  Price 
6d.  net . 


Fortieth  Anniversary  of  "The  Electrical  Review." ^ Congratu- 
lations to  our  contemporary,  "  The  Electrical  Review,'"  on  its 
fortietli  anniversary.  We  can  recall  in  the  late  seventies, 
when  the  science  of  electricity  was  iu  its  infancy,  its  first 
appearance  in  the  shape  of  a  modest  little  pamphlet  issued  at 
monthly  intervals  and  comprising  only  18  pages  of  editorial 
matter.  That  the  new  journal  was  appreciated  and  met  a 
want  will  be  evident  from  tlie  fact  that  after  a  lapse  of  only 
six  months  it  was  converted  into  a  bi-weekly,  and  a  few  years 
lat^r  into  a  weekly,  while  at  the  present  time  it  comprises 
no  less  than  44  pages  of  literary  matter.  The  journal  has 
grown  on  its  merits,  and  we  can  bear  testimony  to  its  fair 
and  independent  attitude  on  all  questions  coming  witliin  its 
field .  We  wish  our  contemporarv  the  continued  success  it 
deserves. 
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THEORY  AND  EXPERIMENT  IN  THE  FLOW  OF  STEAM 
THROUGH  NOZZLES.* 

BY  VROV.  J.  B.  HENDERSON,  I). SC.,  UOVAI,  NAVAI,  COU.KGE, 
GKEENWICH. 

When  the  Council  of  the  Institution  honoured  the  autlior  hy 
asking  him  to  prepare  a  summary  of  tlie  experimental  work 
which  had  been  done  on  the  flow  of  steam  through  nozzles, 
in  order  to  determine  tlie  lines  on  which  further  experimental 
investigation  should  proceed,  lie  gladly  complied  with  the 
request  and  hoped  at  ； in  early  date  to  ( otnplete  the  task . 
The  scope  of  the  investigation,  howevei-,  、、'；"'  much  wider  than 
he  anticipated.    A  carel'ul  study  of  the  considerable  amouni, 


oi'  literature  bearing  on  t  lie  snhje<-i 


liitu 


it  it 


Fin.  1. ― B  tp  Dtagkam  for  Stkam. 

was  hopeless  to  attempt  to  correlate  the  various  experimental 
results  which  have  been  published  without  first  making  further 
experiments,  and,  as  is  shown  below,  some  data  wliich  are  of 
great  importance  in  tlie,  author's  opinion  for  a  t  horougli  know- 
ledge of  tlie  subject  are  still  altogether  lacking. 

Theory. 

The  ordinary  steam  nozzle  lias  a  rounded  mouth  or  entry, 
the  shape  of  this  curve  of  entry  being  chosen  apparently  at 
random.  It  has  a  throat  or  position  of  minimum  diameter, 
and  then  expands  generally  in  conical  form  to  the  exit  orifice. 
The  diameter  at  the  throat  and  the  initial  pressure  determine 
the  mass  flow,  and  the  pressure  at-  the  throat  is  roughly  half 
the  initial  pressure.  The  conical  portion  allows  the  steam  to 
expand  from  the  throat  pressure  to  the  pressure  at-  the  outlet 
orifice  with  correspondiner  gain  of  velocity. 

The  general  theory  assumes  ：  (1)  that  the  gas  expands 
reversibly  and  adiabatically  in  tlie  nozzle  ；  (2)  that  the  gas  is 
moving  parallel  to  the  axis  at  the  throat  section  ；  (3)  that 
the  pressure  at  all  points  in  the  throat  section  is  the  same  ； 

(4)  tha't  there  is  no  friction  anywhere  in  the  nozzle  ；  and 

(5)  that  there  is  no  heat  interchange'  between  the  nozzle  and 
gas.  Condition  No.  1  really  includes  both  4  and  5，  but  it  is 
more  convenient  to  discuss  the  last  two  separately-  If  the 
suffix  o  refers  to  the  initial  state  and  the  suffix  :  to  the  state 
at  the  throat  section,  the  velocity  at  the  throat  is  given  by  ： ― 


u?       n  f 
where,  n  is  the  index  of 


in  the  reversible  adiabatic  equation 


pvli  =  constant. 
In  order  that  the  mass  flow  may  be  a  maximum 


2 


2 


whence  ?/t2  =  "  +  i  Po""，  or  in  terms  of 


n  +  1 
= np^. 

But  the  velocity  of  sound  in  a  gas  is  \J  "】w  '，  hence  the 
velocity  of  tlie  gas  at  the  throat  is  the  velocity  of  sound  in  the 
gas  at  the  pressure  and  density  prevailing  at  the  throat.  The 
maximum  flow  is  given  by  : —— 

y  - W，（  2 


a/  P" 

w  + 1  vu 


i\       '  w  n  +  i  v0\n      l /  "  '    v0  \«  +  1 

where      is  the  sectional  area  at  the  throat.    These  are  text 


)>or)k  equations  and  require  no  further  comment.  In  the  case 
of  ^uses  //  is  a  coiisiant.,  immI  in  I  he  ('； is('  of  superlicaicd  st'';mi 
Prof.  Callendar  has  shown  that  a  is  also  a  constant  wIioho 
value,  is  l'3，  but  1  liis  only  applies  io  tlie  superheat-ed  region. 
In  the  saturated  region  1  lie  I  heoretica!  equat ion  t o 
； iiliahat  ics  is  : — 


+  log  0  = 


0U 


+  log  e„. 


Tli ere  is  no  theoretical  equation  known  for  these  adiahat  ics 
in  terms  of  /；  and  ''，  hut  Rankine  showed  that  a  first  ;i])proxiina- 
. . .      ,  10       、  „  ，        ， ， 

t  KMi  is  given  by  n~~\,  ，  and  /euner  showed  tliai  "  ―  1  035 十 0'h/ 

^ivo.s  a  closer  aj)[)roximat ion ,  7  hoin^  Hie  initial  d ryuess.  Mr. 
I^rank  K()s"m'  in  '  Tlie  Kn^ineer,"  April  10th,  1()()；),  ive  a 
i  alile  of  values  oi'  ,1  as  ； 1  I'uiiction  of  l)ot  li  t  he  initial  pressure 
and  initial  dryness. 

To  analyse  tlie  variations  of  tlie  constant  //,  the  autlior 
plotted  the  logarithmic  liomologues  of  the  reversible  adiabatics 
of  wet  steam  for  <f>=  1*5,  l  (i，  17,  and  1'8，  which  covers  most  of 
i  lie  practical  steam  chart,  atul  found  that  lines  having  tlie 

slope  -c~  represented  the  curves  fairly  well,  but  the  curves  are 

very  apparently  not  strniglit  lines.  In  order  to  examine  tlie 
deviatioji    from    the    straight  -  line    form    with  satisfactory 

accuracy,  tables  of  the  remainder  r  —  log  p  +  g  log  v  —  c  were 

Formed,  in  which  r  is  t  he  constant  in  the  straight-line 
equation.  The  values  of  r  were  then  plotted  011  a  base  of 
log  〃，  and  the  resulting  curves  were  found  to  be  approximately 
parabolic  in  form.  From  the  equal  ions  to  these  ]>arabohi8  iJio 
equations  to  the  adiabatics  were  deduced.    They  are  of  the 


，  10，  (log  v-af  ^ 

logp  +  ¥  log  一  °m       +  /3 

， fi,  and  tn  are  constants. 
Since  in  practice  only  the  initial  and  final  states  are  of 
importance  and  an  equation  of  the  form  p^^1  =p^v2n  would 
be  useful  when  no  steam  cliart  is  available,  even  if  n  were  a 
function  of  both  pl  and  ]J2,  the  above  equation  has  been  trans- 
formed, and  combined  with  tlie  equations  to  the  parabolas 
it'  gives  : — 

？ i=  roil  +0-073  0  +  loglo  Vi'P-i  (0'0175  0  一  0*0165) 
if  px  and  /'.,  are  in  kilograms  per  square  centimetre,  or: ― 
？ /-1'OllH  b'073  0  (lo?10  28'44)  (0.0175  ^-0-0165) 

if  />,  and  jt.2  are  in  pounds  per  square  inch .    Tlie  index  is  tlms 


―  _1 

*  Paper  presented  before  tlie  Institution  of  Mechanical  Kngineers,  October 
25tli,  1912, 


Fig.  2.— Distribution  op  Condensations  and  Rarefactions  in  a  Paratxel 
Nozzle.   The  dotted  lines  show  also  the  average  direction  of  flow. 

a  function  of  p、，  p2y  and  0，  and  it  is  questionable  whether  such 
a  complicated  formula  will  have  any  practical  importance.  It 
serves  the  purpose,  however,  of  showing  the  errors  which  are 
introduced  by  taking  n  as  a  function  of  the  initial  conditions 
alone.  、 

Differences  Between  the  Practical  and  the  Ideal 
Nozzles. 

Efficiency  of  a  Nozzle. —— An  ideal  nozzle  would  expand  tlie 
steam  or  gas  reversibly  and  adiabatically,  so  that  if  A,  Fig.  1， 
were  the  initial  state  point  on  the  entropy-temperature 
diagram,  the  state  point  after  expansion  would  be  B.  Any 
irreversibility  in  the  flow  due  to  friction  would  cause  tlie  state 
point  after  expansion  to  move  to  the  right  along  tlie  constant- 
pressure  line'  p,  to  some  ppint,  say,  C.  A  nozzle'  which  would 
allow  the  gas  to  pass  molecule  by  molecule  from  pressure  p0  to 
pressure  p  without  gein  of  kinetic  energy  would  have  zero 
efficiency  for  the  purpose  for  which  a  nozzle  is  designed.  Lord 
Kelvin's  porous  plug  constitutes  such  a  nozzle,  and  the  ^tate- 
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point  after  passing  through  the  plug  would  be  D，  the  point  of 
intersection  of  the  constant-pressure  line  y  witli  tlie  "  constant 
heat "  line  through  A.  Tlie  state  poiut  in  practical  uozzles 
will  lie  between  B  and  D,  and  if  no  heat  is  lost  by  conduction 
a  natural  scale  of  efficiency  of  tlie  nozzle  is  obtained,  if  we 
define  the  efficiency  either  by 

0,  -0,,      ！  I,  -  I'' 

where  I  is  Mollier's  variable  E  +  pv  —  I,  and  in  steam  is  practi- 
cally the  same  as  the  total  heat.  These  two  definitions  are 
identical  if  the  constant-pressure  line  is  also  a  line  of  con- 
stant temperature,  as  in  the  saturated  steam  region . 

The  initial  aud  final  states  of  the  steam  would  then  serve 
to  determine  the  efficiency  of  the  nozzle.  Unfortunately,  tlie 
heat  conduction  phenomena  make  such  a  definition  impossible. 


Fig  3. 

NoZiiLi:  OF  J  MM.  HoltE,  EltODKD  By  CORDU  K  GASES  TO  ABOUT  '20  MM.  liOBK. 

Tlie  steam  loses  heat  to  the  nozzle  near  the  inlet  end,  the  nozzle 
losses  heat  to  the  surroundings  and  may  also  return  some  heat 
to  the  steam  before  it  leaves  the  outlet  end  of  the  nozzle. 
Every  one  of  these  heat  transferences  constitutes  au  irrever- 
sible ciiange  and  therefore  a  loss  of  efficiency,  aud  these 
changes  cannot  be  represented  on  the  0<j)  diagram  of  the  steam 
alone.  In  fact  the  loss  of  heat  to  the  nozzle  will  bring  the 
state  point  C  nearer  to  B,  and,  if  the  above  definition  were 
adopted,  one  irreversibility  would  apparently  compensate  for 
another  irreversibility,  instead  of  which  both  must  diminish 
the  efficiency.  The  efficiency  of  a  nozzle  or  turbine  therefore 
caunot  be  obtained  from  the  initial  and  final  conditions  of  the 
steam  unless  it  be  proved  that  no  heat  conduction  takes  place. 
Hence  resort  must  be  made  to  experiment  to  determin©  the 
efficiency  of  a  nozzle  just  as  with  any  oilier  heat  engine,  the 
efficiency  of  the  nozzle  being  the  ratio  of  the  act ual  kinetic 
energy  of  the  steam  leaving  the  nozzle  to  the  ideal  kinetic 
energy. 

Maximum  Mass  Flow  Depends  on  the  Shape  of  the  Curve 

of  Entry  to  the  Nozzle. ― The  maximum  mass  flow  calculated  by 
tlie  general  theory  is  based  on  certain  assumptions,  and  if 
these  assumptions  are  uot  approximately  satisfied  by  the 
practical  conditions,  no  surprise  need  be  felt  if  the  actual  flow 
deviates  considerably  from  the  theoretical,  even  if  it  exceeds 
the  theoretical.  It  is  assumed  that  tlie  pressure  is  uniform 
across  the  throat  section,  and  also  that  the  flow  is  in  |)arallel 
sirearn  lines  at  tlie  throat  section.  If  gas  were  incompressible, 
it  might  be  possible  to  get  it  to  flow  into  a  bell-mouthed  orifice 
iu  stream  lines  so  as  to  satisfy  tliese  assumptions,  but  since  gas 
is  compressible,  its  inertia  is  bound  to  produce  a  condensation 
at  the  axis  of  the  nozzle  near  the  tliroat,  say,  at  A,  Fig.  2， 
and  a  corresponding  rarefaction  on  the  walls  at  ilie  A  section, 
with  corresponding  inverse  variations  of  velocity  across  the 
section .  Tliis  coiidensaiion  at  A  will  give  rise  to  transverse 
oscillations  or  waves  in  the  moving  column,  producing 
s<  h1  ionary  condeMsations  on  the  walls  at  B,  1)，  F，  &c.，  and  on 
Mio  axis  at  C,  E,  G,  &c.  The  stream  lines  also,  if  any  exist, 
will  not  \>e  parallel ,  1>ut  sinuous,  as  shown  in  the  drawing. 

The  iu;i^nit  ude  of  t.liese  condensai  ions  and  rare  fact  irxis  will 
depend  on  tlie  shape  of  the  curve  of  entry  to  tlie  nozzle,  and 
tlie  sliorter  this  curve  is  the  greater  tliey  will  be.  When  this 
curve  has  zero  length  and  tlie  nozzle  has  a  sharp  corner  at  the 
inlet  cud,  it  is  a  well-known  fact  that  the  maximum  flow  is 
roiiHiderably  altet'ed,  and  if  tlie  nozzle  is  simply  a  liole  in  a 
tliiii  plate,  t.licre  is  no  maximum  flow,  \m\f  llio  How  increases 
with  reduction  of  back  pressure  asymptotically  towards  a 


limit.  It  is  surprising  that  so  little  attention  has  been  paid 
to  the  curve  of  entry,  since  it  apparently  ought  to  affect  not 
only  the  mass  flow,  but  also  the  irreversible  phenomena 
througliout  the  nozzle. 

An  unequal  distribution  of  pressure  over  a  cross-section  of 
the  nozzle  involves  an  inverse  unequal  distribution  of  velocity 
across  the  section,  and  since  the  viscosity  of  the  gas  introduces 
eddies,  the  friction  losses  are  likely  to  be  materially  aHecUtd 
by  these  transverse  waves.  Tlius  these  wave>s,  although  in 
themselves  not  irreversible,  ought,  materially  to  affect  the 
irreversible  phenomena  in  the  nozzle.  It  is  unfortunate  that 
the  theoretical  liydrodynamical  problem  of  the  flow  of  a  gas 
through  a  frictionless  nozzle  of  given  form  cannot  be  solved. 
If  this  were  possible  even  for  a  single  particular  form  of  the 
curve  of  entry,  we  should  be  able  to  say  wlietlier  tlie  mass  flow 
iniglit  exceed  the  maximum  obtained  an  tlie  assumption  of 
uniform  pressure  over  the  throat'  section. 

In  practice  the  curve  of  entry  is  made  very  sliori,  hence 
the  inertia  oscillations  are  probably  great.  The  position  of 
t  he  first  condensation  on  the  axis  (A  in  Fig.  2)  will  depend  on 
the  shape  of  the  curve  of  entry  and  the  mass  flow  might  be 
expected  to  vary  accordingly. 

It  is  of  interest  to  examine  theoretically  the  distance  apart 
of  t  lie  t'oncleiisations  along  the  axis  of  a  parallel  nozzle.  The 
theoretical  velocity  in  the  nozzle,  if  the  stream  lines  are 
parallel,  is  equal  to  the  velocity  of  sound  in  t'lie  gas  at  the 
•saine  pressure  and  density  as  prevail  at  the  throat,  and  in 
])ractice  the  velocity  will  appmxiniate  roughly  to  this  value. 
Consequently,  while  a  particle  of  gas  moves  from  A  to  C  in 
Fig.  2,  a  sound  wave  has  moved  l'adially  outwards  to  the  nozzle 
wall  and  back  again  to  the  axis,  that  is,  the  wave  lias  moved 
through  twice  the  radius  while  the  gas  has  moved  through  the 
distance  AC  ；  and,  since  the  velocity  of  the  gas  is  approxi- 
mat-ely  that  of  the  sound  wave,  the  distance  AC  is  approxi- 
mately twice  the  radius  of  tlie  nozzle. 

Experimental  Evidence  of  Transverse  Waves  in  Nozzles. ― 
All  the  published  records  of  the  pressure  distribution  along  the 
axis  of  a  nozzle  give  tlie  pressure  at  a  number  of  points,  and 
through  these  points  the  experimenters  have  drawn  smooth 
curves  ；  hence  these  curves  cannot  be  used  as  evidence  for  or 
against  the  presence  of  transverse  waves  in  t  lie  nozzle,  sine©  it 
is  equally  justifiable  to  draw  a  sinuous  curve  through  the 
points.  Inertia  oscillations  have  been  noticed,  however,  in 
the  expanding  portion  of  the  nozzle  and  also  outside  the  nozzle 
in  the  steam  jet,  whenever  a  suddeu  jurn})  of  pressure  takes 
place.    Curves  showing  these  oscillations  are  to  be  found  in 


Fk;.  i. 

I'i.astku-Cast  of  the  Two  Halves  uf  a  Nuzzle  Ekoded  by  Cordite  GAbts 

sevcrjil  works  on  t  ho  steam  turbino,  for  example,  Stodola  or 
f)uclc.  In  a  paper  by  Mr.  T.  B.  Morley  describing  experi- 
nieiiUs  on  the-  D©  Laval  turbine  iu  the  Engineering  Labora- 
tories of  Glasgow  University,  publishing  in  "  Engineering/' 
December  29fcli,  1905，  some  curves  are  given  of  the  distribu- 
tion of  pressure  along  the  axis  of  the  nozzle,  which  seem  to 
sliow  signs  of  sinuosity  even  near  the  throat,  but  they  have 
been  reduced  to  such  a  small  size  for  publication  that  it  is 
impossible  to  plot  the  theoretical  curve  beside  Miem .  The 
theoretical  curve  of  pressure  (list rihution  is  so  steep  near  the 
tliroat  that  variations  of  several  per  cent,  iu  the  pressures 
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ouly  produce  a  slight  sliea  ring  ol'  I  lie  .si  eep  portion  of  the 
curve,  hence  the  importance  of  having  the  theoretical  curve 
plotted  beside  the  experimental  for  purposes  of  comparison. 

The  most  direct  evidence  is  to  he  found  in  some  experi- 
ments by  Sir  Andrew  Noble  made  to  compare  tlie  erosion  of 
dilTerent  steels  by  tlie  gases  resulting  from  tlie  explosion  of 
cordite  and  other  high  explosives.  The  cordite  was  exploded 
in  a  chamber  from  whicli  the  gases  escaped  through  a  short, 
circular  cylindrical  nozzle.  The  inside  surface-  of  each  nozzle 
was  found  to  be  eroded  in  a  series  of  waves.  The  author  is 
indebted  to  Sir  Andrew  for  the  loan  of  these  nozzles  in  order 
to  photograph  them,  and  for  his  kind  permission  to  publish 
two  of  these  photographs,  whicli  are  shown  in  Figs.  3  and  4. 
Fig.  3  shows  a  view  looking  through  one  of  the  nozzles  in  the 
direction  of  the  flow,  and  Fig.  4  shows  a  section  of  a  plaster- 
cast  of  one  of  the  eroded  nozzles.  The  regular  wavy  surface 
is  not  so  clear  in  Fig.  4  as  in  Fig.  3.  The  original  diameter  of 
both  nozzles  was  about  quarter  that  of  tlie  eroded  nozzles,  and 
the  bore  was  smooth  and  circular  with  sharp  corners  at  entry 
and  exit,  the  bore  being  about  5  mm.  Since  we  have  seen  that 
(he  distance  between  the  condensations  is  equal  to  the 
diameter  of  the  nozzle,  it  is  evident  that,  as  the  diameter 
increases,  the  erosion  waves  produced  by  one  explosion  will  be 
partly  obliterated  by  the  erosion  due  to  succeeding  explosions  ； 
lience1  the  irregularity  of  the  surface  in  Fig.  4. 


'-6  log  p,i 


Fig 


5.— Rateau's  Expkuiments  on  thk  Flow  of  Steam  with  the  Back  Pressurk  less  than  0  58 
Supply  Pressurk.   Shewing  that  thk  experhvi  ； ntal  flows  excekd  the  thkoketical. 


It  would  be  very  interesting  to  see  one  of  these  nozzles  after 
a  single  explosion  of  a  small  charge  of  cordite,  and  still  more 
interesting  if  a  thin  circular  rod  could  be  screwed  into  the 
back  of  the  explosion  vessel  coaxial  with  the  nozzle  and  long 
enough  to  project  througli  the  nozzle.  The  wavy  surface  on 
the  rod  could  then  be  compared  with  that  on  the  walls  of  the 
nozzle  and  would  clearly  demonstrate,  by  the  relative  positions 
of  the  two  sets  of  waves,  whether  the  oscillations  are  transverse 
or  not.  It  is  difficult  to  imagine  any  other  cause  to  account 
for  the  wavy  surface  than  these  oscillations  across  the  nozzle, 
whicli  must  be  introduced  by  the  contraction  of  the  stream  at 
entry.  They  must  produce  variation  of  pressure  and  also  of 
temperature,  and  where  the  temperature  is  highest  there  the 
erosion  must  be  greatest. 

Some  experiments  were  made  three  years  ago  in  the 
Engineering  Laboratory  of  tlie  Royal  Naval  College,  Green- 
、vidi，  to  try  to  reproduce  these  waves  of  erosion  in  steam 
nozzles  lined  with  fusible  metal,  but  it  was  found  difficult  to 
stop  the  flow  at  the  critical  moment,  and  as  a  rule  the  metal 
was  either  untouched  or  almost  completely  melted.  The  heat 
conductivity  was  evidently  too  great  and  the  differences  of 
temperature  too  small  for  success,  without  some  special 
arrangement  for  observing  the  erosion  as  it  occurred. 

Let  us  now  examine  tlie  experimental  evidence  to  see  if  the 
actual  mass  flow  does  in  some  cases  exceed  the  theoretical, 
calculated  on  the  assumption  of  uniform  pressure  at  the  throat 


section.  Prof.  Hateau  lias  carried  out  a  beautiful  set  of 
experiment s  on  the  flow  through  four  nozzles.*  The  measure- 
ments were  all  made  with  great-  accuracy.  The  four  nozzles 
are  il lust  rated  and  the  results  are  plotted  in  Kig.  '「).  The 
points  refer  only  to  tlie  (ixperimeitts  in  whicli  the  hack 
pressure  was  less  titan  0*58  of  the  initial  pressure,  and  since  in 
such  a  case  the  theoretical  equation  for  ilie  mass  (low  P，  in 
terms  of  initial  pressure  p,,  is 

F 

the  ordinates  are  F/p、、  and  abscissae  log  p0,and  the  theoretical 
discharge  straight  line  is  drawn  in  the  diagram.  It  will  be 
noted  that  almost  all  the  experimental  points  lie  above  the 
theoretical  line,  indicating  a  flow  greater  than  the  theoretical. 
Thus  for  nozzle  1  the  mean  departure  is  1*17  per  cent.,  for 
nozzle  2  it  is  0"69  per  cent"  and  for  nozzle  3  it  is  0*25  per  cent. 

No  surprise  would  be  felt  if  the  experimental  flows  were  1， 
2，  or  more  per  cent,  below  the  theoretical  because  of  the 
friction  in  the  bell-mouthed  entrance,  but  any  excess  requires 
explanation.  Prof.  Rateau  tries  to  explain  it  away  by  alter- 
ing the  assumed  value  of  Joule's  equivalent^  by  assuming  that 
changes  took  place  in  tlie  zero  of  his  thermometers,  &c.  ；  but 
the  maximum  changes  he  can  allow  in  these  factors  only 
increase  the  theoretical  flow  about  1  per  cent.  Rateau  is  not 
the  only  experimenter,  however,  whose 
results  show  a  flow  greater  than  the 
theoretical.  Hirn,  in  his  experiments  on 
the  flow  of  air,  obtained  similar  excesses 
in  the  case  of  back  pressures  being  less 
than  0'5pllt  The  evidence  seems,  there- 
fore to  throw  suspicion  on  the  ideal  nozzle. 

Further  evidence  should  be  obtainable 
from  experiments  in  which  the  back  pres- 
sure is  greater  than  0'58y ？，  because  tlie 
inertia  effects  in  the  radial  direction 
should  increase  with  the  velocity,  and 
therefore  with  the  difference  of  pressure 
at  the  ends  of  the  nozzle.  Rateau's  results 
for  back  pressures  greater  than  0*58poare 
shown  in  Fig.  6，  in  which  the  ratio  of  the 
flow  to  the  maximum  flow  is  plotted  in 
terms  of  the  ratio  of  the  back  pressure 
to  the  initial  pressure.  It  will  be  noted 
that  for  the  pressure  ratio  0-95  the  experi- 
mental curve  is  6  per  cent,  below  the 
theoretical,  at  0  8  it  is  3  3  per  cent,  below, 
at  0*7  it  is  2'6  per  cent,  below,  and  at  0*58 
we  -  have  seen  that  the  experimental  curve 
is  tlie  higher.  Yet  the  velocity  and 
inertia  effects  have  been  steadily  increas- 
ing, and  it  is  natural  to  expect  that  the 
deviation  should  also  be  increasing.  The 
obvious  explanation  is  that  the  theoretical 
curve  is  at  fault. 
Walter  Rosenhain,  in  one  set  of  his  experiments  |  on 
nozzles,  used  a  nozzle  that  was  made  in  two 
The  mass  flow  with  the  conical 


Dr. 

the  flow  through 
parts  separable  at  the  throat, 
diverging  part  fixed  was  found  to  exceed  the  mass  flow  without 
it.  This  strange  result  cannot  be  explained  on  the  assump- 
tion of  uniform  pressure  at  the  throat  section .  The  theoretical 
mass  flow  for  that  particular  nozzle,  as  calculated  on  the 
general  theory,  is  not  given,  but  Prof.  Rateau  has  shown  tliat 
another  of  Dr.  Rosenhain  s  nozzles  passed  5  per  cent,  more 
steam  than  the  general  theory  allows,  which  Prof.  Rateau 
ascribes  to  the  uncertainty  in  the  initial  wetness  of  the  steam  - 
It  seems  a  large  amount  to  be  accounted  for  by  that 
uncertainty. 

Again  Dr.  Ros&nhain  found  the  flow  through  a  hole  in  a 
thin  plate  to  be  only  about  6  per  cent,  less  than  the  flow 
through  a  properly-shaped  nozzle  having  the  same  area  at  the 
throat  as  the  hole,  but  Prof.  Rateau  has  since  shown  that  the 
flow  through  a  flat-plate  orifice  depends  upon  the  back 
pressure,  Fig.  6，  and  may  be  as  much  as  25  per  cent,  less  tlian 
the  flow  througli  the  nozzle.  In  a  flat-plate  orifice  the 
difference  of  pressure  across  the  section  of  the  nozzle  must  be  a 
maximum,  hence  the  divergence  from  the  general  theory 
should  be  a  maximum. 


1  ltatcau  on  the  Flow  of  Steam  " ； 
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It  is  quite  possible  that  the  coefficient  of  friction  between 
the  steam  and  the  metal  walls  of  the  nozzle  dirniiiislies  con- 
siderably at  velocities  approaching  tlie  velocity  of  sound,  but 
even  a  zero  coefficient  will  not  account  for  the  discrepancies 
l>ot ween  theory  and  experiment.  Also,  even  if  the  friction  on 
the  walls  were  zero  at  these  very  higli  velocities,  the  inertia 
oscillations,  bv  introducing  a  difTerential  velocity  across  every 
section,  would  still  cause  friction  losses,  the  relative  velocity  of 
the  gas  giving  rise  to  eddies  just  as  it  would  at 】ow  velocities. 

Suggestions  for  Fukther  Experiments. 

It  is  highly  desirable  that  some  further  experiments  should 
be  carried  out  on  the  influence  of  the  curve  of  entry  on  the 
flow  from  nozzles  of  equal  diameters.  Comparative  experi- 
ments would  be  best,  the  two  nozzles  being  connected  each  to 
one  of  two  similar  jet  condensers,  fed  by  water  flowing  through 

Ratio  of  back-pressiu'c  p 
0  8  075  0-7 


multiple-stage  turbines,  t  he  inertia  oscillat  ions  caiuiot  have 
died  out  in  the  short  Icn^t  n,  and  the  jet  will  not  emerge  as  a 
parallel  stream.  】t  would  be  interesting  to  note  the  change 
in  the  shape  of  1  he  emerging  jet  as  t  lie  parallel  outlet  end 
portion  of  Mu»  nozzle  is  lengthened  or  shortened,  1  hus  altorin^ 
t  Ihi  relative  positions  of  t  he  oiul  sect  ion  and  the  transverse 
waves.  This  may  accoiuit  for  t  lie  difi'erence  which  M  r.  _Hos('ii 
liain  noticed  between  the  shape  of  t  lie  jet  i.ssuin^  fn)ni  his 
nozzles  and  the  photographs  of  jets  published  hy  Pareniy. ;: 

In  De  Laval  nozzles  the  long  tapering  expanding  portion 
probably  gives  the  inertia  oscillations  time  to  die  out  it)  tli^ 
nozzle,  and  leave  the  emerging  jet  parallel,  provided  there  is 
no  sudden  change  of  pressure  at  exit  ；  but  it  does  not  follow 
that  a  curve  of  entry  which  is  satisfactory  in  a  long  De  Laval 
nozzle  will  be  equally  so  in  a  non-expanding  or  a  short  expand- 
ing one,  say,  in  a  multiple-stage  turbine. 

initial  pressure  P„ 
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STKAM   THKOlKiH   No/./LKS  WITH 

x  Supply  I'kkssukk. 

The  exuerinienlal  flow  is  seen  to  bo  loss  tlui n  i\iv  tln'OLX'tk-iil  flow,  but  thv  coellicicnt 
of  discbai'tie  miaiked  in  small  ri^urcsl  increasts  sUadily  as  the  back  pressure  is 
diminished,  and  when  11  ic  back  ])i*fssurc  is  less  tliau  0".r>8  :  supply  jnessure  this  co- 
ellicient  becomes  ^rcatci'  than  unity  (t、Ui.  5i,  i.e.,  the  oxpt-iiiiicntal  How  exceeds  tlie 
theoretical. 


equal  orifices  from  the  same  tank.  The  comparison  would 
then  consist  in  reading  a  difTerential  thermometer  giving  the 
difference  of  the  temperatures  in  the  condenser  discharges. 
An  interchange  of  steam  or  water  nozzles  in  the  two  con- 
densers would  eliminate  any  inequalities  in  the  flow  of  water. 
One  nozzle  could  be  kept  of  standard  shape  and  the  other 
varied  according  to  some  definite  plan.  Until  further  light  is 
thrown  on  this  point  no  comparison  is  possible  between  the 
results  obtained  by  different  experimenters,  since  some  of  these 
liave  simply  calculated  the  mass  flow  from  general  theory.  It 
is  also  desirable  to  determine  whether  the  length  of  the 
parallel  portion  at  the  throat  materially  influences  the 
mass  flow. 

The  mass  flow  is  most  difficult  to  determine  accurately,  and 
it  is  unfortunate  that  experimenters  have  employed  the  direct 
measurement  method  whidi  is  difficult,  instead  of  the  com- 
parative method  which  is  easy.  The  comparative  method 
might  also  be  employed  for  comparing  the  efficiencies  of  nozzles 
by  measuring  the  ratio  of,  or  the  difference  between,  the 
reactions  of  the  nozzles  fed  from  the  same  source. 

For  practical  purposes  it  is  not  sufficient  to  determine  the 
efficiency  of  a  nozzle  simply  as  a  transformer  of  heat  energy 
into  kinetic  energy,  because  the  nozzle  has  to  be  utilised  in 
connection  with  turbine  blades,  and  unless  the  jet  impinges  on 
tlie  blades  exactly  as  it  is  intended  to  do,  a  further  cause  of 
inefficiency  may  arise.  It  is  of  importance  to  examine  the  jet, 
therefore,  to  see  that  it  is  parallel  on  leaving  the  nozzle  wlien 
tlie  .supply  pressure  and  the  back  pressure  are  those  of  design, 
otherwise  part  of  the  jet  may  not  strike  the  blades  at  all,  or 
tlie  jet  by  contracting  may  not-  (ill  i  he  blade  space,  therel>y 
introducing  unnecessary  friction  due  to  the  unused  portion  of 
tlie  blade  length.  Unless  the  pressure  is  uniform  over  the 
outlet  orifice  and  equal  to  the  back  pressure  the  jet  will  not 
be  parallel.      Hence,  if  the  nozzle  is  very  short  as  in  some 


If  the  oscillations  liave  died  out  before  the  exit  orifice  is 
reached,  then  one  may  speak  of  tiie  pressure  and  state  of  tlie 
steam  at  the  exit  section,  but  unless  the  heat  lost  by  conduc- 
tion is  known  the  theoretical  equation  cannot  be  applied.  In 
order  to  get  some  idea  of  the  magnitude  of  the  heat -conduction 
effects  in  a  nozzle  of  De  Laval  patter^,  some  experiments  were 
made  in  the  Engineering  Laboratory  of  the  Royal  Naval 
College,  Gresnwich,  by  Eng.-Lieuts.  H.  H.  Carter  and  H.  T. 
Evans  in  session  1909-10. 


Fl<i.  7.—NOZZLK  SUHHOl'NDKD  BY  FlG.  8.  — N'OZZLK  SUKItOl'NDl-:i>  BY 

Exhaust  Stk.\.*\i.  Livk  Stkam. 

Experiments  oq  Hrat  Conduction  throutih  Nozzles. 

The  method  employed  was  to  compare  the  flow  of  heat 
carried  into  a  jet  condenser  by  the  steam  flowing  through  the 
nozzle  when  the  nozzle  was  surrounded  by  steam  at  condenser 
temperature,  with  that  when  tlie  nozzle  was  surrounded  by 
steam  at' l)oiler  temperature,  thus  to  a  certain  extent  reversing 
the  lieat-coiiduction  effects.  The  method  is  not  a  very 
accurate  one,  since  the  lieat  conducted  is  a  small  fraction  of 
the  total  heat  carried  by  the  steam  into  the  condenser. 

*  "  Amiales  de  Chiuiie  et  dc  Pbysi(iue  7."  serie  viii  ,  1896,  and  \u..  1897. 
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Fig.  7  shows  the  arrangement  of  the  apparatus  with  the 
nozzle  surrounded  by  the  exhaust  steam,  and  Fig.  8  shows  it 
with  the  nozzle  surrounded  by  live  steam.  It  will  b©  seen  that 
the  nozzle  is  carried  between  a  "  blank  flange ,J  A  and  a 
perforated  diaphragm  C.  In  Fig.  8  the  diaphragm  is  neces- 
sary to  keep  the  stream  lines  at  entry  similar  to  those  in  the 
Fig.  7  arrangement,  and  in  Fig.  7  the  diaphragm  helps  to 
keep  the  steam  which  surrounds  the  nozzle'  more  nearly 
sataxrated,  since  the  steam  on  its  way  to  the  condenser  is  con- 
siderably superheated.  (The  reading  of  the  thermometer  T2 
was  from  40。  to  60°  Fah.  below  that  of  thermometer  T3  in 
Fig.  7，  and  about  20°  below  that  of  thermometer  Tx  in  Fig.  8.) 
The  results  of  the  experiments  are  plotted  in  two  curves  ii\ 
Fig.  9,  in  which  the  heat  flow  into  the  condenser  is  given  as  its 
equivalent  in  mass  flow  of  steam.  Since  the  mass  flow  of 
steam  must  have  been,  for  the  same  initial  pressure,  the  same 
in  both  cases,  tlie  difference  between  the  two  curves  gives  some 
idea,  of  i.lie  magnitude  of  the  heat-conduction  effects.  The 
nozzle  was  designed  for  an  initial  pressure  of  2001bs.  per 
square  inch  and  a  high  vacuum,  so  that  the  only  points  of 
practical  importance  011  the  curves  are  those  on  the  ordinate 
200  which  occurs  just  at  the  part  of  the'  curve  where  the 
experimental  point's  are  mosi  irregular.  The  method  of 
experiment  iy  a  rough  one,  but  the  results  show  that  there  is 
au  appreciable  heat-conduction  effect  well  worth  investigating 
in  an  accurate  manner. 
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l-，l(i.  9.— cuhvks  showing  effkct  of  conduction  of  hea.t  thkough  walls 
of  the  Nozzle. 

The  conclusions  arrived  at  in  the  paper  may  be  summarised 
as  follows  ： ― 

(1)  The  generally  accepted  theory  of  the  flow  of  gases  and 
vapours  through  nozzles  is  defective,  in  that  it.  makes  110 
allowance  for  the  inertia  and  compressibility  of  these  fluids, 
and  the  assumptions  made  iu  that  theory  do  not  seem  to  be 
very  completely  realised  in  practice. 

(2)  No  complete  theoretical  treatment-  of  the  problem  of 
the  flow  of  a  frictionless  but  compressible  fluid  is  possible  at 
present,  but  there  is  no  reason  prima  facie  for  assuming  Miat 
tlie  maximum  flow  which  such  a  solution  would  allow  would 
not  exceed  the  maximum  as  calculated  by  the  general  tlieory. 
This  is  the  probable  explanation  of  the  experiment-al  How 
exceeding  the  theoretical  in  many  cases. 

(3)  The  erosion  of  nozzles  which  occurs  when  gases  result- 
ing from  the  explosion  of  cordite  flow  iiirough  iliem  throws 
]i<rht  on  tlie  influence  of  inertia  and  compressibility  on  tho 
flow,  the  irregular  wavy  erosion  being  probably  due  to 
transverse  oscillations  in  the  gas. 

(4)  Experiments  are  described  whicli  show  thai  t'lie  effe€t, 
(Jf  lieat  conduction  through  the  uozzle  is  by  no  means  u 
negligible  quantity  when  dealing  with  t-he  flow  of  steam. 

' '(；：)  Kurt  hrr  cx)K-ri!ncntal  investigation  is  required  on  the 


following  point's:  (a)  The  influence  wliich  the  shape  of  the 
curve  of  entry  exerts  on  the  flow  through  short  nozzles. 
(h)  The  influence  of  the-  transverse  oscillations  on  the  shape  of 
the  issuing  jet.  (';)  The  h&at  conduction  through  nozzles. 
(d)    The  efficiency  of  i，ozz】es. 

Id  conclusion,  the  author  desires  to  express  his  thanks  to 
Prof.  Rateau  for  liis  ])erniission  to  publish  Figs.  5  and  6,  and 
to  Sir  Andrew  Nol>le'  ior  tlie'  】wui  of  Uie  nozzle®  wliich  lie  used 
in  liis  cordite  experiment's,  and  for  his  kind  permission  t'o 
publish  the  j3hoiographs  on  Plate-  1  illustrating  the  erosion  of 
these  nozzles. 


ENGINEERING  EDUCATION. 

In  liis  presicttMit ial  address,  delivei"ed  t,o  the  Liverpool  Engi- 
neering Society,  Prof.  \V.  11.  Watkinson  said  that  greater 
value  had  been  att-aclied  i】i  t  his  covuii-ry  to  the  art  than  to  tlie 
science  of  engineering,  with  the  result  thai  the  Germans  were 
better  fitted  to  develop  those  branches  which  were  more 
dependent  on  scientific  knowledge.  The  high-lift  turbine 
pump  was  invented  by  Prof.  Osborne  Reynolds,  but  German 
and  other  continental  engineers  had  developed  it,  while 
British  rnanufact-urers  had  to  buy  continental  designs  of  the 
water  turbine.  The  ^-stroke  gas  engine  was  invented  by 
Dugald  Clerk  in  1 880,  In"'  its  developnient  was  left  to 
K  or  ting,  of  Ha,，i()v*'r，  and  tJie  aj)j)lication.  of  this  cycle  to 
Diesel  engines  was  being  developed  in  Cermany  and  oilier 
rontiiieiit-al  countries.  Ail  t lie  large  internal-combustion 
engines,  whether  gas  or  oil,  l)uili  in  ihi«  country  were  con- 
structed to  German  or  Belgian  designs,  for  which  British 
manufacturers  had  to  pay.  The  application  of  Diesel  engines 
to  marine  propulsion  liad  been  entirely  developed  on  the 
Continent,  tlie  large  steam  turbine,  although  first  rendered 
successful  by  Parsons,  had  been  studied  from  the  scieutific 
point  of  view  in  Germany  and  Switzerland,  and  an  enormous 
turbine  plant  for  Soui  li  Africa  had  been  manufactured  in 
Berlin.  The  application  of  superlieat'ers  to  locomotives  was 
almost  entirely  due  to  Germans. 

He  had,  he  said,  during  ilie  last,  few  years  visited  all  the 
principal  schools  of  engineering  in  Germauy,  the  United 
States,  and  Canada.  In  tliis  country  the  majority  of  engi- 
neers and  ineclianics  had  received  tlieir  scientific  training  at 
evening  classes,  and  altliougli  this  system  had  produced  some 
of  the  most  capable  men,  owing  to  the  development  of  engi- 
neering science  it  was  no  longer  possible  to  obtain  adequate 
training  in  this  manner  in  the  higher  branches  of  the  profes- 
sion. Wlien  the  Americans  awakened  to  th©  need  of  better 
scientific  training  they  went  to  Germany  for  their  models  for 
the  schools,  and  although  some  progress  had  been  made  in 
this  country  in  regard  to  recognising  the  new  conditions,  a 
large  amount  of  leeway  had  to  be  made  up.  In  the  United 
States  there  were  in  1908-9  approximaiely  17^700  eugiueering 
students  iit  i-he  principal  sdu)()ls，  a  nuniber^hat  was  more 
than  double  what  it  liad  been  six  years  previously,  and  in  the 
technical  high  schools  of  Germany  there  were  】ast  session 
10,998  studeJits  wlio  were  taking  tlie  regular  diploma  or 
degree  courses  in  engineering,  shipbuildiug,  and  mining,  or, 
with  5,000  not  qualified  to  take  such  courses,  a  total  of  about 
16,000  students.  During  the  last  session  in  the  universities 
and  technical  high  schools  of  England  and  Wales  there  were 
only  1,623  full-time  engineering  students,  or,  with  Scotlaiid,  a 
little  over  2,000.  Abroad  the  employers  co-operateel  with  the 
schools  in  assisting  students  to  obtain  practical  i-raining,  and 
in  Berlin  there  was  a  special  bureau  for  organising  this  train- 
ing which  had  a  list  of  500  firms  willing  to  take  students  iiiio 
their  works.  Students  in  America  managed  to  earn  sufficient 
to  maintain  t.heniselves  while  at.  tlie  univei'vsity,  but  English 
students  rarely  appeared  to  liave  this  ability  to  help  iliem- 
selves.  At'  present  the  principal  difficulty  with  a  considerable 
number  of  t  he  students  in  this  ('(nmt'ry  was  t'liat,  on  ('ompleticm 
of  their  university  training  their  private  funds  were  exhausf 
and  i  hey  could  not  afford  either  U>  ]>ay  a  premium  or  (  o 
undergo  i wo  or  i'luw  years'  appreidiceshi!)  at  the  existing 
scale  of  wage's.  This  difficuliy  would  I>o  solved  hy  employers 
giving  a  more  liberal  scale  of  wages  to  college-trained 
apprentices. 

Accidents  on  British  Railways. ― A  Hoard  of  Trade  report 
puhlisliod  "  Cow  days  a^o  sliows  that  during  t'lit'  second  (]u;i rf ct 
of  Mie  rm  iviit,  yr;ir  '」 I U  [km  soms  w("'('」  killed  ;uid  1,818  injured 
by  railway  accidents  in  the  United  Kingdom. 


NOVEMRFR  22,  1012] 


THE    MECHANICAL  ENGINEER. 


045 


INTERNATIONAL  ENGINEERING  AND  MACHINERY  EXHIBITION,  OLYMPIA.  VII. 


Mr.  S.  N.  Brayshaw,  of  2，  Mulberry  Street,  Hulme,  Man- 
chester, exhibited  several  new  types  of  his  well-known 
furnaces,  together  with  furnace  accessories,  temperature 
measuring  instruments,  small  tools,  and  miscellaneous  acces- 
sories. Several  of  these  we  have  pleasure  in  illustrating  and 
describing  herewith. 

Fig.  1  shows  a  furnace  suitable  foi*  case-hardening,  ordi- 
nary steel  hardening,  annealing,  and  for  a  variety  of  operations 
which  admit  of  the  flame  entering  tlie  cliamber  t'liat'  contains 
t  lie  work.  For  economy  of  gas  and  rapid  heating  this  furnace, 
it  is  claimed,  is  unrivalled,  but  it  cannot  he  used  for  work 
whicli  requires  a  muffle  to  protect  it  from  tlie  flame  or  from  the 
products  of  combustion.  As  will  be  noticed,  it  consists  of  a 
single  chamber  having  a  balanced  sliding  door,  the  latter  being 
the  same  size  a«  tlie  eltamber  itself.  A  special  quality  of 
firehrirk  is  used  for  lining  the  furnace,  and   the  wliole  is 
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enclosed  in  a  strong  steel  frame,  and  provided  with  gas 
fittings,  damper,  and  flue.  The  complete  furnace  is  self- 
contained  and  stands  on  the  floor,  no  table  or  special  founda- 
tion being  required.  It  is  heated  by  a  patent  gas  burner,  by 
means  of  which  an  effectively  reducing  flame  can  be  main- 
tained without  a  wasteful  excess  of  gas.  Tlie  inlets  are  close 
to  the  sides  of  tlie  chamber  and  discharge  vertically  down- 
wards from  the  arched  roof  in  such  a  way  as  to  lieat  the 
chamber  with  great  uniformity,  and  without  a  cold  mouth. 
Coal  gas  or  producer  gas  is  used  at  ordinary  pressures,  or  tlie 
burners  can  be  arranged  for  high-pressure  gas.  Compressed 
air  is  also  required  at  a  pressure  of  one  or  two  pounds  per 
s^jnare  inch.  Large  quadrant  taps  accurately  regulate  the 
gas  and  air,  so  that  the  temperature  of  tlie  furnace  is  under 
perfect,  control .  Tlie  commonest  method  of  case  hardening  is, 
in  general  terms,  to  lieat  tlie  pieces  in  boxes  with  bone  chips 
or  other  suitable  material  for  a  sufficient  lengtli  of  time  at  a 
temperature  of  about  950。  C.(l  ,742°  Fah.),  and  then  to  quench 
out  at  once  in  cold  water.  The  besi  case-hardening,  however, 
is  done  in  two  or  more  separate  processes,  which  vary  according 


to  circumstances,  but,  briefly,  tlie  first  process  consists  of 
carburising  only,  that  is,  the  articles  ar©  heated  in  boxes 
exactly  as  above,  but  are  then  allowed  to  cool  slowly  or  are 
quenched  in  oil.  The  pieces  so  carburised  are  next  heated  to  a 
temperature  of  about  760。  C.  (1,400°  Fah.)  and  quenched  in 
water,  after  which  they  may  be  tempered,  or  further  treated 
in  other  ways.  This  furnace  is  specially  adapted  to  the  first 
of  these  processes,  and  is  also  suitable  for  the  second  heating. 
But  a  still  further  improvement  is  effected  by  using  a  Bray- 
shaw  patent  salt  1>aih  furnace  in  the  second  process  for  heating 
tlie  carburised  pieces.  The  salt  batli  ensures  absolute 
uniformity  of  heating,  and  the  temperature  is  known  with 
certainty,  all  the  elements  of  chance  being  thus  removed . 

Another  new  furnace  is  shown  in  the  illustration,  Fig.  2. 
This  lias  been  designed  for  melting  such  metals  as  aluminium, 
brass,  bronze,  copper,  iron,  nickel,  silver,  gold,  &c.  ；  and  like 
the  one  previously  described,  is  fitted  with  the 
patent  burner.  The  burner  is,  as  previously  men- 
tioned, applicable  to  producer  gas,  and  temperatures 
up  to  1,300°  C.  (2,372°  Fah.)  can  be  obtained  with 
it  in  this  furnace  with  gas  of  150B.Th.U.  The 
furnace  is  lined  with  special  refractory  material  and 
surrounded  by  a  great  thickness  of  lagging  to  retain 
the  heat  and  economise  gas.  A  stock  is  kept,  we 
are  informed,  of  spare  linings,  and  those  bemg  easily 
placed  in  position,  saw  tlie  time  of  reb ricking, 
whilst  they  ensure  the  furnaces  being  correct. 

Two  illustrations  (Figs.  3  and  4)  which  we  give 
of  a  milling  cutter  guard,  as  made  and  exhibited  by 
Mr.  Brayshaw,  are  almost  self-explanatory.  These 
are  readily  attached  to  tlie  machine,  are  adjustable 
in  many  ways,  and,  while  complying  with  the  Home 
Office'  regulations,  afford  the  necessary  protection 
without  obstruction. 

An  ingenious  lock-nut  shown  by  the  firm  we 
illustrate  in  Fig.  5.  This  is  made  in  all  sizes  from 
iin.,  Whitworth  Standard,  and  will  be  found  useful 
on  all  machinery  subject  to  vibration.  When  the 
lever  is  drawn  back  and  the  stop  point  on  its  under 
side  catches  in  the  niche  on  top  of  nut,  the  teeth 
of  the  spindle  are  then  clear  of  the  thread  on  tlie 
bolt,  and  the  nut  will  unscrew  freely.  When 
released,  the  lever  springs  back  and  the  teeth  of  th? 
spindle  make  a  dead  grip  on  the  bolt.  The  nut  can 
be  screwed  on  the  bolt  either  in  the  locked  or  un- 
locked position.  In  the  locked  position  it  is  per- 
fectly automatic,  and  can  be  screwed  further  on,  but 
it  cannot  work  back  unless  released.  To  remove  the 
nut,  it  should  be  turned  slightly  forward  before 
releasing. 

Messrs  E.  G.  Wriglcy  &  Co.,  Ltd.,  of  Foundry  Lane 
Works,  Solio,  Birmingham,  exhibited  a  drilling 
inacliine  in  motion  to  show  the  performances  of 
their  well-known  liigli-speed  twist  drills.  A  good 
assort rnont  of  small  tools,  including  drills,  milling 
cutters,  and  reamers,  were  also  shown,  together  with 
samples  of  cut  gearing. 
Messrs.  Hans  Renold  Ltd.,  of  Progress  Works,  Manchester, 
exhibited  numerous  examples  of  steel  driving  chains  and 
wheels,  in  the  manufacture  of  which  they  have  specialised  and 
for  which  they  are  well  known.  Three  main  types  were  rej) re- 
sen  ted,  viz.,  silent  chains  (tlie  first  patent  for  wliich  was 
granted  to  Mr.  Hans  Renold  in  1895)  and  wheels  for  same  ； 
roller  chains;  and  block  chains.  These,  however,  will  be 
familiar  to  most  of  our  readers,  from  past  descriptions  of 
same,  and  so  we  do  not  purpose  further  describing  them  in 
the  present  article. 

Messrs.  James  Kelly  &  Co"  Ltd.,  of  3  and  5，  Bridge  End, 
Leeds  Bridge,  Leeds,  exhibited  several  interesting  and  novel 
machine  tools,  chief  of  which  we  may  mention  were  a  Bryant 
multiple  spindle  chucking  grinder  ；  a  De  Fries  "  H.R."  36in. 
semi-automatic  chucking  lathe  ；  and  a  lOin.  centre  AYalthetn 
single  pulley  drive,  high-speed  lathe,  the  special  feature  of 
the  latter  tool  being  a  quick  return  to  the  saddle  with  a  ratio 
of  8  to  1.  The  first-mentioned  tool  was  fitted  with  three 
spindles,  one  for  internal,  one  for  external,  and  a  third  for 
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face  grinding,  and  to  all  intents  and  purposes  embodied  the 
principle  of  turret  lathe  design  as  applied  to  a  grinding 
machine. 

The  De  Fries  chucking  hit  lie  was  an  iniprovenient  on  1 1n* 
usual  chucking  lathe  in  that  the  slides  were  covered,  while 
the  chucking  lever  was  so  placed  that  the  operator  could  fix 
up  tlie  work  very  quickly  indeed.  There  were  also  oilier 
special  features  we'  have  not  space  to  describe  at  length,  l)ut 
we  should  say  that  tlie  combination  of  this  tool  with  a  Bryant 
grinder  such  as  previously  mentioned  would  be  an  ideal  one 
for  motor-car  manufacturers,  the  automatic  lathe  rougliing 
out ,  and  the  clnicking  grinder  finishing  tlie  work. 

Other  tools  shown  were  a  De  Fries  full  automatic  scr-ew- 
making  lathe  for  "mkiiig  screws  up  to  ?,in.  diam.  ；  a  MafFei 
liigli-speecl  vertical  drilling  machine  ；  a  Maffei  rapid  cutting- 
oi)'  inacliine  caj)al)le  o「  （mUiiig  o(V  an  8 i n .  l>a r  in  (ive  minutes  ； 
uiul  m  single  pulley  d rive  shaj)iug  machine,  of  5in.  stroke, 
driven  by  single  pulley,  witli  Norton  typ&  of  change  speed 
box,  giving  six  speeds. 

Mc<5rs  George  Swift  &  Sons,  of  Claremont  Ironworks, 
Halifax,  exhibited  a  collection  of  machine  tools,  comprising  a 
lOin.  centre  all-geared  head  lathe  ；  a  7in.  centre  lugh-speed 
lathe  on  7ft.  Gin.  bed  ；  and  4ft.  3in.  and  3ft.  6in.  high-speed 
radial  drilling,  tapping,  and  studding  machines. 

The  first-mentioned  tool  was  mounted  on  a  12ft.  box  end 
bed  fitted  with  lialf-gaj),  and  was  driven  by  means  of  a  1  ■「）  li.p. 


Fir;.  2.— f'niK  iblk  FnitNAf  k.     ]\fn.  S.  N.  Hrayshaw.  Ma\chrstj:u. 

constant-speed  motor.  The  heaclstock  had  a  4^ in.  diam.  hole 
tlirough  spindle,  and  gave  16  spindle  speeds  in  geometrical 
progression  from  8'7  to  135  revs,  per  minute.  All  the  gears 
ran  in  an  oil  bath,  the  front  and  back  necks  of  spindle  being 
fitted  with  ring  oiler  bearings,  while  tli'&  thrust  of  the  spindle 
was  taken  by  Hoffmann's  ball  thrust  washers.  The  loose  head- 
stock  was  of  massive  design,  and  was  fitted  with  a  paw  which 
in  turn  fitted  into  a  rack  on  the  inside  of  the  bed  to  resist 
thrust.  There  were  six  positive  feeds,  varying  from  8  to 
57  revolutions  of  spindle  per  inch  of  feed,  these  feeds  being 
posit  ive  and  d riven  independently  of  the  leading  screw . 

•  The  lieudst  ofk  <)「  tli&  Tin.  lathe  had  a  1  Jin.  diam.  Iiolo 
i  hrou^li  the  spiiulle,  and  was  driven  t>y  3-speed  cone,  t  wo 
rates  of  double  gears,  and  2-sj)0(m1  ('ouiit.ersliaft ，  giving  1 8 
s|"ii(ll('  s|)jmmIs  from  I f)  to  428  revs,  per  miimt/e.    Six  positive 

cs  oi'  feed  were  provided,  as  i n  1  lie  lOin.  lat  lie,  cont  rol le<l  l»y 
t  wo  levers,  and  the  IVod  slwil't  was  ge:u'e'(l  up  indft])eiule»it  of 
leading  screw,  I  lie  sere  ,v  cut  t  ； m(l  sliding  niol  ions  t  lius 
U'iii;/  foolproof.      The  saddle  wiis  fiit-ed  vv i  1 1 1  double-walled 


apron,  and  compound  slide  rest,  accurately  indexed  for  taper 
turning.  、 

The  4ft.  3in .  high-speed  radial  drilling,  tapping,  and 
studding  machine  was  fitted  on  low  base,  and  with  loose  box 
table,  and  was  direct  d riven  by  10  li .}).  motor  (by  Elect  ro- 
motors,  Ltd.,  Openshaw,  ]\laiicliester),  and  chain  and  cliain 
wheels  (by  Hans  Renold  Ltd Manchester).  There  were 
12  <'li;uiys  of  sjuihIIp  speeds  oht ai neel  through  gear  hox  }>ol  1  cd 


Fio.  3.— Miluvo  Cuttj  k  Guard.    Mr.  S.  N.  Brayshaw,  Manchester. 

on  base,  giving  spindle  speeds  from  44  to  489  revs,  per  minute, 
all  the  changes  being  obtained  instantly  and  controlled  by 
two  levers  and  one  star  handle.  The  column  carrying  arm 
was  mounted  on  stationary  pillar,  on  which  it  revolved  on 
roller  and  ball  bearings.  The  feed  box  gave  four  rates  of 
feed,  obtained  by  the  movement  of  one  lever,  which  carried 
a  graduated  dial,  and  the  rate  of  feed  could  thus  be  seen  at 
all  t  iines  without  iiaving  to  refer  to  an  index  platp,  as  usual. 


Ki<i.  1.    Mir,T,iNf;  C'iittkh  GuAitn.     Mu.  S.  N.  Rhaysha w,  MANnrKSTKit. 

Tlie  'M'\ .  (； ill.  I'adial  drill  was  mounted  on  Imx  hed  and  was 
driven  by  ;i  4 -speed  cone.  Tt  was  fitted  with  doul>le  gearing, 
liaii  balanced  spindle,  viuk  feed ,  quirk  re  1  e  a  so  and  reversing 
mot  ion ,  ami  saddle  worked  alon^  arm  l)v  nirk  ； i  n< I  jtiiiioii. 

Messrs.  The  British  Saw  Sharpening  Machines,  Lid.,  t>f  79,  Mark 
J  ioudon ,  K.( '.  ，  c\ li i Itil  p(l  i  heir  hii^est  designs  of  uut  o- 
niat ic    saw-aharp(MUM^    iimcliinos,    one   of   wliirlt    wo  have 
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pleasure  in  illustrating  in  the  accompanying  view  (Fig.  G). 
This  machine  will  sharpen  any  kind  of  saw,  either  of  t  lie 
circular,  band,  frame,  hand,  or  hack  type,  the  action  being 
entirely  automatic,  and  such  as  can  be  understood  bv  any 
intelligent  lad.  Tlie  illustration  shows  the  machine  at  work 
sharpening  a  circular  saw  ；  to  sharpen  baud  saws  an  attach- 
ment is  provided  consisting  of  a  frame  on  which  are  mounted 
two  pulleys  which  can  be  set  at  any  required  distance  apart 
on  a  horizontal  bar  ；  these  pulleys  hold  the  saw  in  position 
and  enable  it  to  be  revolved  past  the  grinding  wheel  tooth  by 
tooth.  The  machine  will,  it  is  claimed,  sharpen  30  to  40 
teeth  per  minute,  and  this  with  a  degree  of  accuracy  unattain- 
able by  hand,  thus  ensuring  better  cutting  properties  and 
longer  useful  life. 

Messrs.  Schuchardt  &  Schulte,  of  34,  Victori a  Street ， 
London,  S.W. ,  had  a  very  fine  exhibit  of  machine  tools,  and 


Fro  5  — Rif*H.\Rrs  Patent  Automatic  Lock  Nut.     Mr.  S.  N.  Brayshaw, 
Manchester. 

made  a  special  display  of  automatic  machines  for  both  bar  and 
chuck  work.  These  comprised  principally  two  "  Acme " 
multi-spindle  automatics  for  bar  work,  and  one  "  New 
Britain  ，，  multi-spindle  automatic  for  chuck  work.  This 
latter  we  have  pleasure  in  illustrating  and  describing  below. 
Patent  automatic  gear  hobbing  and  worm  milling  machines 
were  also  exhibited,  together  with  several  of  the  well-known 
" Land  is  "  screw-cutting  machines.  Several  new  features 
were  to  be  seen  on  these,  notably  the  automatic  die  head  and 
stationary  die  head  fitted  to  the  "  Landis  n  machine,  as  well 
as  a  machine  having  lead  screw  attachment  for  automatic 
knock-off.  High-speed  drilling  machines,  vertical  boring  and 
turning  mills,  lathes,  cold  sawing  and  cutting-off  machines, 
grinding  machines,  turret  lathes,  portable  electric  drills,  and 
the  "  Shore  •，  pyroscope  and  scleroscope  were  also  shown, 
together  with  a  varied  range  of  small  tools,  &c.，  and  several 
of  these  we  have  pleasure  in  illustrating  and  describing  below. 

Fig.  7  is  a  photo  view  of  the  "  New  Britain  "  multiple- 
spindle  automatic  chucking  machine  previously  mentioned, 
while  Figs.  8  and  9  show  a  set  of  tools  used  on  the  machine 
for  turning  the  drop-forged  cam  shown  in  the  centre  of  the 
tools.  A  single-lieacl  machine,  such  as  we  illustrate,  was 
used  to  produce  tliis  cam,  entailing  two  chuckings,  one  for 
each  end.  The  time  of  production  for  both  operations  was 
only  four  minutes,  while  the  simplicity  and  ease  of  replace- 
ment of  the  cutting  tools  will  be  noted. 

The  machines  are  built  in  two  distinct  types,  single  head 
and  double  head.  The  former  are  designed  for  machining  pieces 
whicli  require  operations  on  but  one  end  or  on  pieces  wliere 
one  end  has  already  been  machined,  while  tlie  double  head 
type  handles  pieces  requiring  operations  on  both  ends,  accom- 
plishing the  result  in  one-half  the  time  wliich  would  hs 
required  if  each  end  were  finished  separately  in  a  single  head 
machine. 

As  their  name  implies,  the  machines  have  several  spindles, 
ranging  from  three  in  the  small  single  head  machine  to  eight 
in  the  large  double  head.  Tlie  spindles  carry  and  revolve  the 
tools,  while  several  pieces  of  work  are  held  stationary  in  tlie 
rnultiple-chuck  turret,  which,  when  it  indexes,  brings  each 
piece  of  work  in  line  with  the  next  succeeding  spindle.  All 
rnacliining  operations  take  place  in  the  intervals  marked  by 
t  lie  automatic  progression  of  the  turret  indexing  mechanism, 
t  lie  time  necessary  to  complete  a  piece  being  measured  by  the 
peiiod  required  for  the  longest  single  operation  on  it.  In 
t lie  case  of  the  single  l、ead  machine  tlie  turret  advances  and 
t'*'f*fls  t  lie  pieces  of  work  against  the  revolving  tools,  while  in 
t  ho  double  liead  ihe  revolving  tools  advance  from  )>otJi  sides 
aiul  t'oinj  t  lieir  operat  ions  on  each  end  (  lie  work  -  I  n  litis 
way  a  series  <t\'  a\Hn  ;i\  ions  are  c?irrie'l  out  on  sovoral  pieoes  of 


work  simultaneously,  the  pieces  approaching  completion  as 
they  progress  from  one  tool  to  another. 

The  centres  of  the  work-holding  sections  of  the  turret  are 
arranged  in  a  true  polygon,  the  axis  of  the  turret  barrel  being 
the  centre  of  t lie  polygon.  The  tool  spindle  centres  are 
directly  opposite  and  aligned  with  all  but  one  of  the  turret 
section  centres  on  tlie  point  of  the  polygon.  As  the  turret 
indexes  it  brings  the  chuck  section  opposite  wliere  there  is  no 
tool,  in  the  most  accessible  point  to  the  operator  for  unloading 
and  loading. 

In  the  single  head  machine  the  work-holding  multiple 
chuck  turret  has  its  chucking  sections  in  line  with  and  facing 
the  tool  carrying  spindles.  The  turret  is  mounted  on  one  end 
of  a  rigid  turret  barrel,  wliich  will  both  turn  and  slide  in  two 
large  bushed  bearings.  On  the  opposite  end  of  the  barrel  is 
the  indexing  mechanism  which  automatically  locates  the 
turret  in  its  different  indexed  positions.  Directly  below  the 
turret  barrel  and  between  its  two  supporting  bearings  is  a 
large  drum  mounted  on  a  shaft,  which  is  revolved  by  a  worm 
gear  at  the  extreme  left  of  the  machine.  Cam  straps  are 
bolted  to  the  outside  of  this  drum  and  act  directly  against-  a 
hardened  tool  steel  roller  on  the  turret  yoke,  which  may  be 
clamped  in  any  position  on  tlie  barrel.  This  yoke  adapts  tlie 
machine  for  handling  difTerent  lengths  of  work,  aiVd,  in  most 
cases  avoids  the  necessity  of  any  change  in  cam  position  or 
overhang  of  tools.  The  angle  of  the  cam  straps  depends  upon 
the  length  of  feed  required  on  the  piece  being  machined.  The 
balance  of  the  path  of  the  cam  changes  rapidly  to  quickly 
throw  the  turret  forward  and  back  to  clear  the  tools  at  the 
time  of  indexing.  Guard  straps  opposite  these  reversing 
portions  of  the  cam  prevent  the  turret  from  being  thrown  too 


Kir..  6.  —Automatic  Sa、v  Sharpkning  Machink.     Missus.  Titi:  Hritish 
Saw  Sharpknixg  Machinks,  Ltd. ,  London. 

far,  while  an  adjustable  positive  screw  stop  on  the  side  of  the 
t-urret  yoke  accurately  gauges  t lie  forward  movement  of  the 
1 urrefc. 

All  i.unets  have  one-  move  chucking  seot ion  t h^in  there 
are  tool  spindles.     This  section  is  used  tor  loading  and  unload 
ing  wii  liout-  loss  of  time,  \v I li I e  t  lie  niacliiiiin^  operations  are 
heiii^  rarrie*!  on  sinnilt anoouslv  in  all  t lie  ot  1 1 e r  turret  posi- 
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t'ions.  Each  pair  of  chuck  jaws  is  incleppiifleiii'  of  tlie  others, 
and  is  quickly  operat'ed  by  a  right,  and  let'i  li;ui<l  sn'ew,  wliich 
has  a  square  end  extending  for  a  cliuck  wrencli.  The  chuck, 
when  equipped  with  proper  shaped  jaws,  will  accurately 
centre  and  adequately  grip  the  work.  Great  care  is  taken  in 
the  machining  and  assembling  so  there  will  be  no  slackness 
and  backlash  in  any  of  its  parts,  while  the  screws  and  chuck 
jaws  are  made  from  crucible  tool  steel  liarckned. 

Indexing  is  performed  by  simple  meclianism  patterned 
after  ilie  "  Geneva  Motion,"  and  clearly  shown  at  the  extreme 


Fig.  7.-  "  Nkw  Britain 


Single-head  Multiplk-spindlk  Automattc  Chuckixg  Lathe. 
Messrs.  Schuchabdt  &  Schuttk,  London. 


right  of  the  illustration.  This  very  gradually  accelerates  the 
heavy  turret  at  the  time  of  indexing,  and  as  gradually  checks 
its  momentum  without  shock.  By  making  tlie  index  dividing 
wheel  twice  the  diameter  of  the  circle  of  chucking  positions, 
the  accuracy  of  the  index  at  the  work  is  refined  by  two.  An 
automatic  spring-operated  latch  defines  the  turret  position 
when  locked  in  notclies  in  index  wheel .  There  is,  however, 
no  strain  on  this  latcli,  as  it  serves  only  to  align  the  slot  in  the 
turret,  so  as  to  be  further  locked  by  the  steady  vest. 

Fig.  10  shows  a  sprocket  drive  high-speed  cold  saw  exhibited 
by  the  firm  which  will  cut  Tin.  round  material ,  6Mn.  square 
material,  12in.  I  beams  on  the  flat,  and  will  also  make  angle 
cuts  up  to  45°  on  smaller  material.  The  sprocket  drive  is  the 
main  feature'  of  the  machine  and  removes  all  strain  from  the 
blade  spindlo  as  the  sprocket  drives  the 
saw  direct,  the  teeth  gearing  into 
radial  slots  cut  into  the  blade  itself, 
the  spindle  merely  acting  as  a  guide 
to  the  blade,  ensuring  its  running  true. 
The  saw  arm  is  raised  and  lowered  by 
the  large  worm  shown  at  the  right 
which  engages  with  a  quadrant,  bolted 
to  the  end  of  same.  The  worm  is 
lubricated  from  tlie  inside,  and  ad- 
vances the  saw  arm  with  a  uniform 
motion,  there  being  no  spring  when  the 
end  of  a  cui  is  reached,  or  in  cutting 
small  stock,  or  even  when  the  teeth 
corns'  in  contact  with  the  work  inter- 
mittently as  they  do  in  certain  classes 
of  structural  material.  A  large  tank 
and  lubricating  pumj)  are  also  pro- 
vided from  wliicli  the  oil  flows  freely 
to  the  prop&r  point  of  the  saw  blade. 
To  make  lubrication  doubly  sure,  how- 
ever, the  blade  runs  in  a  riveted  steel  drippan  suspended  from  the 
under  side  of  the  arm  -  The  tank  entirely  surrounds  tlie  base 
of  the  machine  and  not  only  furnishes  a  large  supply  for  the 
pump  to  draw  from,  but  prevents  loss  and  waste  of  the  lubricant. 

Shore's  pyroscope,  as  exhibited  by  the  firm,  is  shown  in 
our  illustration,  Fig.  1 1 .  This  is  a  remarkably  simple  and 
efficient  instrument ,  designed  for  asceriainiiig  temperature 
by  sight,  at  tlie  same  time  possessing  none  of  the  complications 
of  the  recognised  optical  pyrometer.  The  standard  or  basis 
lii'lit  is  a  small  kerosene  lamp,  the  flame  of  which  is  refle<'ted 


ilirongli  n,  colon  rod  iris  diapliragm  on  to  a  small  nickel  silver 
ball  in  the  telescope.  To  use,  ordinary  kerosene  is  placed  in 
t.lie  tank  A.  The  glass  door  H  i.s  i  lien  opened,  uiul  ilie  wick 
lighted  and  adjusted  to  normal  height  (about  Jin.)  by  the 
knob  K.  The  variations  of  the  flame  cannot  affect  the  read- 
ings unless  entirely  too  low  to  cover  the  reflector  R，  or  higli 
enough  to  smoke.  The  instrument  is  now  ready  for  work. 
By  now  looking  at  the  liot  metals,  &c.，  through  eye-piece  C， 
all  will  be  seen  as  ill  rough  a  telescope.  Focus  by  turning 
knurled  ring  E.    Next  turn  knob  F,  which  works  the  coloured 

diaphragm  and  con- 
trols the  light  intensity 
of  the  comparison  re- 
flector until  practically 
no  difference  can  be 
seen  between  the  red- 
ness of  said  reflector 
and  the  work.  This 
can  best  be  told  by 
going  a  shade  higher 
or  lower  until  balanced. 
The  indicator  H,  on 
graduated  drum  G，  is 
now  looked  at  and  the 
temperature  reading 
taken.  If  it  is  desired 
to  set  the  instrument 
at  a  given  temperature 
figure  so  that  the  work 
can  be  all  heated  up  to 
a  certain  degree,  the 
drum  is  locked  by  the 
set  screw  M. 

Fig.  12  sliows  a  small-size  gear  hobbing  machine  exhibited 
by  the  firm.  The  main  advantages  claimed  for  the  hobbing 
system  of  producing  gears  are  that  only  one  cutter  for  each 
pitch  is  necessary,  regardless  of  the  number  of  teeth  in  the 
gears  ；  continuous  cutting,  there  being  no  return  stroke  and 
no  lost  motion  ；  and  no  intermittent  action  of  dividing  gears, 
the  dividing  being  synchronous  with  the  hobbing. 

The  drive,  as  will  be  seen,  is  from  a  countershaft  on  to  a 
cone  pulley.  Bevel  gear  fixed  on  the  end  of  the  cone  pulley 
shaft  drives  the  wheel  which  is  attached  to  the  lower  end  of 
the  vertical  shaft,  which  drives  in  turn  the  spindle  through 
intermediate  mitre  wheels  on  the  centre  of  the  swivelling  hob 
headstock.  Gearing  into  the  bevel  gear  on  the  cone  pulley 
shaft  is  another  bevel  inovinted  on  a  short  horizontal  shaft 


Fig.  8. 


First  Chitckin",  to  Turn  Cam  shown  in  Ckntre,  on  Multiple-spindlk  Atttomatic  Machink. 
mkssrs.  sf'huchardt  &  s('hutte,  london. 

driving  ihe  primary  train  of  change  gears  which  actuates  the 
worm  drive  to  the  work  table.  For  hobbing  spiral  gears  a 
patented  differential  motion  is  mounted  on  tlie  above- 
meiit  ioned  horizontal  si i aft,  this  motion  being  actuated  from 
:i  separate  set  of  change  gears  driven  from  the  feed.  The 
vertical  feed  to  lieadstock  is  obtained  from  a  feed  bracket 
through  chain  to  worm  and  worm  wheel,  which  operates  a 
nut  working  on  a  vertical  screw  of  the  hob  saddle.  The  feed 
changes  are  obtained  by  using  different  ratios  of  change  gears 
and  can  he  altered  without  affecting  tlie  teetli  of  the  gears 
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being  hobbed.  The  horizontal  feed  to  table,  used  wlien 
hobbing  worm  wheels,  is  obtained  from  the  same  bracket 
through  chain,  worm,  and  worm  wheel,  and  a  revolving  hori- 
zontal screw  and  fixed  nut.  Each  of  these  feed  motions  can 
be  immediately  started  or  stopped  by  means  of  a  drop  worm.. 

Messrs.  H.  A.  Harvey  &  Co.,  Ltd.,  Norfolk  House,  Laurence 
Pountney  Hill,  London,  E.C.，  exhibited  one  of  their  well- 
known  Harvey  oil  engines  of  6  h.p.,  and  of  tlie  horizontal  slow 
speed  type,  designed  to  run  on  low-priced  paraffin,  with  a 


1 


Fig.  9.— SF.roNP  Chucking,  to  producr  Cam  shown  in  Crntrk,  on  MuTvTiplk-kpindlr  Automatic  Machine 
Mi.ssns.  SrHUCHAiii>T  &  Scm.TTh:,  London. 


consumption  of  0*675  to  0.5  pint  per  brake  horse-power  hour. 
These  engines  are  exceedingly  simple  and  have  no  inaccessible 
parts.  They  operate  ou  the  4-cycle  system,  and,  being  fitted 
with  an  auxiliary  ignition  device,  are  easy  to  start.  After 
starting  no  attendance  is  necessary,  and,  as  there  is  no 
exposed  paraffin,  absolute  safety  is  thus  ensured.  Even  if  the 
engine  be  required  to  run  on  light  or  no  load  for  long  periods, 
no  lamp  is  needed. 

Other  exhibits  of  Messrs.  Harvey  &  Co"  Ltd.,  were  an 
Ingrey  patent  automatic  weighing  and  recording  machine  of 
5  cwt.  capacity,  designed  to  weigh  crushed  material  from  an 
elevator  or  conveyer,  and  to  deliver  to  an  elevator  or  con- 
veyer, both  working  continuously  ；  a  model  of  a  weighing 
machine  to  weigh  coal  or  other  material  delivered  from  a  grab 
bucket  ；  a  il  Standard  "  variety  saw  bench,  and  other  wood- 
working machines;  together  with  dry  emery  grinders,  having 
8i«.  wheels  ；  and  their  well-known  "  Lamrig  "  patent  spring- 
lock  washers,  the  latter  having  been  designed  for  use  on  all 
machinery  subject  to  vibration,  and  capable  of  being  used 
repeatedly,  while  causing  no  sidestrain  on  the  bolts  or  nuts. 

The  Ingrey  automatic  weighing  machine  is  put  into  opera- 
tion by  the  impact  or  weight  of  the  material  falling  into  the 
weigh-bucket.  This  causes  the  bucket  to  be  lowered  gently 
on  to  the  knife-edged  centres  of  the  weigh-beam,  records  the 
weight  and  totalises  the  same,  restores  the  weigh-beam  to  its 
normal  rigid  condition,  opens  the  delivery  doors,  discharges 
the  load  (keeping  tlie  doors  open  for  a  sufficient  time  to  ensure 
complete  delivery),  closes  th6»  doors  and  locks  them ,  and 
throws  the  mechanism  out  of  gear,  leaving  the  machine  ready 
\'ov  the  successive  operation  ；  the  wliol©  process  occupying 
from  15  to  30  seconds.  This  cycle  of  operation  is  absolutely 
automatic,  requiring  no  attendant  except  for  the  purpose  of 
occasional  cleaning  and  oiling,  and  no  matter  how  tlie  load 
may  vary,  it  is  accurately  weighed,  the  weight  indicated  on  the 
dial,  and  added  to  the  aggregate  recorded ,  thus  showing  at  a 
glance  the  total  weight  that  has  passed  through  the  machine. 

In  the  machine  shown  at  the  Exhibition  recent  (1912) 
inventions  and  improvemenis  had  been  introduced,  which 
rendered  it  even  more  advantageous  than  hitherto.  Notably 
the  weigh-beams  are  now  provided  with  a  novel  arrangement 
of  knife-edged  centres,  which  are  visible,  adjustable,  and 
removable  for  repair  or  renewal.  They  adapt  themselves 
accurately  fco  tlie  lines  upon  which  the  beams  oscillate,  giving 
a  most  perfect  balance,  and  consequently  more  accuracy  in 
wf'it'liing. 

Tlie  new  "  Ingrey  "  recording  apparal us  is  now  applied  In 
？ ill  '(  Tngrey  ，，  machines,  and  lias  been  designed  specially  to 
(>U\'\n\v  t  he  efTe^it  of  t  ho   vibration  to  wliicli  t  hey  may  Ix1 
，   ]>art  icularly  when    fixed   to   non-solid    found;"  ions. 
AM  Ikhi^Ii  capable  of  responding  ")  t  ho  most  dolir-ato  halanco, 


this  recording  apparatus  is  exceeding  simple  in  construction 
and  free  from  all  liability  to  derangement.  Provision  is  made 
for  adjustment  to  allow  for  the  reduction  in  weight  of  tlie 
weigli-bucket,  and  its  connections,  by  wear  and  tear.  The 
machines  are  standardised,  and  all  essential  parts  kept  in 
stock.  All  the  above-mentioned  improvements  are  the  result 
of  several  years'  experience  under  many  conditions  of  work- 
ing. Every  difficulty  has,  it  is  claimed,  been  dealt  with,  and 
the  machine  as  now  constructed,  is  offered  with  perfect  con- 
fidence that  it  will  fulfil  the  most 
exacting  requirements,  and  retain  its 
accuracy  during  the  whole  of  its  work- 
ing life. 

The  "  Haythorpe  ，，  patent  feed 
water  filter  and  purifier  was  another 
speciality  shown  by  the  firm.  Tliis 
device  makes  use  of  the  electro- (； hemical 
properties  of  zinc  and  carbon,  and  con- 
sists essentially  of  a  cast-iron  box  in 
which  a  number  of  perforated  plates 
or  shelves  are  fitted,  the&e  plates  sliding 
into  giooves  and  thus  being  kept  apart. 
The  spaces  between  the  plates  are 
packed  with  lumps  of  coke  which  thus 
make  intimate  contact  with  them.  Tlie 
water  from  the  hot>well  is  pumped 
through  these,  aud  the  oil,  in  a  saponi- 
fied state,  arrested  by  the  coke.  The 
limes  or  salts  in  solution  are  also 
acted  on,  and  thrown  down  in  a  sludge, 
these  are  periodically  blown  out 
bilge.  Should  chlorine  or  other 
as  may  be  the  case  where  the 
brackish,    these    also,    it    is  claimed, 


and,    with  the 
into    the    sump  c 
gases    be    released , 
make-up    water  is 


oil, 


are  absorbed,  and  released  when  the  filter  is  blown  down. 
Thus  the  prime  causes  of  incrustation  and  pitting  are  dealt 
with,  and  prevented,  by  the  same  means  that  eliminate  the 
oil  and  other  suspended  matter  from  the  water.  The  zinc 
plates  are  gradually  eaten  away  in  the  process  and  need 
renewal  from  time  to  time,  but  this  can  be  done  rapidly  while 
the  filter  is  "  by-passed,"  new  plates  being  slipped  into  posi- 
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Messrs.  Schuchardt  A-  ScHUTr.-:,  L  >  s  ;>  •  、• 


tion  and  tlie  compartments  het'weeu  filled  with  broken  coke. 
The  filter  is  simj)le  and  compact  ；  the  weight  inoonsideral)le, 
； ui(l  the  space  occupied  very  small.  It  can  be  made  eitlier 
vertical  or  horizontal,  of  any  desired  cross-section,  and  c*a n 
also  1)p  const ructed  tor  the  lushest  working  pressures. 

Messrs.  The  Harvey  Electro  Chemical  Company,  Ltd.,  of  the  same 
； iddi-oss,  showed  on  t he  samo  stand  ;i  working  exliihit  of  the 
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Marino  patent  cold  galvanising  process,  whicli  we  describe  at 
longi  h  below,  as  well  as  an  assoi'tment  of  china  and  glass 
ware,  plated  with  gold,  silver,  &c.，  by  i.lieir  paiented  process. 
The  chief  requirements  for  a  satisfactory  deposit  of  zinc  are : 
I  hat  the'  coating  is  absolutely  adherent.,  duct  ile,  and  not  liable 
to  flake  or  peel  off  ；  and  that  it  is  not  porous,  so  that  the  iron 
is  entirely  protected  from  outside  influence.  Most  people  are 
aware  that  the  method  generally  used  to  give  iron  a  coating  of 
zinc  (commonly  called  galvanising)  consists  of  clipping  the  iron 


FUi.  11.— SHOUE'h  PYltOHCOPli.     ISI ICSSHS.   SCHUCHAJtDT  &  SCHUTTE,  LONDON. 


into  a  bath  of  molten  zinc.  There  are,  however,  many  objec- 
tions to  tli is  method.  In  the  first  place,  from  the  ^ature  of 
the  process  it  is  impossible  to  get  an  even  and  smooth  coating, 
and  it  is  equally  impossible  to  regulate  the  thickness  of  this 
coating.  Also,  as  all  engineers  know,  hot  galvanising  has  a 
harmful  effect  on  the  strength  and  nature  of  the  iron.  There 
are  also  three  serious  sources  of  loss  inherent  in  the  hot 
galvanising  method,  irrespective  of  its  effect  on  the  article 
galvanised,  viz.,  tliat  due  to  the  burning  of  the  zinc  in  the 
parts  nearest  to  the  source  of  heat;  loss  from  radiation,  due 
to  the  fact  that  a  large  mass  of  metal  must  be  kept  in  a  molten 
condition  ；  and  loss  due  to  volatilisation  on  the  surface  of  the 
molten  zinc.  Besides  these  defects  the  process  is  an  offensive 
one,  due  to  the  production  of  fumes  from  the  molten  metal . 
Hitherto  electric  processes  have  also  failed  because  the  sul- 
phate of  zinc  or  other  salt  lias  been  used  as  the  base  in  a 
solution  with  other  mineral  acids  which  themselves  act  upon 
the  iron  treated,  so  that  the  zinc  is  deposited  on  to  a  corroded 
surface,  and  proper  adhesiQn  is  impossible.  To  avoid  this, 
alkaline  solutions  have  been  attempted,  but  these  produce  a 
porous  coating  which  is  of  no  real  use. 

By  the  Marino  electro-galvanising  process  mineral  acids 
are  entirely  eliminated  and  not  only  is  the  formation  of  a 
corroded  surface  avoided,  but  the  solution  contains  an  effective 
reducing  agent,  which  removes  any  film  of  oxide  that  might 
he  present  and  thus  allows  the  zinc  to  be  deposited  on  a  clean 
pure  surface,  so  that  absolute  adhesion  is  assured.  The  solu- 
tion also  has  a  much  greater  solvent  power  than  those  usually 
employed,  so  that  it  is  much  richer  in  the  required  mineral, 
and  as  it  has  tlie  further  enormous  advantage  that  it  cannot 
b©  decomtposed  under  any  ordinary  conditions,  the  rate  of 
depositing  can  be  very  high.  For  this  reason  also  the  solu- 
tion remains  always  constant  and  never  requires  regenerating, 


foe  i  ho  amount  dejMisitetl  at  the  cathode  is  always  made  nj»  hy 
that  dissolved  at  the  anode.  It  is  tlierefore  possible  to 
deposit  from  1  to  2  gramines  oi'  r/A\ic  per  ampere  hour  at,  a 
pressure  of  2  volts,  and  as  this  is  nearly  the  theoretical 
possible,  the  efficiency  is  practically  100  per  cent.  Other 
processes  of  electro  deposition  of  zinc  require  anything  up  t.o 
14  volts,  and  only  deposit  *5  grammes  per  ampere  hour. 

In  the  process  under  notice  any  article  of  steel,  iron 
(wrought,  cast,  or  malleable),  and  other  metals  can  be  given 
coatings  of  zinc  or  zinc  alloys  of  uniform  thickness,  and  with 
a  clean  and  regular  surface.  Further,  the  coating  is  very 
adherent  and  ductile  and  not  liable  to  peel  off,  flake,  or  crack, 
even  though  the  metal  be  severely  dealt  with  by  bending,  &c. 
As  will  be  understood,  this  electrolytic  process  opens  up  a 
field  for  zinc  coating  that  could  never  be  touched  by  the  hot 
process.  For  instance,  castings  such  as  valve  bodies,  pump 
chambers,  &c.，  steel  springs,  bolts,  nuts,  and  particularly 
small  screws,  &c.，  which  could  never  be  treated  satisfactorily 
by  the  hot  process,  are  quite  easily  dealt  with  by  the  electro- 
lytic one.  The  alloys  of  zinc  usually  employed  are  zinc- 
aluminium  and  zinc-magnesium.  A  deposit  of  these  alloys  is 
cheaper  than  zinc  alone  and  gives  a  harder  coating,  whilst  a 
deposit  of  the  two  alloys  together  gives  an  extremely  hard 
protective  coating.  With  all  its  other  advantages,  the  elec- 
trolytic process  lias  tlie  most  important  one  of  cheapness,  since 


Fig.  12.— Gear  Hobbing  Machine.  Messrs.  Schttchardt  &  Schuttk,  London, 

the  salts  are  not  expensive,  the  anodes  may  be  of  cast  zinc, 
and  there  are  not  the  sources  of  loss  inherent  in  the  hot  pro- 
cess. 

Tlie  electro-plating  of  glass,  china,  and  all  other  normally 
non-conductive  substances,  as  exemplified  by  numerous 
examples  of  beautiful  ware  on  the  stand ,  is  the  invention  also 
off  Messrs.  P.  &  Q.  Marino,  and  is,  we  should  say,  the  greatest 
advance  that  has  ever  been  made  in  this  branch  of  electro- 
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metallurgical  science.  By  the  process  referred  to,  an  electric 
deposit  is  made  directly  on  to  the  surface  of  the  china,  &c.， 
which  has  previously  been  prepared  in  such  a  manner  that  the 
metal  adheres  to  the  mokcular  structure  of  the  base.  This 
is  brought  about  by  a  liquid  which  is  capable  of  solving  both 
china  and  glass,  and  the  metal  to  be  deposited  thereon .  This 
liquid  or  flux  holds  some  of  the  metal  in  suspension,  and 
permeates  the  pores  of  the  china  or  glass.  The  metal  is  then 
i'lecipitated  by  chemical  reaction,  and  surrounds  the  mole- 
cules of  the  china  or  glass,  aud  the  essential  for  electrical 
deposition  has  beeu  attained,  as  there  has  been  introduced  on 
to  the  chiua  or  glass  surface  a  metallic  conducting  medium, 
upon  which  the  metal  to  be  used  is  deposited.  For  example, 
take  an  ordinary  glass  salad  bowl,  treat  its  edge  or  rim  by- 
sandblasting,  or  any  other  method,  in  order  to  remove  the 
glazed  surface,  treat  that  edge  or  rim  with  the  patent  flux, 
and  suspend  the  bowl  in  the  silver-plating  bath.  The  rim  of 
the  bowl  comes  out  of  the  bath  thickly  coated  with  silver.  It 
is  silver  mounted,  and  what  is  more,  it  is  not  a  rim  of  silver 
cemeuted  on  to  the  glass  (which  is  the  present 
method  of  attaching  such  rims),  but  a  silver 
rim  wliicli  is  an  integral  part  of  the  bowl,  and 
it  can  only  be  separated  from  the  bowl  by 
breaking  the  glass  itself.  A  more  striking 
example,  perhaps,  is  that  of  plating  an 
ordinary  cliina  teapot.  After  the  teapot  has 
been  duly  prepared  and  treated  in  the  same 
inanner  as  before  described,  and  placed  in 
the  platiug  bath,  it  comes  out  in  due  course, 
not,  as  originally  a  china  teapot,  but  a 
beautiful  silver  one,  with  the  further 
important  advantage  of  having  a  glazed 
china  lining.  This  important  advantage  is 
really  two-fold  :  first,  from  the  point  of  view 
of  cleanliness,  and  secondly,  from  the  undis- 
puted fact  that  tea  is  better  brewed  in 
eartlienware  than  in  metal. 

Messrs.  United  Machine  Tool  Works,  of  133, 
Upper  Thames  Street,  London,  E.C.,  had  a 
large  and  interesting  exhibit  of  machine 
tools,  including  high  speed  turret  and  engine 
lathes,  radial  and  sensitive  drilling  and  tap- 
j)ing  machines,  shapers,  hacksaws,  portable 
hand  cranes,  power  filing  machines,  tool 
grinders,  and  pneumatic  power  hammers, 
and  from  amongst  these  we  select  the  latter 
tool  and  one  of  tlie  high-speed  drilling 
machines  for  special  description. 

The  hammer,   two  sizes  of  which  are 
shown  in  the  illustration  (Fig.  13),  is  claimed 
to  be  the  most  simple,  reliable,  economical, 
and  efficient  one  on  the  market,  and  is  the 
result  of  20  years'  practical  experience.  It 
is  under  perfect  control,  delivers  heavy  or 
light-  blows,  and  these  can  be  struck  singly 
or  in  series,  as  desired,  and  rapidly,  or  at 
intervals.      As    will    be    seen,    the  body 
consists  of  one  large  casting,  hollow,  but 
st  rengtliened  by  cross  ribs.    The  drive  is  either  transmitted 
by  belt  to  fast  and  loose  pulleys,  or  in  case  of  electric  drive  the 
mot  or  is  mounted  on  a  side  bracket,  as  shown,  and  instead  of 
t  ho  fast  and  loose  pulleys  a  large  gear  wheel  is  provided.  The 
slanting  position  of  the  liuk  is  one  of  the  firm's  latest  improve- 
ments, this  having  tlie  effect  of  accelerating  the  downward 
Htrokc,  whilst  taking  less  power  for  lifting  the  tup  and  piston - 
The  hammer  is  regulated  by  one  lever  only,  which  controls 
♦avo  valves  simultaneously,  and  by  pressing  tliis  controlling 
lever  right  down,  tlie  tup  is  held  in  its  higliest  position,  whilst 
the  cylinder  continues  to  swing.    The  hannner  can  also  be 
uhc<]  with  ^reat  advantage  as  a  vice,  and  when  so  used  tlie  tup 
is  not  merely  lield  (J own  l)y  air  pressure,  but  is  firmly  lield  in 
]K)siiion  )>y  a  brake  which  is  controlled  from  tlie  same  lever 
which  regulates  the  force  of  tlie  blows. 

Substantiating  tlieir  claim  tliat  the  hammer  takes  less 
】）ower  than  any  other  pneumatic  liammer  on  the  market,  the 
firni  state  that  with  their  hammer  having  a  falling  weight  of 
4  ('wf,,  and  driven  by  a  9  li.p.  u\o\,or  they  are  able  to  stretch 
within  \  Iiree  minutos  ； i,  pic<c  of  SU'mmis-MarUii  steel  from 
by  3^in.   to  5ft.  Gin.  by  J  ]in.,  whereas  a  vacuum 


hammer  of  equal  falling  weight,  driven  by  a  12  h.p.  motor 
and  running  at  a  speed  of  190  revs,  per  minute  was  only  able 
to  stretch  the  same  piece  of  steel  under  the  same  conditions  \o 
3ft.  6in.  by  l^iu.  The  hammer  has  only  one  cylinder  and 
therefore  very  few  wearing  parts,  and  practically  no  power  is 
consumed  when  it  is  running  free. 

The  high-speed  drilling  machine,  which  we  regret  we  aro 
unable  to  illustrate,  possessed  several  important  features, 
chief  of  which  may  be  mentioned  the  quick  adjustment  o\'  i  lie 
sliding  head  and  boring  spindle,  the  working  of  which  wfeus  as 
follows  :  After  the  drill  had  been  fixed,  and  the  autfjnud  m- 
stops  had  been  adjusted  for  limiting  the  drilling  depth  of  tlie 
drill  and  the  quick  adjustment  of  the  spindle  and  sliding  head, 
the  operator  threw  the  feed  motion  of  the  sliding  head  in  by 
shifting  the  lever  at  the  foot  of  the  machine.  After  this  Uie 
operator  had  only  to  reverse  a  lever  in  front  of  the  sliding 
head,  when  it,  with  the  boring  spindle,  travelled  at  a  speed 
of  5in.  per  second  towards  the  work,  and  stopped  instantly 


Fig.  13.— Pneumatic  Power  Hammer.   Me8«hs.  United  Machine  Tool  Woiiks,  London. 

in  front  of  it.  By  reversing  the  above-mentioned  lever  on 
the  sliding  head  again,  the  ordinary  self-acting  drilling  feed 
of  spindle  set  iu,  and  as  soon  as  the  desired  depth  had  been 
attained,  the  feed  of  the  boring  spindle  and  sliding  head  was 
automatically  disengaged  and  the  latter  remained  stationary. 
The  operator  then  threw  in  again  the  quick  adjusting  feed  of 
the  sliding  head  and  spindle,  by  shifting  a  lever  at  the  foot  of 
tlie  machine  and  by  giving  the  sliding  head  a  slighfc  touch,  it 
again  returned  with  a  speed  of  5in.  per  second  back  to  itsi 
highest  position,  wlien  tlie  process  was  again  goue  througli . 
This  arrangement,  it  will  be  seen,  is  a  great  time  saver  where 
much  repetition  work  has  to  be  done.  Four  different  spiudlo 
speeds  are  provided,  but  the  quick  adjustment  speed  remains 
the  same  (viz.,  5in.  per  second),  no  matter  at  what  rate  tlio 
machine  is  running. 

Messrs.  The  Oxygcnitc  Syndicate,  Ltd.,  of  64,  Victoria 
Street,  Westminster,  London,  showed  various  types  of  gene- 
rator used  in  their  process  for  the  production  of  oxygen. 
This  process  does  away  with  tlio  necessity  of  storing  oxygen 
in  steel  cylinders,  as  tlie  gas  is  stored  in  a  powder,  called 
oxygen itve,  from  whicli  it  is  released  l>y  the  slow  combustiot, 
of  the  powder  in  geuerators.      Oxygen  ifce  is  non-explosive, 
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non-j)ercussive,  and  not  aflc<  ted  by  water  ；  and  it  can  be 
stored  imlefinitdy.  To  obtain  oxygen,  a  metal  container 
is  filled  with  oxygenite,  placed  in  a  generator,  liglited,  and 
i  lie  cover  of  tli©  generator  screwed  home.  Oxygen  is  then 
ready  for  use  in  r>  or  G  iiiinutes.  Weight  for  weiglit,  it  is 
《'laimed  that  oxygen iie  stores  about  six  times  as  ntucli  oxygen 
ay  a  steel  cylinder.     A  great'  saving  in  freiglitagc  cliarges 


Fig.  11.— No.  3  Vkhtical  Milling  Machine.  Messks.  Tangyes,  Ltd..  Biumingham. 

is  thereby  effected,  when  compared  with  the  method  of 
storing  oxygeu  in  steel  cylinders,  which,  when  empty,  ha ve 
to  be  sent  back  to  the  oxygen  factory  to  be  recharged,  and 
t.lien  carried  back  again  to  their  work.  As  showing  the 
amount  of  oxygen  that  may  bo  obtained,  we  may  mention 
that  with  one  of  their  type  E  generators  a  charge  of  18^- lbs. 
of  oxygenite  liberates  some  89  cub.  ft.  of  oxygen  at  a  pressure 
of  3001bs.  per  square  inch.  The  combustion  chamber  in  this 
type  of  generator  can  be  cut  off  from  the  storage  chamber,  and 
in  this  way  the  generator  can  be  re-charged 
whilst  still  delivering  a  supply  of  oxygen, 
thus  working  continuously.  This  type  will 
easily  deliver  100  cub.  ft.  of  gas  per  hour, 
and  should  prove  a  very  convenient  size  for 
ordinary  shop  use. 

Messrs.  The  Herbert  Frood  Company,  Ltd.,  of 
39，  Upper  Rathbone  Place,  London,  W.， 
exhibited  samples  of  their  well-known 
speciality  in  the  shape  of  "  Ferodo  ，，  fabric 
brake  linings.  This  is  a  fabric  of  great 
mechanical  strength,  and  recognised  by  the 
Board  of  Trade  for  all  brakes  on  the  London 
Electric  Railways,  where  previously'incipient 
fires  were  due  to  the  ignition  of  metal  brake 
dust.  "Ferodo"  linings  are,  it  is  claimed, 
composed  of  chemical  affinities,  which 
mature  under  heat  friction,  and  form  a  bond 
which  thus  cements  the  fibres  together,  and 
prevents  abrasion  of  the  surface  and  forma- 
tion of  escaping  particles  (which  friction 
would  ignite).  The  bonding ― a  patented 
feature ~ and  the  rapid  diffusion  of  heat 
peculiar  to  the  fabrics  constitute  a  non- 
sparking  surface.  Tlie  "  Ferodo  "  coefficient  '5  rising  to  '7  is 
not  affected  by  oil  or  water,  and  the  brake  lining  engages  and 
releases  instantly  witli  smooth  rising  power.  It  is  cheaj)  to 
use,  and  its  durability  is  many  iimes  that  of  hard  oak.  The 
liuings  last  louger  than  metal  of  even  thickness,  save  labour 
and  time,  and,  being  non-abradeiit,  the  drum  surface  is  main- 
tained highly  j?olis1ied  and  true. 


Messrs.  Tangyes,  Ltd.,  ol'    ( 'or n wall    Works,  Biriningliam, 

exliibityed  four  large  macliine  trols  of  tlicir  nianufart  me, 
viz.:  A  5ft.  higli-speed  pillar  type  radial  drilling  machine  ； 
riii  (Sin.  single- pul lev  all -gear  sliding  and  s('rew-('uU.i i]> 
latlie  ；  a  No.  3  vertical  milling  machine  ；  and  a  10in.  centre 
capstan  lathe;  and  as  representative  of  these,  we  illustrate 
1h('  two  latier  niacliines.  Fig.  14  shows  ilie  vertical  milling 
machine,  which,  as  will  be  seen,  is  a  massive,  yet  witlial 
compact,  tool.  It  has  been  designed  for  using  high-speed 
steel,  and  possesses  several  interesting  features,  amongst 
which  we  may  mention  the  following.  It  lias  automatic 
horizontal  feeds  to  table,  and  vertical  feed  to  spindle,  with 
stop  motions.  The  table  is  raised  and  lowered  by  hand,  a\xl 
provided  with  T  slots  and  trough,  the  hand  motions  being 
fitted  with  micrometer  adjustments.  A  large  range  of  feeds 
in  geometric  progression,  driven  from  countershaft,  are  fitted, 
and  these  have  changes  effected  by  conveniently-placed 
levers  and  handwheel,  and  are  provided  with  a  reversing 
motion.  There  is  also  a  large  range  of  spindle  speeds,  ami 
the  spindle  is  balanced  by  counterweight.  The  circular  table 
is  readily  detachable,  is  indexed  to  degrees,  and  is  provided 
with  self-acting  and  hand  feed  having  automatic  knock-ofT 
motion.  An  attachment  for  tightening  the  driving  belt  is 
also  fitted,  and  the  spindle  may  be  driven  either  direct  from 
the  belt  or  through  the  back  gear. 

The  lOiii.  capstan  lathe  exhibited  is  illustrated  in  Fig.  15. 
This  machine  admits  48in.  between  the  hexagon  turret  and 
the  chuck,  and  has  been  designed  for  producing  repetition 
work  from  bars,  castings,  or  forgings.  It  has  a  headstock 
of  the  all-gear,  single-pulley  type,  and  thus  the  full  power 
of  the  lathe  may  be  maintained,  irrespective  of  the  diameter 
of  the  work  being  machined  in  it.  Friction  clutches  are 
used  for  starting  and  stopping,  and  handles  are  provided  for 
changing  gears,  which  are  all  interlocking.  The  turning 
saddle,  as  will  be  seen,  has  a  square  turret  for  carrying  four 
tools,  has  self-acting  interlocking  sliding  and  surfacing 
motion,  with  automatic  stops,  is  arranged  so  that  four  diffe- 
rent threads  can  be  cut  from  one  leader,  and  has  reversing 
motion  to  the  feed.  The  turret  is  llin.  diam.  across  the 
flats,  the  bed  is  16iin.  width,  and  the  hole  through  the 
spindle  is  3|in.  diain.  The  turret  is  provided  with  auto- 
matic revolving  and  stop  motion,  and  the  lathe  is  provided 
with  suds  pump  and  tray  for  supplying  lubricant  to  tlie 
cutting  tool,  as  shown. 

The  high-speed  drilling  machine  shown  (not  illustrated) 
was  driven  from  a  gear  box  througli  pulley  running  at 
constant  speed.  Sixteen  changes  of  spindle  speed  were  pro- 
vided for,  the  double  gear  being  carried  on  tlie  saddle  itself, 


JOin.  Cai-stan  and  Tuhukt  Lathi':.   Mkhsks.  Tangvks, 
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and  four  changes  of  self-acting  feed,  all  effected  by  means  of 
levers.  Self-acting  stops  were  fitted  which  could  be  set  so 
tlial  thp  spindle  rould  be  stopped  after  drilling  any  pre- 
deien-nined  deplli  of  hole,  and  a  fine  feed  to  the  spindle  and 
(|iii('k  return  by  liand  were  also  arranged  for. 

Messrs.  The  Hudson  Economiscr  Company  (1907),  Ltd"  of  110， 
Bishopsgate,  Jiondon,  E.C.，  exhibited  iwo  working  models,  an 
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open  type  and  an  enclosed  chimney  type  water  cooling  tower. 
Ext-ernally  these  are  of  familiar  appearance,  but  the  grid 
arrangement  has  been  considerably  improved.  The  water 
overflows  from  troughs  and  drips  on  to  staggered  wooden 
strips,  which  are  of  special  construction.  Three  strips  go  to 
form  a  hurdle,  and  these  can  be  instantly  removed  indepen- 
dently of  the  others.  The  arrangement  breaks  up  the  water 
most  efficiently,  as  there  is  no  clear  drop  of  more  than  a  few 
inches.  Cooling  towers  of  the  above  type,  it  is  claimed,  may 
be  built  considerably  smaller  for  an  equal  duty  than  some 
of  the  older  forms. 

Their  patent  combined  feed-water  heater  and  oil  separator 
was  also  shown  on  the  stand.  This  is  well  known  amongst  all 
steam  users  where  a  large  and  copious  supply  of  hot  water  is 
necessary  in  works,  such  as  breweries,  laundries,  dye  works, 
&c.  Their  latest  addition  is  for  heating  air  by  exhaust  steam 
or  live  steam  for  drying  materials,  heating  buildings, 
factories,  &c.  The  heater  consists  of  a  number  of  flat,  hollow ? 
galvanised  steel  plates  assembled  together  in  flat  groups  or 
batteries,  and  connected  up  so  that  the  steam  may  pass  into 
aud  through  the  whole  series.  The  steam  is  by  this  method 
split  up  into  thin  layers,  a  fan  or  blower  forces  the  air  between 
each  unit,  and  the  water  of  condensation  falls  to  the  bottom  of 
the  plates  aud  theuce  to  a  drain  pipe.  The  capacity  of  the 
condenser  is  enlarged  by  the  addition  of  more  units  and  vice 
versa.  In  each  cubic  foot  of  space  occupied  by  the  con- 
densing battery  there  is  no  less  than  38  sq.  ft.  of  effective 
surface.  The  apparatus  may  be  fixed  vertically  or  hori- 
zontally with  equal  results,  and  the  air,  after  passing  through 
the  units  where  it  absorbs  heat,  is  available  for  warming  and 
drying  purposes,  and  is  thus  of  double  service. 

Messrs.  The  Mcsscr  Engineering  Company,  of  296-300,  City 
Road,  London,  E.C.，  exhibited  a  fine  collection  of  autogenous 
welding  and  cutting  plants,  practical  demonstrations  being 
also  given  from  time  to  time  at  the  stand  in  the  welding  and 
cutting  of  various  metals.  Blowpipes  were  shown,  capable 
of  cutting  iron  and  steel  from  ^in.  up  to  12in.  in  thickness, 
together  with  regulating  valves,  stationary  and  portable  acety- 
lene generators,  hydraulic  back-pressure  valves,  &c.  An 
exceptionally  fine  collection  of  samples  of  work  done  with  the 
" Messer  "  appliances  was  also  shown,  including  artistic  metal 
work  for  iron  gates,  railings,  chandeliers,  &c,  as  well  as 
samples  of  welding  of  wrought  iron,  sheet  iron,  cast  iron, 
steel,  copper,  nickel,  aluminium,  &c. 

Messrs.  The  Eyre  Smelting  Company,  Ltd.,  of  Barden  Road 
Works,  Tonbridge,  Kent,  exhibited  samples  of  their  "  Eyre  ，' 
anti-friction  bearing  metal,  for  lining  all  classes  of  bearings, 
in  ingot  form  ；  and  also  brasses  of  different  descriptions  lined 
witli  this  metal.  "Eyre"  valve  metal  was  also  shown,  this 
latter  being  especially  suitable  for  lining  slid©  valves,  &c. 
Cheaper  quality  bearing  metals,  suitable  for  machinery  bear- 
ings running  at  medium  speeds  with  medium  loads,  were  also 
to  be  seen  on  the  stand.  The  company  have  just  brought  out 
a  new  descriptive  catalogue  on  the  "  Eyre  M  metal,  and  this 
will,  we  are  told,  be  sent  free  on  application,  together  v/itli 
samples  of  the  metal. 

Messrs.  Holbrook  &  Sons,  of  44，  Martin  Street,  Stratford, 
London,  E.，  exhibited  four  latlies  of  their  standard  make, 
viz.,  one  of  8Jin.  centre;  two  of  7in.  centre  ；  and  a  fourth  of 
6in.  centre.  The  first  mentioned  was  of  the  all-gear  type,  and 
had  16  spindle  speeds  in  geometrical  progression.  It  was 
fitted  with  the  firm's  fool-proof  feeds,  and  had  independent 
front  shaft  absolutely  independent  from  tlie  leading  screw, 
which  is  tlieir  standard  practice.  This  machine,  which 
weighed  about  5  tons,  is,  we  believe,  about  one  of  the  heaviest, 
if  not  the  heaviest,  type  8Un.  centre  lathe  made. 

The  Tin.  T.  B.  type  lathe  shown  was  a  new  departure 
designed  principally  for  tool  room  use.  The  accuracy  of  this 
jnachine,  which  was  fitted  with  an  automatic  screw-cutting 
device,  is  guaranteed  to  be  'OOlin.  per  foot  in  alignment.  It 
is,  we  should  say,  one  of  the  most  up-to-date  machines  the 
firm  has  yet  constructed.  The  feeds  were  from  8  to  450  per 
inch,  and  threads  from  1 J  to  80  could  be  cut  witliout  any 
loose  change  gear. 

Mcssn.  J.  But'cr  &  Co.,  Ltd.,  of  Victoria  Ironworks,  】Iali- 
fax,  exliihiied  one  oi'  tlieir  well-known  high-speed  planing 
machines,  sucli  as  we  liave  previously  described  ；  a  30in. 
duplex  boring  and  turning  machine  with  lieads  of  tlie 
octagonal  bar  type ；  a  12in.  stroke  slotting  machine;  a  16in. 


stroke  crank  sliaper  ；  a  10in.  centre  latlic  ；  and  a  pateni  bar 
('utting-ofT  tnacliine.  This  latter  niacliine  was  capable  of 
cutting  off  round  bars  in  iron  or  steel  up  t-o  9.^i»).  diani.,  and 
could  either  cut  a  long  bar  in  two,  or  cut  a  disc  oil  the  cud 
the  bar  being  held  stationary  in  strong  vices,  and  the  tool 
being  made  to  revolve  round  it.  Three  sizyes  of  rnacliines  are, 
we  understand,  made,  viz.,  to  cut  up  to  6in.，  9:'iii.，  and 
diam.  respectively. 

The  duplex  boring  and  turning  machine  referred  to  above 
was  of  entirely  new  and  somewhat  unique  design.  Each  table 
could  be  started  or  stopped  instantly  by  a  lever  in  front  of  tlie 
machine,  and  they  were  independently  driven  by  belt  from 
lineshaft  to  a  speed  gear  box,  a  separate  geared  box  being  pro- 
vided for  each  headstock.  The  headstocks  were  mounted  on 
two  absolutely  independent  cross-slides,  so  that  they  could  be 
operating  on  different  heights  of  work  without  overhang. 


THE  GENERATION  AND  ELECTRICAL  TRANSMISSION  OF 
POWER  FOR  MARINE  TRANSPORTATION.- 

BY  WILLIAM  P.  DUKTNALL. 

(Concluded  from  page  620.) 

The  steam  turbine  is  the  most  satisfactory  prime  mover 
now  in  existence  for  high  powers,  and  will  remain  so  until  the 
gas  turbine  is  developed,  especially  as  the  high-spe^cl  turbine 
can  be  made  to  take  advantage  of  high  temperature  steam. 
It  also  possesses  the  advantages  of  light  weight  and  simple 
construction,  has  only  one  moving  part,  is  silent  in  operation, 
produces  a  constant  even  torque,  requires  no  lubrication  in 
the  steam  spaces,  and  has  a  high  fuel  economy,  even  under 
tremendously  varying  loads.  It  has,  however,  important  dis- 
advantages ； firstly,  having  to  be  direc1>coupled  to  the  pro- 
peller, it  must  run  at  a  relatively  low  speed ;  thus  affecting 
the  fuel  consumption  to  a  very  serious  degree  ；  further,  the 
application  of  the  turbine  to  direct  propulsion  embodied  the 
idea  of  raising  the  speed  of  the  propeller,  and  this,  for  reasons 
already  mentioned,  increased  th©  losses  at  the  propeller  in 
developing  a  certain  amount  of  thrust,  which  again  increased 
the*  horse-power  necessary  to  develop  it,  and  consequently  the 
fuel  consumption  per  effective  thrust  horse-power.  This 
limitation  of  the  number  of  revolutions  demanded  increase  in 
the  size  and  weight  of  the  turbine  and  did  not  permit  of  the 
use  of  superheated  st&am  ；  consequently  most  marine  turbines 
at  the  present  time  use  saturated  steam,  which  is  one  reason 
why  tlie  marine  direct  driving  turbine  uses  about  twice  as 
much  steam  per  brake  horse-power  as  one  of  equal  power  and 
higher  speed,  using  superheated  steam  and  high  vacuum,  in 
power  stations  on  land. 

Further,  the  tu  rbine  is  not  reversible,  and  consequent lv 
in  order  to  have  a  full  power  reverse  on  the  shafts  it  is  neces- 
sary to  install  the  turbines  in  duplicate.  Where  there  are 
three  shafts  reversing  power  has  been  sacrificed,  being  pro- 
vided only  on  two  of  the  three  shafts,  and  even  this  power  is 
only  a  portion  of  the  total  ahead  power  provided  on  such 
shafts  ；  and  further,  these  so-called  reversible  turbines  are 
very  uneconomical  in  steam.  At  the  same  time,  practical  sea- 
going conditions  require  tliat  the  machinery  shall  be  live  when 
proceeding,  say  ahead,  at  full  power  and  speed ,  whereas,  in 
that  condition  the  reversing  turbines  are  being  run  and  driven 
by  power  from  the  ahead  turbines,  thus  taking  a  considerable 
amount  of  power  which  should  be  used  for  propulsion. 
Moreover,  the  extra  turbines  and  pipework  occupy  a  great 
deal  of  space  and  the  valve  operation  for  reversing  involves 
waste  of  valuable  time.  Even  then  the  reverse  is  very  weak 
compared  with  ordinary  marine  steam  engine  driven 
propellers. 

A  paper  by  Mr.  Thomas  Bell,  M.I.N. A.,  designer  of  the 
plant  for  the  "  Lusitania/'  states  that  when  this  boat  entered 
the  measured  mile  at  a  speed  of  22'8  knots  (the  full  speeo 
ahead  of  this  boat  is  about  26  knots) ,  the  propellers  turning 
at  166  revs,  per  minute,  the  engine-room  telegraphs  were 
rung  for  "  full  speed  astern,"  and  nearly  four  minutes  were 
taken  to  bring  the  vessel  to  a  standstill,  in  which  time  she 
ran  a  distance  of  three-quarters  of  a  mile  or  about  six  times 
her  own  length.  If  tlie  vessel  had  been  under  full  draught 
at  26  knots  sli©  would,  in  tlie  author's  opinion,  have  travelled 
(juite  a  mile  and  a  half.  It  should,  however,  be  noted  that 
this  vessel  has  reversing  power  only  on  the  two  inner  of  her 
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four  shafts,  which  were  driven  by  six  turbines.  It  has  been 
stated  on  good  authority  that  had  the  ship  been  fitted  with 
modern  slow-speed  reciprocating  engines  on,  say,  three 
instead  of  four  shafts,  the  thermal  propulsive  efficiency  would 
have  been  increased,  and  that  only  53,000  s.h.p.  instead  of 
70,000  s.h.p.  would  have  been  required  to  give  the  vessel  the 
same  speed. 

The  turbiue  being  most  efficient  at  the  lower  pressure  end, 
wliat  is  known  as  the  combination  system  has  been  tried  on 
some  vessels,  including  the  ill-fated  "  Titanic."  It  consists 
of  driving  three  propellers  at  low  sp^ed,  the  two  outer  ones 
being  driven  by  reciprocating  engines,  which  exhaust  into  a 
low -speed  low-pressure  turbine  driving  the  centre  propeller. 
This  system  gives  a  lower  fuel  consumption  per  thousand  tons 
of  displacement  per  mile  at  a  given  speed,  and  better  thermal 
propulsive  efficiency  whilst  going  ahead  at  full  power,  but 
even  so  reversing  power  has  been  sacrificed,  being  available 
only  on  the  two  wing  shafts,  and,  in  the  author's  opinion,  this 
method  is  not  as  safe  and  efficient  as  the  system  of  electrical 
propulsion  which  he  has  introduced  under  the  name  of  the 
" Paragon  "  system.  In  developing  this  system  a  】'ow- 
revolution  speed  was  decided  upon  in  order  to  get  as  much 
thrust  per  shaft  horse-power  as  possible,  and  the  question 
then  arose  of  what  method  should  be  adopted  for  driving  tlie 
propeller  ；  should  it  be  a  steam  turbine,  reciprocating  engine, 
oil,  or  gas  engine ？  Limitations  were  found  as  regards  the 
in  el  (，onsump£ion，  in  the  application  of  tlie  turbine,  unless 
some  form  of  gear  reduction  were  used,  and  on  further 
enquiry  it  was  ascertained  that  manufacturers  here  and  on 
the  Continent  were  not  in  a  position  to  guarantee  such 
mechanical  gears  to  run  silently  permanently  as  required. 

Without  a  complicated  system  of  change-speed  and  reverse 
gears  and  clutches  it  would  have  been  es&ential  to  regulate  the 
speed  of  the  turbine,  and  to  put  in  another  turbine  to  give  a 
full  power  reverse,  and  thereby  to  ensure  safety  at  sea, 
especially  on  a  heavy  ship  at  high  speed .  On  approaching 
the  question  of  using  reciprocating  steam  engines  witli  forced 
lubrication  and  superlieated  steam ,  many  difficulties  were 
met,  especially  those  common  to  all  heavy  reciprocating 
masses  in  motion,  and  the  losses  were  still  considerable. 
Almost  the  same  applied  to  the  internal-combustion  engine, 
with  the  further  serious  defect  that  on  account  of  the  com- 
pression this  engine  could  not  be  run  at  a  suitable  dead-slow 
speed.  With  a  heavy  oil  engine  at  slow  sp&ed  complete 
combustion  could  not  be  effected,  and  cylinder  deposit  would 
have  taken  place,  which,  in  addition  to  other  considerations, 
forbade  the  use  of  the  direct-coupled  internal-combustion 
engine  for  this  system  of  ship  propulsion. 

Knowing  that,  if  necessary,  it  would  be  possible  to  design 
and  construct  electric  motors  which  would  run  equally 
efficiently  in  either  direction  with  a  s])eed  range  from  zero  to 
maximum  witli  variable  voltage,  /  tlx©  continuous-current 
system  then  came  under  consideration,  aud  was  favourably 
viewed  because  such  motors  are  self-starting  and  develop  a 
heavy  torque  at  starting,  which  is  a  considerable  advantage 
if  it  should  be  necessary  to  reverse  the  propeller  wh-en  at  full 
speed  ahead. 

Having  gained  considerable  knowledge  in  connection  witli 
petrol  electric  motor-cars  of  the  trouble  that  might  be  experi- 
enced with  the  continuous-current  system,  attention  was  next 
directed  to  the  polyphase  alternating-current  method,  in 
wliich  the  troubles  of  commutation  and  other  difficulties  were 
wanting,  and  a  scheme  was  prepared  on  these  lines,  in  respect 
of  wliich  patents  were  granted  in  19  countries  in  1905.  The 
system  as  then  laid  out  has  now  been  installed  by  the  General 
Electric  Company  on  the  United  States  twin-screw  collier 
" Jupiter/'  of  20,000  tons  displacement  and  about  6,000  li.p. 
The  turbine  will  run  at  2,000  revs,  per  minute,  and  by 
putting  more  poles  in  the  motors  than  in  the  generators 
electrical  speed-reduction  gear  cau  be  formed  so  tliat  tlie 
iiuixirnum  of  thrust  can  be  secured  with  slow-running  screw 
inopcllors,  Mms  reducing  the  shaft  horse-power  required. 
Thermal  losses  naturally  take  place  in  transforming  tlie 
mechanical  power  of  the  turbine  into  electrical  power,  and 
i  lion  transforming  tliis  back  at  slow  speed  in  the  motors  into 
mechanical  shaft  horse-power,  but  sliop  tests  indicate  that  the 
steain  consumption  per  shaft  horse-power  at  sea  will  be  about 
]r25】l>s.  per  hour,  which  is  20  per  cent,  less  than  lier  sister 
sliip  Mio.  〃  Cyclops,"  o「  s;unc  tonnage  and  approxitnaiel v 
(  lie  same  designed  speed. 


It  is  probable  that  an  even  higher  speed  than  that  esti- 
mated will  be  attained  or  that  the  steam  consumption  for  the 
same  speed  will  be  lower  on  account  of  the  saving  in  w^i^lit, 
of  machinery.  The  weight  of  machinery  in  the  steam-driven 
boat  is  280  tons,  whilst  that  of  the  electrically-propelled  ship 
is  only  156  tons,  and  with  the  same  dead  weight  of  freight, 
less  displacement  will  be  shown. 

A  third  vessel  named  the  "  Neptune ，，  is  under  test  in 
America,  and  is  driven  by  twin-screws,  and  with  what  is  called 
a  geared  turbine,  as  advocated  by  the  Westinghouse  (、出 i 
pany  of  America.  The  mechanical  method  of  speed  reduc- 
tion in  large  powers  is  limited.  Propellers  are  to  be  run  al , 
say,  135  revs,  per  minute  in  the  case  of  the  "  Neptune,"  the 
turbine  revolutions  being  only  about  1,250，  a  contrast  witli 
the  electrically-driven  vessel,  in  which  there  is  practically  no 
limit  to  the  speed  at  whicli  the  turbine  may  run.  On  the 
" Jupiter  "  the  normal  speed  is  2,000  revs,  per  minute,  ibe 
turbines  being  lighter  and  less  costly  with  a  better  thermal 
efficiency,  and  consequently  a  lower  steam  consumption  per 
horse-power  liour,  tlian  the  geared  turbine  installation.  The 
full  particulars  of  the  "  Neptune  "  trials  have  not  yet  come  1  <> 
hand,  but  the  turbine  speed  was  1,250  revs,  per  minute,  and 
that  of  tlie  propeller  135  revs,  per  minute,  and  tlie  trials 
showed  a  performance  much  inferior  to  that  of  the  "  Cyclops." 
It  can  therefore  be  assumed  tliat  mechanical  reduction  of 
speed  is  here  out  of  the  question,  although  attempts  have 
been  made  to  alter  the  turbines  and  propellers,  but  unless  tlie 
ratio  is  made  as  large  as  that  of  the  "  Jupiter,"  namely,  18 
to  1，  instead  of  the  9|  to  1  of  the  "  Neptune,"  the  latter  can 
never  be  so  efficient,  and  any  improvement  in  the  design  of  its 
turbines  or  propellers  can  be  equally  applied  to  the  electrical 
boat,  which  will  then  still  hold  an  advantage  in  respect  of 
thermal  efficiency  in  addition  to  all  its  other  merits. 

The  turbine  not  being  reversible,  separate  reverse  turbines 
have  to  be  installed,  thus  adding  to  the  weight  ；  further,  the 
stress  on  toothed  gearing  increases  with  the  shortening  of  tlie 
teeth  in  the  pinions,  and  this  limits  the  practicable  gear 
reduction  ratio.  On  the  other  hand,  the  length  of  the  pinions 
and  wheels  is  limited  by  the  torsional  elasticity  of  metal,  and 
disaster  might  occur  by  reason  of  unequal  distribution  of  the 
tooth  load  through  the  tooth  length.  The  shock  and  strain 
developed  in  teeth  is  increased  by  raising  the  peripheral 
speed,  and  this  again  limits  the  turbine  speed  for  a  given 
pinion  diameter  and  power.  Increased  diameter  and  larger 
power  in  gears  produce  vibration  and  noise  which  are  likely 
to  be  noticeable  in  distant  parts  of  the  ship,  and  to  cause 
certain  defects.  To  gear  the  turbines  to  the  propeller  sliafb 
means  that  the  boiler  equipment  must  be  in  close  proximity 
thereto  and  therefore  either  that  the  weight  must  be  we'll  aft, 
or  that  thermal  losses  must  occur  in  the  transmission  of  steam 
from  the  boilers  to  the  turbines,  while  other  drawbacks  are 
to  be  anticipated. 

The  system  installed  on  the  "  Jupiter  '，  is  being  fitted  up  i  n 
the  manner  advocated  by  tlie  author  with  a  reduction  ratio 
obtained  by  providing  the  generators  with  a  less  number  of 
magnetic  poles  than  the  motors,  while  in  order  to  start  tlie 
motors  from  standing,  and  to  develop  sufficient  torque  to 
reverse  the  propellers  when  necessary,  the  rotors  of  the  induc- 
tion motors  have  been  fitted  with  slip  rings.  The  current  is 
generated  at  practically  consiant  frequency  and  voltage, 
which  although  working  well  in  the  present  instance,  witli 
two  3,000h.p.  motors,  might  conceivably  cause  serious  trouble 
in  very  large  powers,  as  in  the  case  of  liners  and  battle-sliips, 
where  the  power  may  be  as  much  as  25,000  li.p.  per  shaft . 
With  this  in  view  the  author  carried  out  some  experiments 
which  proved  the  value  of  the  induction  motor  known  as  the 
squirrel  cage  motor,  a  device  whicli  is  an  important  factor  in 
the  successful  propulsion  of  ships  by  electricity,  and  im('Hs 
witli  tlie  approval  of  many  practical  marine  engineers. 

This  squirrel  cage  motor  is  the  most  efficient  motoi-  in 
existence  and  like  the  turbine  has  only  one  moving  pa ri .  I  i  s 
very  simple  design  and  construction  conihinec]  with  its  ^rc;H 
mechanical  strength  is  likely  to  bring  it  into  higli  favour  for 
el ec t f i c a  1 1  y - ] > r o p e ]  1  e d  vessels ；  it  lias  no  slip  rings  or  brush 
gear,  the  whole  of  the  current  in  the  rotor  winding  b^ing 
induced  across  one  air  gap,  which  is  a  tremendous  advantage, 
especially  with  large  powers.  This  motor  has  no  sparking 
limit,  as  is  ilie  case  in  all  contact  conduction  machines,  c.on- 
sr(|m'iit,ly  i  he,  out  put  in  meclianiital  Iiorso  ]>owcr  \)vv  uiiii. 
weight  is  niucli  liiglw  (han  in  aiiy  other  type  of  electrical 
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machine,  with  gain  in  efficiency.  A  very  large  section  is 
given  to  the  windings  of  these  inachiiies,  which  together  witli 
t lie  fact  that  the  windings  are  arranged  so  that  copper  losses 
are  not  localised,  and  that  iron  of  a  laminated  character  is 
used  iu  the  construction  of  both  rotor  and  stator,  gives  every 
facility  for  ventilation.  Burnt  out  armatures  and  the  turning 
of  commutators  are  the  bug-bears  of  all  engineers  operating 
heavy  electrically-driven  machinery,  but  these  defects  are 
almost  unknown  in  the  case  of  the  squirrel -cage  motor.  Its 
only  defect,  and  the  reason  why  it  is  not  generally  used 
throughout  the  world,  is  the  fact  that  at  the  time  of  the 
author's  first  investigations,  it  was  not  able  to  start  on  load, 
or  to  produce  even  sufficient  starting  torque  in  large  powers 
to  start  itself  liglit.  When  standing,  and  being  supplied  with 
high  frequency  current  it  acts  only  as  a  short-circuited 
alternating-current  transformer.  Tf  the  difficulty  of  starting 
could  have  been  overcome  this  motor  offered  an  ideal  method 
of  driving  propeller  shafts  for  ship  propulsion. 

In  1908  the  author  took  out  patents  in  many  countries  for 
a  method  of  generating  current  at  variable  frequency  and 
voltage,  and  under  these  patents  was  evolved  an  efficient 
squirrel-cage  motor.  At  starting  a  very  heavy  torque  is 
developed  by  such  motors  if  they  are'  supplied  with  a  much 
lower  frequency  current  than  is  used  for  running  them  at  top 
speed  and  full  power,  and  cumbersome  and  wasteful  water  or 
other  resistances  are  not  required  either  for  reversing  or  speed 
regulation  ；  moreover  only  three  leads  or  cables  are  required 
between  the  controller  and  the  motors,  and  the  weight  of  the 
motor  per  unit  power  is  low,  while  the  heat  losses  are  less, 
thus  adding  little  to  the  heat  of  machinery  rooms  below  water 
level.  The  working  current  from  the  generators  is  supplied 
only  to  its  one  part,  which  is  stationary,  so  that  no  rubbing 
contacts  of  any  kind  are  required,  and  the  motor  can  work  in 
almost  any  position.  It  has  only  one  winding  and  the  wind- 
ing space  is  very  small,  consequently  the  teetli  are  short,  and 
there  is  a  highly  efficient  magnetic  circuit.  If  supplied  with 
lower  voltage  as  well  as  lower  frequency,  the  magnetising 
currents  are  reduced,  and  the  motor  will  run  for  months  on 
end,  with  high  efficiency,  at  practically  any  speed  and  power, 
while  the  first  and  running  costs  are  low.  These  are  some  of 
the  reasons  for  the  adoption  of  this  motor  in  connection  with 
the  Paragon  system  of  ship  propulsion,  as  there  exists  at 
present  no  other  so  simple  and  strong  a  mechanical  machine 
for  driving  propellers,  as  well  as  auxiliary  machinery  of  all 
kinds.  This  motor  meets  all  the  conditions  laid  down  on 
p.  G26  ante,  and  as  regards  the  method  of  supplying  current  the 
polyphase  alternating-current  system  has  been  found  to 
answer  the  purpose  most  satisfactorily. 

The  use  of  electricity  for  the  propulsion  of  large  ships  was 
a  matter  which  had  to  await  the  advance  of  engineering 
science  and  the  production  of  suitable  prime  movers,  and  a 
few  years  ago  the  proposals  could  not  have  attained  a  com- 
mercial success,  but,  to-day,  with  the  steam  turbine,  the 
internal-combustion  engine,  and  in  the  very  early  future  the 
gas  turbine,  the  means  are  at  hand  for  driving  the  generators 
to  produce  current  for  the  use  of  the  shaft  driving  motors. 
Ship  propulsion  by  electricity,  therefore,  lias  been  until  quite 
recently  looked  upon  by  many  engineers,  who  have  perhaps 
not  had  cause  nor  inclination  to  investigate  the  problem,  as 
impossible.  Generally  speaking,  marine  engineers  and  naval 
architects  liave  not  kept  pace  with  tlie  great  advance  of  recent 
years  in  heavy  electrical  power  engineering,  and  consequently 
tiiey  could  not  appreciate  any  persistent  attempt  to  solve  the 
problem.  On  tlie  other  hand,  electrical  engineers  are  largely 
unacquainted  with  the  intricacies  of  naval  architecture  and 
marine  engineering  such  as  the  question  of  screw  propeller 
losses  when  run  at  high  speed  -  Until  quite  recently  it  has 
been  maintained  that  a  high-speed  propeller  was  as  efficient 
in  producing  tlirust  as  a  low-speed  one,  and  so  the  propulsion 
of  ships  by  electricity  made  no  advance,  many  electrical 
engineers  openly  condemning  the  scheme  as  uncommercial. 

Great  credit  is  therefore  due  to  Admiral  Cone,  of  the 
U.S.  Navy,  and  his  colleagues,  who  have  in  hand  the  equip- 
ment of  tlie  "Jupiter"  on  behalf  of  the  American  Government, 
and  also  to  Mr.  W.  L.  R.  Emmet,  of  the  General  Electric 
Company,  of  America,  the  designer  of  the  plant  for  the  "Jupi- 
ter." Mr.  Emmet  is  also  the  chief  turbine  engineer  of  the 
above  (xmipany,  who  build  the  flirect-coupled  Curtiss  turbine, 
and  consequently  ]iis  knowledge  of  both  methods  of  propeller 
driving  makes  aj]  the  more  certain  of  the  fact  that  the  general 


adopt  ion  of  electrical  power  for  sliip  propulsion  is  ni^li  ai 
hand.  Mr.  Henry  A.  Mavor  is  also  engaged  on  fl"'  <»(|mp 
"lent  of  a  (； OOli.p.  ele<;trically-d riven  sliip,  on  the  lines 
indicated,  but  in  this  case  the  prime  movers  are  two  ：赠 h 屮. 
Diesel  engines  running  at  400  revs,  per  minute  and  supplying 
3-pl  las©  alternating-current  to  one  squirrel-cage  induction 
inotor  driving  the  propeller  at  78  revs,  per  minute.  Tins 
sliip  will  undergo  her  trials  at  approximately  the  same  time 
as  the  larger  "  Jupiter,"  the  results  of  which  will  be  awaited 
with  interest.  It  must  also  be  mentioned  that  Mr.  A.  J. 
Maginnis,  M.Inst.C.E.，  of  Liverpool,  as  far  back  as  】909， 
entered  into  a  contract  for  the  conversion  of  a  large  sliip  ("i 
the  Paragon  system,  but  the  matter  fell  through  for  reasons 
beyond  Mr.  Maginnis'  control. 

Much  interesting  research  work  and  designing  has  l)Oon 
carried  out  by  Dr.  Hele-Shaw  and  Mr.  Holzapfel  in  this 
country,  and  Dr.  Fottinger  in  Germany,  as  to  the  method  of 
hydraulic  power  transmission  between  the  high-speed  non- 
reversing  prime  mover  and  the  reversible  and  efficient  low 
revolution  speed  propeller  for  propulsion  purposes,  and  I 
recently  inspected  a  most  interesting  set  by  Dr.  Hele-Shaw 
at  the  Engineering  Exhibition,  and  also  his  very  fine  steering 
gear,  both  in  this  country  and  at  Trieste,  in  Austria,  where  it 
is  giving  great  satisfaction. 

There  are  not  lacking  signs  tliat  British  shipping  is  feeling 
the  competition  of  other  countries,  which  are  introducing  new 
and  more  efficient  means  of  propelling  ships.  The  actual 
ships  in  hand,  and  the  papers  that  have  recently  been  read 
before  American  and  continental  societies  of  naval  architects 
and  marine  engineers,  show  that  the  electrically-fl riven  ship 
has  now  become  a  matter  of  more  than  academic  interest. 
The  successful  results  which  may  be  achieved  by  tlie  "Jupiter" 
may  even  change  the  naval  programme  of  more  than  one 
Great  Power,  and  it  is  to  be  hoped  that  the  British  Govern- 
ment will  take  a  wide  and  unprejudiced  view  of  the  real 
position  which  has  boen  created. 


HARDY'S  TWO-STROKE  INTERNAL-COMBUSTION  ENGINE. 

Several  arrangements  of  two-stroke-cycle  internal - combus- 
tion engines  of  the  sleeve  type,  the  invention  of  Mr.  J.  A. 
Hardy,  6，  Avenue  Jules  Janin,  Paris,  are  shown  in  the 
accompanying  sectional  views.  They  have  been  designed  witli 
a  view  to  effect  a  better  scavenging  of  the  burnt  gases,  to 
improve  the  conditions  of  ignition  and  to  effectively  cool  the 
sleeve-extension. 

In  the  construction,  shown  in  Fig.  1，  the  piston  A  is 
extended  upwards  in  the  form  of  a  cylindrical  sleeve  and 
has  rings  of  ports  B  for  the  exhaust  and  C  for  the  admis- 
sion, corresponding  to  rings  of  ports  D  and  E  formed  in  the 
wall  of  the  cylinder  ；  the  ports  D  lead  to  the  atmosphere,  the 
ports  E  communicate  with  a  channel  F  by  which  the  mixture 
is  received  from  any  suitable  apparatus  under  pressure  suffi- 
cient for  the  scavenging.  This  apparatus  may  consist  of  the 
closed  crank  case  acting  as  a  pump  body,  a  pump,  a  fan,  or 
any  other  suitable  device.  The  cylinder  is  surmounted  by  a 
head  G，  in  which  the  sleeve  extension  of  the  piston  A  fits. 
Packing  rings  are  arranged  at  suitable  points  on  the  piston 
and  the  sleeve.  Ignition  is  effected  by  means  of  a  sparking  plug 
H.  The  head  of  the  piston  A  to  which  the  sleeve  is  connected 
has  a  generally  conical  shape,  that  is  to  say,  it  is  bounded  bv 
inclined  surfaces,  the  lowest  points  of  which  connect  with  the 
inlet  or  exhaust  ports  while  the  highest  point  is  at  the  centre 
of  the  piston,  that  is  to  say,  upon  the  centre  line  of  the 
cylinder  ；  the  stationary  end  of  the  cylinder  is  given  the  same 
shape. 

In  the'  construction,  represented  in  Fig.  2，  the  sleeve  is 
given  a  diameter  different  from  that  of  the  piston  A，  so  that 
the  head  G  has  a  smaller  bore  than  the  cylinder.  In  this 
way  there  is  formed  an  annular  chamber  J,  which  may  be 
utilised  as  a  pump  body  to  compress  the  mixture  before 
admission  to  the  cylinder,  or  as  means  for  cooling  the  sleeve. 
For  this  purpose,  slots  K  are  formed  in  the  wall  of  the 
cylinder.  In  this  construction  also  the  sleeve  has  been  given 
a  constricted  shape  towards  its  lower  end,  corresponding  to 
the  expansion  curve  of  the  mixture  admitted  under  pressure 
；'. irl  allowing  a  more  thorough  scavenge  of  the  burnt  gases. 
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By  adopting  the  arrangement  shown  in  Fig.  3，  in  which 
the  cylinder  occupies  the  position  opposite  from  that  which 
it  had  previously,  it  becomes  possible  to  utilise  the  top  of  the 
cylinder  and  the  piston  as  a  pump  for  inducing  the  car- 
bur  etted  mixture  through  a  pipe  L  with  non-return  valve 
and  for  compressing  the  same. 

The  arrangements  shown  in  Figs.  2  and  3  allow  of  obtain- 
ing an  effective  cooling  of  the  sleeve  ；  when  the  piston  moves 


is  provided  at  R  and  S  with  openings  corresponding  to  the 
inlet  porte,  and  at  T  and  U  with  exhaust)  ports  corre- 
sponding to  tlie  exhaust  ports  in  the  sleeves  ；  these 
exhaust  ports  T  and  U  communicate  with  an  exhaust- 
conduit  V.  The  carburetted  mixture  may  be  compressed 
either  in  a  double-acting  pump  formed  by  a  crown  secured 
around  the  piston  and  reciprocating  in  a  fixed  cylinder,  or 
as  shown  in  Fig.  4  in    two  separate   single-acting  pumps 


fiG.  2.  Fig.  3. 

HAltPY'S  TWO-STIiOKE  TNTKIlNAI.-f  OMBUSTIOX  KNfilNE. 


Via. 


in  the  cylinder  during  the  expansion  stroke,  the  crown 
acting  somewhat  in  the  manner  of  a  pump  draws  in  atmo- 
spheric air  through  the  ports  K  (Fig.  2)  ；  this  air  fills  the 
space  J  between  the  cylinder  wall  and  the  sleeve  wall,  and  is 
then  expelled  during  the  following  stroke,  viz.,  the  compres- 
sion stroke,  being  then  replaced  by  fresh  air  when  the  piston 
again  descends  after  the  next  explosion.  The  sleeve  wall  is, 
therefore,  in  direct  contact  with  the  air  which  is  constantly 
renewed,  so  producing  a  very  effective  and  thorough  cooling  of 
the  sleeve. 

In  two-stroke  engines  the  mixture  is  usually  compressed 
either  in  the  crank  case  of  the  engine  or  by  means  of  a  pump 
before  admission  to  the  cylinder  ；  the  mixture  then  expands 
at  the  moment  of  admission  because  the  cylinder  is  at  that 
instant  in  communication  with  the  atmosphere  throug-h  the 
exhaust  ports  and  is,  therefore,  substantially  at  atmospheric 
pressure.  In  order  that  this  expansion  may  not  take  place  too 
rapidly,  wliich  would  interfere  with  the  scavenging  of  the 
burnt  gases  produced  solely  by  the  entrance  of  the  fresh 
charge,  the  walls  of  the  sleeve  are  given  the  shape  shown 
more  particularly  in  Fig.  2,  and  corresponding  substantially 
to  the  expansion  curve  of  the  gaseous  mixture  after  admis- 
sion. 

Fig.  4  represents  a  double-acting  two-stroke  engine  Tlie 
piston  A  is  extended  on  both  sides  by  sleeves  which,  like  the 
sleeves  of  the  earlier  examples,  reciprocate  around  fixed 
pistons,  and  thus  form  two  explosion  chambers  ；  the  upper 
sleeve  has  inlet  ports  P  arranged  symmetrically  in  relation  to 
I  ho  longil  udinal  axis  of  the  engine,  and  exliaust  ports  O.  The 
lower  sleeve  lias  also  inlet  ports  P  and  exhaust  ports  Q  arrnn^ed 
at  90°，  in  plan,  io  tlie  ports  of  the  other  sleeve.    The  cylinder 


formed  by  two  external  crowns  W  and  X  secured  to  the  ends 
of  the  sleeves  and  reciprocating  in  the  cylinder. 


Fuel    Briquettin^. ― The    subject   of   fuel    briquetting  is 

treated  in  a  short  pamphlet  recently  issued  by  the  United 
States  Geological  Survey,  Department  of  the  Interior. 
Although  some  progress  was  made  in  the  development  of  fuel 
briquetting  in  the  United  States  during  1910  and  1911，  this 
country  still  lags  far  behind  several  of  the  European  countries, 
particularly  Germany.  In  1911  there  were  21  plants  in  tlie 
United  States  which  manufactured  compressed  fuel,  an 
increase  of  five  over  1909.  Four  of  these  plants  were 
operated  only  for  experimental  purposes.  Of  those  which 
operated  on  a  commercial  basis  eight  employed  anthracite  as 
the  raw  material,  two  used  bituminous  coal,  two  utilised  semi- 
anthracite,  one  employed  refuse  from  oil-gas  works,  one 
utilised  peat，  and  three  used  mixed  materials.  The  produc- 
tion of  briquettes  in  the  United  States  during  the  year  1911 
was  218,443  short  tons,  having  a  value  of  £162,000. 

Carburetter  Experiments. ― What  promises  to  be  an  investi- 
gation of  more  than  usual  interest  and  utility  is  being  con- 
ducted by  the  State  Engineering  Experiment  Station  at  the 
Pennsylvania  State  College  under  the  direction  of  Prof.  J.  A. 
Moyer,  of  the  mechanical  engineering  department.  With 
the  increase  in  the  price  of  gasoline  has  come  the  demand  for 
some  cheaper  fuel  that  will  give  as  good  results.  Kerosene 
would  meet  the  demands  if  a  satisfactory  carburetter  can  be 
designed,  and  it  is  with  a  view  of  determining  the  merits  and 
defects  of  various  types  of  carburetters  that  tlie  investigation 
is  being  carried  on. 


November  22，  1912]  THE    MECHANICAL  ENGINEER. 


657 


AIR  COMPRESSORS.* 

HY  GEORGE  BARR. 

This  paper  is  offered  with  the  idea  of  giving  some  considera- 
tion to  the  reason  why  compressed  air  is  accepted  as  an 
inefficient  means  of  power  transmission,  and  at  the  same  time 
to  take  the  opportunity  of  showing  what  has  been  done  by 
manufacturers  in  the  way  of  betterment  without,  it  should  be 
noted,  any  considerable  pressure  being  brought  to  bear  on  the 
matter  bv  users.  Anyone  who  is  interested  in  this  subject 
and  who  has  had  experience  of  air  compressors  as  they  are  to 
be  found  at  work  in  this  country  at  the  moment,  will  be  able 
to  recall  large  numbers  of  machines  where  nothing  but 
inefficiency  can  be  expected,  and  as  a  great  many  of  these 
machines  range  in  age  from,  say,  20 — 30  years,  then,  to  be 
just,  we  should,  wlien  looking  into  the  question  of  efficiency, 
leave  such  plant  outside  our  consideration,  for  it  is  in  reality 
these  old-time  machines  which  have  given  compressed  air  the 
bad  name  from  which  it  suffers  at  tlie  moment. 

It  might,  therefore,  be  well  to  consider  the  design  of  such 
old-type  machines  as  against  present-day  plant,  tryingi  if 
possible,  when  so  doing,  to  show  to  what  extent  betterment 
had  been  obtained.  Taking  some  of  the  oldest  as  an  example 
we  find  in  steam-driven  machines  the  horizontal  design  was 
used,  steam  cylinders  tandem  to  the  air  cylinders,  air  cylinders 
with  no  water  jackets,  spray  cooling  arrangement,  piston 
speeds  about  200 ― 300，  air  valves,  heavy  flat  type  or  rubber, 
clearance  spaces  anything,  and  single  stage. 

Present-day  designs,  mostly  vertical,  enclosed,  forced 
lubrication,  water-jacketed  cylinders,  generally  two  stage,  for 
pressures  from  701bs.  to  lOOlbs.,  cover  in  a  general  way  the 
major  portion  of  compressed  air  plant  with  piston  speed  up 
to  500ft.  or  600ft.  per  minute,  valve  gear  of  combined, 
mechanical,  and  automatic  type,  or  of  light,  multiple  ported 
small  lift  type,  clearance  spaces  down  to  2  or  3  per  cent. ； 
and  when,  in  some  instances,  old  compressors  of  the  first- 
mentioned  design,  or  somewhat  similar,  are  discarded  and  new 
plant  of  present-day  design  installed,  the  results  obtained 
easily  explain  the  reason  why  compressors  have  for  long  been 
considered  inefficient  and  rightly  so.  To  demonstrate  what 
can  be  done  by  installing  new  machines  one  case  might  be 
instanced  where  a  compressor  of  four  times  the  capacity  of  the 
old  machine  taken  out  required  only  the  same  amount,  of 
steam  per  hour,  and  if  we  examine  results  as  obtained  with 
electrically-driven  units,  which  generally  speaking  have  only 
become  common  within  the  last  six  years,  it  will  also  be  found 
that  in  this  very  short  period  great  steps  have  been  made 
towards  improvement,  and  examples  can  be  seen  where  the 
efficiency  of  sets  of  similar  capacity,  working  under  the  same 
conditions,  have  been  improved  by  20  per  cent.  It  is,  there- 
fore, very  evident  that  even  with  the  little  attention  which 
has  been  extended  to  this  class  of  plant,  greater  improvements 
are  possible  than  can  be  made  with  any  other  plant  generating 
power  for  transmission. 

When  considering  the  general  question  of  compressed  air 
efficiency  we  must  not  only  examine  tlie  compressor,  but  go 
further,  taking  note  of  pipe  lines,  plant  consuming  the  air, 
&c.  ；  in  this  direction  there  has  also  been  great  improvement, 
and  yet  notwithstanding  there  is  not  the  least  doubt  that 
very  inefficient  plants  exist,  and  exist  in  very  large  numbers, 
and  are  still  being  laid  down.  Why  is  this ？  Is  it  simply 
because  it  is  thought  nothing  but  inefficiency  can  be  expected  ？ 
Why  not  have  the  same  strict  specification  applicable  to  air 
compressing  plant  as  has  been  the  rule  for  electric  generating 
plant?  The  only  reason  which  can  be  put  forward  why  such 
a  course  is  not  adopted  would  seem  to  be,  taking  a  wide  view 
of  the  matter,  that  few  engineers  have  given  much  study  to 
compressed  air,  and  have  taken  it  for  granted  that  what  has 
been  must  still  continue.  We  might  look  at  the  matter  from 
this  standpoint  and  see  if  the  facts  are  as  indicated.  Wliat  do 
we  find  in  enquiries  issued  for  large  compressors  :  capacity  of 
rriacliiiie  is  given,  if  steam  driven,  steam  pressure  and  vacuum 
mentioned,  if  electrically  driven,  voltage.  It  might  be,  but 
it  is  not  general,  that  steam  consumption  is  asked,  and  on  a 
very  rare  occasion  a  capacity  test  is  called  for.  Such  a  test 
when  made  is  seldom,  if  ever,  any  check  on  the  output  of  the 
machine  ：  the  test  generally  being  to  fill  a  reservoir  of  given 
rapadty  from  at rnosplieric  pressure  to  final  working  pressure  ： 
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temperature  of  the  air  may  be  taken  or  may  not,  and  when 
taken  is  generally  misleading,  and  possibly  allows  of  error  up 
to  10  per  cent.  In  fact,  it  is  questionable  whether  there  is  at 
the  moment  one  compressor  at  work,  the  actual  capacity  of 
which  is  known  correctly  through  a  test. 

To  give  an  instance  of  what  is  actually  done  in  the  way  of 
testing  even  up-to-date  plant  we  might  take  machines  electri- 
cally driven,  part  of  a  large  scheme  of  improvements  in  an 
installation  where  it  is  expected  what  is  purchased  would  he 
proved  before  being  accepted,  and  where  it  is  to  be  clearly 
understood  a  test  was  called  for  in  the  original  enquiry  as 
issued,  together  with  such  information  as  amount  of  current 
consumed,  size  of  air  cylinders,  stroke,  revolutions,  Air 
receivers  of  a  known  capacity  were  used  to  measure  the  air  as 
discharged,  test  made  by  filling  receivers  from  atmospheric 
pressure  to  final  working  pressure,  note  taken  of  revolutions 
required  for  this,  temperature  of  air  inlet,  and  receiver  tempe- 
rature also  taken ― result,  machines  passed  test  easily.  J  low- 
ever,  it  might  be  pointed  out，  first,  that  the  volumetric 
efficiency  of  a  compressor  varies  considerably  between  atmos- 
pheric pressure  and  working  pressure,  and  the  above  test, 
therefore,  in  the  first  place,  ought  to  have  been  made  with  the 
machine  discharging  against  working  pressure  during  the 
whole  run,  not  from  atmosphere  to  working  pressure  as  was 
the  case.  Further,  under  such  test  as  was  carried  out  no  note 
was  made  of  the  fact  that  the  receivers  were  already  filled 
with  one  volume  of  air,  which  makes  for  even  a  greater  error 
thau  the  first-mentioned  point.  There  is  no  intention  of  sug- 
gesting that  these  simple  points  are  not  known  to  engineers, 
but,  on  the  other  hand,  such  a  test  as  described  was  all  that 
was  called  for,  and  it  will  be  only  too  evident  that  the  results 
obtained  are  in  a  sense  worse  than  no  test,  as  they  are  entirely 
misleading.  In  fact,  to  consider  even  these  two  points  it  is 
quite  within  possibility  that  the  error  due  to  the  reading 
being  taken  from  atmosphere  to  the  working  pressure  was 
anything,  say,  between  5  and  10  per  cent.,  and  that  due  to  no 
notice  being  taken  of  tlie  receivers  already  filled  with  air  at 
atmospheric  pressure,  which  with  the  final  pressure  as  lOOlbs. 
per  square  inch  would  equal  about  12*8  per  cent.  Tims, 
roughly,  the  machines,  even  if  they  on  test  as  carried  out 
gave,  say,  a  5  per  cent,  higher  result  than  called  for,  were  at 
the  very  least  12'8  per  cent,  short  in  output  ；  or,  in  other 
words,  they  were  really  smaller  compressors  than  ordered,  by 
this  amount,  and  with  possible  10  per  cent,  temperature 
error  gives,  say,  22'8  per  cent,  shortage. 

When  on  this  question  it  might  be  well  to  consider  wliat 
might  be  termed  a  reasonable  test,  such,  at  any  rate,  as  would 
make  certain  of  results,  say,  within  5  per  cent.,  this  5  per 
cent,  being  margin  for  error  in  readings  of,  say,  speed,  tem- 
perature, pressure  gauge  readings,  &c"  which  in  a  general 
way  will  be  found  as  near  as  the  average  arrangements  will 
allow  of  obtaining. 

We  might  first  decide  on  what  side,  i.e.,  on  the  inlet  or  on 
the  discharge,  the  test  should  be  carried  out,  and  to  decide 
on  this  point  all  we  wish  to  know  is  on  which  side  is  there 
likely  to  be  the  greatest  chance  of  error.  If  the  discharge  be 
chosen,  then  we  have  first  to  arrange  for  reasonably  large 
receiver  capacity  to  make  certain  any  small  error  in  taking 
revolutions,  say,  of  a  high-speed  machine,  will  be  a  very  small 
percentage  if  spread  over  a  reasonable  time.  Temperature  of 
air  entering  machine  should  also  be  noted,  as  well  as 
barometer  reading  taken  during  time  of  test.  Machine 
should  discharge  during  the  test  against  full  working  pressure, 
average  receiver  temperature  must  also  be  taken  into  account, 
with  the  usual  readings  as  to  time  and  revolutions  to  fill  the 
known  volume  of  air  reservoir,  pipes,  &c.  Receiver  and  pipes 
should  be  drained  of  all  water  which  may  have  collected  and 
which  might  be  anything.  A  still  test  is  required  after 
the  running  test  to  note  drop  of  pressure  due  to  leakage, 
temperatures  must  also  be  noted  during  such  still  test  and 
recognition  made  of  the  fact  that  receiver  volume  being  filled 
to  final  pressure  has  already  one  volume  of  air  at  atmospheric 
pressure.  * 

These  points  might  be  taken  as  representing  in  a  general 
way  wliat  is  wanted  for  the  test  on  the  discharge  side, 
although  even  with  such  there  are  still  a  few  points  whicli 
might  be  added  ；  but  it  will  be  granted  there  is  room  for  some 
considerable  eri'or  on  such  method  of  test.  Whereas,  if  a  test 
could  be  made  by  simply  measuring  the  air  whioh  actually 
passes  into  the  cylinders  we  might  come  closer  to  a  correct 
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rosuli,  as  taking  i\io  juacliine  dealt  with  as  a  two-sta^e 

corn  pressor  with,  say,  doubleacting  cylinders,  then  any  air 
wliich  actually  passes  into  t lie  low-pressiu'e  cylinder  must  be 
(liscliarged,  witli  the  sole  exception  of  tlie  little  leakage  past 
the  piston  rod  glands  to  atmosphere. 

This  second  method  of  test,  therefore,  would  seem  the 
simplest,  but  will  be  found  in  practice  difficult  to  carry  out, 
as  to  measure  air  at  atmospheric  pressure  passing  through 
any  known  orifice!  requires,  say,  a  small  anemometer  situated 
in  a  duct  with  readings  taken  at  various  points  in  the  area. 
R])ecial  care  is  wanted  to  make  certain  that'  the>  duct  is  suffi- 
ciently long,  and  that  no  side  draughts  cause  eddying,  and  no 
i'orui  of  duct  is  suitable  which  might  lead  to  any  increase  in 
the  density  of  the  air.  On  anything  like  a  large  compressor 
t  lii.s  last  is  certainly  the  most  likely  method  to  give  closest 
results,  but,  on  the  other  hand,  is  useless  for  machines  of 
small  capacities.  If  it  were  possible,  therefore,  to  have  a 
similar  measuring  apparatus  fitted  to  tlie  discharge  side  where 
greater  speeds  are  being  dealt  with  we  could  cover  for  all 
conditions,  and  be  able  to  test  large  and  small  machines 
within  reasonable  limits  of  error.  It  is  possible  to  obtain 
various  types  of  instruments  or  meters  for  registering  the 
quantities  of  steam,  air,  or  gas  passing  through  given  sizes  of 
pipes，  and  some  of  these  are  guaranteed  correct  within  2  per 
cent"  but  the  cost  generally  runs  to,  say,  £50,  which  is  out  of 
place  in  the  way  of  expenditure,  to  satisfy  any  user  that  plant 
purchased  is  in  accordance  with  specification.  There  has, 
however,  lately  been  patented  a  form  of  measuring  apparatus 
which,  although  not  giving  a  continuous  reading,  can,  when 
fitted  with  a  valve,  enable  a  reading  to  be  taken  at  any  given 
moment  as  to  the  amount  of  air  or  gas  passing  the  valve. 
This  can  be  one  of  the  valves  in  the  system,  say  that  on  the 
discharge  side  of  the  main  air  receiver,  and  the  only  extra  cost 
is  this  special  fitting.  Having  such,  which  can  be  liad 
guaranteed  correct  within  2^  per  cent.,  then  with  a  thermo- 
meter taking  the  temperature  of  air  passing  this  point  as 
compared  with  temperature  of  air  at  inlet  to  compressor,  we 
have  full  data  necessary. 

There  is  little  doubt  if  a  test  be  made  with  this  last- 
mentioned  arrangement  on  all  machines  at  the  moment 
riuming,  the  shortage  in  output  would  be  surprising,  and, 
going  further  and  making  a  check  on  the  horse-power  required 
to  compress,  say,  every  100  cub.  ft.  free  air  up  to  the  final 
pressure,  considerable  difference  would  be  found.  The  actual 
proof  that  any  given  machine  is  really  delivering  the  full 
； unount  of  air  specified  is  not,  of  course,  sufficient  to  prove  the 
machine  the  best  possible,  as  some  designs  may  require  con- 
siderable power  to  compress  the  air,  due  to  small  restricted  air 
passages,  poor  cooling  arrangements,  low  mechanical  effici- 
ency,  &c.  ；  on  the  other  hand,  a  machine  may  sliow  good 
results  in  all  these  points,  but  might  not  have  a  long  life  at 
such  high  state  of  efficiency.  After  all,  what  the  user  wants 
is  a  machine  to  show  small  horse-power  for  air  actually- 
delivered,  and  a  figure  representing  horse-power  to  compress, 
say,  every  100  cub.  ft.  of  air,  covers  volumetric  efficiency, 
mechanical  efficiency,  losses  in  compression,  &c.，  and  taking 
the  present  types  on  the  market  it  will  be  found  that  a  figure 
such  as  20-5  electrical  horse-power  is  required  to  compress  and 
deliver  every  100  cub.  ft.  of  air  up  to  lOOlbs.  pressure.  Such 
a  figure  might  reasonably  be  expected,  as  covers  for,  say, 
90  per  cent,  motor  efficiency,  90  per  cent,  mechanical  effici- 
ency, and  80  per  cent,  compression  efficiency  ；  this,  with  a 
reciprocating  two-stage  air  compressor^  or  for  steam-driven 
舰 chines  the  indicated  horse-power  in  steam  cylinders  per 
100  cub.  ft.  of  air  compressed  as  above  should  be  about  20. 

The  steam-driven  compressor  is  certainly  the  machine  to 
install  if  a  choice  can  be  had  and  efficiency  is  the  main  point 
at  issue,  as  here  we  have  no  steps  and  their  accompanying 
losses  as  with  the  motor-driven  plants,  where,  granting  for 
simplicity  the  steam-driven  compressor  has  the  same  mechani- 
cal efficiency  as  a  generating  set,  then  we  cut  out,  say,  roughly, 
10  per  cent,  dynamo  loss,  possible  2\  to  5  per  cent,  loss  in 
transmission,  and  the  further  10  per  cent,  loss  of  the  driving 
motor.  These  figures  may  be  questioned,  say,  between  1  or 
2  per  cent"  but  as  we  are  working  with  a  difference  of  roughly 
20  per  cent,  the  matter  is  quite  evident,  and  should  receive 
attention  wlien  new  efficiency  plant  is  being  installed. 

Passing  from  this  side  of  the  subject  to  that  of  the  present 
designs,  and  bearing  in  mind  the  present  tendency  to  install 
more  of  such  plants  in  collieries,  shipyards,  &c.，  it  might  not 


be  out,  of  plaxre  to  ^ivo  an  i  <  I  en  of  tlie  general  t  ondencics. 
First,  we  fi ml  in  a  general  way  that  colliery  units  range  ft  nm 
about  1,000—5,000  cub.  ft..,  with  llie  electrically-driven  units 
ranging  from  1,000 — 3,000,  or  with  unit  horse-powers  frojri, 
say,  200 — 600.  These  represent  plants  as  placed  on  tlie 
bank  and  power  drawn  from  local  power  companies'  inains, 
but  in  some  quarters  there  seems  to  be  a  tendency  to  try 
smaller  in-bye  semi-portable  sets  of  strong  and  efficient  design , 
with  more  attention  given  to  strength  and  simplicity  than  was 
hitherto  the  case,  when  lightness  was  considered  the  main 
necessity. 

There  is,  it  will  be  noted,  something  to  be  said  in  favour  of 
these  smaller  electrically-driven  sets  if  tlie  design  is  sul> 
stantial,  as  where  power  is  being  taken  from  a  power  r()m|>«'my, 
and  possibly  cables  already  exist,  su(,li  macliiiies  set  down  in 
the  intake  mean  small  outlay  and  a  change  can  readily  lxi 
made,  say,  from  electrical  coal  cutters,  pump  and  haulage 
gear  to  compressed  air  machines.  The  compressors  are 
usually  set  down  temporary,  as  close  to  the  working  face  as 
possible,  and  the  foundations  being  practically  nothing,  little 
trouble  is  had  in  six  or  12  months  in  moving  forward  again 
towards  tlie  face. 

Taking  a  comparison  in  through  efficiency  between  the 
above  electrical  methods  as  against  a  large  steam-driven  com- 
pressor on  the  bank,  we  have,  say,  the  following  losses :  first, 
in  the  steam-driven  machine,  mechanical  loss  10  per  cent., 
transmission  losses  including  leakage  7  per  cent.  For  the 
electrical  plant  we  must  assume  the  current  generated  at  t  lio 
power  house,  as  it  will  be  found  in  a  general  way  that  1  lie 
losses  in  the  generating  will  equal  the  extra  charge  for  Uio 
power  as  made  by  the  power  company.  Then  we  have  10  per 
cent,  mechanical  loss  in  engine,  10  per  cent,  loss  in  dynamo, 
5  per  cent,  loss  in  transmission  for  the  small  in-bye  machines  ； 
further,  10  per  cent,  loss  in  motor  driving  compressor,  and  for 
large  motor-driven  machines  we  must  make  the  same 
allowance  of  7  per  cent,  loss  for  air  transmission  as  in  the 
steam-driven  sets,  and  for  the  small  in-bye  sets  we  may  have, 
say,  further  loss  of  3  per  cent,  for  the  short  air  piping  and 
leakage.  These  figures  are  all  relative,  but  are  a  fair  and 
reasonable  mean  for  all  the  cases.  Steam  losses  therefore 
equal  17  per  cent"  large  motor  sets  37  per  cent. ,  small  motor 
sets  38  per  cent"  or  a  difference  of  20  and  21  per  cent,  respec- 
tively, representing  the  margin  to  cover  extra  price  paid  to 
power  companies,  or  a  figure  which  will  readily  enable  it  to  be 
decided  whether  extra  interest  could  not  be  readily  paid  on 
tlie  extra  capital  for  the  steam-driven  sets,  together  with  tlie 
difference  in  running  cost  and  upkeep  of  both  schemes. 

It  might  also  be'  well  when  on  this  question  to  take  into 
account  the  latest  arrangements,  viz.,  exhaust  steam  or  mixed 
steam  turbo-compressors .  A  few  of  such  machines  are  at  the 
moment  being  installed,  and  it  may  seem  out  of  place  at  this 
time  to  take  these  into  consideration,  but  where  some  facts  are 
already  granted  we  may,  at  anyrate,  look  at  these  for  com- 
parisons. The  facts  seem  to  be  that  even  the  makers  of  turbo- 
compressors  agree  such  machines  cannot  be  made  reasonably 
efficient  in  sizes  under  2,500  cub.  ft.  capacity  and  pressure  of 
over  601bs.  If  this  is  granted  by  the  makers  then  even  the 
efficiency  of  the  larger  sets  becomes  doubtful.  In  fact,  to  look 
at  the  problem  from  a  common-sense  point  of  view,  we  know 
now  from  experience  the  difficulties  that  are  experienced  in 
securing  reasonably  efficient  steam  turbines  where  the  steam 
is  allowed  to  follow  out  its  natural  tendency,  i.e.,  expand. 
How  much  more  difficult  must  it  therefore  be  to  force  an 
unnatural  condition  and  compress  the  air  up  to,  say,  801bs. 
or  lOOlbs. 

Granted  in  the  steam  end  of  the  exhaust  steam  turbo- 
compressing  set  savings  are  apparent,  it  would  appear  a 
better,  and  at  anyrate,  a  sounder  policy  to  gear  drive  a 
reciprocating  machine  of  a  known  efficiency,  with  a  loss  in  the 
gear  drive  also  known  and  possibly  not  representing  more 
than  2 ― 3  per  cent.,  than  to  drive  a  turbo-compressor  which 
is,  on  the  other  hand,  even  by  the  makers  accepted  as 
inefficient.  The  turbo-compressor,  however,  is  what  is  wanted 
for  low  pressures,  such  as  blowers,  where  large  capacities  and 
little  pressure  are  desired,  and  will  certainly  replace  the  large 
cumbersome  vertical  or  horizontal  types  where  mechanical 
efficiencies  are  very  low,  and  can  never  hope  to  be  much 
improved. 

Having  brought  up  the  question  of  efficiency,  testing,  &c.， 
it  would  also  be  well  to  look  into  the  change,  if  any,  which  has 
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taken  place  in  details  of  construction,  such  as  cooling  arrange- 
ment, governing,  lubrication,  valve  gear,  &c.  Taking  the 
governing  arrangements  first,  aud  that  as  applied  to  steam- 
driven  machines,  we  fiud  in  the  oldest  type  simply  a  maximum 
speed  governor  fitted,  throttling  at  the  main  steam  stop  valve 
to  reduce  supply  to  meet  the  demand,  and  for  safety,  a  relief 
somewhere  on  the  system,  most  likely  iu  the  air  receiver.  In 
other,  and  later  machines,  we  find  additional  refinements  such 
as  automatic  air  control,  actuated  by  receiver  pressure  at  tlie 
same  time  as  separate  steam  throttle  valve  is  closed,  reducing 
the  speed  of  machine  to  a  minimum  when  the  pressure  in  the 
system  rises,  and  automatically  opening  both  steam  valve  and 
air  inlet  valve  when  pressure  falls.  This  method  of  governing 
steam-driven  machines  is  not  as  good  as  simply  reducing  the 
speed  of  the  machine  when  the  pressure  rises  above  a  pre- 
determined limit,  and  with  a  variation  of,  say,  lOlbs. ― 151bs.， 
the  output  of  the  machine  can  be  reduced  from  full  to  one 
quarter,  aud  no  trouble  through  carbonising  of  oil  or  over- 
heating is  had,  as  is  found  to  be  the  case  where  the  inlet  to  air 
cylinders  is  simply  closed  and  the  machine  ruus  on  a  partial 
vacuum.  In  fact,  the  gradual  reduction  of  output  with  the 
reduction  of  speed  plus  a  relief  valve  on  the  receiver,  is  very 
much  better  than  the  first  arrangement. 

There  is,  however  a  further  and  possibly  better 
arraugenient  for  steam-driven  sets,  but  which  has  only  been 
used  in  a  very  few  sets,  aud  is  only  possible  where  two  or 
three  crank  machines  are  in  use.  With  this  arrangement  the 
compressor  is  simply  stopped  when  the  final  pressure  is 
reached,  and  with,  say,  a  drop  of  lOlbs.  again  starts  up  in  a 
similar  manner  to  the  usual  hydraulic  pumps  which  operate 
in  conjunction  with  the  accumulators,  care  being  taken  to 
have  large  relief  valves  on  cylinders  and  valve  casings  together 
with  efficient  draining  on  the  main  steam  connections. 

In  electrically-driven  machines,  however,  the  methods  of 
governing  have  been  many  aud  varied.  First,  we  had  the 
design  where  the  air  was  simply  by-passed  from  one  end  of 
cylinder  to  the  other  ；  this  required  considerable  power  when 
running  light,  with  the  additional  objection  that  we  always 
had  a  little  extra  clearance  space  due  to  the  extra  valve  or 
ports  involved.  Then  we  had  a  second  method  for  belt  and 
electrically-driven  sets,  where  we  simply  closed  the  air  inlet 
and  allowed  the  machine  to  run  light.  This  method  requires 
less  power  and  is  certainly  more  economical  than  the  first,  but 
it  lias  the  objection  of  causing  heating  troubles  ；  with  the 
vacuum  we  vaporise  the  oil,  and  no  matter  what  oils  we  may 
use  the  result  with  a  machine  with  such  governing,  if  sub- 
jected to  long  runs  on  the  governor,  is  seizure,  breakages,  &c. 
In  some  belt-driven  sets  automatic  belt-shifting  gear  is  fitted 
and  acts  fairly  well,  but  as  these  are  only  small  and  in  a  sense 
become  less  as  time  passes,  are  only  mentioned  showing  what  is 
done  in  this  direction. 

We  liave  a  third  system  a&  applied  to  all  classes  of  motor- 
driven  units,  i.e.y  where  the  machine  is  always  allowed  to 
draw  in  tlie  full  capacity  of  air,  but  when  the  pressure  in  the 
system  has  risen  to  such  a  point  that  no  further  supply  is 
wanted,  then  a  by-pass  valve  on  the  discharge  side  opens  and 
the  machine  simply  discharges  to  atmosphere.  In  a  machine 
of  the  two-stage  type  fitted  with  such  governing  gear,  we  find 
the  amount  of  power  required  when  on  the  governor  to  be 
practically  the  same  as  where  we  close  tlie  air  inlet  to  the 
cylinders,  and  in  coiistant-speed  machines  the  light  load  will 
be  40 ― 45  per  cent,  full  load,  this  figure  covering  motor  losses 
and  representing  two  crank  machines  of  reasonable  inecbani- 
cal  efficiencies. 

Should  we  go  a  step  furtlier  witli  governing  of  constant- 
^ peed  plant  we  find  that  with  a  combination  of  tlie  above, 
tliat  is,  control  automatically  on  both  inlet  and  discharge,  we 
liave  tlie  light  load  figure  reduced  16  per  cent,  to  20  per  cent., 
wliirh  is  about  t he  bottom  figure  possible  where  constant- 
speed  plant  is  adopted  and  where  control  gear  of  the  absolute 
class  is  at  \、'（"*k.  But  we  can  move  in  anotlier  direction,  and 
in  place  of  entirely  closing  the  air  inlet  or  opening  the  dis- 

I  ^(；  ( o  ；"  mosi 山 ere，  fit  such  an  arrangement  as  the  follow- 
ing, wiiicii  lias  also  great  advantages.  In  this  arrangement 
we  draw  in  the  air  at  every  stroke,  but  as  the  pressure  rises 
l)eyoii(l  a  certain  point  we  only  compress  a  portion  of  this  air 
atif]  ； I  How,  say,  the  fi  rst  portion  of  the  compression  stroke  to 
hack  ">  ； it  rnDspliere  before  any  work  lias  been  done  on 
:、；iimp.  V'r\  rious  moi  hods  are  fonnrJ  1  o  allow  of  ilic  ； il)(,v('，  ； uxl 
when  fully  cousidcred  it  will  be  found  such  gives  good  ruiining, 


together  with  highest  efficiency  possible  where  constant-speed 
plant  is  in  operation. 

We  can  go  further  and  adopt  variable-speed  motors,  and 
thus  cover  for  a  considerable  variation  in  output  without 
having  any  fear  of  lubrication  or  heating  troubles,  but  tins  is 
not  generally  wanted  unless,  say,  for  one  unit  in  a  lai^c 
station,  to  make  certain  that  tlie  plant  installed  will  1 川 
sufficiently  elastic  to  cover  the  variation  in  load  over,  say,  a 
year's  time.  . 

Apart  from  the  foregoing,  we  find  in  electrically-driven 
sets  the  use  of  automatic  starting  and  stopping  gears,  and 
certainly  considerable  savings  can  be  shown  ；  but  unless  fairly 
large  receiver  capacity  is  available  to  assist  towards  increasing 
the  length  of  stoppages,  it  is  found,  sometimes,  little  saving  is 
made  through  the  peak  load  every  time  a  start  is  made  practi- 
cally equalling  tlie  current  saved  when  the  stoppages  are  short 
and  frequent.  It  is  also  to  be  borne  in  mind  tliat  fluctuations 
of  about  lOlbs.  are  usually  wanted  for  stopping  and  starting 
gears,  and  in  some  plants  this  is  not  allowable.  Finally,  witli 
a  combination  of  automatically  varying  the  speed  of  the  motor 
and  automatic  stopping  when  the  highest  pressure  is  reached, 
we  practically  cover  the  controlling  devices  used  ；  this  last, 
however,  has  only  been  installed  in  a  very  few  instances,  and 
although  certainly  making  for  the  best  economy  is  not 
generally  necessary. 

Taking  a  summary  of  tlie  above  and  at  the  same  tunc 
giving  close  attention  to  what  is  really  necessary,  we  find  with 
a  large  installation  of  four  machines  of,  say,  2,500  cub.  ft. 
capacity  each,  first,  no  automatic  stopping  gear  is  wanted,  as 
we  would  have  an  attendant  who  can  be  made  use  of  for  any 
starting  or  stopping  actually  wanted  over  a  given  day.  But 
if  we  had  in  an  electrically-driven  plant  one  of  the  sets  witli 
a  variable- speed  motor  to  give  a  desired  range  when  all  the 
plant  was  in  use,  this  would  cover  all  actual  requirements,  but 
with  the  additional  controlling  gear  arranged  to  allow  so 
much  air  to  be'  discharged  before  compression  starts  we  shoul.i 
have  a  plant  covering  for  all  possible  fluctuations,  and  assure 
for  highest  efficiency  over  any  varying  conditions,  witli  tlio 
extra  advantage  of  being  reasonably  cheap. 

The  valve  gear  in  air  compressors  is  also  a  part  which  has 
changed  considerably,  although  it  is  only  within  recent  years 
that  efficiency  was  the  aim  of  the  alterations.  Previously  all 
alterations  were  due  to  tlie  continuous  breakages  ；  even  in  the 
older  designs  when  long-stroke  slow-running  compressors  were 
those  used,  the  valves  gave  considerable  trouble,  no  doubt  due 
to  the  excessive  size  and  weight,  little  thought  being  given  to 
the  matter  except  in  special  instances  when  some  of  tlie  larger 
makers  moved  towards  mechanically-operated  designs,  or  com- 
bined mechanical  and  automatic  arrangements.  This  latter 
class  of  gear  was  possibly  the  first  successful  as  used  for  the 
higher  speed  designs,  and  it  may  be  taken  it  has  been  the 
increase  in  the  speed  of  the  machines  which  has  made  for  the 
betterment  in  the  valve  gear  designs. 

At  the  moment  automatic  valve  gears  are  those  most  used, 
and  certainly  it  would  appear  that  the  greatest  progress  has 
been  made  in  this  class.  The  valves  of  this  type  take  the  form 
of  a  multiple-ported  or  grid  valve  with  very  small  lift,  tlie 
form  of  valve,  fixings  and  springs  being  covered  more  or  less 
by  various  patents,  but  apart  from  the  design,  the  material 
and  its  treatment  enter  considerably  into  tlie  success  or 
failure.  Should  an  examination  be  made  of  indicator  cards  as 
taken  from  one  of  the  latest  high-speed  machines  witli 
multiple-ported  valves  it  will  be  apparent  the  losses  due  to 
throttling  either  on  the  inlet  or  discharge  are  very  small,  and 
leave  little  margin  for  improvement  in  this  direction.  This 
type  of  light,  small  lift  multiple-ported  valve  would  at  the 
moment  seem  that  best  suited  to  the  high-speed  type  of 
machine,  and  can  even  be  fitted  with  profi!'  to  existing  low- 
speed  compressors,  enabling  such  class  of  plant  to  be  speeded 
up,  tliereby  increasing  ihe  output  and  also  the  through 
efficiency  ；  in  fact,  such  alterations  have  been  carried  out 
with  success  in  quit©  a  large  number  of  compressors  on  tlie 
Hand . 

The  matter  of  cooling  is  also  a  point  which  has  received 
considerable  attention,  and  where  ifc  was  common  to  install 
single-stage  machines  for  pressures  of,  say,  601bs.，  801bs.，  and 
even  lOOlbs.,  we  now  find  two-stage  compression  most  c(>m- 
lnon .  The  cost  of  t he  installation  has  been  fon.sidcrably 
increased  hy  so  doing,  owing  to  1  wo  lines  of  parts  being 
wanted,  toget  her  with  the  addition  of  the  intercooler,  but  the 


6G0 


THE   MECHANICAL  ENGINEER 


[November  22,  1912 


end  lias  justified  the  means.  First,  there  is  no  doubt  that  an 
increase  in  compressor  efficiency  of,  say,  10  to  15  per  cent. ,  is 
obtained  in  large-size  units,  which  also  makes  for  greater 
reliability  due  to  absence  of  heating  troubles  ；  and,  further, 
we  can  secure  cooler  and  drier  air  in  the  system,  but  it  is 
necessary  to  have  intercoolers  of  reasonable  size，  and  for  even 
this  country  one  square  foot  cooling  surface  for  every  4  cub.  ft. 
air  compressed  to  lOOlbs.  is  not  too  large.  The  intercoolers 
are  also  better  if  placed  outside  the  engine  rooms  in  the  atmos- 
phere, say,  on  the  shaded  side  of  the  building  ；  the  cylinder 
cooling  in  the  best  make  machines  we  may  take  as  generally 
the  most  efficient  possible,  as  most  compressors  now  have  the 
jackets  carried  entirely  round  the  cylinders  and  covers  ； 
although  instances  are  still  found  where  the  jacket  is  simply  a 
box  cast  round  the  cylinder  barrel,  open  on  top  and  filled 
periodically  when  evaporation  lias  necessitated  this,  or  as 
previously  mentioned.,  we  can  even  find  old-time  horizontal 
machines  at  work  where  a  spray  is  still  used  in  the  cylinders, 
no  water  jacket  but  a  separator  fitted  to  get  rid  of  the  water, 
not  that  the  spray  is  not  an  efficient  means  of  cooling,  but  the 
effect  on  the  cylinder  barrel  piston  and  rings  is  such  as  calls 
for  constant  renewal. 

When  on  this  matter  of  cooling  w©  might  at  the  same  time 
take  note  of  a  question  often  brought  up  by  an  intending 
buyer,  that  is  re-heating.  Now  admitted  re-heating  would 
certainly  add  considerably  to  the  efficiency  of  a  compressed 
air  installation,  but  if  we  take  the  general  use  to  which  air 
is  put  in  this  country,  we  find  only  a  very  few  instances  where 
it  is  possible  to  re-heat.  In  collieries,  shipyards,  &c.，  the 
air  is  used  not  at  one  particular  spot,  but  possibly  one 
hundred,  and  to  heat  the  air,  say,  immediately  it  leaves  the 
compressor,  to  a  matter  of  350°  Fah.  and  then  pass  same  along 
a  matter  of  1， 000ft.  piping  is  simply  wasting  money.  Neither 
is  it  worth  considering  re-heating  at  all  the  points  of  use 
unless  these  are  few  and  at  each  large  quantities  of  air  are 
wanted.  If  such  a  condition  as  the  last  is  possible  then  we 
could  show  a  saving  of  roughly  25  per  cent,  in  air  consumption 
with  very  little  cost  for  fuel.  However,  it  will  be  found  best 
to  cool  and  dry  the  air  before  use  for  general  conditions,  and 
the  simplest  and  cheapest  manner  to  get  this  done  will  be  to 
arrange  the  air  receivers  a  fair  distance  from  the  compressor, 
allowing  tli©  air  to  cool  in  its  passage  to  the  receiver  where  the 
moisture  can  be  collected  and  drained  off,  assuring  cool  and 
dry  air  to  pass  into  the  pip©  system.  In  some  very  large 
installations,  however,  we  find  after  coolers  in  use  fitted 
between  the  compressors  and  receivers  ；  thus,  in  this  country, 
where  considerable  moisture  is  held  in  suspension  in  the  atmos- 
phere, we  can  still  collect  the  greater  proportion  of  same  in 
the  receivers,  and  have  dry  air  supplied  to  the  various  tools  or 
motors,  saving  greatly  in  the  upkeep  of  hose  connections  and 
plant  in  general. 

With  regard  to  the  question  of  lubrication  in  a  general 
way,  taking  it  for  granted  that  with  the  enclosed  type  of 
machines,  the  forced  system  is  that  used  (but  this  only  applies 
to  main  bearings,  connecting  rod  and  such  parts  as  do  not 
come  in  contact  with  the  air  when  being  compressed)  ；  but 
with  the  newer  designs  of  machines  where  piston  speeds  are 
higher,  we  want  more  care  taken  of  air  cylinder  lubrication  - 
In  fact,  more  trouble  develops  from  the  use  of  unsuitable  oils 
in  the  cylinders  than  is  necessary.  In  the  first  place,  we  must 
note  we  do  not  have  the  same  conditions  prevailing  in  an  air 
cylinder  as  in  the  average  steam  cylinder,  where  we  can 
always  rely  on  condensation  assisting  towards  lubrication 
arrangements.  In  the  air  cylinders,  although  w©  have 
moisture  in  the  air,  this  will  not  deposit  at  the  high  tempe- 
ratures, in  fact,  the  air  cylinders  will  run  very  dry,  and 
seizures  be  the  rule  if  proper  care  is  not  taken.  In  some 
instances,  plenty  of  oil  is  given,  sometimes  too  much,  but  the 
oils  used  may  leave  heavy  carbon  deposits,  in  time  choking 
valve  ports  and  passages,  first  result  considerably  more  power 
consumed  than  necessary,  finally  damage  and  stoppages.  We, 
therefore,  want  an  oil  for  air  cylinder  lubrication  with  high 
flash  point  and  which  will  leave  little  or  no  deposit,  such  oil 
as,  say,  high-class  gas  engine  oil  being  found  best. 

These  remarks  do  not  refer  to  compressors  other  than  the 
usual  machines  for  pneumatic  tools  and  other  similar  pres- 
sures. For  higher  pressures  machines  of  throe  and  four  stage 
are  necessary,  say,  up  to  3,0001bs.  Finally,  air  compressors 
can  now  be  ifiad  very  much  higher  in  efficiency  than,  say,  ten 
years  ago.  More  care  is  also  being  taken  in  the  layout  of  pipe 
systems,  &c.，  and  if  this  betierment  was  carried  into  the  plant 


which  consumed  the  air,  there  would,  without  doubt,  be 
shown  in  such  instances  as  collieries,  &c.，  results  equal  to  the 
best  electrical  schemes.  This  statement  does  not  suggest  i  Iwit. 
over  an  instantaneous  reading  a  through  efficiency  could  he 
sh(ywn  with  air  equal  to  electricity,  but  taking  a  year's  com- 
parison with  all  upkeep  charges,  running  cost,  in"'rest  u!' 
difference  in  invested  capital,  or,  in  other  words,  tl i c  rosl  j"'r 
ton  of  coal  raised  averaged  over  a  year,  this  being  the  correct 
test,  and  the  efficiency,  which  really  matters. 


PATENTS  AND  INVENTIONS, 

At  the  opening  meeting  of  the  new  session  of  the  Birming- 
ham sect'ion  of  the  Institution  of  Electrical  Engineers,  M r. 
A.  M.  Taylor,  the  chairman,  in  his  address,  dealt  with  the 
subject  of  patents  and  inventions.  The  prosperity  of  the 
country  in  general,  and  of  the  electrical  industry  in  par- 
ticular, depended,  lie  said,  to  a  greater  extent  upon  new 
inventions  than  perhaps  was  usually  supposed.  A  country 
which  did  not  provide  new  developments  in  industry  was 
apt  to  stagnate,  and  would  certainly  be  unable  to  compete 
with  other  countries  which  were  providing  these  develop- 
ments. The  u  commercial  element ,f  of  the  country  might 
arrange  for  the  manufacture  of  standard  apparatus  on  a 
vast  scale,  and  so  reduce  costs  ；  but  unless  it  was  at  the  same 
time  ready  to  seize  upon  the  first  clear  step  in  advance  in 
the  way  of  producing  new  and  useful  results,  or  equal  results 
by  a  new  process  at  lower  costs,  all  its  commercial  organisa- 
tion would  have  been  in  vain.  The  question  then  arose 
whether  it  was  not  desirable  in  the  interests  of  the  country 
at  large  to  give  still  greater  stimulus  to  invention  ；  as  there 
was  the  obvious  temptation  for  large  concerns  having 
abundance  of  capital,  and  control  of  certain  markets,  to  seek 
to  use  this  capital  to  enhance  their  profits  and  to  stifle  com- 
petition from  any  new  developments.  For  example,  a 
concern  having  large  capital  at  its  back  could  afford  to  keep 
paid  agents  continually  on  the  look-out  for  patent  develop- 
ments in  the  same,  or  in  contiguous,  directions  to  those 
which  it  owned,  and  could  afford  to  buy  up  the  patent  rights 
(very  often  for  a  mere  trifle,  if  in  the  hands  of  individuals), 
solely  with  the  object  of  stifling  any  competition  that 
might  otherwise  have  been  set  up  against  their  own  stan- 
dardised articles.  Such  a  course,  which  had,  the  author 
understood,  been  carried  on  to  an  extreme  in  the  United 
States,  resulted  in  the  establishment  of  huge  monopolies,  and 
could  not  be  altogether  in  tlie  nation's  interests,  besides  beiug 
quite  counter  to  th&  objects  with  which  the  patent  system 
was  instituted. 

The  original  object  of  the  granting  of  patents  was,  lie 
observed,  to  encourage  the  making  public  of  new  ways  and 
means  of  effecting  given  results,  with  a  view  to  the  general 
prosperity  of  the  nation  as  a  whole  rather  than  that  of  the 
inventor  ；  but,  at  th©  same'  time,  to  make  it  thoroughly 
worth  the  inventor's  while  to  trust  to  a  reasonable  reward 
guaranteed  by  the  Government  rather  than  to  the  risky 
possibility  of  his  making  a  fortune  out  of  some  process  of 
which  he  could  only  reap  th©  benefit  by  keeping  it  an  abso- 
lute secret.  U n f ort u n ately ,  as  the  law  now  stood,  there  was 
almost  as  much  risk  of  financial  loss  in  patenting  or  making 
public  an  invention  as  in  endeavouring  to  keep  the  invention 
a  secret. 

One  very  important  reason  for  the  apathy  of  the  capi- 
talist, or  the  manufacturer,  towards  the  inventor,  was  to  he 
found  in  the  fact  that  there  was  a  profound  distrust  in  the 
value  of  patents.  It  was,  perhaps,  not  generally  known  by 
the  inventor  that,  even  when  he  had  survived  the  scrutiny 
of  the  British  Patent  Office,  he'  had  only  secured  a  reason- 
able clianoe  of  his  invention  not  having  been  anticipated  at 
the  Patent  Office,  and  lie!  had  no  guarantee  whatever  that 
interested  persons  might  not  be  able  to  show  that  the 
invention  had  previously  been  tried  in  practice  in  a  semi- 
public  way,  even  though  no  application  for  a  patent,  might 
have  been  lodged.  Neither  had  he  any  assurance  that  the 
invention  would  act  in  tlie  manner  predicted,  for,  on  this 
])oint,  the  British  Patent  Office  took  no  responsibility. 
Neil  lier  had  lie  any  assurance  that  there  was  real  u  subject 
matter  ，，  in  his  invention.  The  result  being  that,  directly 
he  got  his  invention  started  and  working  successfully,  it 
might  be  combated  by  interested  parties  in  the  Law  Courts, 
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aud  if  it  could  not  be  shown  to  contain  "  subject  matter  ，， 
it  was  disallowed  The  knowledge,  in  a  general  way,  that 
there  were  difficulties  of  this  sort  to  contend  with  had  no 
doubt  had  its  influence  on  the  capitalist,  and  even  on  manu- 
facturing firms  who  would  otherwise  have  dealt  witli  the 
matter.  A  question,  then,  for  careful  ccusideration  was 
whether  the  inventor  got  sufficient  encouragement  from  the 
State  to  compensate  him  for  these  uncertainties,  and  whether 
these  things  were  not  done  better  in  other  countries.  In 
the  United  States  of  America  they  were  much  more  careful 
in  accepting  a  patent  than  in  this  country  ；  but  it  was  in 
Germany  especially  where  the  investigation  of  a  patent  was 
carried  out  with  a  thoroughness  that  left  the  inventor,  when 
he  emerged  successfully  through  the  ordeal,  with  the  con- 
fidence that,  even  if  he  were  attacked  in  the  Law  Courts, 
his  patent  would  almost  certainly  not  be  cancelled,  either 
on  the  ground  of  lack  of  "subject  matter  "  or  on  that  of 
inability  to  work,  if  made  as  described  in  the  specification. 
Another  very  good  feature  about  the  German  patent  was 
that  the  only  fee  whichl  the  inventor  had  to  pay  to  obtain 
this  excellent  benefit  was  a  matter  of  some  20  marks  (approxi- 
mately £1),  since  he  did  not  have  to  pay  the  remaining 
30  marks  unless  lie  was  granted  the  patent,  which  might  be 
as  much  as  two  years  later.  The  question  of  the  "  validity  ，， 
of  a  patent,  or  otherwise,  was  one  of  such  vital  importance 
to  the  inventor,  and  the  difference  between  what  constituted 
sufficient  to  obtain  (in  England)  the  grant  of  a  patent  and 
what  constituted  "  subject  matter  was  little  understood  by 
the  average  engineer. 

The  author  took  as  an  example  the  Ilgner  case.  Here 
was  ,i  patent  which  had  been  granted  in  this  country,  and 
in  the  pushing  of  which  large  sums  of  money  had  been 
incurred,  and  which,  at  the  instance  of  a  competitor,  who 
had  no  master-patent  to  offer  in  its  place,  was  declared  to 
be  invalid.  The  Liw  Courts  held  that  the  employment  of 
a  motor  generator  between  the  prime  motor  and  the  final 
motor  was,  in  essence,  the  Ward-Leonard  idea  ；  that  the 
essential  idea  of  the  Ilgner  invention  was  the  putting  of  a  fly- 
wheel on  the  motor  of  the  said  motor  generator  ；  that  it  was 
obvious  to  any  competent  engineer  that  a  flywheel  was 
necessary,  in  view  of  the  nature  of  the  load  ；  that  the  diffi- 
culty of  using  a  flywheel  in  connection  with  reversible  loads 
was  got  over  by  combining  it  with  the  Ward-Leonard  system  ； 
and  lastly,  that  no  act  of  invention  was  performed  in 
arranging  that  the  motor  of  the  motor  generator  should  slow 
up  with  an  increased  load,  as  this  was  an  obvious  necessity 
if  the  flywheel  was  to  perform  its  proper  function.  Tlie 
judgment  in  tliis  case  showed  very  clearly  the  erroneousness 
of  the  common  idea  that  any  combination  of  known  ideas 
whicli  effects  a  new  or  imprcved  result  was  subject  matter 
for  a  patent. 

What,  then ,  could  be  done  for  the  inventor?  Undoubtedly 
the  right  way  was  for  the  British  Patent  Office  to  be 
invested  with  powers  to  enable  them  to  determine  authori- 
tatively whether  an  invention  possessed  "  subject  matter  '， 
before  they  issued  letters  patent.  It  seemed  to  the  author 
that  the  British  inventor  had  for  too  long  neglected  to  avail 
himself  of  the  means  of  combination  possessed  by  other  indi- 
viduals, and  some  powerful  organisation  was  needed  in  this 
country  to  defend  his  interests  and  to  state  his  case  in 
Parliament,  &c.  Such  an  institution  had,  he  understood, 
recently  been  formed. 

It  was,  lie  believed,  fairly  common  practice  for  large 
clfM-trical  manufacturing  firms  to  call  upon  their  employes 
to  si^Mi  a  document,  whereby  they  agreed  to  hand  over 
absolutely  to  the  firm  all  inventions  they  might  make  while 
in  their  service,  and  disclaiming  any  right  whatever  to 
participation  in  the  profits.  The  theory  of  this  arbitrary 
proceeding  was  that  the  employe  had  got  his  knowledge 
through  his  employer.  In  the  large  majority  of  cases,  how- 
ever, the  employe  came  to  the  employer  with  knowledge 
gained  elsewhere,  and  to  the  benefit  of  which  the  employe" 
was  not  entitled.  No  doubt  there  were  many  simple  ideas 
which  were  the  result  of  a  happy  inspiration  in  the  course 
of  ore's  daily  work  ；  but  tlie  day  had  gone  by  when  any- 
Uiing  of  real  value  could  be  evolved  in  electrical  engineering 
without  an  immense  amount  of  brain  work  ；  and,  if  there 
was  not  sufficient  stimulus  of  reward,  the   busy  engineer 


could  hardly  be  expected  to  spend  his  evenings  at  such 
problems.  There  were,  in  his  opinion,  certain  improvements 
whicli  might  be  made  in  tlie  present  relations  between 
employer  and  employe  winch  were  fairly  obvious.  It  slioulfl 
be  absolutely  illegal  for  an  employer  to  compel  an  einj)]oyc 
to  hand  over  to  him  liis  invention,  on  pain  either  of  dis- 
missal or  of  prejudice  in  any  way  to  his  advancement  if  lie 
stayed  on  with  the  firm  employing  him.  The  employe  should 
certainly  be  allowed  to  apply  direct  to  the  Patent  Office  in 
the  first  instance,  if  he  chose  to  do  so.  In  all  these  matters 
an  Institute  of  Inventors  might  be  of  inestimable  service  to 
the  inventor,  if  properly  arranged  to  safeguard  his  interests. 

Undoubtedly  the  engineer  with  a  genuine  bent  for  inven- 
tion needed  every  encouragement.  Could  not  our  Institu- 
tion do  something  in  this  sense  ？  All  tlieir  premiums 
appeared  to  be  granted  on  the  merits  of  papers  read  before 
the  Institution,  judged  on  the  basis  of  their  contribution  to 
the  general  fund  of  knowledge,  or  their  promotion  of  a  good 
discussion.  But  if  they  had  a  substantial  premium  set  aside 
for  the  inventor  who  might  read  a  paper  descriptive  of  his 
work  (even  if  the  object  of  that  work  be  not  finally  attained), 
such  premium  might  help  him  to  continue  his  experiments 
or  developments.  And,  if  contributions  towards  sucli  a  fund 
were  invited  on  the  part  of  members  generally,  would  there 
not,  probably,  be  a  largo  response  from  members,  and  thus 
an  additional  stimulus  given  to  original  work  ？ 

The  period  of  six  months  allowed  between  the  lodging  of 
the  provisional  and  that  of  the  "  complete  "  specification  was, 
he  thought,  altogether  too  short  for  inventions  that  involved 
a  great  deal  of  investigation,  calculation,  experiment,  and 
development.  As  a  partial  remedy  he  suggested  that  the 
inventor  should  be  allowed,  under  increasing  penalty,  to 
extend  the  time  to  nine  months,  or  even  a  year.  It  was  not 
perhaps  general  knowledge  that  the  British  Office  gave, 
before  the  lodging  of  the  "  complete  "  specification,  sometluntj; 
in  some  measure  corresponding  with  the  "  patents  of  addi- 
tion " which  it  allowed  after  the  lodging  of  that  specification. 
He  referred  to  the  embodiment  of  two  or  more  "  provisional  " 
specifications  in  one  "  complete  M  specification,  under  the 
rule  relating  to  "  cognate "  applications.  Suppose,  for 
example,  that  during  the  six  months  succeeding  the  lodging 
of  the  "  provisional  "  one  found  several  directions  in  whicli 
difficulties  had  to  be  overcome,  requiring  supplementary 
inventions,  and  lodged  these  ideas  in  the  form  of  "  pro- 
visionals,'' then,  when  the  six  months  was  completed,  all 
these  could,  with  the  consent  of  the  Patent  Office,  be 
embodied  in  tlie  one  complete  application.  Thus,  in  any 
question  of  priority,  one  would  be  allowed  the  date  of  the 
lodgment  of  any  ono  of  the  provisionals  as  the  date  of  that- 
particular  stage  of  the*  invention » 

A  suggestion  might  also  b©  made  as  to  whether  the 
British  patent  law  should  not  differentiate  between  "  inven- 
tions ，， in  which  there  was  held  to  be  "  subject  matter  "  and 
those  in  which  there  was  not.  There  was  a  large  class  of 
very  useful  inventions  in  which  two  or  more  independent 
ideas  were  combined  to  produce  a  new  and  improved  result  . 
Surely  such  an  invention  deserved  better  of  the  public  than 
to  be  put  upon  the  scrap-heap  after  a  lot  of  time  and  money 
had  been  spent  upon  it  ！  Take,  for  instance,  the  Ilgner 
case  ；  it  was  very  easy  for  a  judge  to  be  persuaded  by  expert 
witnesses  that  the  thing  was  self-obvious,  but  the  ordinary 
engineer  might  be  allowed  to  have  his  doubts  about,  this. 
In  any  case',  the  fact  remained  that  the  crushing'  of  a  jvitent 
in  this  way  was  a  distinct  discouragement  to  invention,  and 
that  the  best  class  of  inventor,  viz.,  the  well-informed, 
plodding  engineer,  who  had  a  definite  purpose  and  the  best 
equipment  for  effecting  it,  was  the  one  who  was  tlie  most 
hard  hit  by  it.  He  suggested  that  complete  protection  be 
granted  to  this  class  of  patent,  but  only,  however,  for  a 
limited  term  of  years ― say  10  years  instead  of  14  years.  This 
would  mitigate  the  discouragement  to  invention  which  was 
otherwise  ]>ut  upon  the  best  class  of  inventor.  Anything 
wliich  discouraged  inventions  that  would  confer  a  boon  upon 
the  country  producing  them  (though  they  need  not  be  in 
tlieniselves  of  striking  novelty)  was  actually  a  blow  aimed  at 
tlie  trade  of  the  country  itse】f，  and  therefore  should  be 
remedied  with  the  least  possible  delay. 
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INDUSTRIAL  AND  TRADE  NOTES. 

More  Diesel  Ships. ―  Wo  Icnin  tliat  ； mmiigst  's,'、.n':, I  North 
Atlantic  ca rgo  vessels  wliich  liavo  Ihhmi  ordered  rooontly  a rv  three 
At  In ntie  transport  Imcrs,  a\  liich  are  to  ha\  e  Diesel  oil  cn^iiios. 
Tito  luiilders  arc  Messis.  Harland  &  Wolff. 

Exhibition  of  Auto-cars   and    Motor  Machinery   at  Brussels'  1913.— 
An  cxliibition  of  auto c;irs  :it"l  motor  mach i ncry  is  a  11  nou ncod  to 
'»o  ho\d  at  Brussels  next  yea i'  imdor  tl"'  ； luspicos  of  44  La  clin  ltiln-c 
Syndicale  de  F automobile  et  (lu  Cycle  de  la  — Bdgi(ju('.'，    T1h>  oxlii 
Itition  will  1>(、  held  from  January  1 1th  to  .January  22ik1, 

Regulations  for  Trials  of  Petrol  Lorries.— The  W;ir  Ofii(v  li:'s  "ss,"'<l 
rcmihttions  for  the  trials  of  p(、trol  lorries  to  quality  ； is  tho  type 
of  vehicles  suitable  iov  oa ruing  the  War  Department  subsidies. 
fJ、vo  types  of  vehicles  :u'('  roquired  to  ca rry  loads  of  4  tons  lf)(  、vt. 
ii nd  2  tons  15  cwt.  r(、spe(  tiv(、l.v,  n ihI  thov  must  I"'  roady  for  trial 
011  February  3rd  next. 

The  New  Dock  at  North  Shields.— Thr  i"、、v  dock  at  North  Shields, 
constructed  foi  Alrssi-s.  Smiths  Dock  Companv,  Ltd.,  is  nearinjj; 
(■("npl(，ti()ii，  ； nul  will  Ik*  fonnu  op^Micd  tow  a  rds  the  t'ml  ("  the 
pfcscitt  month.       Tlu'  (lock  is  sp(>('i;ill.v   fitted  for  1 1  imisl.v 

dealing  with  tlie  largest  oil  tankers  afloat,  and  is  equipped  with 
1>(>\\  (M'J  ul  j)umpin^  inst;ill;itioiis  and  other  ； ippli;inccs. 

German  Pig-iron  Production. ― The  production  oi'  pi^  iron  in  (iw 
many  during  the  first  ten  montlis  of  the  prestnit  yoa r  amounted 
to  14,448,038  metric  tons,  as  conipared  with  12,*8427(if)0  metric 
tons  during  the  corresponding  poriod  of  19】 1.  The  output  dur- 
ing hist  month  :im(Hmt<、(l  to  1  ,-*)S!)/2(i2  ""'trie  tons,  In'iiig  1  (.19,977 
mi't  t  ie  tons  moiv  th;i.ii  in  ScptcmlKT.  These  fig j res  (-(UisLitute  a 
record  in  the  pig-iron  production  of  CJermaiiy. 

Order  for  Marine  Oil  Engines.— Scotts'  Shiplniildin<i  and  En 
^iiKHM'in^;  Company,  Greenock^  li;u  <i  received  an  order  from  the 
British  Admiralty  for  the  construction  of  the  engines  of  the  oil- 
t;mk  vessel  wliicli  is  to  be  built  at  Chatham  Dockyard.  The 
tiuichincrv  "ill  consist  oJ'  two  s(、ts  of  interna l-conil>ust ion  rngincs 
of  the  F.J.A.T.  type3  of  whicli  Scotts'  C1omp;uiy  are  the  lict-nsecs 
in  this  country.  The  Admiralty  have  ； ilso  placed  witli  tho  Fair- 
field Shipbuiklinji;  and  Engineering  Company,  Govan,  an  order 
tor  a  set  of  oil  engines  for  the  oil-tank  \ cssvl  n  liich  is  heing  built 
at  Dtn  onport  Dockyard.  Tlieso  engines,  \vlucli  w  ill  I"'  of  the 
Nnrnl>erg-Diesel  type,  will  be  the  first  of  the  kind  constructed 
by  tlio  firm. 

Steel  Prices  Advanced. ― The  Scotch  steelm;ikers  on  T，i('sd:。-  last 
n's(>lv(、（l  to  ;\<lv;ince  prices  os.  per  ton  mII  roimd,  nia king  boiler 
plates  £M.  2s.  (id.  per  ton,  ship  plates  £8.  7s.  (kl . ,  angles  £SS  and 
hars  £d,  all  less  5  per  cent,  for  Clyde  delivery,  or  equal.  Thu 
； i(l、  :m(v  was  anticipated,  and  makers  have  booked  hur  luisiiiess 
at  the  previous  prices  within  the  last  few  days.  A  siniihir  de- 
cision was  come  to  011  the  same  day  by  the  North  of  England 
.steel  manufacturers. 

Re  opening  of  the  Clyde  Bridge  Steel  Works.— The  Clyde  Bridge  Steel 
Works,  which  have  been  shut  down  for  five  yen rs,  wtre  last  week 
iv  opened  owing  to  the  unparalleled  demand  for  steel  in  the 
West  of  Scotland.  These  works  have  nine  smelting  furnaces  of 
roinparatively  modern  type,  and  three  rolling  mills  suited  for  the 
iiiainit'acture  of  ship  a  nd  boiler  plates'  and  when  in  full  operation 
find  employment  for  about  9(MI  men.  The  uorks  are 
fsituated  in  the  neighbourhood  of  Glasgow,  and  enjoy  first-class 
railway  ;m<l  shipping  facilities. 

Weighing  Machines  for  Coal  Trains. ― To  prevent  delays  in  dealing 
wit! i  the  coal  traffic  for  shipment  from  Immingham  three  weigh- 
I'ridges  liavc  recently  l)een  put  clou*  11  on  the  sidings  adjoining  the 
docUside  coal  hoists.  They  are  describod  as  30-ton  automatic 
wcigJi-bridges,  cnpahl^  of  wci^hiti^;  anytliing  from  281hs.  up  to 
3U  tons,  though  they  were  tested  at  the  makers'  works  u])  to  75 
tojis.  Their  special  value  is  to  、vt"gh  trains  of  con]  wagons  in 
motion.  As  a  train-load  of  coal  passes  over  the  U'idg"  at  the  rate 
uf  t、v()  miles  an  hour  the  machine  accurately  checks  and  wei^lis 
c\  ory  truck  with  its  lo;ul. 

The  Manufacture  of  Tinplates.—A  Koport  has  Ih'oii  loccutly  issued 
['roni  the  Home  Office  l»y  Dr.  E.  L.  Collis,  one  of  H.M.  HI 
J，isp(、。tors  of  Fiictories,  juk!  Air.  J.  Hilditcli,  on(、  of  H.iM.  Tiispeo- 
tors  of  Factories,  giving  the  results  of  a  sp(、cial  (MKjuiry  whioh 
llicv  liav (？  mad"  into  tho  effoct  of  the  coiulitions  ot  work  in  thr 
Linplatc  industry  on  tlic  \w;\\t\\  of  tlio  workers  en^a^od  tlu*rein. 
Tho  Hcport  i'ldicatos  that  tlie  li<»;ilth  of  persons  engaged  in  tlio 
timiiiig  and  finisliin^  ot  plates  is  injuriously  affw"、(l  l»v  the 
I  umcs  ； m(l  dust  to  wliich  tlicv  arc  exposed  in  those  processes,  and 
nnikcs  rocoinmoiulatioiis  witli  ;i  view  to  r(>(|uiri"g  tlio  adoption 
oi'  precautionary  measures. 

German  Machinery  Industry.— A  report  1ms  just  Ikhmi  isNi"'(l  on 
ilic  (K>v(>lo|>iii(Mit  ol'  the  (； orniMii  imidiim'r.v  industrv  in  ((''、 
r-IiMlin-  j(,mi(lr"'s,  makers  of  ruiluay  "i:il.(、rml,  rolling  stnvk,  mikI 
the  liko),  as  evidenced  hy  the  working  of  2G1  joint  stock  companies 


possessing  an  aggregate  nominal  share  capital  of  32  millions  sUt- 
Hng.  Tho  dividends  worked  out  at  oS  per  cent,  in  1911，  as  (  mi 
trnstcf!  with  ■">•(；  jmt  cent,  in  HMO,  ;ni(l  o'U  pvv  cent,  in  VJi)1,).  OI 
tho  above-mentioned  rioininal  share  capital  for  11)  1 1  ?  no  tli vi<lrii(l 
was  received  by  £5,100,000;  £3，2(J0，(X)0  received  4  per  cent. ； 
£1,500,000,  o  jxM-  (vnt.  ；  10,000,  (i  por  cent.;         ),IHH),  7  p(、r 

rmt.  ；  l'i,Sl)i),000,  8  per  ('wit,;  £2/2()f),(XX),  9  per  cent.  -  and 
£2,300,000, 】(J  per  cont,  dividend. 

Coal  Production  in  India. 一 The  total  quantity  of  coal  in 
India  during  1911,  according  to  a  report  issued  hy  the  C'alcutia 
Cominercaal  Intollig<'Mc<-  l)'  !,:irtm(''it，  was  12,715,034  tons,  ； is  com 
P:u"(l  with  12,047,413  tons  in  1910.  Of  thv  M)]  1  produci.KM. 
4/223.000  tons  were  used  on  Indian  railways.  Very  little  is  im- 
ported, tlie  fig\ires  for  the  past  yvav  amounting  to  only  3】8，f;(i!) 
tons,  of  which  245,043  toihs  were  supplied  by  the  United  Kingdom. 

is  l»_v  i;ir  Ui*'  greatest  producer  of  coal  in  India,  the  Jharia 
iifld  pmdi'cing  50 "1  p^i-  coiit.  and  the  Jtaniganj  field  33  9  per  ('("it. 
oi'  the  total  for  all  India.  It  is  difiicult  to  say  exactly  how  nunli 
coal  is  used  uiniually  in  I  ndia  lor  domrst  ic  <  (>iismii|>tioii，  luti  tli(、 
；" niount  can  only  L>(—  comparatively  small.  Tl"'  spread  of  the  use 
of  coal  for  domestic  purposes  is  mainly  hindered  by  the  ah^Mu-c 
of  ； I  clieap  and  suitable  stf>\c. 

Forthcoming  Mining  Exhibition  in  London. ― An  exhibition  of 
mining  macliitHM'y  is  to  l>e  hvUl  next  vt':u'i»i  tlu1  Royal  Ajj;ri<-u It  11  r;i  I 
Hiill,  Islington, N.,  from  May  29tli  to  June  7th.  An  Association 
of  manufacturers  representing  leading  firms  in  tlie  industry  lias 
Ikh'ii  formed.  Tlit'se  cxliil^itions  have  now  Ixuoino  quii"|ii''mi  i:i  I. 
so  that  after  \\r\t  year  tlicre  will  not  he  another  till  1918.  Three- 
fourths  of  the  space  is  already  taken  up,  iintl  a  strong  consultative 
committee  lias  Ik-(mi  tonncd  to  sup<»rvise  different  sections  ot  i\\c 
exhibits  and  to  org  mis<i  l''('t  un'.、，  The  committee  consists 

of  Mr.  \V.  K.  (； arfortli,  LL.D.  ( I'l  esident  oi  the  Institution  oi 
Mining  Engineers),  Sir  Jliilpli  Ashton,  Proi .  J.  S.  H;iM;inr, 
F.K.S.:  Sir  ll"mv  Ihill.  I.S.O.  ；  Sir  Thonns  H.  Holland, 
K.C.I.E., 卜，. R.S.  ;  Air.  A.  M.  J.amb,  MJnst.M.K.  ；  .Mr.  H. (', 
r*iake,  rjist-l'rcsKlont  Just.  M.E.  ；  and  Mr.  H.  L.  Sulman,  P;isi 
President  J  M.M.  Various  lectures  have  already  been  promised. 
The  offices  of  the  l^xhihition  arc  ； it  43,  Essex  Street,  Strand, 
London,  W.C,. 

Motor  Vehicles  in  Russia. ― Tl"— '  J ounwil  of  the  】lus.so- Britisl' 
Cli;unl)(M-  of  Cominerct'  ； it  St.  Petcrsliiir^  states  that  tlu'  nuunirr 
in  which  the  popularity  of  the  motor-car  has  grown  iti  \\ ussia 
witliin  the  last  few  years  could  liardly  liave  l)een  t'or(\s(*en,  ior 
there  seemed  to  be  soi'ious  obstacles  which  would  he  likely  to  im- 
pede their  general  acceptance  in  the  near  future.  In  spite  ot 
these  imped inionts,  however,  much  has  been  done  to  popularise 
motor  ca rs  through  exhibitions  and  trial  racos,  with  tho  result, 
that  the  value  of  the  imports  of  motor-cars  and  motor -cycles  has 
increased  tenfold  since  19063  and  has  all  hut  tripled  iu  tlu?  】ast 
two  years.  During  this  latter  period  taxi -cabs  havo  heconio 
Wii'ral  iiv  St.  L'ottM-slnui;  and  other  towns.  Imports  from  tha 
United  Kingdom  constitute  but  a  small  portion  of  the  total.  Th(> 
latest  detailed  figures  available  are  for  1910j  in  which  year  tlie 
imports  of"  motor  vehicles  from  Germany  wei  e :  881  cars  with  tour 
seats  and  more,  181  cars  Avith  less  tlian  4  scats,  18o  lorries  :m<l 
chassis,  a  nd  6-52  motor  cycles.  The  t(  Journal  adds  that  r*ii(，i' - 
getic  measures  should  be  taken  at  once  if  British-built  c;us  ;u  r 
to  secure  an  ad  equate  share  in  the  possibilities  which  a  re  offered 
them  by  the  Russian  market. 

The  Boilermakers'  Society. ― The  results  of  thv  'voting  on  the  policy 

of  the  association  with  regard  to  the  special  advance  of  4  per 
('*'iit.  on  piecework  rates ― wliich  \\as  asked  some  time  ago  n nd 
refused  by  the  employers ― is  given  in  tlie  、'm('iiil">r  report  ('1  tlir 
Boilermakers'  Society.  The  ballot  shows  43316  for  ami  〗，D】t 
against  giving  01"、  month's  notice  to  i-oase  piecewoi'k  in 
shipyards,  and  1;529  for  and  2,361  against  giving  0110  month's 
notice  to  cease  work  altogether  in  the  i''<"'r;it*'(l  shipyards  in  order 
to  enforce  the  special  advance  of  4  per  cent,  on  riveting  rntrs, 
giving  hoklers-up  10-Jd.  to  tlie  riveters'  Is.  Votes  a  re,  it  is  stated 
in  the  report,  being  taken  at  tlu'  Novt'ml>er  lirancli  meetings  on 
the  following  resolution,  wliich  was  carried  ； it  tlio  nntion;i]  con 
ferenoe  held  at  Newcastle  in  September :  "  That  、ve  favour  a 
natiotiMl  M^roomiMit  between  the  Sliiplmildin^  Kniplo.vtuV  l'，（'（l(、r;' 
tion  ;ind  the  United  Society  of  lioilernmkcrs  and  Iron  and  Siccl 
Shipbuil<Icrs  tor  (k'aliiig  with  ^onoral  fluctuations  of  、、  ;ig('s  niid 
(jnost  ions  oi'  mi  agrctnl  gcm'nil  vhu  Viwtov,  or  sucli  ； is  may  U'  r<、 
mit ted  i'loni  local  coiitVrcjKH's  with  the  ('oiisriit  of  lioth  pnrtics  ;i I. 
lo<-;i  I  (  oiilVri'HCij.  All  local  ((nestions  to  he  It  、vitli  locally  ;ri\<\ 
fiiKilly  in  localities.  Tli<、r('  shall  )>('  a  ncutnil  clinirmaii  :\t  all  locnl 
coiifcreiicf^s.'* 

Employment  in  the  Engineering  Trades.  -A(r(>r(liiig  to  tl"、  B(»;»r(l 
Tr;i'l<-  n'pm't  "1，  i Ik1  st""'  oi  the  l;i liour  m;i vkvt}  (、m|>l".vm<""  in 
OctolxM-  coiitinurrl  g 續 1.       It   was  lu'ttor  tlum  ； 1  ■、'':，'•  ：ig",  :u'(l 
slighU.v  l^'ttor  than  Insl-  111011l.l1.    'I，1h'i  i'  w  ;ts  ； m  iinpr(i\  ('inriii  i  11 
tho  iron  aud  stcelj  iMigim'cri"^;,  and  r?lii|)buil(liii^  trades..  The 


November  22,  1912] 


THE    MECHANICAL  ENGINEER. 


663 


upward  movement  in  wages  continued.  Compared  with  a  year 
ago  all  the  principal  industries  showod  an  improvement,  which 
was  most  marked  in  the  pig  iron,  iron  and  steel,  on*z;ineering,  and 
tinplate  trades.  In  tho  383  trade  unions,  with  a  net  monibei'ship 
of  making  returns,  17,822  (oi-  2  pei'  cont.)  、、<mv  returned 

as  unemployed  at  tlio  oncl  of  October,  1912,  compared  with  2*1 】'（'r 
cent,  at  the  end  of  September,  1912,  and  2*8  per  cent,  at  the  end 
of  October,  1911 .  The  changes  in  wages  taking  effect  in  Octol>er 
affected  -525 j 000  workpeople,  and  resulted  in  a  net  increase  of 
nearly  £2o,000  per  week .  The  number  of  disputes  beginning  in 
October  was  72,  and  the  total  number  of  workpeople  involved  in 
all  disputes  in  progress  during  the  month  wns  36,312,  as  compared 
with  27,918  in  September,  1912,  and  58,528  in  October,  1911.  The 
estimated  number  of  working  clays  lost  by  disputes  din  ing  the 
month  Avas  301,000,  as  compared  with  284,000  in  the  previous 
month  and  444,600  in  the  corresponding  month  of  last  year. 

Wages  in  19H. ― The  Comptroller-General  of  the  Ln1»our  Depart- 
ment of  tho  Board  of  Trade  (Mr.  G.  H.  Bai nos)  1ms  issnod  liis 
report  on  rhanges  in  i-ates  of  wages  ami  hours  of  la  hour  in  1911 . 
It  states  that  the  outstanding  featu ro  of  tho  year  was  an  increase 
in  wages  to  the  transport  group  of  trades.  The  aggrogato  in- 
crease in  the  wages  bill  of  these  trades  greatly  outweighs  the  net 
advance  in  all  other  industries,  which  amounted  to  about 
£18,500  per  weekj  spread  over  the  8003Q00  workpeople  affected. 
The  upward  movement  in  the  non-transport  trades  continued 
throughout  1911 .  and  has  become  more  rapid  (luring  recent 
months.  The  report  states  that  at  the  end  of  1911  tho  general 
level  of  wages  、vas  higher  than  «it  tho  end  of  any  year  since  1893, 
except  1907  and  1908.  The  number  of  workpeople  who  received 
increases  was  507, 207^  and  tho  amount  totalled  £oG, 24 7  por  week, 
while  399^362  sustained  decreases  amounting  to  £11,669  per  week. 
In  the  coal-mining  industry  the  changes  in  wages  taking  effect 
in  1911  resulted  in  a  net  decrease  of  £9,553  por  week  in  the  wages 
of  390,793  workpeople.  In  engineering  trades  there  was  a  net 
increase  of  £8,476  per  week  in  the  wages  of  142 二 140  workpeople. 
In  the  shipbuilding  trades  67,344  workpeople  received  a  net  in- 
crease of  £7,346  per  week. 

Iron  Ore  Supplies. 一 Tntwesting  information  regarding  the 
supply  of  iron  ore,  and  tho  desire  of  British  manufacturers  to  find 
fresh  sources,  was  given  hofore  tlie  Dominions  Royal  Com  mission 
which  is  enquiring  into  the  trade  relations  of  the  Emniro  and  the 
development  of  its  resources.  Mr.  Wallace  Thorneycroft  stated 
in  evidence  that  of  the  six  million  tons  of  Bessemer  ore  imported 
by  this  con ntry  in  1909,  noa rly  five  millions  came  from  Spain. 
With  the  oxf-optioii  of  02_,000  tons  from  Newfoundland,  no  ore  was 
imported  during  that  year  from  the  Dominions.  Twenty-five 
years  hence  the  Spanisli  supplies  would  prol>a)>ly  be  exliausted. 
He  suggested  that  the  Dominions  might,  with  advantage,  provide 
more  money  for  the  geological  survey  of  the  territory  under  their 
control,  and  communicate  the  results  of  the  surveys  as  rapidly  as 
possible  to  the  Iron  and  ftteel  Associations  of  this  country.  The 
indication  of  large  deposits^  especially  of  Bessemer  ore,  accessible 
for  shipment  ；) ny\v1ior(k  in  F.astern  Canada  or  Newfoundland, 
would  promptly  1>e  investigated  in  detail  1>y  British  mnkers  of 
iron  and  steel ,  and  a mpl(k  capital  would  soon  1)0  found  if  the' 
deposits  warranted  development.  He  said  that  in  1905  Great 
Britain  imported  31  per  cont.  of  the  total  oro  consumed,  Germany 
9-3  per  cent.,  and  America  4*9  per  cent. 

Arbitration  in  the  Northern  Steel  Trade. ―  At  a,  recent  meeting  of 
the  Industrial  Council  evidence  was  heard  as  to  the  procedure  in 
existence  in  the  iron  and  steel,  cement,  and  other  trades,  for  the 
settlement  of  disputes.  Among  the  witnesses  examined  was  Mr. 
James  Cox,  Darlington,  secretary  of  the  Associated  Iron  and 
Steel  Workers  of  Great  Britain.  He  said  that  there  was  a  sliding 
scale  in  the  North  of  England  formed  by  them  in  connection  with 
their  Board  in  1888.  Similar  scales  governed  the  Midland  dis- 
tricts, and  extended  also  into  Wales.  The  sliding  scale  of  a  dis- 
trict was  based  upon  a  percentage  of  prices.  They  had  hundreds 
of  agreements  suited  to  the  requirements  of  different  working 
mills.  During  his  connection  with  the  Association,  which  dated 
from  1891 ,  agreements  had  been  carried  out  to  the  letter  by  em- 
ployers. There  liad  occasionally  been  one  or  two  lapses,  hut  these 
had  been  infinitesimal.  He  attributed  the  success  of  their  agree- 
ment to  the  honourable  conduot  on  l>oth  sides,  assisted  hy  the 
strong  organisation  on  both  sides.  They  had  Conciliation  Boards 
in  the  North  of  England,  Midlands,  and  Wales,  and  tlie  bulk  of 
the  pmployors  and  the  men  were  connected  with  tlie  Boards.  There 
had  1>poii  no  difficulty  experienced  in  non-associated  employers 
maintaining  a^roomonts.  Tlie  Association  of  which  he  was  secre- 
tary had  10，006  members,  and  there  were  a  large  inimLer  outside. 
Non  jissofiatod  employers  and  men  were  governed  i>y  u  general 
a^rpemfiit.  Tf  an  employer  did  not  aooept  tlie  contract,  his  ordi- 
nary uorkmoii  lookod  olso wliore  for  employment,  and  ho  was  left 
with  incompetent  worknion.  He  did  not  favour  legislation,  and 
thought  tli at  all  that  was  necessary  in  relation  to  agreements 
could  ho  done  without  the  intervention  of  tho  law 


New  Works  for  the  Construction  of  Diesel  Engines. ― With  the  oljjoot 
("•  (lov(、loping  oil  ongino  construction  and  also  roping  moro  buc- 
(*<»ssi  tilly  \\  ith  tlu>  ^;«mhm*;iI  expansion  of  tlioir  l>usinoss,  Messrs. 
Swa n,  Huntor,  &  Wigliam  Ji icluirds'on,  Ltd.,  lia/o  recontly  (»m- 
barlcod  upon  a  complete  rc-orgaiusation  of  tlioir  on^in<^  works. 
This  (l<、p:u'tm。iit  is  in  course  of  removal  to  a  now  site  wiiliin  tho 
Neptune  Sliipyard,  w  here  it  is  in tondotl  to  oroot  ontirely  new 
workshops.  Tho  existing  engine  works  1>uil(ling8  will  \to  used 
for  the  shipyaid  l)I;uksniiths,  plumlxMs,  and  an^Ie-smitlis.  Tho 
now  buildings  will  adjoin  tho  existing  boilei'-sliop,  and  will 
measure  about  300ft.  by  200ft.,  divided  into  six  bays,  and  fompris- 
ing  a  conibiiunl  nuu-Iiiiu4  and  erecting  sliop.  h\>r  some  time  past, 
tho  firm  have  ho(»n  actively  engaged  in  stiidyin^  and  flevolopiiig 
Diesel  oil  engine  con.struotioi].  Two  yoars  ago  thoy  conipletod  the 
"Toiler,"  a  twin- screw  cargo  ship,  which  was  tho  first  oil- 
entitled  \ossol  to  cross  tlit1  Atlantic.  This  was  :it  owt\  follou 
]iy  tlio  11  Vt\\\^t\vy -,\  simil;ir  twiu-scrow  stoainor  i'or  tho  same 
owiut.  All'.  J  ； nncs  IM;i  \  fair,  of  Midl;ui(l，  Ontnrio,  nnd  is  1 1  o  w  trnd 
in^  on  tho  great  lakes  of  North  Amoi'ica.  Tl"»  firm  Iiave  now  in 
liand  for  British  ownci's  two  much  la c^cr  c;t r^o  Itonts,  oarli  ol' 
5,000  tons  (lead— weight.  In  addition  to  these  two  ships,  the  firm 
have  an  order  for  another  interesting  vessel,  which  is  hping  huilt 
to  the  order  of  the  Electric  Marine  Propulsion  Company,  Ltd., 
for  the  Montreal  Transpoi'tation  Company,  and  in  tended  for  ser- 
vice on  the  Canadian  lakes.  This  will  Lo  tho  first  large  vessel 
<l<\signecl  for  propulsion  Ity  power  transmitted  ('l(、（'tri (  ； t lly  from  tl!(、 
engine  to  the  propeller.  Tho  designs  of  tlie  (、ngines  have  been 
(、\p(ut(、(l  l)y  Mr.  Honry  A.  Mavor^  of  Messrs.  Mavor  <t  Couison, 
of  Glasgow,  who  have  already  tried  this  system  on  a  small  exppri- 
niental  vessel  called  tho  "  Electric  Arc."  Th<»  (1p;i<1、、  ''ight  car^o 
capacity  will  be  about  2,500  tons.  Tho  m;ichincry  w  ill  consist  of 
two  300  h.p.  high-speed  Diesol  engines,  (';t('li  、vit!i  its  own  alternat- 
ing-current generator  and  exciter.  Just  all  end  of  the  thrust 
block,  there  will  be  a  specially-designed  motor,  operating  a  single 
propeller  and  reducing  the  400  revs,  per  minute  of  the  Diesel 
engines  to  about  80. 

Trade   Circulars   and  Catalogues. 一  We  have  received  from  Messrs. 
Drake  &  Gorham,  Ltd.,  Victoria  Street,  West"】inskM'，  a  copy  of 
their  new  catalogue  and  price  list  relating  to  their  later  types 
of  electric  lamps  and  lamp  fitting's. ― Messrs.  W.  T.  Glover  &  0o.， 
Ltd.,  Trafforcl  Park,  Manchester,  send  us  a  neatly-l>ound  waist 
coat  pocket  book  of  electrical  mining  rules  and  data  which  is  con- 
venient, and  will  doubtless  be  appreciated  by  mining  engineers. 一 
Messrs.  Siemens  Bros.,  39，  Upw  Thames  Street,  London,  E.C., 
send  us  a  copy  of  their  price  list  relating  to  electrical  drilling 
machines. ― Electric   and  Ordnance  Accessories   Company,  Ltd., 
Aston ,  Birmintiliani,  send  us  a  catalogue  and  price  list  of  their 
specialities  in  the  way  of  electric  heaters  and  glow  lamp  radia- 
tors. ― Messrs.  Galloways,  Ltd.,  Manchester,  send  us  a  sheet  of 
illustrations  of  modern  engine  and  l>oiler  installations  which  they 
have  either  made  or  are  prepared  to  undortnko.     These  cover 
nearly  every  requirement  of  po、、'(、r  practice,  and  from  a  circular 
； ircoinp;inying  it  we  gather  that  the  firm  are  preparing  a  schemo 
with  the  object  of  extending  its  operations,  and  we  are  pleased 
to  learn  at  the  same  time  that  tho  firm  are  well  booked  with  orders 
ahead. ― Messrs.  Mather  &  Piatt,  Ltd.,  Manchester,  send   us  a 
descriptive  circular  of  their  duplex  patent  valveless  gas  engines, 
tli"  iVatures  of  which  were  fully  descril^ed  and  illustrated  in  Mr. 
A.  E.  L.  Chorlton's  paper  before  the  Iron  and  Steel  Institute  and 
reproduced  in  our  columns.      The  comparatively  high  costs  of 
gas-power  plants  have  hitherto  militated  against  their  extensive 
adoption,  and  the  Duplex  gas  engine,  it  is  claimed,  goes  far  to 
nullify  this  objection,  involving  loss  initial  cost  and  foundations, 
engine-house,  &c.，  than  other  designs  have  up  to  the  present  re- 
(,uired. ― From  Messrs.  G^ipel  <fe  Co"  St.  Thomas  Street,  London, 
S.E.,  we  have  received  a  descriptive  pamphlet  of  information 
respecting  aluminium  conductors.    The  pamphlet  contains  a  table 
of  details  of  aluminium  conductors  which  will  be  useful  to  anyone 
contemplating  their  use,  and  the  firm  state  they  will  be  pleased  to 
forward  a  copy  of  this  to  any  reader  who  cares  +o  connininicate 
with  them. ― The  Sun  Electrical  Company,  Charing  Cross  Road, 
London,  W.C.,  send  us  a  catalogue  of  their  electrical  heatino; 
specialities,  which  illustrates  a  number  of  useful  little  designs 
for  domestio  use,  and  including  also  some  handy  soldering  nnd 
l)r;uuling  irons. 


The  Latest  Submarine. ― Messrs.  Vickers,  Ltd.,  launched 
from  their  yard  ab  Barrow  on  the  12th  inst.  Submarine  "  E  6  " 
for  tlie  British  Admiralty.  The  vessel  is  one  of  the  most- 
advanced  type,  possessing  qualities  which  enable  her  to 
operate  far  out  at  sea.  She  will  be  propelled,  either  afloat 
or  submerged,  at.  a  mucli  higher  speed  thau  submarines  pre- 
viously built. 
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NEW  PATENTS. 

Specifications  oj  the  following  are  now  published,  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  lOd.  Address 
" Mechanical  Engineer^  53,  New  Bailey  Street,  Manchester. 
MECHANICAL  1911. 

Removal  of  moisture  from  wet  carbonised  peat.  Rigby  &  Testrup. 
16958. 

Scavenging  and  charging  arrangements  for  internal-combustion 

engines.    Kylliainen.  16965. 
Flying  machines  and  airships.    Mills.  17130. 
Carl)uretters  for  internal-combustion  engines.  Gottniann. 
Furnaces  for  steam  boilers.    Ramsbottom.  21195. 
Flying  machine.    Braun.  21417. 
Valve  for  ]>Iowing  on^inos.    I versen.  23354. 
Inter nal-ooml>Tistioi)   engines.    Ta\ omlily.    234 J-l. 
(Intclies  i'or  powt'i'  ])ressos.    Rhodes.  23583. 

M »*t hod  ol'  oxtractin^;  carbonic  acid  from  tho  oxliaust  oF  ;\ 

gas  engine.    Maschinenfal)rik  Surth  Ges.  &  Vollaud.  23592. 

Devices  for  eleotrifallv  driving  planing  niachines.  Wiosen^i-uncl. 
23639. 

Apparatus  for  measuring  and  recording  the  quantity  oi  liquids 
passing  through  orifices  or  over  weirs.  Woodroffe  &  Boidtbee. 
23679. 

Processes  and  apparatus  for  the  direct  prodmtimi   of   iron    ； uul 

steel.    Herrmann  &  Otto.  23861. 
Airships.    Janin.  24033. 

Nozzles  <n*  nozzlo  l)r:m(li(、s  f o r  turldncs.  Churcliill-Sliami.  24041 . 
Apparatus  for  consiiniing  smoke  in  stoam  boiler  furnacos.  Wilde 

and  Hargreaves.    240(i  1. 
(，； u  buretters  for  paraffin  and  other  heavy  oils.    Davis.  24106. 
Pipe  joints.    Scbomhur^.  24117. 

Burners  for  gaseous  liquid  and  solid  oonibustibles.  ("i utroau. 
24127. 

Compressed-air  brakes  for  railway  \ohicles.    Proston.  24152. 
Automatic  couplings  for  railway  veliicles.    Allison.  241G7. 
Steam  superheaters  for  locomotive  hoilors.    Robinson.  24174. 
Manufacture  of  forged  car  wheels.    Hansen.    24246,  24248,  and 
24249. 

Hoisting  and  transport  apparatus.    Essl>erger.^  24285. 

Fluid-pressure  braking  apparatus.    Cloiid.  24387. 

Method  for  cleaning  the  tubes  of  boilers.  Roots,  and  Internal- 
Combustion  Engine  Cleaning  Company.  24485. 

rrul>e-cleaning  apparatus.  Brindley,  and  Boiler  Scalers,  Ltd. 
25703. 

Suction  and  pressure  dredgers.    Van  Wienen.  25958. 
Vaporisers  for  internal-combustion  engines.    Croshie.  26337. 
Pile-drivers.    Leighton.  26375. 

Trip  gears  primarily  applicable  to  testing  nicachines.    John  Bar- 
ham  Carslake  and  Arthur  Henry  Gibson,  and  Goulding.  26480. 
Rotary  valves  for  internal-combustion  engines.  Ritchie.  27228. 
Means  for  burning  liquid  fuels  in  furnaces.    Gordin.  27338. 
Manufacture  of  lubricative  engine  packing.    Oddie.  27350. 
Change-speed  gearing.    Jones  &  Jones.  27459. 
Foundry  moulding  machines.    Smith.  27725. 
Friction  clutches.    Marks.  28275. 

Two-stroke  internal-combustion  engines.    Silvestri.  28364. 
Coal-washing  plant.    Thomson .  28548. 
Pumps  for  elastic  fluids.    Cash.  28981. 

1912. 

Furnaces  of  steam  generators.    Whitehead.  934. 
Lathe  for  turning  cranks.    Witteman.  1216. 
Gravity  conveyers.    British  Mathews,  Ltd.,  and  Pirrie.  1279. 
Uaiflow  or  automatic  exhaust  engines.    Sisson.  1605. 
Multiple-expansion  multiple-crank  engines  controlled    by  auto- 
matic expansion  shaft  governors.    Sisson  -  1606. 
Apparatus  for  heating  and  purifying  feed-water.  Muchka.  19— >H. 
Driving  gear  for  motor  vehicles.    CI  a  rk.  3789. 
Nat  looks.    Barclay.  4184. 
Centrifugal  pumps.    M oiler.  4304. 

Apparatus  for  making  petrolised  or  air  gas.    Dick'  4418. 
Oear-cutting  machines.    Pawctis.  4G93. 

Tuhemlling  apparatus.      Pittsburgh  Steel   Products  Company, 

Brock,  and  Selkirk.  4794. 
Draining  water  from  steam  cylinders,  valvo  ('hosts,  &c.  Yatos. 

4812. . 

Oompressed-air  turbines.    "Fletcher.  5285. 

Airtight  device  for  use  in  connection  with  llio  sliding  (Luupors 

of  stoam-hoiler  flues.    Smallev.  0121. 
Dredgers.    Wiitkins.  6264. 

C'nit.crs  lor  foal-rutting  machines,  flavor  A'  ('oulson,  Lt(l.，  ：md 
Davies.  0356. 

Mine  carriage  :uid  <>l(""",or  nutoniatic  safety  l)rak^fl.  Von  T)anni. 
"700. 


Water  gauges.    Mauger.  6985. 

Turbines.    Upson.  8351. 

Two-  stroke  explosion  engine.    Tesse.  9061. 

Throttling  device  for  pipes  or  tubes  or  pumps.    Adams.    9171 . 
Propellers.    De  Vallat.  9330. 

Pistons  for  internal-combustion  engines.    Knowles.  11077. 

Rotary  engines  and  pumps.    Parsons  &  Myers.  11446. 

Method  of  washing  gases  or  vapours  and  apparatus  therefor. 

Lymn.  11452. 
Clutches.    Guttner.  11933. 
Flying  machines.    Stodder.  13104. 
Water-heating  apparatus.    Brierley.  14800. 

Means  for  preventing  creeping  of  railway  rails.  Dinklage*  16521. 
Steam  superheaters.    Sugden.  17478. 

Automatic  lubricating  apparatus  for   elevators   and  convoyors. 

Wetzel  &  Kuntz.  17782. 
Spring  journal  bearings.    Held.  19412. 

Helical  propellers.    Magnenat  &  (Jrohcty  Matthoy.  19098. 

Centring  tools  i'or  uso  on  hithos.     M  off  at.    1 9784. 

Coal  f-onvoyers.    Sep  pel  tV'  Drackc  20385. 

Pump  for  forced  lubrication.    Daiinh^r  Motoron  Ges.  20428. 

Airships.    Janin.  22627. 

ELECTRICAL  I9H. 

Electric  Ijattoiy  liunpH.    Kley.  8440. 

Application  of  radio-active  phenomena  to  telephony.  Vojen. 
17028. 

Electric  mil  way  systems.    Stuart.  189U8. 

Switching  apparatus  for  intoroonneotin^;  the  linos  of  an  automatic 
tel(i])lio)H'  svstom.  W«'st(、r，i  Electric  Companv.  21259  and 
21260. 

Dviuunos.     I):»rsmis  &  l"i、v.    21  IS!). 

Protection  of  feeders  of  electrical  distribution  systems.    Merz  and 

Hunter.  24030. 
Bnttery  switches.    Marks.  24460. 
Electric  light  fittings.    Hollick.  24584. 
Water  cooled  if^sistances.    Emmet.  24679. 

Apparatus  for  photometric;) lly  testing  burners  for  gas  or  elec- 
tricity.   Gordon.  27978. 

Fusil)lc  out-nuts  for  t、l('(tri(-  (iifiiits.  British  Thomson-Houston 
Company.  28199. 

Production  of  electrical  oscillations  adapted  for  wireless  trans- 
mission.   Heinicke  <fe  Jasper.    28351 . 

Electric  automatic  switch  g (、： u'.  C-i'onipton  <fe  Co.,  and  Murray. 
28520. 

1912. 

Electric  couplings.    Appenzeller.  4303. 
Page-printing  telegraph  receivers.    Etinne.  4584. 
Dynamos.    Fouque  &  Ruelle.  6099. 
Electro-magnets.    Dowdell.  9804. 

Telephone  indicating  and  metering  apparatus.  Von.  Laskowski. 
12929. 

Apparatus  for  selective  electric  signalling.    Nicholson.  13,430. 
Means  for  telephonic  communication  with  mine  cages.  Reineko. 

19102  and  19103. 
Electric  furnaces.    Massip.  19172. 

Switching  apparatus  for  interconnecting  the  lines  of  an  auto- 
matic  telephone  system.  Western  Electric  Company.  20943, 
20944,  and  20945. 

Telephone  systems.    Western  Electric  Company.  20946. 


METAL  QUOTATIONS. 

TUESDAY,  NOVEMBER  19th. 

Aluminium  ingot   85/-  per  cwt. 

，，        wire,  according  to  sizes,  &c  from  1 12/-  " 

，，        sheets        ，，  ，，   ，  120/-  ，， 

Antimony  £39/-/-  to  £40/-/-  per  ton . 

Brass,  rolled    9Jd.  per  lb. 

，，    tubes  (brazed)   11  Jd. 

，,       ,,     (solid  drawn)   9|d. 

，，       ，，     wire   9Jd. 

Copper,  Standard   £78/2/0  per  ton. 

Iron,  Cleveland   68/3  ，， 

，， Scotch   74/3  ，， 

Lead,  English    £18/15/-  ，， 

，， Foreign  (soft)  • -…. £18/5/-  ，， 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

，，  ，，  ,，       medium   3/6  to  6/-  '， 

，，  ，，  ，，       large   7/6  to  11/- ，， 

Quicksilver  •   £7/12/fi  per  bottle 

Silver   per  oz. 

Spelter    £26/10/-  per  ton. 

Tin,  block   £227/15/- ,, 

Tin  plates   15/0  ,, 

Zinc  sheets  (Silesian)   £31/5/-  ，， 

,,  (Stettin  ；  Vieille  Montagne)   £31/10/-  ,, 
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Engineering  Research  Laboratories. 

In  a  long  letter  to  the  "  Manchester  Guardian  "  last  week,  Dr. 
Nicolson,  of  the  Manchester  School  of  Technology,  contrasts 
the  up-to-date  equipment  of  continental  laboratories  with  the 
backwardness  of  British  ones,  and  the  generous  support 
accorded  to  such  institutions  by  foreign  firms  with  the  laissez 
faire  attitude  of  employers  here.  The  comparison  leads  liim 
to  rather  pessimistic  conclusions  and  raises  a  few  points  which 
we  think  call  for  reply.  At  the  outset  he  raises  the  question 
as  to  what  is  the  proper  function  of  a  technical  laboratory. 
Should  it  be  confined  to  the  training  of  its  pupils  to  fit  them 
for  entry  into  engineering  establishments  or  should  it  be 
extended  to  research  work  that  affects  particular  industries, 
and  which  some  argue  should  be  carried  out  by  tl.e  firms 
immediately  concerned  ？  It  is  in  protesting  against  this  latter 
view  that  lie  draws  a  doleful  contrast  between  the  equipment 
of  the  Manchester  Technical  School  and  that  of  a  number  of 
continental  ones  he  has  recently  inspected.  His  statement 
that  when  tlie  former  was  equipped  under  his  direction  12 
years  ago  it  "  would  bear  comparison  with  anything  of  the 
kind  either  in  Europe  or  America,"  whereas  it  is  now  bo 
" completely  left  behind  ''  that  in  his  opinion  it  is  uot 
" possible  for  us  by  the  most  strenuous  exertions  ever  to  make 
up  to  the  German  laboratories  again,"  certainly  does  give  food 
for  reflection,  and  possibly  suggests  conclusions  different  to 
those  drawn  by  Dr.  Nicolson.  But  putting  this  aside  for  the 
moment,  some  of  his  statements  as  to  what  is  being  done 
abroad  are  worth  noting.  All  the  high  school  laboratories 
" either  have  had  or  are  having  their  heat  engine  laboratories 
completely  rebuilt  and  re-equipped  on  a  scale  which  cau 
only  be  described  as  colossal.'7  The  new  Dresden  Labora- 
tory, he  informs  us,  lias  a  floor  area  for  heat  engines  alone 
equal  to  the  whole  ground  floor  of  the  Manchester  School,  and 
the  equipment  alone  will  cost  over  £20,000.  Tlie  Berlin  heat 
engine  laboratory  now  consists  of  a  huge  machinery  hall 
250ft.  in  length  by  50ft.  in  breadth,  in  addition  to  an  auuexe, 
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not  to  mention  another  large'  building  for  motor-car  testing, 
besides  others  round  the  High  School  at  Charlottenburg.  In 
Zurich  a  large  plant  is  being  installed  and  equipped  at  great 
expense  under  Prof.  Stodola's  direction.  At  Munich  about 
£25,000  is  being  spent  on  buildings  and  equipment  of  a  heal' 
engine  depart  ment  under  Prof.  Schroter.  Dr.  Nicolson  is  jioi 
clear  as  to  how  the  expense  of  all  these  big  extensions  and 
e(]iiipment&  is  apportioned,  but  we  gather  substantia]  support' 
is  being  accorded  by  engineering  firms  and  societies.  However, 
thai  is  a  detail.  It  is  well  to  have  the  facts  hihI  look  therii 
squarely  in  the  face.  But  wlien  we  do  1  liis  and  admit-  to  i he  l  ull 
the  defects  in  technical  training  of  British  engineers,  we  fail 
to  arrive  at  his  despondent  view  oi"  their  Khoricouiings.  I「 
called  upon  to  express  their  attitude  towards  ('oiitiiH、n"il 
inethuds  of  technical  training  and  research  he  thinks  they 
would  probably  reply  as  follows  :  "  We  are  here  to  do  business 
and  not  to  support  research  in  technical  schools.  So  long  as 
w©  can  make  and  sell  all  the  machines  we  want  and  make  all 
the  profit  we  require,  we  do  not  need  to  go  in  for  all  iliis 
minute  German  theoretical  examination  of  parts  and  unneces- 
sary elaboration  in  form  and  finish.  Our  customers  are  quite 
satisfied  with  our  products,  and  that  is  really  all  we-  need  <-a  re 
about.  We  are  quite  willing  to  give  our  support  to  the 
technical  schools  as  the  means  of  training  our  young  engineers, 
but  to  endow  them  as  large  experimental  stations  forming 
adjuncts  to  the  workshops,  which  is  what  you  say  the  Germans 
are  doing,  is  a  thing  beyond  our  experience  and  appears  to  us 
to  be  foolishly  putting  a  large  premiuni  on  unnecess;i  rv 
pedantry." 

Let  us  take  it  that  this  fairly  represents  the  views  oi'  the 
majority  of  engineers.  Dr.  Nicolson  demurs  to  it  on  the 
ground  that  the  "  -satisfaction  of  the  purchaser  "  is  a  dei\,',livr 
ytandard  of  excellence,  since  lie  seldom  knows  what  he  ought 
to  get,  and  consequently  the  manufacturer  is  not  constrained 
to  rise  to  the  best  he  can  give,  whereas  liis  continental  rival  is. 
But  is  this  correct ？  "  The  satisfaction  of  the  purchaser  " 
implies  a  great  deal  more  as  a  rule  than  is  suggested  by  Dr. 
Nicolson.  It  is  seldom  secured  until  the  British  manufacturer 
has  run  the  gauntlet  of  comparison  with  every  rival,  whether 
liome  or  foreign,  aud  in  respect  not  only  to  quality  but  also  in 
price  aud  efficiency,  for,  be  it  remembered,  he  has  no  tariffs 
to  defend  him.  If  there  has  been  one  complaint  more  loudly 
trumpeted  than  another  by  uninformed  critics  respecting 
British  traders*  attitude  to  customers,  it  has  been  that  "he 
will  insist  on  supplying  a  first-class  article  and  will  not,  like 
his  continental  competitor,  supply  just  what  the  customer 
wants,  although  it-  may  be  cheap  and  nasty.''  We  have  every 
sympathy  with  Dr.  Nicolson 's  plea  for  the  more  frequent 
employment  of  the  staffs  and  equipment  of  British  engineering 
colleges  by  the  heads  of  engineering  firms.  The  closer  the 
intimacy,  the  better  for  both.  By  all  means  let  the  resources 
in  trained  men,  instruments  of  precision,  and  other  appliances 
of  such  institutions  be  availed  of  as  much  as  possible.  But 
when  all  is  said  and  done,  we  do  not  expect,  nor  do  we  think, 
as  Dr.  Nicolson  appears  to  do,  that  such  a  relationship  as 
exists  in  Germany  between  engineering  firms  and  technical 
schools  is  the  best  for  this  country.  His  dictunt  thai  "  cither 
the  British  or  the  German  method  is  the  right-  one  "  reveals  ;i 
looseness  of  reasoning  we  liardly  expect'  from  liiiu. 
The  methods  may  be  different  and  yet'  l>oili  right- 
for  their  respective  conditions,  and  college  professors 
seem  to  forget  it  when  comparing  the  lavish  expendi- 
ture of  other  countries  on  technical  institutions  with 
our  own.  German  polytechnics  have  evolved  naturally 
from  that  country's  admirably  co-ordinated  system  of  educa- 
tion from  the  elementary  school  upwards,  and  com])arecI  with 
wliicli  we  arc  in  some  respects  sadly  behind.    Their  teclmical 


and  commercial  develojunent  has,  so  to  speak,  l>een  grafted 
on  an  educational  stem,  whereas  with  us  the  reverse  lias  been 
the  case.  It  may  or  】iiay  not  be  the  best  way,  tliat  is  a 
matter  of  opinion,  but  we  liave  to  take  fact  as  it  is,  and 
Germans  are  by  no  niBfins  unaiiinious  in  the  belief  that  Www 
methods  of  ieclniiral  1  raining  i.s  tho  best ；  more  Ukiii  ojh? 
educationist  has  de])recaied  t  lioir  iiieiliods  hy  conii>arisoii 
witli  our  own. 

It  dues  not  Jollow  t lial  because  money  is  not  lavislily 
spent  on  British  te€linical  schools  t-liai  British  engineers  aro 
inseiisihlc  \o  t-hc  value  of  research  work.  Investigations, 
oH ni  i nvolving  great,  expense,  are  being  inad(i  continuously 
in  works  all  over  t,l"'  couni ry .  No  progressive  lirnt  can  get. 
along  without',  but  those  wlio  make  Uiem  have  as  a  rule  Htlle 
time  or  inclination  to  jmblish  their  results,  and  this  fact 
should  not  be  overlooked  when  comparisons  are  made. 
Evidence  of  the  sort,  oi'  thing  tliat  is  taking  place  is 
occasionally  afforded,  as  il-  was  om  Saturday  last  at  the  Man- 
chester Associai ion  of  Engineers,  wlien  Mr.  Vernon  outlined 
the  scientific  iiieiliods  that  are  being  pursued  at  Coventry  to 
improve  ilie  efficiency  of  milling  Miacliinos,  and  quite  recently, 
before  tlie  same  society,  Mr.  A.  E.  L.  Chorltmi  described  the 
marked  advances  made  )>y  a.  M Hiicliester  linn  in  big  gas  engine 
designs.  We  need  not  labour  these  illusti*at ions.  A  glance 
at.  the  proceedings  of  our  engineering  societies  will  supply  any 
jiuinber  of  them,  and  wliere,  we  would  ask，  are  engineering 
sfx-ict  ies  more  muiiermis,  more  special isecl?  or  more  virile  than 
in  this  cuuntry  'I  Brit-isli  engineers  have  for  generations  been 
1  au^hi  to  rely  upon  iheinselve«  and  the  habit  lias  become 
ingrained.  It  may  be  that  this  tends  to  make  them  in  some 
ways  rather  conservative,  but  we  must  not  forget  thai 
commercial  vigour  is  maintained  by  the  fact  that  they 
have  to  stand  four  square  to  all  the  winds  that 
competition  chii  blow,  inisheltered  by  tariff  or  privilege. 
Tliat  they  have  stood  it-  well  a  review  of  our  trade  clearly 
shows.  If  it  does  not,  spell  as  much  prolit  to  them  as  docs 
sometimes  to  coniiiieiital  rivals,  it  is  their  misfortune  rather 
tlian  their  fault,  and  we  would  not  have  it  otherwise,  for  their 
success  stands  on  an  unshakable  basis.  If  in  certain  direc- 
tions continental  engineers  beat  us  we  need  feel  neither  sur- 
prise nor  regret.  We  canuot  have  a  monopoly  of  every  indus- 
try or  be  more  than  fully  occupied,  and  what  country  can  show 
cm  the  whole  a  lower  rate  of  unemploynient  in  engineering 
generally,  or  a  higher  rate  of  rennuieration  to  its  workers  ？  The 
doctrine  of  British  decadence,  which  appears  to  liave  affw"、'l 
Dr.  Nicolson,  has  been  preached  too  mucli，  and  on  behalf  oi 
engineers  generally  we  strongly  protest  against  it .  They  may 
perhaps  in  tlie  pa^i  ve  been  too  prone  to  rely  un  rule 
tluunl)  and  u  n  d  e  r  -e  s  t  i  m  a  be  the  value  of  science,  but  tliat'  (■(—""- 
plaint  has  very  limited  justification  to-day.  Unlet (ered  com- 
petition  is  ever  spurring  tliem  on,  and  if  they  do  not  tollow 
German  nietliods  in  looking  to  teclinical  researcit  laboratories 
and  college  professors  lor  salvation  in  their  daily  (li^u  'ill  "'卜 
1  hey  are  not  less  a】ive  to  the  value  of  scientific  invost  igai  . 
Manufacturers  mny  carl  ainly  he  <'xrused  if  i  hey  view  w i ( 1 1 
doubt  tho  wisdom  of  renewing  rxju'nsi 、'（'  '  (illrp.  <M|uipnicn1  s 
that  bei'oino  ubsulete  and  hopelessly  l>ohiii(l  in  n  lew  years. 
Hri  t  it,  I  hey  ma  v  Hi*giu%  rouchjcl  our  own  reso;irrli  work  as  wc 
山, now  and  ]im"'  \he  lunci-ion  (>「  lecliiiical  schools  to  i\w 
1  raining  of  youug  engineers.  This  may  ap[)ear  n  crajupi**! 
interpretation  of  a  professor's  duties,  but  after  all  il  is  a  very 
essential  part  of  them,  and  we  fear  sometimes  it'  is  overlooked. 
The  more  intimate  the  connection  of  a  teacher  with  currenl 
ciigiueeriiig  ])roblcniy  and  diffi«'uli  ies,  ； i  nd  i  lir  more  cflicicut 
wi'  I  '-.ulily  admit  he  is  likvly  l-o  be,  but  the  proper  upporlion 
in"iit   nf  his  t  imc   a ik.I   iMicwgics  i u  such  work  requires  (lis- 
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crimiuatiou,  unless  he  is  solely  devoted  to  research  work,  and 
perhaps  it  might  be  desirous  for  engineers  sometimes  to 
take  a  broader  view  of  the  help  that  may  be  derived 
from  college  professors  and  technical  laboratories.  At, 
the  same  time,  it  should  be  recognised  that  many  questions 
can  be  better  investigated  in  the  workshop  than  in  the 
college,  owing  to  commercial  and  other  considerations  only 
known  to  those  immediately  concerned.  Besides,  college 
research  work  must  of  necessity  be  public,  aud  the  extent  to 
which  it  can  be  undertaken  by  institutions  run  with  public 
funds  raises  other  questions  which  may  not  permit  of  being 
answered  the  same  way  in  this  country  as  they  are  on  the 
Contiuent.  No  harm,  of  course,  can  come,  as  Dr.  Nicolson 
observes,  from  a  discussion  of  every  aspect  of  engineering 
research,  and  for  this  reason  we  shall  be  pleased  to  open  our 
columns  for  the  expressions  of  opinion  from  all  who  are 
interested. 

MECHANICAL  ANALYSIS  OF  IRON  AND  STEEL 

A  lecture  on  the  "  mechauicalising  ，，  of  methods  of  cliemical 
analysis  as  applied  to  iron  aud  steel  manufacture  was  delivered 
by  Messrs.  C.  H.  and  N.  D.  Ridsdale,  of  Middlesbrough, 
at  a  recent  meeting  of  the  Sheffield  Society  of  Engineers  and 
Metallurgists.  The  lecturers  explained  that  the  object  in 
adopting  this  new  method  was  to  reduce  the  personal  factor. 
This  was  where  the  errors  of  analysis  were  most  likely  to  arise. 
For  a  basis,  the  best  proved  methods  were  taken,  and  so 
arranged  that,  although  the  preliminary  and  finishing  opera- 
tions were  still  unavoidable,  the  main  portion,  which  hitlierto 
had  depended  largely  on  the  judgment  of  the  analyst,  was  cut 
right  out,  and  with  it  a  corresponding  risk  of  the  estimation 
being  wrong.  The  same  essential  chemical  reactions  were 
brought  about,  but  from  eight  to  20  operations  were  replaced 
by  one  or  two.  It  was  pointed  out  that  the  principle  was 
widely  recognised  that  wliere  the  personal  element  was  mini- 
niised  greater  accuracy  was  obtained.  Various  ways  of 
analysis  by  ordinary  methods  were  compared  in  detail  witli 
corresponding  "  mechanicalised  ，  types,  aud  the  saving  in 
time,  number  of  operations,  labour,  &c.，  illustrated  by  lantern 
slides  and  tables.  Although  so  far  methods  had  only  been 
devised  for  phosphorus  and  manganese,  these  covered  a  wide 
fi^ld  of  application,  and  matters  were  by  no  means  at  a  stand- 
still. Progress  had  been  made  in  many  details  in  the  last  few 
months.  The  latest,  a  method  for  determining  pure  phos- 
phorus with  the  separation  of  arsenic ― a  method  vital  to  all 
steel  analysis,  which  had  hitherto  taken  practically  a  day ― 
could  now  be  done  in  an  hour  with  accuracy.  Tlie  advantages 
of  enabling  the  laboratory  to  deal  with  much  larger  quantities 
of  work  were  pointed  out.  An  example  was  quoted  where 
240,000  analyses  per  year  were  now  done  easily,  thougli 
formerly  83,000  iiad  saverely  taxed  a  slightly  larger  stafY. 
Tliis  permitted  better  organised  chemical  control  of  the  works, 
and  proved  of  considerable  commercial  and  practical  value. 
Altliougli  tlie  first  publication  of  tiiese  modes  of  procedure 
was  only  some  】8  months  ago,  already  over  20  firms  had 
adopted  t he  irietliod.  It  appeared  as  if  that  "mechanicalised" 
analysis  had  come  to  stay. 


Fatal  Boiler  Explosion  at  Cambuslang.  A  ]>oilei'  exploded 
varly  on  Friday  inorniji^  last  in  I  \w.  works  of  the  Steel  Cow- 
j»any  of  Scot  l;i  nd,  I  jl  (I . .  i  ！; illsidc,  Cambuslang.  As  ； i 
result,  iwo  workmen  were  so  hatlly  s<;;ikled  that  tirey  fsu bse- 
«|ucntly  died. 

The  Water  cooled  Blast  Furnace.  — Thin-linod  furnaces,  c ("山 "I 
by  a  film  of  water,  in  ]  Ja (； c  of  t  lie  ordinary  yolid  brick  lining, 
were  tried  some  years  ago  at  tlie  Gelsenkerchen  works  in 
Geririajiy.  Since  then,  t.liey  have  been  adopted  in  several 
places  in  the  United  States,  notably  by  the  Carnegie  Steel 
( Vjrnpany  and  tlie  Illinois  Steel  Company,  a, rid  more  recently 
in  tli*;  woi  ks  of  t lie  Tennessee  Coal,  Iron,  anrj  Steel  liail  ('()m 
]>auy,  and  of  tlie  !)<»,(  roil-  I  con  ； i  w<]  Si  oel  (1oiTi])nny.  Tli(、v  arc 
clairnefl  to  sliow  a  diHtinct  superiority  over  the  iliick-lined 
furnace  in  operation. 


SISSON'S  UNIFLOW  STEAM  ENGINE. 

As  is  well  known  in  imiflow  engines,  the  steam  is  admitted 
by  any  suitable  form  of  valve,  wliich  usually  only  deals  witli 
the  admission  and  cut-ofT,  and  does  】iot  afford  any  exhaust 
passage,  and  the  exhaust  of  the  steain  is  provided  for  by  an 
annular  port,  or  a  ring  of  ports  which  ai-o  exposed  by  the 
travel  of  the  piston  near  and  at  the  end  of  it's  stroke,  and 
closed  again  by  its  return,  tJms  dispensing  wit-li  any  ordinary 
exhaust  valve  arrangement,  and  securing  higlicr  compression 
as  well  as  hi ucli  ditninislied  condensaiion  losses.  Id  vertical  imi- 
flow engines  of  the  double-acting  typo  actuated  by  steam  whk'li 
may  contain  water,  tlie  exhaust  from  the  upper  eiul  of  the 
cylinder  pennits  free  exit  for  both  the  water  and  the  steam, 
but  water  lying  in  the  lower  part  of  t  he  cylinder  would  not 
be  freely  exhausted,  ami  would  be   liable    to  accumulate, 


Sisson's  Uniflow  Steam  K  no  ink, 
involving    consiilerable    increase  in  the  term  inn  I  [tressure. 
frequent  blowing  of  the  est -ape  valves  ，-  if  surli  he  lilted,  and 
risk  of  damage  to  tli©  cylinder. 

To  obviate  these  defects,  while  at  tlie  same  time  retaining 
the  advantages  of  the  iniiflow  engine,  the  arrangenient 
illustrated  herewith  has  been  patented  by  Mr.  William 
Sisson,  of  Ilucclecote,  Gloucester.  In  this  design  the  steam 
admission  valve  or  valves  act  also  as  automatic  drain  valves, 
the  ports  being  suitably  arranged  for  drainage  so  that  water 
lying  at  the  botioni  of  the  cylinder  has  afforded  t'o  it  a  small 
drainage-  passage  indej)endent  of  the  annular  automatic 
exhaust  passage,  while  the  timing  of  this  drainage  opening 
and  closing  is  sucli  a:s  not  seriously  to  interfere  with  or  affect 
tlie  uniflow  system  of  working,  but,  it  is  ari'anged  to  close  a 
little  later  than  the  automatic  exliaust,  so  tliat  the  rise  of 
pressure  wiiic-h  results  from  tlie  closing  of  the  latter  shall 
assist  in  excelling  the  water  through  the  sui)pleinentary 
(Ira in  valve. 

Kef  erring  to  1  he  illustration,  A  is  flu*  ('ylin'k'r  of  thn 
cugiiie,  pmvi(lt、（l  with  a  l'ii'g  of  ports  ('  t  lirou^li  which  the 
steai"'  is  exhausted  near  and  at  the  end  of  the  stroke  of 
the  piston  B  at  either  end  of  its  t  ravel.  D  are  1  lie  steam 
admission  ports,  E  a  piston  valvr  pnn'idcd  with  1  he  small 
drainage  passages  H  or  holes  J.  It  will  be  s^en  that  as  the 
pisi on  valve  E  continues  to  move  u]>wanls,  supplying  siearu 
iu  t  lie  ni)per  side  of  t\\v  cylindtM'  A  \\- 1 1 i I v  i  he  piston  B  travels 
downwards  and  in  1  liis  niovemeiit  (:l"s'、s  in  t he  unlinarv  way 
1  lie  ； ii"()m;".ir  exhaust  port.  C,  1  lie  sin;ul  auxiliary  'Irainag^ 
passages  il  will  rcMimiii  ()|k"i  lor  a  considerahle  period  au'l 
will  allow  ] >iibs?i<(e  to  ooinlensat ion  or  ]>riiuing  water  "'lm'li 
may  be  in  the  lower  part  of  the  cylinder,  aiul  will  do  this 
without  interfering  seriously  witli  the  conipressiou  and 
thermal  advantages  attained  oh  the  uniflow  system  of  work- 
ing. The  upper  end  of  the  piston  valve  E  is  of  ordinary 
form  without  auxiliary  drainage  openings,  as  these  are  not 
required  there,  becaus3  the  water  which  may  find  its  entrance 
io  t  lie  upper  ])fi it  of  the  cylinder  will  \\v  rliieily  on  1  he  upper 
side  oi*  t  lio  pis! on,  ami  w  ill  naturally  be  swop!  oui  l)v 
exhaust  steam  as  soon  as  the  upper  edge  of  tho  piyti»n  1> 
begins  to  expose  the  automatic  exhaust  openings  C. 
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SOME  MILLING  EXPERIMENTS.* 

BY  P.  V.  VERNON,  M.I.MECH.E. 

Although  the  primary  object  of  the  experiments  recorded  in 
this  paper  was  the  improvement  of  the  machine,  it  was 
realised  that  they  would  also  provide  much  valuable  data 
from  which  the  output  of  the  machines  on  general  work  could 
be  estimated,  and  that  a  good  deal  of  indefinite  knowledge  of 
milling  generally  would  be  rendered  exact.  Apart  from  the 
machine  itself,  it  was  expected  that  something  fresh  would  be 
learned  as  to  what  a  modern  milling  cutter  could  be'  made  to 
do.  Now  that  the  experiments  have  been  completed,  it  is 
satisfactory  to  know  that  these  anticipations  were  not  without 
justification. 

Returning  to  the  direct  object  of  the  experiments,  viz.,  the 
improvement  of  the  machine,  it  was  felt  that  knowledge  was 
required  of  the  necessary  strength,  proportions,  and  wearing 
resistance  of  the  driving  mechanism,  feed  mechanism,  and 


Fig. 


-No.  22  Single  Pdllkt  Hoeizontal  Milling  Machine.   Messks.  Alfred  Herbert,  Ltd., 

Coventry. 


other  parts  of  the  machine,  and  as  to  the  proper  materials 
from  which  the  members  carrying  the  heavy  stresses  should  be 
made.  This  view  was  supported  by  the  fact  that  earlier 
experiments  made  with  other  machines  had  proved  of  great 
value  and  had  led  to  many  improvements  both  in  design  and 
in  material. 

The  experiments  selected  for  description  were  applied  to 
a  horizontal  milling  machine  of  heavy  type  (see  Fig.  1).  The 
machine  was  built  solely  for  experimental  purposes,  so  that 
considerations  of  time  and  cost  of  production  wei'e  only  of 
secondary  importance,  the  paramount  idea  being  to  produce 
the  best  possible  machine,  to  test  it  thoroughly,  and  then  to 
modify  or  re-design  any  parts  that  might  not  work  satis- 
factorily or  that  might  be  found  to  be  otherwise  capable  of 
improvement.  It  was  also  considered  necessary  to  make 
careful  tests  of  the  physical  properties  of  the  material 
operated  upon  and  to  observe  and  record  all  the  material 
conditions  of  the  experiments.    The  facilities  offered  by  the 

' Abstract  of  Dapcr  read  before  the  Manchcsiei-  Association  of  EnginuerH, 
November  23rd, 


experimental  workshop  and  by  the  testing  laboratories  of  the 
makers  were  invaluable  in  this  direction.  The  final  results 
of  ihe  tests  showed  that  some  real  progress  in  metal  removing 
by  milling  cutters,  with  a  machine  of  the  size  tested,  had 
been  achieved. 

The  machine  was  a  heavy  "  single  pulley  ，，  horizontal 
machine  of  knee  type  and  embodying  the  following  leading 
particulars  :  Longitudinal  feed  42in.，  transverse  feed  13^in., 
vertical  feed  21in.,  working  surface  of  table  68in.  by  17i".， 
number  of  t&e  slots  in  table  three,  width  of  tee  slots  in  table 
:/in.,  diameter  of  "single  pulley  n  16in.，  width  of  belt  f)in . , 
speed  of  il  single  pulley  "  400，  belt  speed  in  feet  per  minute 
1 ,675,  maximum  gear  ratio  24'4  to  1，  taper  hole  in  spindle 
No.  12,  number  of  speeds  16，  rang©  of  speeds  16*4  to  427, 
number  of  feeds  18，  range  of  feeds  in  inches  per  minute  |in. 
to  22^in.,  weight  8,6521bs. 

Fig.  2  is  a  diagram  of  the  driving  gears',  and  the  particu- 
lars below  th©  figure  indicate  the  various  combinations  of 
gearing  which  give  the  16  spindle  speeds.  All  the  gears  were 
of  eight  diametral  pitch,  except  N  and 
Q,  which  were  six  pitch  l^in.  wide,  and 
the  narrowest  gear  in  the  train  was 
J  j|in.  wide.  The  main  driving  pulley 
was  mounted  on  large  annular  ball 
bearings  running  on  a  fixed  sleeve,  to 
reduce  friction  and  to  prevent  wear  or 
transverse  stress  on  the  shaft  from  the 
pull  of  the  belt.  The  gears  throughout 
were  all  of  steel ,  and  all  tlie  driving 
gears,  except  the  pinion  N，  were 
hardened  on  the  teeth .  The  maximum 
gear  tooth  velocity  was  628*3ft.  per 
minute  on  the  pitch  line,  and  th-e  gear- 
ing worked  without  vibration  or  undue 
noise.  The  driving  gear,  feed  gear, 
and,  in  fact,  all  the  internal  mechanism 
was  lubricated  by  a  submerged  force 
pump  which  continually  poured  a  large 
excess  of  oil  over  all  the  gears  and 
through  all  the  bearings.  After  leav- 
ing the  pump  the  oil  passed  through  a 
wire  gauze  filter  to  arrest  any  solid 
matter  that  might  have  been  carried 
along  with  it. 

The  machine  could  be  started  and 
stopped  by  a  friction  clutch  on  the  first 
driving  shaft.  The  feed  motion  was 
driven  from  this  shaft  and  naturally 
started  and  stopped  in  harmony  with 
the  spindle  of  the  machine,  but  was 
independent  of  the  spindle  speeds  in 
rate,  so  that  the  feed  in  inches  per 
minute  could  be  read  directly  from  the 
feed-control  dial,  no  matter  what 
spindle  speed  was  in  use.  The  whole 
feed  mechanism  was  designed  on  liberal 
lines ，  and  proved  to  be  well  up  to 
its  work,  no  organic  failures  being 
recorded  in  any  of  th©  tests.  Several 
modifications  of  details  were,  however,  made  at  the'  conclusion 
of  the  preliminary  tests. 

The  machine  was  driven  from  a  motor  fixed  to  the  floor. 
The  motor,  which  was  specially  installed  for  experimental 
work,  was  of  220  volts,  direct  current,  compound  wound, 
inierpole  type  with  3  to  1  speed  variation,  giving  30  b.h.p.  at 
all  speeds  on  normal  full  load,  with  a  guaranteed  and  tested 
overload  capacity  of  75  per  cent,  for  one  minute,  33^  p©r  cent . 
for  15  minutes,  and  20  per  cent,  for  two  hours.  The  speeds 
of  tlie  motor  ranged  from  3,20  to  960  turns  per  minute  in 
30  steps  and  th©  motor  could  be  rever&ed  when  required. 

The  motor  had  been  carefully  calibrated  by  the  makers 
and  was  provided  with  tested  efficiency  and  power  charts  by 
which  the  actual  brake  horse-power  at  the  pulley  could  be  read 
off  from  the  ammeter  readings.  The  shunt  current  was  not 
included  in  the  charts,  as  tlie  horse-power  could  he  obtained 
from  the  armature  current  input.  The  ammeter  from  which 
the  power  readings  were  taken  was  really  a  millivoltmeter 
furnished  with  shunts  by  which  tliree  different  scales  of  read- 
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ings  could  he  used,  in  the  ratio  of  one,  10，  and  100.  The  use 
of  the  shunts  eiuil)lecl  large  divisions  to  be  used  for  light-  loads 
so  as  to  provide  a  degree  of  accuracy  of  reading  that  would 
have  been  impossible  with  a  single  scale  covering  the  whole 
range,  on  account  of  the  fineness  of  the  graduations  for  the 
small  loads.  The  switches  by  which  the  shunts  were  put  into 
operation  were  provided  with  mercury-cup  contacts  for  the 
purpose  of  avoiding  errors  that  might  otherwise  have  been 
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Fig.  *2.— Gear  Diagram  of  No.  22  Horizontal  Milling  Machine. 

caused  by  bad  electrical  connections  and  which  would  have 
been  greatly  magnified  by  the  millivoltmeter.  The  connection 
between  the  motor  and  the  machine  was  by  a  double  leather 
belt  5in.  wide  with  a  scarfed  and  cemented  joint.  The  motor 
pulley  was  16in.  diam.,  the  same  as  the  pulley  on  the 
machine. 

The  machine  being  of  new  design  throughout  and  very 
much  more  powerful  than  any  previously  constructed,  it  was 
expected  that  certain  defects  would  manifest  themselves  when 


3in.  coarso  pitcli  spiral  cuiter  made  of  liigli -speed  steel 
mounted  on  a  l]in.  arboi*  and  running  at  various  speeds.  The 
greatest  output  was  attained  running  at  93  turns  per  minute 
( = 73ft.  per  minute)  witli  a  depth  of  cut  of  'G25in.  and  a  feed 
of  11- 惑 -in.  per  minute.  This  gave  a  maximum  production  of 
34  96  cub.  in.  of  metal  removed  per  minute,  but  the  arbor 
was  eventually  twisted  and,  of  course,  put  out  of  action.  The 
next  cuts  were  taken  with  a  3 ^ i n .  cutter  9in.  long  on  a  l^in. 

Table  I. — S.^in.  High-speed  Cutter,  8  Teeth,  \\int  Hole. 
Milling  Cast-iron  Block  8in.  wide  at  75  turns  =  10ft.  per 


(Power  required  to  run  motor  and  ma hine  light -7  net  H.P.  has  beondoductfHl 
from  the  recorded  H.P.\s  to  give  the  figures  in  the  Table. ) 
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arbor  with  a  test  block  8in.  wide.  In  this  case  the  maximum 
output  was  reached  at  75  turns  per  minute  (  =  70ft.  per 
minute)  with  a  depth  of  cut  of  '4in.  and  a  feed  of  13|in.  per 
minute.  For  these  cuts  the  arbor  stood  very  well  and  the 
output  reached  44*4  cub.  in.  per  minute.  The  results  of 
these  preliminary  tests  with  the  3iin.  cutter,  which  were  made 
on  cast  iron  only,  are  shown  by  Table  I. 
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FROM  THIS  "CE 


Fig.  3. 


Fig. 


' ~     TWO    SCREWS    FOR    RELEASING  CUTTER 
-9lN.  DlAMETF.B  INSERTED  TOOTH-FACE  CUTTER. 


taking  heavy  cuts  ；  so  that  before  making  systematic  power 
tests  it  was  decided  to  take  some  preliminary  cuts  of  a  more 
or  less  destructive  nature  with  the  object  of  taking  the 
measure  of  the  machine  and  of  discovering  and  removing  any 
weaknesses  at  the  earliest  possible  stage  so  as  to  ensure  con- 
tinuous running  during  the  power  tests.  The  first  cuts  were, 
therefore,  taken  on  a  cast-iron  test  block  5in.  wide  using  a 


It  was  not  certain  that  this  cutter  had  exhausted  the  power 
of  the  machine,  so  it  was  decided  to  make  further  tests  with  a 
4|in.  cutter  9in.  long  of  coarse  pitch,  mounted  on  a  2in.  arbor 
which  gave  ample  strength  and  stiffness.  A  few  preliminary 
tests  were  made  with  this  cutter  and  arbor  running  at  various 
speeds,  with  the  result  that  the  next  thing  to  fail  was  the  main 
spindle  of  the  machine,  the  rectangular  box-clutch  nose  by 
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wliirli  \]\o  arbor  was  driven  l)adl y  di.si ortod.  Tlio 

spindle  was  of  liout  real  ed  Siemcns-IM  ai'l  in  stoel  oi'  ^18  tons 
iriaxinuun  at  ress  and  ；)' J  tons  yield  point,  but  was  not  lianliMiod, 
as,  up  1  o  Mip  tirne  of  i  ho  failure  o『 Hie  nose,  it  liad  he  on 
considered  tliat-  the  greater  st-rengl  li  of  \  liis  material  rendered 
it  more  suitable  tlian  t he  weaker  variei y  ("•  sIppI  tliat  would 


iniporiant  advania^o  over  the  screwed  noso  in  tliat,  it'  could  1>o 
used  equally  well  witJi  the  spindle  running  in  (M 1 1 1 o i-  dircci  ion . 
The  diaiiK't  cr       "h、,'  spindle  iisW  was  ！, ):,Mii.  ai  1  lio  l;i  cor 
of  the  froiH  conical  }>earin^,  and  ；) i;in.  ai  t  lie  seal  ( jusl 
the  l>e;iriii^)  on  wliicli  the  large  driving  gear  was 
keyed,  and  it  is  int  ei  est  ing  l  o  note  tliat  t  hei'e  was  no  i  ioul)!o 
whatever  caused  l>y  chat  t  er  or  torsional  vihrjitiou  even  o"  1  lio 
heaviest,  cuts. 

Tlie  new  face  cutter  was  made  to  fit  the  taper  nose,  and 
was  provided  witli  a,  driving  portion  si  1  aped  to  fit  into  t lio 
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have  had  to  be  used  if  case- hardened.  This  was  found  to  l>e 
incorrect.  After  the'  failure  of  tlie  box  clutch  it'  was  decided 
to  try  a  hardened  spindle,  hut  before  doing  so  t'o  use  the  exist- 
ing spindle  to  test  the  vertical  milling  attachment  which  was 
next  put  in  position.  A  number  of  cuts  were  taken  witli  the 
vertical  milling  at-taclnneiit  over  the  same  test  block,  using  a 
liigb  -speed  steel  inserted  tooth  face  cutter  9in.  diam.,  screwed 
upon  the  nose  of  the'  vertical  spindle,  wliicli  was  identical  with 
that'  of  the  main  spindle  of  the  machine.  The  spindle  noses, 
as  first  made,  are  shown  by  Fig.  3，  the  diameter  being 
and  the  thread  quintuple,  tlie  pitch  being  1  Sin. 

The  face  cutter  was  of  the  design  shown  by  Fig.  4，  except 
that  it  was  threaded  for  attachment  to  the  spindle  nose, 
vertical  spindle  was  driven  by 
spur  and  bevel  gears  made  of 
heat-treated  48-ton  steel,  the 
first  gear  being  screwed  upon  the 
main  spindle  nose  in  the  same 
way  as  the  face  cutter.  Fig.  5 
is  a  diagram  of  the  gear  train 
for  driving  the  vertical  spindle. 

The  result  of  these  tests  was 
that  all  the  gears  of  the  vertical 
attachment  were  ruined,  the 
teeth  being  bent  badly  out  of 
shape,  although  none  were  ac- 
tually broken.  It  was  also 
found  to  be  impossible  to  re- 
move either  the  face  cutter  or 
the  gear  from  their  respective 
spindles  in  spite  of  the  quick 
pitch  thread.  Evidently  either 
both  spindles  or  one  spindle 
and  the  cutter  had  to  be  sacri- 
ficed, and  as  the  cutter  could  be 
used  on  a  less  powerful  machine, 
whereas  both  spindles  were 
already  proved  to  be  wrong  in 
design  for  heavy  work,  it  was 
decided  to  save  tae  cutter  and 
to  make  two  new  spindles.  Up 

to  this  point  the  experiments  had  shown  tliat  unhardened 
gears  and  that  the  unliardenecl  box  clutch  were  unsuccessful, 
and  that  tlie  screwed  spindle  nose  was  also  a  failure.  Tlie 
new  gears  and  spindles  were  mad©  of  a  good  quality  of  case- 
hardening  steel,  wliicli  was  carefully  heat-treated  and 
hardened.  The  rectangular  box  clutch  was  retained,  but  was 
of  course  hardened.  The  screwed  nose  was  abolished  and  a 
plain  taper  nose  adopted,  the  design  of  which  is  shown  by 
Fig.  6.      The  new  design   o『   spimlle   nose  had  a  further 


box  clutcli,  the  cutter  being  held  on  the  spindle  by  a  draw 
bolt  passing  through  it  from  end  to  end .  Fig.  4  shows  tho 
face  cutter  as  finally  employed.  Tliis  design  proved  to  be 
perfectly  satisfactory  under  the  heaviest  cuts  tliat  could  l)e 
taken,  absorbing  as  much  as  42  li.p.  The  vertical  milling 
cuts  were  not  recorded  in  detail,  as  they  did  not  form  a  com- 
plete series,  and  were  only  taken  to  test  tlie  spindle  noses  and 
t  lie  strength  of  tlie  gearing  and  shafts. 

While  the  new  gears  and  spindles  were  being  made  tlie 
inacliine  was  dismantled  for  examination,  and  it  was  found 
that'  the  pinion  N，  Fig.  2,  had  failed,  the  teeth  being  badly 
distorted.  Tliis  pinion,  which  was  in  one  piece  with  its  shaft , 
was  mad©  of  48  ton  steel,  and  was  the  only  unhardened  gear 
in  the  whole  train.  A  case-hardened  pinion  was  substituted 
for  it  and  all  trouble  ceased,  apparently  for  ever,  for  at  the 
end  of  tlie  whole  series  of  tests,  tlie  hardened  gears  showed  no 
signs  of  wear  or  of  distress,  and  were  in  as  good  condition  as 
when  first  put  into  tlie  machine. 

Although   no  failure   of  the  feed  motion  had  occurred 
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Fig.  7.— Cylindrical  Cutteks. 

during  these  rather  severe  tests,  yet  the  speed  of  the  feed  box 
had  appeared  to  be  excessive,  causing  considerable  shocks 
when  the  feed  was  changed,  and  it  was  therefore  decided  to 
reduce  tlie  speed  by  one-tliird,  by  enlarging  the  driven  feed 
pulley  before  beginning  the  final  tests.  Tlie  ratio  of  tlie  ^ears 
by  which  the  motion  was  transmitted  from  the  feed  box  to 
the  knee  was  altered  at.  the  same  time,  so  as  to  preserve  t  he 
original  range  of  feeds.  The'  operating  hand  wheel  for  chang- 
ing tlie  feeds  was  a】so  ai'ran^ed  to  be  interlocked  witli  t  ho 
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starting  lever  of  the  ！ nacliine,  so  as  to  prevent  all  cliance  of 
damage  l)y  the  feed  l>eiiig  changed  while  tlie  macliino  was 
iiitting. 

Furt her  examination  of  the  marliine  at  iliis  stage  sliowed 

Table   U.—iiin.  High-speed   Cutter,  10  Teeth,  2in.  Hole. 
M illing  Cast-iron  Block  Sin.  wide  at  60  turns  ―  70//.  per 
minute. 

(Pnwor  roquirc*!  to  run  motor  an<l  niacliiiu1  light  *7  ncl  II. P.  has  lu-cn 
(leclii(  te<，  from  the  record o<l  H.P.'s  to  ;'ivi'  the  fi^invs  in  the  Table. ) 
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Table  IJ.  shows  the  results  of  the  tests  on  cast  iron  using 
the  4^in.  cutter,  and  Table  TTT.  the  corresponding  results  on 
mild  steel. 

that  the  phosplior-hronze  hearings  supporting  the  feed  pulleys 
had  worn  considerably,  and  ball  bearings  were  substituted  for 
them  with  satisfactory  results.  Other  defects  came  to  light 
during  the  preliminary  tests,  such  as  lubrication  troubles, 
difficulties  of  manufacture,  erection,  &c.}  and  alterations  were 
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shift  manner  on  the  experimental  machine,  but  they  were  all 
properly  incorporated  in  the  design  of  subsequent  machines. 

The  cutter  finally  used  in  the  recorded  tests  was  4iin. 
diarn.,  9in.  long,  made  of  high-speed  steel.  It  had  10  teeth 
and  the  angle  of  spiral  was  26|°.  The  diameter  of  the  arbor 
was  2in.  Fig.  7  gives  particulars  of  a  range  of  such  cutters 
suitable  for  heavy  roughing  work,  and  also  of  the  correspond- 
ing fine  pitch  cutters  used  for  light  milling. 
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freely  made  to  remedy  them,  but  th©  incidents  described  have  The  test  blocks,  made  of  cast  iron  and  mild  steel,  were  8iu. 

been  selected  for  description  in  order  to  show  the  kind  of     wide  and  2ft.  4in.  long,  and  are  shown  by  Fig.  8.    The  fol- 
defects  which  are  discovered  by  experimental  work  of  this     lowing  are  the  test,  figures  for  both  materials. 
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2,5201b8. 
254, 


26  tons. 
15  tons. 
31. 


Cust-iron  Test  Blocks. 

Transverse  breaking  load  on  lin.  square  bar 
12in.  between  supports  ...        …  ... 
Hardness  number ― Brinell  test      ...  ... 

Mild  Steel  Test  Blocks. 

Maximum  tensile  stress  ...  ,■•  ... 

Elastic  stress...        ...  ...  ...  … 

Elongation ― per  cent.  ...  …  … 

As  a  result  of  the  preliminary  experiments  it  was  decided 
to  run  the  cutter  at  a  speed  of  60  turns  per  minute,  equal  to 
just  over  70ft.  per  minute,  for  all  the  tests,  on  both  cast  iron 
and  mild  ste&l .  It  is  possible  that  high&r  speeds  might  have 
been  used  on  the  light  cuts  and  lower  on  the  heavy  cuts,  but, 
judging  by  the  preliminary  experiments,  it  did  not  appear 
that  much  would  be  gained  by  changing  the  speed,  and  it  was 
certain  that  the  introduction  of  another  variable  would  com- 
plicate tli©  results  and  render  generalisation  difficult,  unless  a 
much  greater  number  of  test's  could  have  been  made  than  t  iim' 
permitt&d. 

When  taking  the  various  cuts  the  actual  feed  of  the  work 
was  measured  by  a  scale,  and  was  generally  found  to  be  rather 
less  than  indicated  by  the  feed  dial  of  the  machine,  owing  to 
the  motor  slowing  down  slightly  under  load,  due  doubtless  to 
the  compound  winding.    As  the  feeds  were  actually  measured, 
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Fig.  10.— Output  Curves  for  4Jin.  Diameter  Coarse  Pitch  Cylindrical  Cutter,  milling  mild  steel  8in.  wide. 

however,  they  gave  correct  record?  of  the  metal  removed  by 
each  cut. 

The  method  adopted  for  making  the  tests  was  to  begin 
with  the  quickest  feed  provided  by  the  machine,  and  to  take 
a  series  of  trial  cuts  until  the  deepest  cut  possible  was  reached, 
rejecting  any  cut  that  caused  the  belt  to  slip,  or  that  seemed 
to  be>  in  any  other  way  too  much  for  the  machine.  The  next 
lower  feed  was  then  taken  and  the  depth  of  cut  further 
increased,  and  so  on  until  the  maximum  safe  depth  of  cut 
possible  with  each  feed  was  reached.  The  cutter  was  care- 
fully watched  to  determine  when  it  required  to  b©  re- 
sharpened,  which  was  only  twice  during  the  cast  iron  tests, 
and  not  afc  all  during  the  mild  steel  tests . 

Figs.  9  and  10  give  the  results  in  plotted  form  for  the  con- 
venience of  those  who  prefer  diagrams  to  tables.  The  three 
high  points  in  the  upper  part  of  Fig.  9  clearly  show  the 
temporary  increase  of  efficiency  of  the  cutter  after  being 
sharpened.  It  might  not  be  unreasonable  to  expect  that  the 
tests  would  provide  formulje  from  which  the  performances  of 
the  machine  and  cutter  could  be  calculated  on  other  cuts  than 
tliose  actually  taken.  It  does  not  seem  to  be  possible,  how- 
ever, to  formulate  anything  in  the  nature  of  an  accurate  law 
in  a  scientific  sense,  but  the  figures  do  nevertheless  indicate 
very  clearly  certain  limits  of  output,  power,  and  efficiency 
which  are  of  very  great  use  for  comparison  with  other  experi- 


ments, and  for  forming  a  basis  for  future  tests  of  ot lior  and 
probably  still  more  -efficient  machines. 

As  a  result  of  the  whole  series  of  tests  it  may  be  said  that, 
on  material  of  the  kind  used  for  the  tests,  certain  broad 
generalisations  can  be  made，  such  as: — 

(1)  A  5in.  double  belt  driving  a  16in.  pulley  at  a  speed  of 
400  per  minute  (100,531  sq.  in.  of  belt  per  minute)  geared  to 
drive  a  4^in.  cutter  at  70ft.  per  minute  is  able  to  remove  as 
much  as  48*1  cub.  in.  of  <;ast  iron,  and  24  31  cub.  in.  of  mild 
steel  in  a  minute. 

(2)  2,090  sq.  in.  of  double  belt  passing  over  a  pulley  in  a 
minute  will  remove  1  cub.  in.  of  cast  iron  on  a  milling 
machine. 

(3)  4,135  sq.  in.  of  double  belt  passing  over  a  pulley  in  a 
minute  will  remove  1  cub.  in.  of  mild  steel  on  a  milling 
machine.  u 

(4)  A  4Jin.  cutter  on  a  2in.  arbor  running  at  70ft.  per 
minute  is  capable  of  removing  at  least  3  63  cub.  in. ，  and 
possibly  as  much  as  6*01  cub.  in.  of  cast  iron,  aiid  at  least 
2.125  cub.  in. ，  and  possibly  as  much  as  3  03  cub.  in.  of  mild 
steel  per  minute  for  eacli  inch  of  width  uj)  to  8in.，  and  at  any 
depth  of  cut  from  *24in.  up  to  l  lin. 

These  figures  are  taken  from  the  maximum  and  minimum 
outputs  of  the  various  test  cuts,  and  should  be  reliable  for 
comparison  if  the  machine  on  which  the  work  is  done  is 
reasonably  efficient  and  lias  enough   power  and  strength. 

The  figures  confirm  a  conclu- 
sion arrived  at  by  the  author 
some  years  ago,  and  published 
in  an  article  in  "The  Engineer" 
of  March  19th,  1909,  page  286, 
that  ： 一 

(5)  A  milling  machine  when 
on  maximum  output  will  remove 
about  twice  as  much  cast  iron 
as  mild  steel  per  minute,  the 
maximum  figures  in  the  pre- 
sent tests  being  48*1  and  24,31 
respectively. 

(6)  1  h.p.  is  able  to  remove 
as  much  as  1-84  cub.  in.  of  cast 
iron,  or  *74  cub.  in.  of  mild  steel 
in  a  minute. 

In  the  "Engineer"  article, 
which  dealt  with  a  series  of 
tests  of  a  smaller  machine  of 
cone  pulley  type,  the  maximum 
metal  removed  per  horse- 
power minute  was  1'52  cub.  in. 
of  cast  iron,  and  '71  cub.  in.  of 
mild  steel,  figures  which  seem 
to  indicate  that  ： ~ - 

(7)  An    all-geared  machine 
need  not  be  any  less  and  can 
be  considerably  more  efficient  than  a  cone  pulley  machine. 

The  maximum  power  transmitted  by  the  5in.  belt  driving 
the  16in.  pulley  at  400  turns  per  minute  was  42'8  h.p.  and 
the  minimum  21  h.p.,  when  taking  the  recorded  cuts,  the 
effective  driving  tensions  working  out  at  about  1681bs.  and 
821bs.  per  inch  of  width.    From  this  it  can  be  said  that  ： ― 

(8)  A  double  belt  can  be  made  to  drive  at  an  effective  pull 
of  as  much  as  1681bs.  per  inch  of  width  when  testing  a  machine 
for  maximum  output. 

These  tensions  are  of  course  higher  than  would  be  good 
practice  for  regular  work,  but  are  justified  by  the  fact  that  the 
machine  was  tested  to  a  point  far  in  excess  of  what  would  be 
expected  from  it  in  the  way  of  ordinary  Output.  At  the  same 
time,  both  the  belt  and  the  machine  accomplished  the  work 
without  suffering  in  any  way,  showing  that  there  was  an 
ample  reserve  of  strength ,  As  a  matter  of  fact,  for  ordinary 
work  a  motor  of  15  h.p.  or  20  h.p.  is  considered  to  be  large 
enough  for  the'  machine,  although  a  40  h.p.  motor  could  be 
safely  used  where  heavy  cuts  were  the  rule  rather  than  the 
exception. 

In  the  foregoing  tests  material  of  known  quality  has  be^n 
milled  with  a  cutter  of  known  size,  type,  design,  and  material. 
The  speed  was  known,  also  the  gear  ratio,  and  the  bolt  power. 
The  horse-power  consumed  was  known  and  the  amount  of  cut 
that  could  be  taken.    The  information  is  of  a  definite  nature, 
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and  should  be  applicable  to  any  equally  efficient  machine. 
The  tests  should  therefore  give  the  milling  machine  user  some 
data  from  which  to  judge  what  his  machines  and  cutters  may 
be  made  to  do. 

From  the  maker's  point  of  view  the  experiments  as  a  whole 
were  eminently  satisfactory,  inasmuch  as  vital  defects  were 
discovered  before  a  single  machine  was  sold,  and  to  the 
purchaser  the  knowledge  that  a  machine  had  passed  through 
such  a  severe  ordeal  cannot  be  otherwise  than  reassuring. 


REVERSIBLE  UNITS  FOR  TURBO-PUMPS,  BLOWERS,  AND  AIR 
COMPRESSORS. 

To  enable,  in  the  case  of  turbo-pumps,  blowers,  and  air  com- 
pressors, the  same  casings,  bearings,  rotors,  steam  nozzles, 
vaiies  or  blades,  and  shaft  to  be  employed  for  both  right  and 
left  hand  units  Messrs.  G.  &  J.  Weir,  Ltd.,  Cathcart,  Glas- 
gow, and  Mr.  J.  Pet-ermoller  have  recently  patented  the 
arrangement  illustrated  herewith,  which  shows  a  unit  con- 
sisting of  a  steam  turbine  driving  a  centrifugal  pump  having 
a  tangential  and  horizontal  delivery,  the  turbine  rotor  con- 
sisting of  three  wheels  mounted  directly  on  the  shaft,  and  the 
shaft  being  provided  with  a  bearing  between  the  turbine  and 
the  pump  rotors,  and  a  bearing  beyond  each  rotor.  The 
turbine  casing  is  constructed  in  two  parts  B,  C,  the  division 
being  in  a  horizontal  plane  which  passes  through  the  axis  of 
the  shaft.  The  shaft  bearings  D  and  E  are  constructed 
integrally  with  the  lower  part  C  of  the  turbine  casing,  while 
the  steam  connection  F  and  the  exhaust  connection  G  are 
arranged  on  the  upper  part  B  and  vertically  above  the  axis  of 
the  machine.  The  pump  casing  also  is  constructed  in  two 
parts ~ an  upper  part  H  and  a  lower  part  K ― and  the  part  K 
aud  the  outside  bearing  M  at  the  pump  end  are  arranged  so 
that  the  bearing  can  be  attached  to  either  end  of  the  casing. 
The  shaft  is  constructed  in  two  parts  O  and  Ol,  of  which  the 
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part  O  carries  the  turbine  wheels  and  the  part  Ol  the  pump 
impeller.  The  two  parts  are  connected  together  at  P  in  Fig.  1 
and  at  P1  in  Fig.  2. 

With  this  construction,  in  order  to  convert  a  left-hand 
unit,  Fig.  1，  into  a  right-hand  unit,  Fig.  2,  the  two  parts  of 
tlie  shaft  are  disconnected  from  each  other  at  P，  the  pump 
brought  over  to  the  other  end  of  the  turbine,  and  the  bearing 
M  connected  to  the  other  end  of  the  pump  casing,  so  that  it 
again  acts  as  a  pump  end  bearing.  The  part  O1  of  the  shaft  is 
moved  axially  from  right  to  left  with  respect  to  the  pump 
rotor  and  casing  so  as  to  accommodate  the  bearing  M  at  its 
other  end,  and  what  were  previously  the  free  ends  of  the  two 
parts  of  the  shaft  are  connected  together  at  Pl.  The  bearing 
I)  now  becomes  the  intermediate  bearing,  and  the  bearing  E 
becomes  the  turbine  end  bearing.  The  direction  of  rotation 
of  the  shaft  and  rotors  remains  unchanged. 

The  arrangement  described  may  be  modified  by  reversing 
either  or  both  portions  of  the  shaft  when  converting  from  a 
left-hand  to  a  right-hand  unit.  For  example,  if  the  j>art  Ol 
of  tlie  shaft  is  adapted  to  be  reversed  (J 丄.， turned  end  for 


end),  then  only  one  end  of  this  shaft  need  be  arranged  for 
coupling  to  the  other  portion  of  the  shaft.  The  flange  R, 
Fig.  1，  can  therefore  be  omitted,  and  no  provision  need  be 
made  for  attaching  a  flange  to  tliis  end  of  the  shaft  0'，  which 
will  always  be  the  free  end.  The  purnj)  impeller  can  always 
be  slipped  on  to  the  shaft  at  this  free  end,  and  this  may  be  a 
matter  of  convenience  in  some  cases,  as  the  shaft  may  be 
tapered  or  may  be  provided  with  a  flange  or  collar.  The  same 
remarks  apply  to  the  portion  O  of  the  shaft.  Moreover, 
flanges,  although  shown  in  Figs.  1  and  2,  are  not  necessary  at 
the  free  ends  of  the  shafts  even  wlien  neither  part  of  the  shaft 
is  reversible.  Only  two  flanges  in  all  need  be  provided,  tliese 
being  employed  only  on  the  adjacent  ends  of  the  two  parts  of 
the  shaft,  and  each  flange  being  unfixed  from  one  end  and 
fixed  to  the  other  end  of  its  shaft  when  the  unit  is  being 
changed  from  left-hand  to  right-hand  or  vice  versa.  The 
arrangement  may  be  further  modified  by  constructing  the 
shaft  all  in  one  piece,  which  will  tlien  be  stripped  of  its  rotors 
when  a  unit  is  being  converted  from  left-hand  to  right-hand 
or  vice  versa.  The  shaft  may  also,  if  desired,  be  reversed 
(i.e.,  turned  end  for  end)  when  the  unit  is  being  converted. 
A  number  of  further  modifications  are  described  and  illus- 
trated in  tlie  patent  specification,  but  the  example  illustrated 
is  sufficient  to  indicate  the  nature  of  the  improvements. 


THE  BRITISH  FIRE-PREVENTION  COMMITTEE. 

We  have  received  from  this  committee  a  pamphlet  setting 
forth  the  aims  and  the  admirable  research  work  it  has 
accomplished  since  its  constitution  in  1897.  Expressed  in 
popular  language,  the  committee's  work  on  tlie  very  technical, 
but  eminently  humanitarian,  subject  of  fire  prevention —— 
which  means  so  much  for  tlie  safety  of  life  and  property — 
may  be  said  to  be  divided  under  fi  ve  headings,  namely  ： ― 

(1)  Conducting  investigations  and  preparing  reports 
thereon. 

(2)  Compiling  records  and  issuing  publications. 

(3)  Advising  on  technical  ma  tiers  and  making  suggestions 
as  to  preventive  legislation. 

(4)  Preparing  warnings  and  cautions  and  distributing 
them . 

(5)  Popularising  simple  safeguards  and  calling  attention 
to  common  forms  of  negligence. 

The  funds  of  the  committee  are  derived  from  subscrip- 
tions, sales  of  reports,  and  on  on©  occasion  a  small  Treasury 
grant  of  <£150.  These  sources  of  revenue  have,  however,  not 
sufficed  to  carry  out  the  work  undertaken  by  the  committee, 
which  necessitated  the  establishment  and  upkeep  of  a  fully- 
equipped  testing  station.  There  have  been  frequent  sub- 
stantial deficits  on  the  annual  accounts,  whilst  the  heavy 
capital  outlay  for  the  testing  equipment  has  had  to  be  met 
by  special  effort.  The  individual  members  of  the  executive, 
besides  rendering  considerable  services  and  meeting  all  "  out 
of  pocket  "  expenses  in  connection  with  the  work —— which  at 
times  are  substantial  in  amount ~ have  actually  had  to  put 
considerable  funds  at  the  disposal  of  tlie  committee.  They 
have,  as  a  matter  of  fact,  done  so  to  the  extent  of  over 
£4,000,  Without  this  sum— £4,000— a  sum  which  might 
well  have  been  provided  by  the  State,  in  part  or  whole,  hi 
some  form  of  annual  grant,  supplemented,  say,  by  contribu- 
tions from  the  other  public  authorities  concerned ― the  entire 
work  of  the  committee  would  have  been  impossible.  This 
condition  of  affairs,  the  committee  urged,  should  now  cease, 
inasmuch  as  the  work  of  the  committee  is  of  an  imperial 
chaiacter,  and  it  is  trusted  tlie  State  and  others  concerned 
will  in  future  contribute  liberally  to  the  committee's  humani- 
tarian efforts. 


Case-hardening.  ―  At  a  meeting  of  the  Scientific  Society  of 
the  Glasgow  Royal  Technical  College  on  Saturday  last  Mr. 
David  Keachie  read  a  paper  on  "  Case-liardeiiiug."  Mr. 
Keachie  dealt  with  the  materials,  plant,  and  apparatus  neces- 
sary for  the  hardening  process.  The  actious  taking  place  in 
the  process  were  also  referred  to  by  the  lecturer.  Pyrometers 
used  to  measure  the  temperatures  in  hardening  furnaces  were 
shown  and  described,  and  also  the  scleroscope ~ an  apparatus 
employed  to  determine  the  hardness  of  the  casing.  A  number 
of  specimens  to  show  various  temperature  and  quenching 
effects  were  shown. 
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A  NEW  CYCLE  OF  OPERATIONS  IN  REFRIGERATING 
MACHINES. 

In  a  paper  entitled  "  A  Contribution  to  the  TJieory  of 
Refrigerating  Machines,"  presented  before  the'  Institution  of 
Meclianical  Engineers  on  November  22nd,  Dr.  Jolni  H. 
Grindley  describes  a  new  cycle  of  operations  in  refrigeralini;- 
ii'achines  which  indicates  that  increased  performances  can 
be  obtained  from  such  machines. 

Fig.  1  shows  a  r-0  (temporary-entropy)  diagram  for  C02 
giving  a  particular  cycle  of  operations  for  the  refrigerant  as 
follows :  Let  A  B  C  be  the  boundary  line  for  the  liquid  and 
dry  vapour  of  C02  drawn  in  tlie  usual  manner,  and  let  the 
lines  A  C  and  B  E  be  drawn  at  the  lower  and  upper  tempe- 
ratures fx  and  f2  at  whicli-  the  refrigerant  takes  in  its  heat  and, 
in  the  main,  rejects  its  heat  respectively.  Further,  assume 
the  compression  to  be  dry  and  adiabatic. 

Starting  with  the  liquid  in  condition  represented  by  the 
point  B  just  before  freely  expanding  it  through  the  throttle, 
we  should  by  using  an  expaiusion  cylinder  and  expanding  tlie 
liquid  to  the  lower  temperature  adiabatically  obtain  tlie 
refrigerant  in  condition  rej)resented  by  D  ；  bub,  owing  to  the 
abolition  of  the  expansion  cylinder,  the  actual  condition  of 
the  refrigerant  after  fres  expansion  is  represented  by  T>i  y  tlie 
area  under  D  D1  (D  DjMjM)  being  equal  to  tlie  area  A,B  D, 
the  curve  AAB  being  a  constant  pressure  line  through  B.  The 
refrigerant  now  takes  up  heat'  represented  by  the  area 
N  Mj  until  it  becomes  dry  vapour  I'&present'ed  by  point 
C,  and  it  is  then  compressed  adiabatically  as  represented  by 
C  G  until  the  pressure  reaches  that  given  by  the  constant 
pressure  line  E  G  drawn  through  E,  after  which  it  is  condensed 
back  to  its  original  state  represented  by  B. 

This  is  the  usual  cycle  and  diagram  discussed  in  the  text 

books,  and  it  is  there  shown  that  the  work  done  (W)  in  the 

compressor   is    represented    (in    heat    units)   by    the  area 

A  B  G  C  A  and  the  refrigerating  effect  (E,)  by  the  area 

^  .     H        ，  . . 

DXC  N  Mi?  the  ratio        of  t'liese  two  areas  giving   (/；)  the 

coefficient  of  performance. 

It  is  a  well-appreciated  fact  when  using  C02  that  under- 
cooling the  liquid  before  freely  expanding  it  shows  a  marked 
improvement  in  the  performance  of  the  machine;  and  it 
occurred  to  the  author  that  the  following  alterations  in  the 
cycle  would  show  some  gain  in  the  performance. 

The  cycle  of  operations  in  actual  machines  being  a  con- 
tinuous one，、let  the  relatively  hot  liquid  in  condition  repre- 
sented by  B，  Fig.  1，  before  passing  the  throttle  be  passed 
through  a  narrow  tube  surrounded  by  a  second  larger  tube 
through  which  the  cold  dry  vapour  in  condition  represented 
by  C  before  compression  passes,  the  liquid  and  vapour  flowing 
in  opposite  directions  so  that  tlie  transfer  of  heat  can  be 
elfected  in  as  near  as  possible  a  regenerative  manner.  By 
doing  this  tlie  liquid  could  be  cooled  down  considerably  before 
being  freely  expanded,  while  the  vapour  would  have  become 
superheated  to  practically  the  upper  temperature  t2.  If  the 
H|>ecific  lieats  of  the  liquid  and  vapour  were  equal,  the  liquid 
could  be  practically  cooled  to  the  lower  temperature  tx  while 
tlie  dry  vapour  became  superheated  to  t2.  In  reality,  owing 
to  the  difference  in  the  specific  lieats,  the  dry  vapour  takes  up 
heat  as  represented  by  the  area  under  C  H，  Fig.  1，  which  is  a 
constant  pressure  line  through  C,  aiid  the  liquid  has  been 
cooled  to  a  temperature  represented  by  K，  where  the  wliole 
area  under  B  K  is  equal  to  the  area  under  C  H，  one  area 
re]>resenting  t-he  heat  given  up  by  the  liquid  and  the  other 
\  hat.  taken  in  ]>y  the  vapour. 

- Now,  the  condition  of  the  gas  being  represented  l)y  H，  let 
i  lie  cylinder  be  well  jacketed  by  condensing  water  so  as  to 
produce  compression  as  nearly  as  possible  isothermal.  The 
('("npi'essi (川 operation  would  then  be  represented  by  the  oon- 
h( ant  temperature  line  H  E，  after  which  tlx©  vapour  is  con- 
donsed  and  returned  to  condition  B  wliere  in  turn  it  could 
be  unclercooled  to  K.  The  free  expansion  operation  would 
then  bring  the  liquid  into  condition  represented  by  L15  where 
area  A  K  L  —  area  under  L  Lj .  The  cycle  of  operations  is  then 
represented  by  K  LjC  H  B  K.  Tt  involves  :  (1)  Undercool- 
ing of  the  liquid  before  free  expansion  ；  (2)  superlieating  of 
the  vapour  before  compression  ；  (3)  isothermal  compression. 

Com  paring  this  cycle  with  the  usual  cycle  of  operations, 
we  find  that  the  work  done  in  tlie  compressor  (W)  is  repre- 


sented for  the  latter  cycle  by  A  C  G  B  A  and  for  the  new  cycle 
by  AC  HB  A.  The  difference  between  these  areas  resolves 
itself  into  the  difference  between  the  triangular  areas  E  F  G 
and  F  C  H,  a  difference  obviously  very  srna]] ,  and  we  may 
take  the  work  done  to  be  the  same  in  the  two  cycles.  As 
regards  tlie  refrigerating  effect  (R)  the  gain  is  at  onoe  obvious, 
t  lie  area  under  fe])reseni  in^  i      new  refrigerating  oil'ecl 
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as  against  the  area  under  D,C  for  the  old  cycle.    The  ratio 

-jy^y  represents  the  fractional  increase  in  R  and  the  area 

under  the  net  gain  in  H. 

To  give  actual  figures  for  the  values  of  W  and  R  in  the  two 
cygles  the  author  has  calculated  in  British  thermal  units  the 
numbers  given  in  Table  I.，  the  suffixes  1  and  2  distinguishing 
the  old  and  new  cycles  respectively. 


Table  1. 


Per  cent. 

Upper 

Temp. 
Limits. 

Increase  in 

Pressure. 

、V 

、、• 

R 

R 

、-Vl —  " i 

\Y, 

Perform- 

ance. 

Lb. 

per  sq.  in. 

°F. 

°F. 

800 

20 

65-7 

10 

9 

11 

0 

78 

9 

93 

3 

7-24 

8 

49 

17 

800 

10 

65-7 

14 

2 

14 

1 

79 

4 

95 

7 

5-59 

6 

77 

21 

800 

0 

65-7 

17 

2 

17 

79 

97 

6 

4-62 

5- 

58 

21 

1,000 

20 

82-5 

15 

0 

14 

5 

59 

4 

79 

5 

3-96 

5- 

48 

38 

1,000 

10 

18 

7 

17 

9 

59 

9 

81 

8 

3-20 

4- 

57 

43 

1. 000 

» 

82-5 

21 

3 

21 

5 

60 

(t 

83 

6 

2  75 

3- 

89 

41 

1 .200 

20 

1K1-0 

18 

10 

9 

59 

2 

79 

8 

3-22 

4 

73 

•47- 

1. 細 

10 

！ »()•() 

22 

4 

20 

2 

59 

7 

81 

!t 

2-(ili 

4- 

06 

53, 

1,200 

0 

90-0 

26 

3 

23 

！' 

5!) 

8 

83 

6 

2-27 

3' 

50 

r>;i 

The  figures  in  the  last  column  lead  to  the  conclusion  that 
large  increases  in  the  performance  of  vapour-compression 
machines  might  be  expected  to  follow  from  the  adoption  oi' 
the  new  cycle,  especially  when  using  condensing  water  at  higli 
temperatures.  The  new  cycle  would  therefore  be  expected  to 
give  the  best  improvements  when  used  in  machines  working  in 
hot  countries. 

For  N  H3  machines  an  examination  of  the  ~-(p  diagrams 
for  the  old  and  new  cycles  would  show  that  increases  in  per- 
formance would  also  follow  from  the  adoption  of  the  new  cycle, 
but  they  may  be  more  difficult  of  realisation  in  practice. 
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Assuming'  the  compressions  to  be  strictly  adiabatic  or 
isothermal  as  the  case  may  be,  the  calculations  on  the  r-0 
diagram  would  show  a  gain  in  performance  sometimes  as  high 
as  20  per  cent"  part  of  which  should  undoubiedly  b©  obtain- 
able in  practice. 

The  working  of  the  proposed  cycle  involves  two  additions 
to  the  usual  machines,  first.,  an  efficient  water  jacket  to  the 
compression  cylinder  so  that  the  compression  may  be  as  nearly 
as  possible  isothermal,  and  second,  a  simple  arrangement  of 
inner  and  outer  tubes  as  described,  by  which  the  cold  vapour 
before  compression  can  take  up  from  the  relatively  hot  liquid 
before  passing  through  the  expansion  valve  as  much  of  its 
heat  as  possible,  the  transfer  being  accomplished  in  as  nearly 
as  possible  a  regenerative  manner. 


MECHANICAL  HANDLING  OF  COAL  FOR  BRITISH 
LOCOMOTIVES.* 

BY  CHARLES  JOHN  BOWEN  COOKE,  M.IN&T.C.E, 

Owing  to  the  growth  of  traffic  and  the  heavier  loads  which 
have  to  be  hauled  at  the  present  time,  it  has  been  found 
expedient  to  adopt,  at  the  extensive  running-shed  of  the 
London  and  North-western  Railway  Company  at  Crewe,  some 
more  expeditious  method  than  "  man-handling  "  for  loading 
engines  with  coal,  and  after  much  deliberation  the  mechanical 
coal-handling  plant  described  in  this  paper  has  been  installed. 
The  plant  was  made  by  Messrs.  Babcock  &  Wilcox,  and  is  the 
joint  design  of  the  author  and  that  firm. 

The  points  to  which  careful  consideration  had  to  be  given 
were  numerous,  particular  attention  being  paid  to  the  follow- 
ing : (1)  The  cheap  rate  at  which  coal  is  at  present  dealt 
with  by  hand .  (2)  The  large  size  of  the  coal  mined,  and  the 
class  and  size  of  coal  wagons  in  use  in  England.  (3)  The 
regular  supply  of  coal  between  colliery  and  steam  shed . 
(4)  The  restricted  area  available,  and  the  high  cost  of  land 
for  extensions  and  alterations  to  steam  shed  yards.  (5)  The 
impracticability  of  an  appliance  capable  of  dealing  with  coal 
between  wagon  and  tender,  wagon  and  stack,  or  stack  and 
wagon.  (6)  The  expenditure  necessary  for  installing  such  a 
plant.    (7)  The  breakage  of  coal  during  the  transfer. 

With  regard  to  the  fifth  point,  in  considering  the  instal- 
lation of  a  plant  capable  of  doing  the  work  required ^  the 
various  known  types  of  apparatus  limited  the  choice  to  one  or 
two  types,  namely  :  (a)  That  built  by  certain  railway  com- 
panies abroad,  in  which  the  handling  of  stock  and  current  coal 
by  gravity-bucket,  or  belt-conveyer,  is  combined  ；  (Jj)  some 
form  of  power-driven  crane  and  grab-bucket. 

The  stock  in  plants  of  type  (a)  rarely  exceeds  3,000  tons 
and  is  situated  in  bunkers,  eitlier  underground  and  im me- 
diately under  the  coaling  stage,  or  above  ground  and  forming 
part  of  the  coaling  stage.  In  the  latter  case,  coal  placed  in 
stock  would  be  handled  no  less  than  six  times  between  the 
colliery  and  the  locomotive  tender,  with  consequent  breakage 
of  coal  at  each  stage.  It  is  found  that  at  nearly  all  depots 
in  tliis  country  where  the  annual  consumption  is  sufficient  to 
warrant  the  installation  of  mechanical  handling,  the  stock 
coal  greatly  exceeds  3， 000  tons,  so  that  this  type  of  plant 
appears  undesirable. 

Regarding  type  (b),  a  grab  bucket  is  limited  in  size  by  the 
receptacle  from  which  it  picks  its  load,  and  when  working 
from  an  ordinary  type  of  English  railway  wagon,  such  an 
appliance  becomes  anything  but  economical  in  its  operation. 
The  maximum  size  which  can  be  usefully  worked  is  about 
44  cub.  ft.  or  1  ton  ；  little  margin  being  tlien  left  for  steering 
between  the  sides  of  the  wagon.  Again,  a  good  deal  of  the 
efliciency  of  a  grab  bucket  depends  on  tlie  drop  it  gets  into 
llif!  material,  but  when  such  material  consists  of  large  lumps 
of  coal  carried  in  a  wooden  truck  which  is  liable  to  damage, 
the  efficiency  of  the  grab  is  reduced  in  an  excessive  degree. 

With  regard  to  the  sixth  point,  consideration  of  several 
types  of  plant  showed  that  a  suitable  one  could  not  be  erected 
for  less  than  from  <£5,000  to  £6,000  capital  expenditure. 
Such  a  plant,  when  handling  450  tons  per  day  or  140,000  tons 
per  annum,  with  electric  current  (if  available)  at  about  Id. 
per  unit,  would  do  the  work  at  a  cost  of  about  2d.  per  ton, 

*  AbHtract  of  paper  read  Ijefore  the  Institution  of  Civil  Engineers,  November 
2<itb,  1912. 


including  all  necessary  working  charges,  &c.  Such  an  expen- 
diture, with  such  a  result,  might  lead  locomotive  engineers  to 
the  conclusion  that,  in  their  case,  the  experiment  was  not 
worth  trying,  owing  to  the  smaller  tonnage  dealt  with.  Tlie 
consideration  of  certain  inducenients  might,  however,  be 
studied  before  condemning  sucii  a  proposition.  For  instance 
(1)  a  mechanical  plant,  whilst  occupying  less  ground  than  an 
old-fashioued  coal  stage,  could  deal  with  nearly  double  the 
quantity  of  coal  per  annum  ；  (2)  there  is  an  economical 
advantage  in  coaling  as  many  engines  as  possible  at  a  point 
adjacent  to  the  collieries  (where  coal  is  cheapest),  and  in  the 
shortest  time  possible ；  (3)  the  rapidity  of  coaling  miglit 
enable  a  railway  company  to  dispense  with  an  engine  or  two, 
or  even  to  refrain  from  building  a  similar  number,  with  con- 
sequent economy  of  capital  ；  (4)  the  release  of  wagons  would 
probably  take  place  in  less  than  lialf  the  time  required  at 
present,  with  consequent  increase  in  earning  capacity,  and  a 
possible  reduction  in  the  cost  of  shunting  in  the  shed  yard. 

With  regard  to  the  seventh  point,  the  large  amount  of 
slack  created  by  the  present  method  of  man-handling  is 
perhaps  not  generally  realised,  and  mechanical  plants  should 
be  designed  with  a  view  to  dropping  the  coal  as  seldom  as 
possible  during  its  transfer  from  the  wagon  to  its  ultimate 
receptacle.  Further,  the  height  of  its  fall  should  be  mini- 
mised ； the  coal  should  be  arranged  to  slide  wherever 
possible ;  and,  when  loaded  on  to  a  tender,  it  should  be 
delivered  of  such  a  size  that  no  additional  breaking  by  the 
fireman  is  required. 

The  plant  at  Crewe  consists  of  a  wagon  tippler,  au  under- 
ground hopper,  a  tipping  tray  conveyer,  an  elevated  bunker, 
and  shoots ~~ including  calibrating  chambers ^ for  discharging 
coal  on  to  the  tenders.  The  tippler  is  of  mild  st&el  rolled 
sections,  with  rings  12ft.  diam.,  and  is  capable  of  tipping  a 
wagon  in  about  5  minutes,  when  attended  by  two  men.  It  is 
driven  by  a  660-volt  direct-current  electric  motor  of  5  h.p. 
The  hopper,  constructed  of  mild  steel  plates  and  angles,  holds 
about  20  tons;  the  coal  being  fed  therefrom  by  a  jigging  tray 
through  an  adjustable  door  into  a  two-roll  breaker,  where  the 
large  lumps  are  reduced  to  8in.  cubes.  The  breaker  is  belt 
driven  by  an  independent  direct-curreut  electric  motor  of 
10  h.p.,  which  also  operates  the  jigging  tray.  The  coal  passes 
through  the  breaker  to  th©  conveyer  trays,  which  carry  it  to 
the  overhead  storage.  The  conveyer  runs  at  a  speed  of  70ft. 
per  minute',  and  is  capable  of  lifting  about  60  tons  per  hour. 
The  driving  gear  is  situated  at  the  top  under  tlie  bunker 
housing,  and  consists  of  a  660-volt  direct-current  electric 
motor  of  9  h.p.  All  the  coal  is  delivered  over  the  end  of  the 
conveyer  track,  when  it  has  only  a  fall  of  about  lft.  on  to  the 
inclined  shoot  which  delivers  it  to  the  requisite  division  of 
the  bunker. 

Tlie  bunkers  were  designed  to  hold  300  tons,  which  is  more 
than  enough  to  coal  all  engines  during  the  night  without  the 
conveyer  working,  it  being  possible  to  send  up  during  the 
hours  of  daylight  all  tli©  coal  required,  thus  saving  the  double 
manning  of  the  wagon  tippler  and  conveyer.  There  is  an 
outlet  on  either  side  of  each  division  of  the  bunker ~  which  is 
divided  into  two  main  parts  to  give  separate  storage  for  about 
100  tons  of  Welsh  (soft)  coal  and  200  tons  of  "  hard  "  coal ― 
making  four  outlets  in  all,  so  that  the  tenders  can  be  coaled 
on  both  sides  at  the  same  time.  These  outlets  are  2ft.  by  2ft. ， 
and  are  provided  with  doors  worked  by  hand.  On  opening 
one  of  the  doors  coal  is  permitted  to  flow  out  into  a  calibrating 
chamber  capable  of  holding  lOcwt"  whence  it  is  allowed  to 
slide  on  to  the  tender  by  means  of  a  lever  conveniently 
situated. 

The  speed  of  coaling  by  this  plant  is  quiie  satisfactory,  as 
much  as  6  tons  being  put  on  in  3  minutes,  as  against  5  tons  iu 
15  minutes  witli  the  old  system  under  the  most  favourable 
circumstances.  An  ash  conveyer  has  been  installed  in  con- 
junction with  the  coaling  plant.  Wlien  an  engine  has 
received  its  coal  it  draws  down  to  a  point  a  little  distance 
away,  where  the  firebox  ashes  are  raked  out  by  hand  on  to  a 
sloping  plate,  which  slides  the  ashes  on  to  a  grid  (with  4in. 
mesh)  fixed  close  to  the  side  of  the  pit.  This  grid  covers  a 
small  hopper  which  feeds  the  conveyer  through  a  rotary  filler. 
The  ashes  are  then  raised  and  delivered  into  a  wagon  standing 
on  an  adjoining  line.  The  conveyer,  which  is  of  the  bucket 
type,  has  a  capacity  of  about  15  tons  per  hour,  and  is  driven 
by  a  3  h.p.  direct-current  motor.  A  supply  of  water  is  laid 
on  for  slaking  the  hot  ashes. 
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SOME  PROBLEMS  IN  ELECTRICAL  ENGINEERING. 

At  a  joint  meeting  of  the  Electrical  Section  of  the  Western 
Society  of  Eugineers  and  the  Chicago  Section  of  the  American 
Institute  of  Electrical  Engineers  a  lecture  on  "  Some  Problems 
in  Electrical  Engineering  was  delivered  by  Dr.  C.  P.  Stein- 
metz.  There  was,  he  said,  a  marked  tendency  in  generation 
toward  the  concentration  of  the  supply  of  electrical  energy 
for  all  uses  for  a  large  territory  from  one  system.  The  large 
system  had  economical  advantages  over  numerous  small  ones. 
One  of  its  most  conspicuous  advantages  was  the  possibility  of 
utilisation  of  the  diversity -factor.  The  price  of  producing 
electrical  energy  depended  to  a  large  extent  on  the  load- 
factor.  The  station  must  be  such  as  required  by  maximum 
demand,  but  the  income  depended  on  the  average  demand. 
The  load -factors  of  most  users  of  electrical  energy  were  rela- 
tively poor.  Even  the  factory  operating  continuously  for 
eight  hours  created  a  demand  during  only  one-third  of  a 
24-hour  day.  However,  if  a  number  of  users  of  electrical 
energy  were  supplied  from  the  same  generating  system  a 
better  average  would  result,  owing  to  the  diversity-factor  of 
the  different  loads.  Therefore,  the  more  different  uses  there 
were  for  the  energy  the  less  would  be  the  cost. 

Beyond  the  advantage  of  this  diversity-factor,  which  was 
now  obvious,  there  was,  Jie  observed,  another  diversity-factor, 
which  was  of  perhaps  ev&n  greater  advantage,  though  not  so 
apparent  to  casual  inspection.  That  was  the  diversity-factor 
of  intelligence.  New  problems  arose  with  the  development 
of  the  large  system .  A  central-station  system  in  a  city  of 
moderate  size  might  have  one  or  two  first-class  engineers,  but 
in  the  large  systems,  where  new  electrical  problems  arose,  and 
also  mechanical  problems  and  problems  of  administration  and 
finance,  no  man  could  be  an  expert  in  all  the  varied  activities 
of  the  company.  And  so  there  would  be  found  attached  to 
the  system  the  highest  authorities  in  the  various  branches 
required  for  the  most  efficient  operation  of  the  system .  The 
men  in  charge  of  such  a  concentrated  system  of  production 
should  not  be  merely  up  to  date,  but  should  be,  in  fact,  ahead 
of  date 3  i.e.,  they  should  solve  in  advance  the  problems  which 
would  arise.  Here  was  an  advantage  of  the  greater  system 
probably  mucli  more  important  than  that  of  better  load- 
factor.    It  might  be  called  the  diversity-factor  of  intelligence. 

When  electrical  energy  was  first  applied  to  the  operation 
of  machinery  it  was  generated  at  the  mill  or  factory  where  it 
was  used.  However,  the  factory  was  specialised  for  its  pur- 
poses as  a  factory.  Its  management  was  efficient  in  cotton 
spinning,  say,  but  not  in  the  operation  of  an  electric  plant, 
and  unless  the  circumstances  were  exceptional  could  not  be 
so  efficient  in  th-e  specialised  detail  of  producing  energy  for  use 
in  its  own  work.  That  accounted  for  the  fact  that  it  was 
usually  found  more  economical  for  the  cotton  mill  to  purchase 
electrical  energy  from  central  stations  which  were  specialised 
for  the  purpose  of  producing  it. 

As  the  generation  of  electrical  energy  was  being  concen- 
trated in  larger  system  units  at  the  present  time,  he  asked 
what  would  be  the"  future  of  the  industry.  Evidently  the 
territories  served  would  increase  in  size.  Big  cities  had  an 
advantage  in  this  respect,  of  course,  because  they  had  as  a 
nucleus  their  own  large  demand.  The  outcome  must  be  the 
replacement  of  village  and  small  city  generating  plants  by  the 
sub-stations  of  big  systems.  Old  machinery  would  thus  be 
replaced  by  modern  types.  These  big  generating  systems 
would  tend  to  approach  one  another  ；  then  would  come,  no 
doubt,  an  era  of  co-operation,  and  it  was  not  too  much  to 
expect  a  network  of  energy-transmission  wires  covering  the 
country,  just  as  the  railroads  did  to-day.  Energy  would  be 
transmitted  in  the  one  case  as  freight  was  transported  in  the 
other.  It  might  be  possible,  said  Dr.  Steinmetz,  to  go  a  little 
further  and  estimate  how  such  a  development  would  take 
place.  The  local  distribution  system  would  remain  the  same 
probably  as  now,  viz. ,  a  3-v/ire  sysiem  for  either  direct  current 
or  alternating  current.  This  system  of  distribution  had  stood 
the  test  of  over  a  quarter  of  a  century  and  would  probably 
remain.  The  distributing  sub-stations  would  probably  be 
supplied  over  2,200-volt  alternating-current  feeders,  the 
energy  being  transformed  to  600-volt  direct  current  for  rail- 
way operation  or  220-volt  direct  current  or  alternating  cur- 
rent for  various  forms  of  commercial  service.  Beyond  this 
would  ])robahly  be  an  intermediate  system  of  feeders  around 
10,000  volts  wliicli  ini^lii  l)e  styled  transmission  feeders. 
These,  like  tlie  2,200-volt  distribution,  would  b©  laid  under- 
ground in  cities  and  carried  as  overhead  lines  in  the  country. 


For  greater  distances  20,000-volt  or  30,000- volt  distribution 
lines  would  be  supplied,  and  these,  too,  would  be  underground 
in  city  districts.  In  this  class  of  transmission  in  overhead 
work  it  was  probable  that  the  highest  voltage  would  be 
adopted  which  did  not  require  special  precautions  in  instal- 
lation, say,  about  30,000  volts.  But  there  would  be  flexibility 
in  these  transmission  feeders,  and  some  would  operate  at  as 
high  as  60,000  volts.  In  addition  to  these  there  must  be 
great  trunk  lines  for  the  transmission  of  electrical  energy 
radiating  from  the  big  generating  centres  and  comparable  to 
the  trunk  lines  of  railways.  These  would  be  built  for  the 
highest  practicable  operating  electromotive  force ― probably 
between  150,000  volts  and  200,000  volts ~ or,  in  other  words, 
at  the  limit  imposed  by  the  dissipation  of  energy  into  the 
atmosphere  through  the  corona  effect. 

Considering  tins  whole  great  system  of  generation,  trans- 
mission, and  distribution,  it  might,  he  continued,  be  interest- 
ing to  speculate  on  its  efficiency  as  a  whole.  There  would  be 
at  least  two  transformations  of  energy  and,  figuring  on  these 
and  the  line  losses,  it  was  probable  that  the  average  loss 
between  the  generator  terminals  and  the  customers'  meters, 
possibly  100  miles  away,  would  be  Less  than  10  per  cent.  The 
exceptionally  high-voltage  transmission  lines  spoken  of  would 
probably  not  carry  large  amounts  of  energy .  They  would 
rather  be  tie  lines  between  two  great  city  systems,  and  in 
general  only  a  moderate  degree  of  energy  would  flow  through 
them.  They  would  be  for  emergency  connections  between  two 
great  systems  and  for  use  in  helping  out  in  cas&s  of  peak-load, 
contributing  to  the  reliability  of  operation  and  serving  aa  a 
sort  of  insurance. 

At  present  the  industries  demanded  energy  usually  for 
eight  hours  a  day.  If  industries  could  be  developed  to  utilise 
energy  in  the  other  16  hours  the  problem  would  be  solved, 
and  that,  in  fact,  was  the  great  problem  of  the  electrical 
engineers  of  the  future.  Old  industries  could  not  of  them- 
selves be  expected  to  change  a  great  deal,  although  something 
could  be  done.  It  might  appear  rather  far-fetched  to  expect 
industries  to  adapt  their  conditions  to  entirely  different  hours 
to  avail  themselves  of  cheap  energy.  Still,  some  large 
industries  had  adapted  themselves  to  such  an  arrangement. 
The  steam  engine,  for  instance,  had  encouraged  a  uniform 
load  in  factory  production.  If  one-  looked  around  without 
prejudice  lie  would  be  astonished  tc  find  liow  many  industries 
were  affected  vitally  by  the  cliara.^t.p  ristics  of  the  motor  service 
available.  Our  methods  were  really  the  result  of  tlie  char- 
acteristics of  the  tools  w©  used.  It  was  difficult  to  understand 
that  new  forms  of  motor  service  need  not  be  adapted  to  old 
industrial  methods,  but  rather  that  the  industrial  methods 
should  be  re-arranged  to  use  the  service  to  best  advantage. 
An  industry  utilising  electricity  from  a  big  national  inter- 
connected system  must  be  adapted  to  the  new  conditions  to 
get  maximum  economy. 

In  his  concluding  remarks  Dr.  Steinmetz  referred  briefly 
to  the  utilisation  of  water  powers  and  their  relation  to  the 
unified  system  of  generation,  transmission,  and  distribution 
which  he  had  assumed.  Water  power  was,  he  said,  cheap,  but 
not  very  reliable.  Some  uses  of  energy  required  absolute 
reliability,  as  in  tlie  central-station  service  of  a  big  city.  Her© 
the  use  of  water  power  was  out  of  the  question,  ordinarily, 
without  a  continuous  steam  reserve.  But  in  some  cases  the 
interruptions  to  service  were  not  so  serious.  As  an  illustra- 
tion he  took  the  case  of  an  electrochemical  or  electro- 
metallurgical  industry  taking  100,000  kw.  Here,  where  the 
use  of  power  was  very  large  and  tlie  number  of  men  employed 
comparatively  small,  it  might  be  profitable  to  shut  down  the 
entire  plant,  even  with  a  large  investment,  for  two  months  in 
the  summer,  giving  workmen  a  vacation  with  full  pay,  by 
reason  of  the  economies  effected  in  even  a  very  slight  reduc- 
tion in  the  cost  of  each  unit  of  electrical  energy  purchased. 
In  this  case  tlie  use  of  water  power,  even  with  a  long  inter- 
ruption (where  the  interruption  miglit  be  anticipated  and 
provided  for),  was  decidedly  advantageous.  The  whole  pro- 
blem of  utilising  water  power  required  very  careful  considera- 
tion, and  that  was  true  of  all  tlie  relations  of  the  production 
of  energy  and  its  utilisation  by  industries.  The  specialist  of 
the  electrical  industry  was  a  great  intermediary  in  this  matter 
of  energy  production  and  utilisation.  He  must  go  into  the 
other  industries  and  reorganise  tliem  to  adapt  themselves  to 
tlie  motive-power  characieristics  of  the  future  day.  Tlie 
great  j)rol)]oTii  was  to  reor^a,nise  i  he  iiuiust  rics  to  use  udvaii- 
tageously  tlie  energy  made  available  by  electricity.  That 
problem,  6aid  Dr.  Steinmetz  in  closing,  was  still  before  us. 
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Messrs.  丄  Parkinson  &  Son,  of  Shipley,  Yorkshire,  perhaps 
best  known  bo  our  readers  as  makers  of  the  "  Perfect  "  vice, 
had  a  large  and  interesting  exhibit  of  machine  tools.  As 
representative  of  their  manufactures,  they  exhibited  two 
lathes,  three  horizontal  spindle  inilling  "whines,  one  uni- 


Fro.  1.— 9in.  Centre  "  Pakkson  m  Lathr  with  Motor  Drive 


versal  milling  machine,  one  thread  milling  machine,  one 
" Sunderland  "  gear  planer,  a  machine  for  sharpening  the 
" Sunderland  '，  cutters,  and  jigs  for  testing  spur,  spiral,  and 
bevel  gears.  Most  of  these  machines  were  in  motion,  and 
five  of  them  were  arranged  for  direct  motor  drive. 

Of  the  two  lathes  shown,  viz.,  a  7^in.  and  9in.  centre, 
we  select  the  9in.  for  special  description.  This  is  illustrated 
in  Figs.  1，  2,  and  3，  Fig.  1  being  a  general  view,  Fig.  2  a 
view  of  the  tailstock  showing  the  thrust  panel  and  rack, 
and  Fig.  3  the  all-gear  head  with  cover  removed.  As  will 
be  seen,  it  is  a  massively-built  tool,  and  the  motor,  being 
mounted  on  a  bracket  behind  the  cabinet  standard,  makes  a 
compact  arrangement.  The  headstock  has  16  rates  of  spindle 
speed,  obtained  by  sliding  gears  and  clutches,  and  any  speed 
may  be  obtained  without  stopping  the  lathe.  The  first 
motion  shaft  is  designed  to  run  at  335  revs,  per  minute,  and 
when  arranged  for  belt  drive  (as  shown  in  Fig.  3)  instead  of 
motor  drive,  as  in  Fig.  1，  it  carries  a  pulley  12in.  diam. 
and  5in.  wide. 

The  tailstock,  as  shown  in  Fig.  2，  has  a  spindle  of  the 
" through "  type,  and  is  arranged  with  cross  adjustment, 
and  carries  a  pawl  which  engages  a  rack  with  buttress  teeth 
between  the  shears  of  the  bed,  and  thus  prevents  the  tail- 
stock  thrusting  back  under  a  heavy  cut. 

The  sliding  and  surfacing  feeds  are  engaged  and  dis- 
engaged by  "Tift  and  drop"  worm,  but  a  feed  selector  makes 
it  impossible  to  engage  two  feeds  at  the  same  time.  The 
feed  selector  is  a  sliding  gear  keyed  to  a  revolving  shaft,  at 
tlie  front  end  of  which  is  a  knob,  by  means  of  which  the  gear 
may  be  moved  out  of  mesh  with  the  train  of  gears  for  the 
sliding  feed,  into  mesh  with  the  gears  for  the  surfacing  feed, 
or  vice  versa.  The  sliding  feed  has  automatic  trip,  and  may, 
we  understand,  when  desired,  be  arranged  with  multiple 
stops,  the  advantage  of  this  being  obvious  for  repetition 
work. 

Another  feature  of  interest  at  the  show  would  be  found 
in  the  gear-testing  jigs  for  spur,  spiral,  and  bevel  gears. 
Tliese  are  very  sensitive,  and  will  be  of  great  value  to  those 
wishing  to  locate  gear  troubles.  Wheels  are  intended  to  be 
teste<l  either  in  pairs  or  compared  with  a  master  gear.  In 
eitlifr  case,  one  of  the  pair  is  niounted  in  a  fixed  position 


and  the  other  on  a  movable  carriage;  two  methods  of  holding 
the  gears  in  mesh  are  provided,  one  for  ascertaining  how 
the  gears  "  run  ，，  when  the  centres  are  fixed  and  the  other 
to  ascertain  the  effect  produced  by  eccentricity  of  gears, 
defective  teeth,  incorrect  form,  or  errors  in  sizing  and 
spacing.  Each  of  these  defects  causes 
movement  of  the  carriage  when  the 
gears  are  rotated  in  close  mesh,  the 
movement  being  indicated  by  an  ex- 
tremely sensitive  dial  indicator. 

An  additional  indicator,  which  is 
also  a  recorder,  is  shown  applied  to  the 
bevel  ji^  which  we  have  pleasure  in 
illustrating  in  Fig.  4.  This  traces  a 
line  on  a  chart,  and  thus  makes  a  per- 
manent record  of  the  particular  gears. 

Tlie  steady  encroachment  of  the 
milling  machine  on  a  class  of  work  for 
which  the  screw-cutting  lathe  formerly 
lieW  the  monopoly  is  emphasized  by 
tlie  thread  milling  machine.  This 
machine  (shown  in  Fig.  5)，  although 
capable  of  doing  external  threading 
within  certain  limits,  finds  its  greatest 
scope  in  internal  threads,  for  which  it 
has  been  specially  designed.  In  some 
respscts,  owing  doubtless  to  the  longer 
arc  of  contact  the  cutter  makes  with 
the  internal  than  with  the  external 
work,  internal  milling  puts  more  severe 
stresses  on  the  machine,  particularly 
on  the  mechanism  which  drives  the 
cutter,  than  does  external  milling,  and 
in  the  design  of  the  machine  under 
notice,  attention  has  been  given  to 
making  the  machine  equal  to  the  demands  of  internal  work. 

There  are,  of  course,  limitations  to  the  scope  of  a  machine 
of  this  kind;  for  example,  the  smallest  hole  that  may  be 
thread  milled  is  fixed  by  the  smallest  size  of  practicable 
cutter,  plus  the  necessary  clearances.  In  this  machine  the 
limit  is  fixed  at  lin.  diam.  There  is  also  a  limit  for  depth 
of  hole  or  length  of  thread,  but  within  its  fair  field  it  is 
claimed  that  the  machine  will  produce-  threads  faster  than 


Fig.  2,— 9in.  Centrk  "  Park  son  "  Lathe.    Tatlstock  with  Thbust  Panel 
and  Rack. 

the  screw-cutting  lathe,  a  claim  fully  justified  by  its  per- 
formance at  Olympia,  where  steel  rings  with  holes  3in.  diam. 
and  lin.  wide,  having  12  threads  per  inch,  were  threaded 
in  1  )>  minutes  with  excellent  results.    But  even  if  the  lathe 
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time  were  less  than  this,  the  milling  process  would  still 
have  the  advantage  of  securing  closer  uniformity  and  inter- 
changeability.  That  tapping  also  may  be  quicker  than 
milling  is  not  likely  to  be  disputed,  but  milling  is  more 
accurate  and  sizes  are  more  easily  】naintained ;  the  cutt&rs 
are  cheaper  than  taps,  and  a  small  number  of  cutters  will 
cover  a  very  wide  range  of  holes. 

For  fine  threads    and    ]>ie<"es  sucli  as  lock  nuts,  cutters 


Fki.  3  — 9in.  Cj.nthr  " Taiikson    Ti.vTiiK.    Alt.  (Jkahf.!* 


、、  mi  Covku  Kkimovkd. 


having  a  number  of  threads  and  longer  than  the  part  to  be 
threaded  by  at  least  one  thread  may  be  used.  These  cutters 
have  the  appearance  of  hobs  ；  the  teeth,  however,  are  not 
cut  spiral,  but  circular,  so  that  when  the  whole  width  of  the 
cutter  has  been  fed  to  depth  the  rotary  feed  of  the  work 
and  longitudinal  feed  of  the  cutter  may  be  engaged,  with 
the  result  that  on  the  completion  of  o】ie  revolution  the  cutter 
has  advanced  one  thread  or  pitch,  and  there  is  lin.  or  l^in. 
width  of  finished  thread,  as  the  case  may  be,  according  to 
the  width  of  the  cutter.  It  is  obvious  that  a  cutter  with  a 
single  row  of  teeth  may  be  used,  but  in  such  case  the  work 
must  make  more  than  one  revolution,  and  tlie  time  occupied 
be  accordingly  increased. 

As  will  be  seen,  the  headstock  carries  a  large^diameter 
spindle  which  may  be  rotated  at  two  speeds  by  means  of 
worm  gears,  the  change  from  one  speed  to  the  other  being 
made  by  means  of  a  lever.  The  object  of  rotating  the  spindlo 
at  two  speeds  is  to  give  a  faster  speed  than  that  used  fm 
milling,  the  faster  speed  being  useful  when  indicating  work 
after  it  is  gripped  in  the  chuck  to  see  that  it  rotates  truly, 
and  al&o  to  meet  the  need  in  those  cases  where  it  may  be 
necessary  to  face  a  shoulder  or  collar  at  the  same  chucking 
as  the  thread  is  cut,  so  as  to  ensure  perfect  concentricity. 
Such  turning  operations  may  be  done  by  the  slide  rest 
attachment.  The  direction  of  rotation  of  the  spindle  may 
also  be  reversed  by  moans  of  a  lever.  This  actuates  a  clutch 
in  the  gear  box  at  the  back  of  headstock  which  is  keyed  to 
the  same  shaft  as  the  step  cone,  which,  in  turn  is  driven 
from  a  corresponding  cone  on  the  countershaft,  thus  pro- 
viding for  four  variations  of  spindle  speed  in  addition  to  the 
two  speeds  in  tho  headstock.  The  four-groove  pulley  on  the 
end  of  the  spindle  is  used  for  a  direct  drive  from  a  sup- 
plementary reversing  countersliaft,  by  means  of  which  the 
spindle  may  be  rotated  quickly  for  the  purpose  of  returning 
the  saddle  without  disengaging  the  lead  nut  at  the  com- 
pletion of  a  cut. 

The  front  of  the  spindle  has  a  taper  socket  to  receive 
chucks,  &c.  The  illustration  shows  a  split  collet  chuck  in 
use  closed  or  released  by  means  of  a  threaded  sleeve  on  the 
front  of  the  spindle,  which,  for  convenience,  is  rotated  by  the 
crank  liandle  on  the  top  and  worm  which  is  enclosed  in  a 
bracket.  This  bracket  is  pivoted  so  that  the  worm  may  be 
engaged  or  disengaged  witli  tlie  wheel  on  the  revolving  sleeve, 
being  held  in  or  out  of  gear  by  a  plunger  pin. 

The  】&ad  screw  for  traversing  the  carriage  is  at  the  back 


of  the  machine.  This  is  driven  by  change  gears  from  the 
spindle  through  a  short  shaft  and  a  claw  clutch  covered  by  a 
guard.  The  clutch  is  operated  l>y  a  lever  ； it  the  front  of  t  he 
machine,  so  that  the  traverse  of  the  carriage  may  be  engaged 
or  disengaged  at  will,  and  the  carriage  may  be  traversed  by 
hand  by  means  of  the  hand  wheel  when  desired.  There  are 
many  provisions  made  for  adjustments,  changes  of  spindle 
speeds,  and  automatic  devices,  but  the  limited  space  at  our 
disposal  prevents  us  describing  these  at 
greater  length  •  We  may,  however,  just 
Tiient  ion  tliat  the  slide  rest  atiachineni ,  as 
shown  in  tlie  illustration,  consists  of  a  re 
movable  bridge-  piece  bolted  io  the  bed  so  ms 
to  span  the  saddle.  On  this  is  mounted  a  slide 
rest  with  longitudinal  adjustment  by  rack 
an<I  pinion  and  cross  adjustment  by  screw. 
The  value  of  this  attachment  consists  in  the 
facility  for  turning  faces  or  shoulders  that 
must  be  true  with  the  threaded  part,  accuracy 
being  ensured  by  both  operations  being  done  at 
the  same  chucking. 

The  "  Sunderland  '，  gear  planer  sh own  by 
Messrs.  Parkinson  &  Son,  which  made  its  d 豸 but 
to  the  public  at  Olympia  two  years  ago,  has 
now  established  its  reputation,  and  it  is  in- 
teresting to  learn  that  tlie  identical  macliine 
I  hen  shown  was  supplied  to  a  firm  that  has 
since  ordered  16  more  of  these  machines  in 
various  sizes.  The  machine  exhibited  by 
Messrs.  Parkinson  &  Son  was  of  a  size  larger 
t liau  the  one  shown  in  1910，  and  was  capable 
of  cutting  spur  gears  up  to  40in.  diam. , 
！) in .  fare,  and  2  J  D.P.  at  a  very  rapid 
rate.  A  recent  test  on  a  similar  machine 
resulted  in  a  cast-iron  wheel  40in.  out- 
side diameter  and  4in.  wide,  having  100  teeth  l|in.  circular 
pitch,  or  2i  D.P.  being  cut  in  two  hours.  Those  who  main- 
tain that  under  modern  conditions  cut  gears  are  more 
economical,  even  from  the  machine  builder's  standpoint,  than 
cast-iron  gears  are,  will  appreciate  that  such  possibilities  for 
rapid  gear  planing  as  the  u  Sunderland  "  machine  offers  are 
a  very  valuable  contribution  to  their  side  of  the  argument. 

The  "  Sunderland  "  process  of  gear  planing  is  based  on  the 
use  of  a  cutter  which  is  really  a  section  of  rack  of  involute 
form,  the  rack  or  cutter  being  mounted  on  a  slide  which 
reciprocates  across  tli©  face  of  the  blank.  The  cutter  also 
receives,  in  the  intervals  between  the  cutting  stroke,  a  definite 


Via. 


Hl-'.VKI,  (  Ji;AU  TKsTINti  J  Hi,  WITH   ItKCOttDINf;  I)KVIC1 
AlKSSHS.   r.\HKINHON  A'  SON,  SHIPLEY. 


movement  at  right  angles,  that  is,  at  a  tangent,  to  the  pitch 
circle  of  tlie  gear  being  cut,  and  simultaneously  the  blank 
receives  a  relatively  equal  rotary  movement,  so  that  a  gene- 
rated form  of  tooth  is  produced,  and  any  gear  cut  by  the  same 
cutter  will  gear  correctly  with  any  other  gear  so  cut.  When 
the  combined  movement  of  gear  and  rack  cutter  has  equalled 
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the  width  of  one  tooth  and  space,  or  one  complete  pitch,  the 
movement  ceases,  the  blank  is  withdrawn  from  the  cutter  and 
the  cutter  returned  in  the  opposite  direction  to  its  starting 
point,  whereupon  the  blank  and  cutter  are  re-engaged  but 
one  tooth  later,  and  the  process  repeated .  This  all  takes 
place  automatically  in  less  time  than  it  has  taken  to  describe. 
It  will  be  understood  that  the  cutter  or  rack  is  generating  tlie 


Fig.  5-— Thread  Milling  Machink.    Messes.  Parkinson  &  Som,  Shiplky 


form  of  the  teeth  during  the  whole  arc  of  contact,  including 
the  approach  and  recess,  and  is  cutting  on  all  the  teeth  within 
that  arc  at  the  same  time,  but  after  the  first  few  cycles  of  the 
movements  described  each  one  represents  a  tooth  completed. 
It  will  also  be  obvious  that  only  one  cutter  is  necessary  for 
each  pitch,  and  that  a  very  small  outlay  on  cutters  will  cover 
a  very  wide  range  of  requirements. 

The  No.  5  machine  on  show  at  Olympia  was  driven  by  a 
10  h.p.  motor  and  was  fitted  with  davit 
and  chain  blocks  for  handling  heavy 
blanks.  This  machine  is  suitable  only  for 
cutting  spur  or  sprocket  wheels,  but  a 
modification  styled  the  No.  5A  machine 
will  also  cut  spiral  wheels  by  swivelling  the 
cutter  slide  at  an  angle  across  the  face  of 
the  blank,  as  illustrated  in  Fig.  6  By  a 
slight  modification  of  the  cutter  it  is  also 
possible  to  cut  double-helical  gears,  and  a 
further  and  more  remarkable  proof  of  its 
adaptability  is  its  ability  to  produce  spiral 
milling  cutters,  the  teeth  of  which  are 
' " venerated  ，，  bv  a  suitably  shaped  "  rack  " 
fitted  to  the  maclnn©. 

Messrs.  Beckenback  &  Co"  of  Bradford, 
Yorkshire,  exhibited  what  was  perhaps 
the  heaviest  and  most  massive  tool  in  tlie 
show.  Tins  was  a  horizontal  hot  forging 
machine  of  the  latest  type,  B.S.S.  IV.  C.， 
made  by  the  firm  of  Maschinenfabrik 
Hasenclever  A.  G.，  of  Dusseldorf,  Ger- 
many. A  variety  of  articles  forged  on 
the  machine  were  also  shown.  These  in- 
cluded railway  buffers;  sleeves,  shackles, 
spring  buckles,  large  bolts,  The  most 

varied  kinds  of  forging  can,  however,  be 
produced  on  thern,  small  bolt,  lieads  being 

produced  at.  one  blow,  and  larger  pieces  with  several  blows. 
A  Hide  shear  cuts  the  finished  product  to  length,  and,  when 
required,  the  machine  can  be  arranged  for  bending  pur])oses.' 
The  heated  bar  is  inserted  i"  clamping  jaws  as  far  as  a  stop, 
adjusted  for  the  work   in  hand,  allows.      The  jaws  then 


securely  grip  the  shank,  while  the  stamp  upsets  tlie  Iiead, 
whereupon  the  jaws  again  open  and  the  finished  product  is 
cut  to  length  on  the  shear.  The  machine,  which  we  regret 
we  are  unable  to  illustrate,  is  set  in  motion  by  pressing  down 
a  treadle;  on  releasing  this  the  upset  slide  stops  in  its  rear 
position,  but  the  main  shaft  continues  to  run.  The  upset 
slule  is  "duafwl  hy  a  plunger  rod  from  the  crank,  the  upset 
(lie  striking  dire<*t,  wliile  the  damping 
jaws  are  closed  by  an  adjustable  lever 
actuated  by  the  upset  or  stamp  slide.  A 
double  tool  can  be  used  for  upset tijij/  ami 
(|nisliiiig  at  one  heat,  aiul  a  breaker, 
fitted  io  Uie  jointed  lever,  and  another 
fitted  to  the  plunger  slide,  prevent,  tli^ 
limit  of  pressure  being  exceeded,  eit  Ihm 
through  carelessness  on  the  part  of  the 
operator,  or  through  using  cold  material. 
By  means  of  these  machines  it  is  claimed 
that  one  man  can  do  more  work  tlian 
three  -or  four  men  forging  in  the  old- 
fashioned  way. 

Other  machines  shown  by  the  firm 
we  specify  below.  A  cold  nut  forging 
macliine  in  operation,  producing  j^in. 
Whitworth  hexagon  chamfered  nuts  at 
the  rate  of  60  per  minute',  or  about  25,000 
per  day.  This  machine  was  fitted  with 
automatic  feed  for  tlie  coil  of  rolled  bar, 
the  tools  themselves  being  stationary  ； 
this,  the  firm  claim,  ensures  that  the  nuts 
have  central  holes  as  well  as  central 
chamfers.  The  nuts,  as  they  left  the 
macliine,  we  noticed  at  the  time  of  our 
visit  to  the  stand,  had  no  burr  and  were 
ready  for  tapping,,  which  operation  was 
performed  by  a  self-acting  nut-tapping 
macliine,  also  shown  at  work  The 
nuts  were  placed  in  a  tray,  and 
caused  to  come  automatically  before  a  tap,  which  reversed  on 
completing  its  work,  the  tapped  nut  being  afterwards  ejected. 
These  machines,  we  were  informed,  have  an  output  of  about 
3,500  to  5,000  nuts  per  day,  and  one  boy  can  attend  from  10 
to  15  of  them. 

Another  ingenious  machine  shown  by  the  firm  was  an 
automatic  assembler  for  screwing  tlie  tapped  nuts  on  to  bolts. 
This  also  was  shown  in  operation.    Two  trays  are  fitted  to  the 


Fig. 


ftlTNPF,nT,ANP  "  CiKAH  HANER  CUTTTNfi  SPIRAL  GKARS.      MlWSRS.  】，ARKlNSO、T  A'  RON.  SfTtPLEY. 

machine,  in  one  of  which  tlie  nuts  are  placed,  and  iu  the  other 
the  bolts.  From  these  trays  they  are  taken  automatioallv  by 
the  machine  and  fed  down  chutes,  and  when  tliey  reach  the 
bottom  they  are  assembled  and  afterwards  ejected - 

Patent  wire   nail    macliines,    niainifaotxired   l)v  Messrs. 
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Wikschtroem  &  Bayer,  of  Dusseldorf,  were  represented  by  two 
sizes,  both  of  which  were  shown  in  operation  producing  wire 
nails  entire! j/  ivitJiout  'pouit  scrap.  The  large  machine  pro- 
duced about  320  nails  per  minute,  and  the  small  machine 
about  700  per  minute.  This  feature  of  working  without 
scrap  should  do  much  to  revolutionise  the  wire  nail  trade,  as 
the  saving  in  wire  is  very  considerable.  The  nails  produced 
can  have  either  central  or  diamond-shaped  points  as  desired. 


^team 
Drum 


machines  the  spindle  and  die  run  uninterruptedly  in  the  same 
direction,  and  the  die  does  its  work  simultaneously  with  the 
turning,  shaping,  and  parting-off  tools.    As  no  tool  need  work 


Fig.  7.~Diagr.\mmatk*  Vikw  op  the  "  Diamond  ' 
Messrs.  Arthur  Ross,  Hotchkiss,  &  Co., 


Watrk-tubk  Boiler. 
Ltd.,  London. 


Fully  automatic  lathes  for  producing  all  kinds  of  screws 
and  shaped  articles,  with  and  without  threads,  were  repre- 
sented by  six  machines  of  the  "  Wuttig  ，，  patent  type.  Three 
machines  were  shown  in  operation  on  brass,  viz.  :  A  No.  6， 
producing  up  to  42  screws  per  minute,  complete  with  slotted 
heads,  and  delivered  into  separate  box  away  from  the  swarf  ； 
a  No.  13，  producing  cycle  pump  nipples  with  two  threads  and 
knurled,  complete,  at  the  rate  of  4  per  minute  ；  and  a  No.  26 
automatic,  producing  an  article  with  two  threads  complete. 


Fig.  8.  — Sinoi.r  CYLiNniai  Air  Comprkssor,  bhowing  Air  Govkrnor. 
JMkssuh.  bROOM  A.  W'adk,  Hum  Wycomhk. 

separately,  the  result  is  therefore  highest  efficiency.  There  is 
no  reversing,  consequently  all  the  usual  more  or  less  compli- 
cated gear  is  abolished,  and  the  setting  and  adjustment  of 
them  becomes  exceedingly  simple,  and  changing  from  one 
article  to  another  is  quickly  effected.  Special  drilling 
attachment  is  fitted,  likewise  operating  simultaneously  with 
the  other  tools.  Long  or  short  screws  can  be  slotted,  without 
reducing  the  output,  and  these  are  deposited  into  a  separate 


Fig.  9.— Two-cyltndkr  Stkam-dtiiven  Air  Compressor. 
Messrs.  Bhoom  A-  Wadk,  Ltd.,  High  Wtcombe. 


Fig.  10.— Section  of  Two  cylinder  Steam-driven  Am  Compressor. 

High  Wycombe. 


iRJessks.  Broom  &  Wade,  Ltd., 


The  following  machines  were  shown  in  operation  on  mild 
steel  :  One  No.  10  automatic,  producing  2  BA  round-head 
slotted  screws  ；  one  No.  26  automatic,  producing  |in.  Whit- 
worth  hexagon  screw  bolt;  and  one  No.  1  nut  automatic,  pro- 
ducing -^iii .  Whitworth  hexagon  nut,  not  tapped,  at  the  raie 
of  four  per  minute.  This  machine  works  with  accelerating 
speed,  as  the  cutting  diameter  diminishes,  so  that  the  parting- 
ofT  tool  always  works  at'  t he  same  cutting  speed .    In  these 


box  away  from  the  swarf  and  lubricant  by  an  automatic 
" Thief."  For  articles  with  two  threads  an  extra  toolholder 
is  fitted,  enabling  the  second  thread  to  be  made  and  the 
, article  to  be  turned  out  complete  without  requiring  extra  time 
for  cutting  the  threads. 

Messrs.  Hall  &  Pickles,  of  64,  Port  Street,  Manchester,  sup- 
plied the  bright,  cold-rolled  sbeel  bars,  and  "  Hydra  ，，  high- 
speed  tool  steels  used  in  the   above-described  automatic 
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machines,  and  we  were  impressed  with  the  uniform  quality  of 
the  former,  and  the  cutting  and  lasting  properties  of  the 
latter.  The  "  Hydra  "  tool  steel  we  mention  is  made,  we 
understand,  exclusively  for  Messrs.  Hall  &  Pickles  by  an  old- 
established  firm  of  tool  steel  melters  in  Sheffield,  and  is 
claimed  to  be  second  to  none  in  the  market.  Three  kinds  are 
supplied  by  the  firm,  viz.  :  "  Hydra  "  high-speed  vanadium 
steel  for  water-hardening  ；  "  Hydra  ，，  high-speed  steel  for  air- 
hardening  ；  and  4i  Hydra  "  turning  tool  steel  for  turning 
chilled  rolls,  iron  and  steel  castings,  &c. 

Messrs.  Arthur  Ross,  Hotchkiss,  &  Ltd.,  of  1,  Glengall  Road, 
Old  Kent  Road,  London,  S.E.，  exhibited  their  well-known 
Hotchkiss  circulator,  an  appliance  for  automatically  cir- 
culating the  hottest  water  to  the  bottom  of  boilers  from  the 
time  the  fires  are  lit  till  they  are  cold,  and  also  continuously 
removing  mud,  oil,  &c.，  from  the  boilers  while  they  are  at 
work. 

A  model  of  a  "  Diamond  "  water-lube  boiler  was  also 
shown  at  work  on  this  stand,  being  publicly  exhibited  for 
the  first  time  at  the  exhibition,  and  we  give  herewith  a 
diagrammatic  illustration  (see  Fig.  7)  showing  the  principle 
of  heating  involved.  As  will  be  seen,  there  are  five  drums, 
four  of  which  form  the  circulating    and  steam-generating 


Fig.  11.— Railway  Compbessor.   Micbsbs.  Broom  &  Wade,  Ltd., 
High  Wycombe. 

system  proper,  while  the  fifth  is  used  as  a  steam  drum.  The 
course  of  the  hot  gases  is  indicated  by  arrows. 

The  chief  features  claimed  for  the  boiler  are :  That  it  is 
easy  to  clean  and  examine  ；  each  tube,  which  is  short  and 
straight,  has  full  freedom  to  circulate  the  water  ；  it  has  a 
large  heating  surface  ；  and  superheater  and  air  heater  can 
be  accommodated,  without  needing  more  floor  space.  • 

The  model  boiler  shown  at  the  Exhibition  worked  per- 
fectly, and  as  the  ends  of  the  drum 3  were  fitted  with  glass 
plates,  it  was  possible  to  note  the  circulation  of  the  water 
and  generation  of  steam  with  ease. 

Another  device  also  publicly  shown  for  the  first  time  at 
this  stand  was  a  new  condenser  ferrule  which  it  is  claimed 
entirely  does  away  with  the  use  of  grummet  or  other  packing. 
They  make  a  perfectly  tight  joint,  and  it  is  claimed  for 
them  also  that  they  will  not  cause  corrosion  of  the  tube  ends. 

Messrs.  Broom  &  Wade,  Ltd"  of  High  Wycombe,  exhibited 
several  types  of  their  well-known  air  compressors,  together 
with  standard  types  of  the  Hyatt  roller  bearings,  of  which 
they  are  the  sole  makers  and  concessionaires.  Several  of  the 
corn  pressors  we  have  pleasure  in  illustrating  in  the  accom- 
j>anying  cuts,  and  tliese,  together  witli  the  description  below, 
will  enable  their  general  design  and  operation  to  be  under- 
st/Kwl  ， 

Fig.  8  shows  the  single-cylinder  air  compressor,  this 
bein<(  suitable  for  driving  by  belt .    Owing  also  to  its  being 


self-contained,  totally  enclosed,  and  therefore  entirely  pro- 
tected from  dust,  it  is  particularly  adapted  for  use  with  a 
portable  plant.  The  cylinders  are  water  jacketed  and  valves 
are  of  ample  size  with  small  lift,  the  latter  being  made  so 
that  in  case  of  breakage  they  do  not  fall  into  the  cylinder. 
They  are  constructed  of  the  finest  nickel  steel,  and  are  thus 


Fig.  12  — Flendf.k  Wood  Split  Pullet.    Messrs.  The  Fi^.nder 
Company,  London. 

practically  indestructible,  while  the  piston  and  cylinder  are 
made  of  close-grained  iron.  An  air  governor  is  fitted  as 
shown,  which  is  very  compact  ；  and  doors  fitted  to  the  case 
give  easy  access  to  all  working  parts.  As  regards  lubrica- 
tion, the  two  bearings  of  the'  crank  shaft  are  fitted  with  ring 
oil  bearings,  while  the  connecting  rod  is  provided  with  drip 
feed  and  banjo  lubricator,  and  is  also  lubricated  on  the 
splash  system.  Should  the  drip  feed  fail  from  any  cause, 
the  compressor  could,  it  is  stated,  run  for  several  days  with- 
out damage. 

Figs.  9  and  10  show  Messrs .  Broom  &  Wade's  two-cylinder 
steam-driven  compressor.  This  type  is  arranged  with  steam 
cylinder,  or  cylinders,  according    to    the    power  required, 


Fig.  13.— Fi.endkr  Woon  Split  Pui.t.f.y.    Messhs.  Thf.  Fi.f.nder 
(Company,  London. 


carried  on  flistanc©  pieces  placed  on  the  top  of  the  air 
cylinders. 

The  general  construction  will  perhaps  be  better  under- 
stood by  a  reference  to  t.lie  sectional  view.  As  will  be  seen, 
the  steam  cylinder  is  fitted  with  valve  of  the  piston  type, 
while  an  efficient  throttle  governor  driven  by  belt  from  the 
crank  shaft  and  having  a  wide  range  of  adjustment  is  pro- 
vided .    The  air  valves  are  contained  in  a  pocket  on  tlie  side 
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of  cylinder,  thus  leaving  the  whole  of  the  cylinder  head 
available  for  efficient  cooling,  while  the  suction  valves,  being 
mechanically  operated,  open  and  close  without  shock . 

The  speed  of  the  compressor  is  regulated  to  a  point  at 
which  the  inertia  of  the  line  of  moving  parts,  with  a  mini- 
mum of  assistance  from  the  flywheel,  will  overcome  the 
severe*  compression  wliich  occurs  at  the  end  of  a  stroke.  At 
the  same  time  the  speed  is  kept  down  so  that  maximum 
cooliii"-  effects  are  obtained  From  t he  compressor  water  jacket. 


Pig.  14.— Tell-tale  Recording  Gauge.   Messrs.  W.  H.  Bailky  &  Co., 
Ltd.,  Salfotid. 

Smooth  running  is  thus  ensured,  and  wear  and  tear  on  the 
working  parts  is  reduced  to  a  minimum. 

Forced  lubrication  is  used,  a  rotary  gear  oil  pump  being 
mounted  direct  on  the  end  of  the  crank  shaft  which  is  posi- 
tive in  its  action  and  has  only  one  pipe  connection,  viz*.,  to 
the  oil  well  in  the  compressor  base.  It  delivers  oil  through 
its  own  case  by  m&ans  of  a  hole  drilled  through  the  crank 
shaft  to  each  bearing,  and  the  crank  pin . 

A  railway  type  compressor  is  shown  in  Fig.  11，  these 
having  four  cylinders  cast  in  two  pairs,  as  shown.  The 
cylinders  are  3in.  by  3^in.  stroke,  and  the  machine  delivers 
35  cub.  ft.  of  free  air  per  minute  at  a  speed  of  570  revs,  per 
minute. 

The  crank  is  a  two-throw  one，  carefully  balanced,  and 
efficiently  lubricated  by  forced  lubrication.  The  cylinders 
are  staggered  on  the  crank  base,  and  each  crank  bearing 
carries  two  connecting  rods.  This  arrangement  is  equivalent 
to  a  four-cylinder  machine  with  cranks  set  at  equal  angles, 
and  a  perfectly  uniform  turning  movement  is  thus  obtained, 
whilst  it  forms  a  more  compact  arrangement  than  with  four 
cylinders  placed  equally  round  the  crank  shaft.  The  suction 
valves,  which  are  of  mushroom  type,  are  made  of  nickel 
steel,  and  are  closed  by  means  of  a  spring.  The  pistons  are 
ground  and  fitted  with  hardened  and  ground  gudgeon  pins, 
tJicee  Ramsbottom  piston  rings  being  also  fitted,  wliich  are 
ground  on  the  periphery  and  two  edges. 

A  volumetric  efficiency  of  87  per  cent,  is  obtained,  and, 
owing  to  the  absence  of  gear  and  lightness  of  working  parts, 
practically  silent  running  is  the  result,  with  very  high  overall 
efficiency. 

A  four-cylin der  1  Oin .  by  1 2in .  belt-driven  compressor 
was  also  shown,  but  w©  regret  that  we  cannot  devote  space 
to  illustrate  it.  It  follows  closely  the  general  design  of  the 
ot.lier  machines,  with  tlio  exception  that  th&  discharge  valves 
we"p  of  a  steel-plate  disc  type  of  the  firm's  own  design. 
Thcso  open  and  close  automatically,  and  liave  no  springs 


except  that  due  to  the'  springing  in  of  the  plate  disc  itself. 
They  work  perfectly  noiselessly,  and  can  be  removed  and 
replaced  in  a  moment.  Efficient  lubrication  is  provided 
throughout  by  moans  of  a  geared  oil  pump  fixed  direct  to  tho 
crank  shaft  aiul  mounted  on  to  the  outside  of  one  of  the 
end  covers.  This  op&ns  for  inspection  and  cleaning  at  any 
time,  even  when  the  compressor  is  running.  The  main 
baaring  at  the  flywheel  end  gets  its  oil  direct  from  the  oil 
pump  by  a  separate  pipe  so  as  to  ensure  it  being  lubricated 
from  the  first  start.  The  oil  pump  is  provided  with  a  by-pass 
which  has  a  spring  regulating  overflow  valve  whereby  the  oil 
pressure  can  be  regulated  to  suit  the  most  exact  require- 
ments. By  tliis  system  of  lubrication  a  most  satisfactory 
way  of  distributing  the  oil  is  obtained,  and  the  only  attention 
required  is  to  prevent  the  oil  in  the  pump  dropping  below 
a  certain  line  on  the  indicating  glass. 

Messrs.  The  Flcndcr  Company,  of  Broad  Street  House,  New 
Broad  Street,  London,  E.C.，  had  an  interesting  display  of 
their  well-known  speciality,  the  Flender  wood  split  pulleys, 
including  very  large  sizes  up  to  12ft.  diam.  Up  to  37in. 
diam.  tlvese  pulleys  are  made  with  two  arms,  as  in  Fig.  12,  but 
over  that  size  they  are  fitted  with  four,  as  shown  in  Fig.  13.  Tho 
rims  are  built  up  in  distinct  rings,  as  clearly  shown  in  the 
illustrations  we  give,  and  these  rings  are,  in  turn,  made  of  a 
number  of  s&grnents,  which  are  dovetailed  at  each  end.  The 
arms  of'  the  Klender  pulley  pass  right  through  the  rim,  flush 
with  the  driving  surface,  and  are  dowelled  and  glued  in  posi- 
tion, while  the  "split"  ssgments ― i.e.,  the  halves ― of  the 
pulley  interlock  together,  so  that  no  lateral  movement  is 
possible.  No  metal  is  used  in  the  rim  whatever,  and  so  no 
unequal  expansion  and  contraction  results  ；  and  when 
mounted  on  the  shaft  the  pulleys  are  as  firm  and  solid  as  any 
mstal  ones,  whilst  not  being  anywhere'  near  so  heavy.  As 
regards  weight,  the  firm  inform  us  that  "  Flenders "  are 
70  per  cent,  and  40  per  cent,  lighter  than  iron  and  steel 
pulleys  respectively,  and  thus  it  is  that  they  require  less  power 
to  rotate  them .  Also  the  lighter  the  shafting,  and  the  lower 
the  bearing  friction,  this  resulting  in  two  clear  gains  of  power. 
A  great  advantage  possessed  by  these  pulleys  is  that  they  have 
no  keyway,  and  no  dismounting  of  the  shaft  is  necessary  to 


Fig.  15.—"  Davidson  "  Patent  Steam  Pump,  Vkrtical  Pattern- 
Messrs.  \V.  H.  Bailky  &  Co.,  Ltd.,  Salford. 


fit  them,  the  two  halves  being  bolted  together  over  the  shaft- 
ing, and  firmly  fixed  by  any  workman  in  a  few  minutes.  Also 
by  means  of  standardised  interchangeable  bushings  they  can 
be  readily  transferred  from  on©  shaft  to  another  of  different 
diameter  with  ease. 

Messrs.  W.  H,  Bailey  &  Co.,  Ltd.,  of  Albion  Works,  Sal- 
ford,  Manchester,  exhibited  a  very  full  and  representative 
selection  of  1  heir  mamifact'ures  in  t-he  shape'  of  boiler  feed 
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pumps,  air  compressors,  recording  oil  testers,  lubricators, 
instruments  for  recording  and  indicating  steam,  air,  and  water 
pressure,  cement  testers,  and  reducing  valves.  The  exhibit 
was  so  varied  that  we  can  only,  with  the  space  at  our  disposal, 
refer  to  one  or  two  of  th&  firm's  specialities. 

Fig.  14  shows  a  recording  '  Tell-Tale  "  gauge  for  pressure 
and  vacuum  exhibited  by  them.  This,  as  will  be  seen,  is  a 
neat  and  convenient  instrument  for  indicating  and  recording 
steam,  air,  gas,  and  water  pressure  at  any  distance  from  the 


Fig.  16.— "  Kosteb  ' 


•2-STAGE  AlK  C'OMPIiESSOH,  SHOWING  OPEHATION  OF  PlSTON  AND  VALVE  GEAH 

Messks.  W.  H.  Bailey  &  Co.,  Ltd.,  Salford. 


source  of  pressure.  It  is  a  cheaper  form  of  the  firm's  pressure 
recorder,  being  without  clock  dial  and  having  a  smaller  case. 
It  is  fitted,  as  will  be  noticed,  with  a  straight-line  diagram, 
and  this  gives  an  evenly -spaced  record  intelligible  to  anyone, 
and  not  so  confusing  as  a  disc  diagram.  The  recording  drums 
and  clocks  are  self-contained  units,  easily  detachable  from  the 
case  and  interchangeable  one  with  another,  and  are  contained 
in  a  separate  compartment,  which  is  rendered  dirt,  wet,  and 
gas  proof  by  means  of  a  rubber  packing  ring.  The  eight-day 
clock  movement  which  is  contained  within  the  drum,  and 
therefore  well  protected  from  injury,  is  fitted  with  regulator 
and  lever  escapement. 

Fig.  15  shows  sectional  views  of  a  vertical  type  of 
" Davidson  *'  steam  pump  exhibited  by  Messrs.  W.  H.  Bailey 
and  Co.,  Ltd.,  and  the  following  short  description  will  enable 
its  action  and  working  to  be  understood. 

As  will  be  seen,  it  is  of  the  single-cylinder  type,  which  is 
not  only  simple  in  construction,  but  economical  in  the  use  of 
steam .  It  will,  we  are  informed,  start  from  any  point  of  the 
stroke  ；  make  its  full  stroke  under  all  conditions  ；  and  will 
pump  any  fluid,  giving  a  steady  and  uniform  delivery,  against 
ligl\t  or  lieavy  pressures,  and  at  low  or  high  speeds. 

The  steam  valve  gear  consists  of  a  slide  valve,  valve  pistons, 
valve  pin,  and  cam.  The  slide  valve  is  actuated  by  a  positive 
mechanical  connection  with  the  main  piston  rod  and  by  the 
action  of  steam  on  the  valve  pistons.  The  illustrations  show 
the  valve  gear  applied  to  a  vertical  steam  cylinder.  The 
steam  chest  consists  of  the  cylinder  A，  and  contains  the  slide 
valve  B  and  valve  pistons  C  and  D.  The  pistons  are  con- 
nected, sufficient  space  being  allowed  between  them  for  the 
valve  B  and  steam  ports  E  and  F.  The  valve  is  controlled 
and  operated  by  the  steel  cam  G  acting  on  steel  pin  H，  which 
passes  through  the  valve  into  the  exhaust  port  in  wliich  tlie 
cam  is  located.  In  addition  to  this  mechanical  operation, 
steam  is  alternately  admitted  to  and  exhausted  from  the  ends 
of  steam  chest  by  ports  J  and  K，  operating  the  pistons  C 
and  D. 

The  pump  being  at  rest,  with  the  valve  B  covering  the 
main  steam  ports  E  and  F,  the  cam  G  holds  the  valve  by 
means  of  valve  pin  H，  so  that  ports  J  and  K  admit  steam  to 
one  end  of  chest  and  connect  the  other  end  with  exhaust  port  ； 
the  steam  acting  on  valve  pistons  will  now  move  valve  pistons 
and  valve,  opening  main  ports  E  and  F,  admitting  steam  to 
one  end  of  the  steam  cylinder  and  opening  the  other  end  to  the 
exhaust.  If  the  valve  occupies  any  other  position,  the  main 
ports  E  and  F  will  be  open  for  th&  admission  and  exhaust  of 
steam  ；  consequently  it  is  evident  that  there  is  no  dead  point, 
and  that  the  pump  will  start  from  any  point  of  the  stroke. 

Steam  being  admitted  to  the  cylinder  by  one  of  the  main 
]>orts,  as  E  in  illusiration,  tlie  steam  piston,  cam,  valve,  &c.， 
will  move  in  direction  indicated  by  arrows.    The  first  move- 


ment of  the  cam  will  be  to  oscillate  the  valve,  preparatory  to 
bringing  it  into  proper  position  for  the  opening  of  tlie 
auxiliary  steam  port  J  to  live  steam  and  K  to  exhaust,  and 
secondly,  to  bring  the  valve  to  its  closure  (mechanically) 
slightly  before  the  end  of  the  stroke  of  main  piston  (thereby 
causing  slight  cut-off  and  compression)  and  fully  opening 
auxiliary  port  J  to  steam  and  K  to  exhaust.  By  tlie  admis- 
sion of  steam  to  one  end  of  chest,  the  other  being  open  to 
exhaust,  the  valve  pistons  will  move  valve  to  sucli  position  as 
will  alio  a'  th&  admission  and  exliaust  of 
steam  to  and  from  the  cylinder  for  the 
return  btroke.  The  main  valve  also  being 
as  much  under  the  control  of  the  piston 
rod  as  is  the  valve  of  an  ordinary  steam 
engine  worked  by  an  eccentric,  secures  a 
positive  action,  the  pump  thus  being  capable 
of  starting  from  any  position  and  main- 
taining a  uniform  and  full  stroke.  The 
steam  piston  is  also  absolutely  prevented 
from  striking  the  cylinder  heads  by  virtue 
of  the  mechanical  valve  closure,  so  that 
the  clearance  at  the  end  of  cylinder  can 
be  less  than  in  otlier  designs.  This,  it 】s 
claimed,  is  one  of  the  most  important 
features  of  the  pump. 

The  "  Koster  "  air  compressor,  another 
speciality  exhibited  by  the  firm,  we  have 
pleasure  in  partially  illustrating  in 
Fig.  16，  this  being  a  section  view  showing  the  operation  of 
the  piston  and  valve  gear.  In  the  suction  and  clearance  dis- 
charge' stroke  of  this  compressor  it  is  claimed  that  a  thick 
stream  of  air  is  admitted  by  the  use  of  the  piston  inlet  valve 
and  that  this  is  not  wire  drawn  and  therefore  does  not  get 
so  hot  as  when  it  passes  through  ordinary  valves  in  a  thin 
stream.  The  piston  inlet  valve  also  performs  other  duties  : 
\1)  It  discharges  the  compressed  air  remaining  in  the  clearance 
spaces  of  the  valve  cliest  through  the  discharge  valve;  and 
(2)  it  prevents  any  leakage  from  the  discharge  valve  passing 
into  the  cylinder,  and  therefor©  assists  to  form  a  double  check 
on  blifj  compressed  air  in  the  discharge  pipe.  At  the  end  of 
the  suction  stroke  the  cylinder  is  filled  with  air  at  atmospheric 
pressure  and  at  a  low  temperature,  so  that  the  volumetric 
efficiency  is  remarkably  high. 

On  the  compression  and  major  discharge   stroke    air  is 

compressed  in  the 
cylinder  to  a  pressure 
equal  to  and  no  higher 
than  the  pressure  in 
the  discharge  pipe,  and 
passes  through  a  single 
valve  of  the  large  size 
and  high  lift  which  is 
air  cushioned  in  open- 
ing. On  the  comple- 
tion of  the  discharge 
stroke,  the  air  passage 
from  the  cylinder  is 
closed  mechanically,  so 
that  the  discharge  valve 
is  permitted  to  seat 
itself  slowly  and 
quietly.  The  reference 
lett  ers  shown  on  the 
illustration  indicate  the 
following  parts :  A, 
the  suction  inlet  ；  B, 
port  of  low-pressure 
end  ；  C，  low-pressure 
piston  valve  ；  D，  low-pressure  delivery  valve  ；  F，  to  inter- 
cooler  ； H，  suction  of  high-pressure  end  ；  I，  port  of  high- 
pressure  end  ；  K,  high-pressure  end  ；  L,  high-pressure  piston 
valve  ；  M，  high-pressure  delivery  valve. 

Messrs.  Boncccurt  Surface  Combustion,  Ltd.,  of  Parliament 
Mansions,  Victoria  Street,  Westminster,  London,  exhibited 
several  examples  of  furnaces  and  stoves  fired  with  gas  on  the 
Bonecourt  patent  system  (to  be  described  below),  as  well  as 
diapiiragrn  radiators  for  domestic  heating  and  cooking,  &c. 


Fkj.  17— DiAPHiiAtiM  Heater.    Mkssrs.  13one<-ouht 
Subfack  Combustion,  Ltd.,  London. 
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Fu;.  18.— Metal  Mei,tix<;  F【'rn.、（'e,  Immersei) 
Burner  Type.   Messhs.  Bonk<  <)uht  Sihif  vce 
Combustion,  Ltd.,  London. 


Iii  the  yard  outside  the  Olympia  building  was  exhibited  a 
gas  fired  boiler,  also  on  the  Bonecourt  patent  eurfao©  combus- 
tion system.  Ii  supplied  steam  to  several  of  the  exhibitors, 
and  was  shown  at  the  Exhibition  for  the  first  time  in  any 
country.  Gas  and  air  were  supplied  under  pressure  by 
Sturtevant  fans,  and  the  water  level  was  controlled  by  means 
of  a  C'i*osl)y  automatic  feed  regulator. 

In  the  ordinary  case 
of  Hame  combustion 
the  molecules  of  gas 
trave{  through  a  suc- 
cession of  envelopes  in 
which  various  degrees 
of  aeration  prevail.  The 
combustion  is  essen- 
tially a  step  by  step 
process,  and,  as  such, 
is  broadly  distinguished 
from  the  process  of 
surface  combustion. 
The  distinguishing 
and  essential  feature  of 
the  new  processes  is 
that  a  homogeneous 
explosive  mixture  of 
gas  and  air,  in  the 
proper  proportions  for 
complete  combustion 
(or  with  air  in  slight 
excess  thereof)  is  caused 
to  burn  without  flame 
in  contact  with  a 
granular  incandescent 
solid,  whereby  a  large 
proportion  of  the 
potential  energy  of 
the  gas  is  immedi- 
ately converted  into 
radiant  heat.  The  advantages  claimed  for  the  new  system 
are :  (1)  tlie  combustion  is  greatly  accelerated  by  the  incan- 
descent surface,  and  if  so  desired,  may  b&  conoentrafced  just 
where  the  heat  is  required  ；  (2)  the  combustion  is  perfect 
with  a  minimum  excess  of  air  ；  (3)  the  attainment  of  very 
high  temperatures  is  possible  without  the  aid  of  elaborate 
" regenerative  n  devices  ；  and  (4)  owing  to  the  large  amount 
of  radiant  energy  developed,  transmission  of  heat  from  the 
seat  of  combustion  to  the  object  to  be  lieated  is  very  rapid. 

There  are  two  principal  forms  of  the  surface  combustion 
element,  one  known  as  the  il  Diaphragm  ，，  (or  No.  1  process), 
and  the  other  as  the  "  cavity  cobble,"  or  "  Granular  Bed  •• 
(No.  2  process).  The  former  consists  of  a  slab  of  porous  fire- 
clay of  any  required  size  and  shape,  mounted  in  a  frame 
attached  to  a  box  or  fuel  chamber,  from  which  th^  com- 
bustible or  explosive  mixture  of  gas  and  air，  under  a  suitable 
pressure,  percolates  through  the  porous  diaphragm  till  it 
reaches  the  outer  face,  where  it  can  be  ignited.  If  less  air 
than  is  theoretically  required  be  present  in  the  mixture, 
flames  will  apponr  on  the  face  of  the  diaphragm  and  it  will 
become  heated.  On  reducing  the  richness  of  the  mixture,  but 
still  maintaining  the  pressure,  these  flames  will  disappear, 
and  in  a  very  short  time  the  mixture  will  begin  to  burn  inside 
the  porous  slab  at  about  |in.  from  its  surface,  producing  an 
incandescent  or  glowing  surface  devoid  of  flame  and  giving  out 
great  radiant  heat.  The  temperature  near  the  surface  is 
about  850°  C.  -1,562°  Fah. 

The  coarseness  or  fineness  of  the  porous  diaphragm  is 
graded  to  suit  the  quality  and  pressure  of  the  gas  employed, 
so  as  t'o  secure  the  required  results.  Generally  speaking, 
with  a  rich  gas,  such  as  coal  gas,  or  water  gas,  a  finer  grade  is 
used,  while  for  "  poor  gases  ，，  and  moderate  temperatures  a 
coarser  grade  is  employed.  Obviously,  the  finer  the  grade 
tlie  higher  must  be  the  pressure,  varying  from  ^in.  of  water  to 
over  4in.  Any  kind  of  gas  can  be  used,  from  rich  coal  gas  to 
producer  gas.  In  cases  where  a  supply  of  gas  is  available 
under  a  pressure  of  about  2】bs.  per  square  inch  the  gas  may  be 
made,  hy  an  injector  nozzle,  to  induce  all  the  air  for  com- 
bustion through  a  simple  adjustable  orifice,  so  as  to  obtain 
and  maintain  the  proper  mixture.  Where  a  supply  of  high- 
pressure  gas  is  not  available  a  fan  or  blower  may  b©  used  to 
create  pressure  in  the  gas，  or  to  produce  a  cun^ent  of  air  under 


pressure  to  induce  low-pressure  gas,  and  form  the  required 
mixture.  Or,  again,  a  single  blower  may  be  us&d  to  form  and 
deliver  a  mixture  of  air  and  gas,  without  any  risk  of  back- 
firing or  explosions.  The  pressure  of  this  mixture  in  the 
supply  chamber  at  the  back  of  the  diaphragm  only  requires 
to  be  that  due  to  ^in.  to  |in.  of  water  when  the  face  of  the 
diaphragm  burns  under  atmospheric  pressure.  With  the 
granular  bed  form,  and  particularly  when  used  in  a  long  tube 
packed  with  granules,  this  pressure  must  be  higher  to  over- 
come the  resistance  of  the  much  greater  length  or  depth  of 
porous  material.  The  principal  uses  of  tlie  diaphragm  form 
are:  (1)  evaporation  of  liquids  by  radiant  h©at  thrown  on  to 
tlie  surface  of  the  liquid  ；  (2)  concentration  of  sulphuric 
acid  ；  (3)  industrial  heating  ；  and  (4)  domestic  heating, 
cooking,  toasting,  washing,  drying,  &c.，  particularly  in  hotels 
and  large  public  institutions. 

The  second  form  of  the  apparatus  (No.  2  process)  presents 
even  a  wider  field  of  application  than  the  diaphragm  (or  No.  1 
process)  which  arises  partly  from  the  fact  that  higher  tempe- 
ratures can  be  obtained  (over  2,000°  C.  =  3,632°  Fah.)  and 
that  the  arrangement  permits  of  the  application  of  the  pro- 
cess to  all  shapes  and  sizes  of  furnaces.  The  principles 
involved  are  the  same  in  both,  but  the  physical  arrangement 
of  the  active  elements  is  substantially  different.  In  the  No.  2 
process  the  diaphragm  is  replaced  by  a  bed  of  granular  refrac- 
tory material  on  the  surface  of  each  granule  of  which  flame- 
less  incandescent  surface  combustion  occurs.  These  granules 
can  be  easily  packed  into  tubes  which  can  be  bodily  immersed 
in  water  for  steam  raising  purposes,  or  in  metals  and  alloys 
which  it  is  required  to  melt.  They  can  be  packed  round  a 
crucible,  or  be  arranged  in  the  form  of  a  bed  in  a  furnace  for 
heating  bars  of  iron  or  steel  which  require  stamping  or  forg- 
ing, while  large  masses  of  metal  such  as  guns,  armour  plate 
and  the  like  can  b©  subjected  to  a  heat-soaking  process  to 
facilitate  annealing,  tempering,  or  other  processes  in  the 
working  of  sieel  and  other  metals.  The  above  brief 
description  is  only  intended  to  give  a  general  idea  of  the 


I?ig.  19  — The  Boxecouht  Patknt  Boii.eh. 
Messrs.  Bomkcoubt  Surface  Combustion',  Ltd. ,  London. 

principles  and  chief  uses  of  the  system  and  is  in  no  sense 
complete  or  exhaustive. 

In  Figs.  17  to  19  we  give  thre&  illustrations  of  the  apparatus 
in  various  forms,  Fig.  17  being  a  diaphragm  heater,  Fig.  18  a 
metal  melting  furnace  for  melting  lead,  antimony,  type  metal, 
&c.，  in  which  it  is  claimed  that  one  ton  of  lead  can  be  melted 
at  a  cost  of  4^d.  with  town's  gas  at  2s.  per  thousand,  and 
Fig.  19  a  photograph  of  a  boiler  similar  to  the  one.  shown  at  the 
Exhibition  and  fired  with  coke-oven  gas,  at  the  Skinningrove 
Ironworks,  capable  of  evaporating  5,5001bs.  of  water  per 
hour,  into  steam  at  1201bs.  pressure,  with  an  efficiency  of 
94  per  cent. 

Railway  Flashlight  Signals. ― As  a  result  of  a  year's  trial 
installation  of  the  Aga  system  of  flashlight  signals  on  tlie 
Liljeholmen  station  of  the  Swedish  Stat©  Railways,  the  State 
Railway  Authorities  have  decided  to  adopt  flashlight  for  two 
new  types  of  signals,  wliicli  liave  been  designed  by  Mr.  E.  G. 
Wiiiclalil,  signal  engineer  of  the  Swedish  State  Railways.  To 
this  end  the  whole  line  between  Stockholm  Central  Station 
and  Saltskog  will  very  shortly  be  equipped  with  these  new 
tlaslilight  railway  signals. 
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FIRE  EXTINCTION  ON  SHIPS. 

An  exhaustive  paper  on  "  The  Use  of  Gases  on  Ships  for  Fire 
Extinctiou  and  Fumigation  "  was  read  by  Mr.  E.  Kilburn 
Scott.,  A.M. Inst. C.E.,  at  a  meeting  of  the  Institute  of  Marine 
Engineers  on  November  18th.  The  author  stated  that  fire 
was  one  of  the  principal  risks  of  sea  transport,  because  it 
was  an  ever-present  oue.  As  the  interior  fittings  of  pas- 
senger vessels  became  more  and  more  elaborate,  so  did  the 
fire  risk  increase,  but,  of  course,  the  greatest  danger  lay  iu 
the  holds,  and  it  was  with  the  latter  that  his  paper  was 
principally  concerned.  The  possible  damage  due  to  a  fire 
increased  as  steamships  increased  in  size.  The  larger  the 
holds  the  more  non-conducting  material  there  was  between 
the  seat  of  the  fire,  for  it  generally  broke  out  in  the  centre 
and  the  cool  surfaces  of  the  skin  of  the  vessel  or  the  deck 
above.  The  problem  of  fire  extinction  on  shipboard  was  in 
some  respects  similar  to  that  which  fire  brigades  asLore  had 
to  deal  with .  An  ocean  liner  might  be  considered  as 
analogous  to  a  theatre  or  hotel ,  where  human  life  was  prin- 
cipally involved,  while  a  cargo-boat  was  similar  to  the  ware- 
house or  store  where  economic  interests  were  at  stake.  The 
resemblance  ended  there,  because  a  ship's  fire  differed  from 
a  fire  in  a  building  in  thai  it  could  ouly  be  attacked  from 
above .  Also,  as  it  was  iu  an  enclosed  space  and  partly 
below  water  level,  water  had  to  be  very  carefully  used.  A 
principal  difference  lay  in  tlie  fact  that  it  was  possible  to 
make  use  of  inert  gaseis  for  fire  extinction.  The  methods  of 
extinguishing  fires  on  board  ship  were  ：  (1)  Closing  the 
hatches.  (2)  Flooding  the  holds  with  water.  (3)  Blowing  in 
steam.  (4)  Blowing  in  an  inert  gas.  The  inert  gases  gene- 
rally used  were  (a)  carbon  dioxide  gas,  (b)  sulphur  dioxide  gas， 
(c)  flue  gas. 

Closing  the  hatches  was,  he  said,  seldom  really  effective, 
because  air  usually  leaked  into  the  hold  in  sufficient  quantity 
to  keep  the  fire  alight,  and  even  when  the  flames  were  extin- 
guished there  was  great  danger  of  the  fire  breaking  out 
again  when  the  hatches  were  opened  -  The  problem  was  not 
merely  to  arrest  combustion,  but  to  reduce  the  general  tem- 
perature to  a  point  at  which  air  could  be  safely  readmitted. 

By  reason  of  the  latent  heat  of  steam  a  large  amount  of 
heat  could  be  quickly  absorbed  by  evaporating  water,  but, 
of  course,  much  water  might  be  poured  in  without  any  of  it 
reaching  the  seat  of  the  fire.  When  the  water  did  reach  the 
fire  the  volume  of  steam  given  off  acted  in  two  ways — (a)  by 
absorbing  heat  in  its  vaporisation,  (b)  by  filling  the  hold  and 
so  displacing  air.  The  principal  objections  to  water  were 
that  it  might  seriously  damage  the  cargo  and  also  endanger 
the  stability  of  the  vessel.  Many  cargoes  retarded  the  per- 
colation of  the  water —— for  example,  coal  and  grain,  also 
fibres,  such  as  cotton ,  wool,  and  jute.  There  was  a  further 
danger  with  such  cargoes,  that  when  wetted  they  swelled,  and 
川 ight  twist  the  framing  of  the  ship.  Of  course,  water  was 
t  lie  only  medium  possible  for  deck  cargoes  and  for  magazines 
containing  explosives.  British  war  vessels  relied  solely  on 
water,  but  gas  apparatus  had  been  fitted  on  some  foreign 
warsliips. 

Steam,  he  observed,  had  the  advantage  that  it  could  be 
quickly  turned  into  a  hold,  but  its  value  as  an  extinguisher 
depended  principally  on  its  displacing  the  air,  and  this 
depended  on  the  amount  of  condensation.  With  some  car- 
goes and  in  cold  weather  the  penetration  might  be  very 
small,  owing  to  condensation,  unless,  of  course,  the  cargo  was 
well  alight.  If  steam  was  used  for  putting  out  a  fire,  then 
there  was  so  much  less  for  the  propulsion  of  the  vessel .  One 
^rave  danger  in  driving  steam  througli  a  cargo  tliat  was  well 
； I liglil,  was  that  tlie  steam  might  be  dissociated  into  the 
•  explosive  gases,  carbon  monoxide  and  hydrogen.  That  it  was 
a  real  clanger  had  been  shown  by  Prof.  Vivian  B.  Lewes. 
At  the  same  time  it  was  interesting  to  note  that  a  steam 
system ― tlie  "  Rich  " ― was  in  use  on  about  30  vessels, 
including  some  of  tlie  largest  afloat.  One  reason  why  the 
Rich  system  was  used  was  that  it  was  designed  for  fire- 
indicating  as  well  as  fire-extinguishing. 

Gas  was,  in  liis  opi"iOr，，  the  best  medium  for  fire  extin- 
guishing, because  a  captain  naturally  hesitated  to  inject 
steam  or  pump  water  into  a  hold  full  of  valuable  mer- 
chandise. The  gas  must  be  a  non-supjx)rt/er  of  combustion  ； 
must  not  condense  and  must  not  injure  the  cargo.  Naturally, 


carbon  dioxide  was  the  first  oho  to  suggest  itself,  and  ib 
was  ot'  interest  to  note  that  so  long  ago  as  1875  Mr.  J.  Glover 
proposed  its  use.  His  meiliorl  of  preparing  the  gas  was  not 
feasible,  because  he  required  about  4  tons  of  hydrocliloric 
acid  and  chalk  for  every  1,000  tons  of  cargo.  Although  ilie 
earlier  attempts  to  use  gas  were  not  successful,  the  very 
obvious  advantages  kepi  the  matter  uppermost  in  i"veutors， 
minds,  and  to-day  there  were  three  different  systems  at  work  ： 
(1)  The  Gronwald  system ,  using  pure  carbon  dioxide  which 
was  stored  in  steel  cylinders.  (2)  The  Clayton  system,  using 
sulpluir  dioxide,  which  was  made  from  raw  sulphur  in  a 
special  apparatus.  (3)  The  Harker  system,  using  the  waste 
flue  gases  from  boiler  furnaces. 

In  the  Gronwald  system  the  fire-extinctive  gas  was  stored 
in  steel  cylinders  under  pressure,  so  no  machinery  was 
required  to  deliver  it  ；  steam  or  water  was  necessary  to  pro- 
vide heat  for  the  gas.  A  feature  of  the  system  was  that  the 
gas  acted  not  only  as  an  extinguisher  by  diluting  the  air, 
but  it  also  acted  as  a  cooling  agent,  because  of  the  low  tem- 
perature produced.  The  bottles  were  the  usual  seamless 
steel  type  tested  to  4,0001bs.  per  square  inch,  and  at  ordinary 
temperature  the  working  pressure  was  about  7651bs.  per 
square  inch.  One  method  of  preventing  clogging  of  the 
discharge  was  to  provide  a  water  jacket  between  the  bottle 
and  the  reducing  valve.  This  would  do  for  a  slow  discharge, 
but  for  the  very  quick  discharge  necessary  for  fire  extin- 
guishing the  water  chambers  would  have  to  be  large  and  the 
water  have  to  be  heated.  There  was  danger  in  this,  because 
if  tlie  discharge  of  carbon  dioxide  was  stopped  from  any 
cause,  heating  of  the  liquid  gas  in  the  cylinder  would  take 
place  and  】ea3  to  an  explosion.  In  the  Gronwald'  apparatus 
the  gas  was  not  heated  in  its  liquid  state,  but  only  after  its 
issue  in  the  vaporised  condition.  The  heating  medium  was 
thus  brought  in  contact  with  the  gas  in  a  fine  state  of  sub- 
division, and  consequently  acted  thereon  without  clanger  of 
the  heat  being  carried  back  to  the  storage  vessel.  The 
heating  medium  might  be  steam  or  else  water  of  ordinary 
temperature.  The  former  was  employed  on  steamers,  whilst 
water  was  used  on  sailing  ships,  it  being  pumped  through  the 
ordinary  deck  pumps.  Wator  might  be  used  as  tlie  heating 
medium,  because  it  surrounded  the  finely-divided  gases  at 
the  moment  of  vaporisation.  By  means  of  the  Gronwald 
valve  and  steam,  a  401b.  bottle  could  be  emptied  in  5  minutes, 
whereas  with  an  ordinary  reducing  valve  it  would'  take  haif 
an  hour.  Each  pound  of  liquid  gas  expanded  to  about 
8  cub.  ft.  of  gas  at  atmospheric  pressure.  A  cylinder  weigh- 
ing about  1  h  cwts.  contained  401bs.  of  liquid  or  compressed 
carbon  dioxide,  and  50  cylinders  would  therefore  provide 
about  16,000  cub.  ft.  of  gas.  Of  course,  it  was  not  necessary 
to  entirely  fill  the-  holds  with  pur©  carbon  dioxide  gas  for 
fire-extinctive  purposes  ；  air  containing  25  per  cent,  of  carbon 
dioxide  had  an  oxygen  content  of  15*7  per  cent.,  and  ordi 
nary  substances  would  no  longer  burn  in  it.  Reckoning  in 
this  way,  a  hold  of  60,000  cub.  ft.  capacity  would  be  rendered 
fire  extinctive  in  two  hours  by  using  the  contents  of  50 
cylinders  of  gas,  supposing  two  cylinders  to  be  connected  to 
the  steam  supply  and  delivery  pipes  at  any  one  time.  Of 
course,  dilution  could  only  be  effective  if  the  gas  and  air 
were  thoroughly  mixed.  As  the  carbon  dioxide  gas  was 
much  heavier  than  air,  most  of  it  went  to  the  bottom  and 
diffused  with  the  contained  air.  The  safest  plan  was  to  put 
in  such  a  volume  of  gas  that  the  whole  or  nearly  the  whole 
of  the  contained  air  was  expelled  through  vents  left  open 
for  the  purpose.  The  Gronwald  carbon  dioxide  apparatus 
had  been  fitted  to  70  ves&els. 

In  the  Clayton  system  sulphur  wa-s  burned  in  a  generator, 
and  tlie  products  of  coTtibustion  were  cooled  and  then  forced 
througli  pipes  into  the  ship's  holds.  According  to  a  Local 
Government  Board  report,  the  composition  of  the  gas 
averaged  about  10'5  per  cent,  of  sulphur  dioxide,  80'5  per 
cent,  of  nitrogen,  and  about  9"0  per  cent,  of  oxygen . 
According  to  these  figures,  a  ton  of  sulphur  would  produce 
about  180,000  cub.  ft.  of  gas.  The  machine  generally  used 
for  steamships  measured  5ft.  8in.  by  4ft-.  10in.，  was  4ft.  8in. 
high,  and  weighed  33  cwts.  The  generator  was  charged  with 
ordinary  roll  sulphur,  and  when  gas  was  required  a  handful 
of  cotton  waste  saturaknl  with  methylated  spirit  was  placed 
on  the  sulphur  and  ignited.  The  generator  door  was  closed 
after  first  starting  the  engine  which  drove  the  blower.  Ah' 
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was  drawn  into  the  generator  through  the  suction  pipe  which 
connected  with  the  upper  part  of  the  hold  or  compartment 
to  be>  treated.  The  air  thus  extracted  passed  into  the  gene- 
rator, where  the  oxygen,  combining  with  the  burning  sul- 
phur, formed  a  fire-extinguishing  and  germicidal  gas,  whicli 
passed  out  through  the  cooler  to  tlie  blower.  It  was  then 
forced  through  the  delivery  pipe  leading  into  the  lower  part 
of  the  hold  or  compartment  to  be  treated.  The  fire  was 
thus  deprived  of  the  oxygen  necessary  for  its  support,  an d 
such  oxygeai  was  replaced  by  sulphur  dioxide  gas.  Of  course, 
before  it  could  be  passed  into  the  holds  the  sulphur  dioxide 
gas  had  to  be  cooled  to  a  little  above  normal  air  temperature. 
It  might  be  thought  that  by  so  cooling  some  of  the  sulphur 
would  be  deposited  as  flour  of  sulphur,  but  such  was  not 
the  case  so  long  as  the  percentage  of  sulphur  dioxide  in  the 
mixture  did  not  exceed  about  20  per  cent.  The  latest 
machines  were  fitted  with  an  automatic  control  to  keep  the 
gas  below  that  percentage.  The  sysiem  differed  from  others 
in  having  both  delivery  and  suction  pipes  leading  from  tlie 
apparatus  and  the  hold.  A  powerful  blower  delivered 
sulphur  dioxide  gas  to  the  bottom  of  the  liold  and  drew  air 
from  the  top  of  it,  th©  volume  withdrawn  being  about  equal 
to  that  delivered.  This  was  done  not  only  t-o  secure  pene- 
tration of  gas,  but  to  economise  sulphur.  One  objection 
urged  against  sulphur  dioxide  was  that  it  attacked  ths 
metal  work  and  spoiled  some  kinds  of  cargo.  Over  200  steam- 
ships  and  20  sailing  vessels  had  been  fitted  with  the  sulphur 
dioxide  system.  Sulphur  dioxide  had  b&en  introduced  into 
holds  to  prevent  spontaneous  combustion  of  coal  cargoes,  but 
as  the  gas  was  readily  absorbed  by  moisture,  forming  an  acid, 
it  would  not  be  suitable  for  any  but  a  very  dry  coal. 

Turning  to  the  flue—gas  system,  the  author  said  an  ordi- 
nary fire  received  its  supply  of  oxygen  from  the  air,  of  whicli 
this  gas  farmed  21  per  cent.  When  the  oxygen  contont  was 
reduced  to  about  15  per  cent,  the  combustion  of  ordinary 
substances  ceased.  When  coal  was  burnt  in  a  normal  boiler 
a  large  part  of  the  oxygen  of  tlie  air  combined  with  the 
coal,  and  the  resulting  flue  gas  only  contained  about  9  per 
cent,  of  oxygen -  Thus  flue  gas  was  quite  unable  to  support 
combustion,  and  it  was  the  gas  which  was  used  in  the  system 
due  to  Mr.  G.  Harker,  D.Sc.  Being  waste  gas  it  cost 
nothing,  but  before  turning  it  into  the  hold  it  had  to  be 
cleaned  and  cooled.  A  typical  analysis  of  flu©  gas  was : 
Nitrogen  80'5  per  cent.,  carbon  dioxide  10'0  per  cent.,  car- 
bonic oxide  '5  per  cent.,  oxygen  9*0  per  cent.  In  the 
Harker  apparatus  a  De  Laval  turbine  or  electric  motor 
drove  tlie  fan,  and  a  branch  pipe  connected  to  the  mam 
funnel  from  the  boilers  or  to  the  funnel  of  the  doukey  boiler 
conducted  the  gas  to  the  washer  and  cooler.  After  being 
washed  the  gas  then  passed  to  the  fan,  and  by  it  was  delivered 
to  the  gas  main.  Sea-water  was  pumped  into  the  washer, 
and  was  formed  into  a  fine  spray,  which  took  out  the  soot 
as  the  gas  passed  on  its  way  to  the  fan.  Disinfectants  could 
be  drawn  from  a  tank  in  a  vaporised  condition  and  carried 
along  with  the  gas  to  all  parts  of  the  ship.  In  addition  to 
a  connection  with  the  base  of  the  funnel  the  machine  must 
be  connected  with  the  uptake  of  the  donkey  boiler,  so  that 
gas  could  be  drawn  from  it  when  the  vessel  was  in  port,  or 
at  any  time  the  main  boilers  were  not  in  use'.  A  donkey 
boiler  of  ordinary  size  was  quite  capable  of  supplying  a 
sufficient  quantity  of  gas.  The  washing  was  effected  in  tlie 
following  way.  The  gases  passed  downwards  through  a  nest 
of  six-sided  cast-iron  pipes  ；  water  also  passed  down  at  the 
same  time,  but  at  a  quicker  rate,  so  that  an  ejector  effect 
wa&  set  up  which  reduced  tlie  suction  head  of  the  fan.  The 
velocity  of  the  gas  was  about  50ft.  a  second,  and  of  the  water 
about  120ft.  a  second .  As  the  water  shot  through  the  gas 
it  picked  up  the  soot  particles,  and  they  ran  off  with  the 
water  at  tlie  bottom.  The  gas  then  returned  to  the  top  of 
the  washer  by  a  circular  path,  the  whirl  of  which  threw  out 
more  water,  and  it  then  passed  to  the  fan  clean .  About 
3,000  ^alls.  of  water  per  hour  were  required  to  cool  down 
90,000  cub.  ft.  of  gas  \>er  hour  to  a  temperature  of  120°  Fah. 
Under  good  working  conditions,  lib.  of  coal  required  about 
18】bs.  of  air,  a  quantity  which  at  ordinary  temperature  and 
pressure  occupied  about  196  cub.  ft.  During  combustion 
most  of  the  oxygen  combined  with  the  carbon  of  the  coal, 
n\\<l  was  converted  into  carbon  dioxide  gas，  which,  when 
oooled,  occupied  exactly  the  same  volume'  as  the  original 
oxygen  consumed.    Henoe  about  450,000  cub.  ft.  of  flue  gas 


were  produced  hy  burning  one  ton  of  coal  The  fan  delivered 
into  a  6iri .  diam.  galvanised  steel  riveted  pipe,  wliich  ran 
fore  and  alt.  Branch  pipss,  controlled  by  sluice  valves,  led 
down  to  the  bottom  of  th&  holds  and  bunkers,  and  at  the 
lower  end  of  each  of  these  branch  pipes  there,  was  a  specially 
constructed  rose  having  lin.  holes,  which  prevented  tho 
cargo  getting  into  the-  pipo,  but  allowed  fr&s  escape  of  gas. 
Branches  were  led  on  deck  to  a  hose  coupling  for  disinfecting 
a"<l  i'umiis')*i"g  the  passengers'  and  crews'  quarters.  Tlvo 
inlet  brandies  were  so  arranged  that  the  air  or  gas  in  the 
holds  would  be  displaced  as  rapidly  as  possible.  One  objec- 
tion that  had  been  urged  against  the  Harker  system  was 
that  the  flue  gas  might  contain  sufficient  carbon  monoxide 
to  form  an  explosive  mixture  with  the  air  in  a  ho]d.  Dr. 
Harker's  rejoinder  to  that  was  that  if  such  a  liability  to 
explode  existed,  it  ought  to  show  itself  whenever  a  fireman 
opened  the  door  of  a  boiler  furnace  and  allowed  a  rush  of  air 
to  mix  with  the  supposed  inflammable  gases.  Yet  it  was 
common  knowledge  that  nothing  of  the  kind  ever  happened. 
Experiment  had  shown  that  】iot  less  than  16  per  cent,  of 
carbon  monoxide  must  he  present  in  the  mixture  with  the 
air  before  explosion  was  possible,  while  in  ordinary  experience 
the  proportion  in  Hue  gas  never  reached  even  5  per  cent., 
and  was  very  rarely  over  1'5  per  cent.  In  good  combustion 
it  was  absent  altogether.  Flue  gas  was  incapable  of 
exploding-  when  mixed  with  any  proportion  of  air  whatever. 
It  liad  been  so  largely  deprived  of  oxygen  and  contained  so 
much  inert  g?ts ― nitrogen  and  carbon  dioxide ~ ill  at  it  mi^lit 
be  used  to  dilute  a  mixture  of  explosive  gases  and  prevent 
ignition. 

The  flue  gas  system,  the  author  considered,  undoubtedly 
stood  first  in  effectiveness  of  operation,  because  the  gas  could 
be  delivered  into  the  holds  at  a  much  greater  rate  and  the 
supply  kept  up  for  a  longer  period  than  the  gases  used  in 
other  systems.  A  pure  C02  gas  supply  was  naturally 
limited  to  the  amount  carried  in  the  steel  bottles,  and  SO。 
gas  supply  was  limited  by  the  amount  of  raw  sulphur  avail- 
able, also  by  its  speed  of  travel  in  a  complicated  piping 
system.  There  was  an  important  point  in  this  connection, 
namely,  that  however  well  the  hatches  and  ventilators  were 
closed,  there  was  always  considerable  leakage.  For  example, 
at  the  trials  of  the  s.s.  "  Fiona,"  fitted  witli  the  Harker 
system,  it  was  found  that  about  500  cub.  ft.  of  gas  per  minute 
were  necessary  bo  maintain  a  fire-extinctive  atmosphere  in 
a  large  hold  of  80,000  cub.  ft.  capacity.  When  the  hold  was 
filled  with  gas  and  the  fire  under  control,  it  might  take 
several  hours  before  the  cargo  was  sufficiently  cooled  down 
to  prevent  a  recurrence  of  the  outbreak.  Therefore  a  current 
of  gas  must  be  kept  up  so  as  to  carry  away  the  heat  from 
the  smouldering  mass,  and  at  the  same  time  prevent  the  inlet 
of  air.  If  the  gas  did  not  reach  the  burning  cargo  in 
sufficient  quantity  to  carry  away  the  heat  from  tlie  glowing 
mass,  but  simply  filled  up  the  hold,  the  effect  was  the  same  as 
if  the  hatches  were  shut  down,  except  that  tlie  flames  dis- 
appeared more  quickly.  In  all  probability,  however,  the  fire 
would  break  out  again  when  the  hatch  covers  were  removed. 
Although  no  flames  were  visible,  the  centre  of  the  burning 
cargo  might  be  still  aglow.  The  heat  from  this  smouldering 
mass  must  be  carried  away  before  it  was  safe  to  admit  air  to 
the  hold,  and  tlie  passage  of  large  volumes  of  cool  extinctive 
gas  was  the  most  effective  way.  It  was  this  ability  to  pour 
any  quantity  of  gas  into  the  hold  that  made  tlve  Harker 
system  so  valuable.  The  Rich  system  was  the  least  effective, 
because  of  the  liability  of  the  steam  to  condense  and  to  the 
fact  that  tlie  steam  was  wanted  for  propulsion  purposes. 
In  promptness  of  getting  to  work  there  was  iiot  much  to 
choose  between  the  four  systems.  Flue  gas  was  always 
ready,  and  all  that  was  required  was  to  start  a  fan  and  turn 
on  water  to  the  washer.  The  S02  gas  system  was  perhaps 
the  least  prompt  of  the  four,  because  the  sulphur  had  to  be 
lighted  up.  There  was  no  damage  to  cargo  or  liull  with 
either  of  the  systems  making  use  of  C02  gas,  namely,  Gron- 
wald's  or  Harker *s.  Sulphur  dioxide  gas  and  steam  were 
distinctly  objectionable  from  this  point  of  view.  All  the 
Harker  machines  were  built  to  deliver  1,500  cub.  ft.  of  flue 
gas  per  minute,  and  for  an  ordinary-sized  cargo-boat  this 
would  require,  say,  7  h.p.,  and  the  apparatus  would  cost, 
say,  £350.  About  live  same  amount  would  bo  require<l  lur 
the  4in.  and  Gin.  diani.  piping  uonnectiiig  to  tlie  various 
holds. 
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THE  CHAPMAN  GAS  PRODUCER. 

A  new  design  of  gas  producer  of  the  rotating  type,  recently 
invented  by  W.  V.  Chapman,  of  New  York  City,  presents 
features  of  interest.  The  design  is  an  all-mechanical  type, 
making  necessary  no  manual  assistance  in  firing,  in  breaking 
up  the  fire  bed,  or  in  removing  the  ashes.  A  section  through 
the  machine  is  shown  in  the  accompanying  figure,  for  which, 
along  with  the  following  description,  we  are  indebted  to 
'*  Engineering  News."  It  will  be  seen  that  fine  and  coarse 
coal  can  be  fed  simultaneously  without  separation  from  a 
stationary  fuel  chamber  supported  at  the  charging  floor  by 
the  columns  which  carry  guides  for  rotating  parts.  The  fuel- 
chamber  capacity  is  l，0001bs.  of  coal ― enough  to  last  for 
about  half  an  hour.  The  lower  edge,  which  is  in  contact 
with  the  fuel  bed  of  the  producer,  is  water-cooled.  The  main 
portion  of  the  shell  revolves  so  that  fresh  parts  of  the  fire  bed 
are  continually  coming  under  the  fuel  chamber,  which  feeds 
sufficient  coal  to  bring  the-  surface  up  to  a  level  with  the 
bottom  of  the  feed.  The  lower  edge  of  this  fuel  chamber  is 
bevelled  as  shown  so  as  to  force  down  the  fresh  fuel  deposited 
as  the  bed  revolves  away.  It  is  claimed  that  this  action 
feeds  non-uuiformly  and  as  needed  in  the  more  burned-out 
spots,  checking  the  formation  of  holes  and  crevices  in  the 
surface ~ points  at  which  more  fuel  is  needed  than  elsewhere. 
The  lower  part  of  the  shell,  carrying  mostly  ashes  and  nearly 
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Chapman  Gas  Producer. 

burned  coal,  revolves  in  the  same  direction  as  the  main 
shell,  but  at  a  slower  speed,  so  that  the  fuel  bed  is  continually 
being  sheared  apart.  This  arrangement  prevents  chimneys 
and  cavities  by  shearing  them  off  and  filling  them  up  as 
soon  as  they  begin  to  develop.  Since  clinkers  are  formed  on 
the  walls  of  chimneys  and  cavities,  it  is  claimed  that  clinker 
elimination  is  a  consequence  of  the  shearing  action  which 
prevents  large  cavities.  Projecting  up  into  the  fuel  bed  from 
the  foundations  of  the  producer  is  a  stationary  air  distributor 
and  corrugated  ash  crusher.  The  lower  part  of  the  revolving 
shell  is  also  corrugated  on  the  inside,  and  the  effect  of  ； ts 
rotating  about  the  air  distributor  and  ash  head  is  to  crush 
any  lumps  which  form,  allowing  them  to  drop  down  into  the 
water  seal.  After  the  ashes  find  their  way  here  they  are 
forced  out  and  up  by  ploughs  and  are  automatically  scooped 
up  and  discharged. 

Three  producers  are  reported  to  have  been  in  operation 
since  November,  1911,  at  the  works  of  the  American  Steel 
and  Wire  Company,  Cleveland,  Ohio.  The  average  results 
of  two  weeks'  tests  on  one  unit  are  claimed  to  have  shown 
150  B.T.U.  per  cubic  foot,  and  a  maximum  variation  above 
and  below  of  but  2*54  per  cent.  The  percentage  of  C02  was 
6-54  per  cent.  ；  CO  was  21.91  per  cent.  ；  hydrogen,  17'1  per 
cent"  CHf,  2*70  per  cent.  ；  and  illuminants,  0*51  per  cent. 
It  is  claimed  that  much  of  the  success  reported  is  due  to  care 


in  the  design  of  details;  for  instance,  supporting  rollers 
are  ('hilled  casliii^s,  ground  aiul  running  on  hi^h-carbon  steel 
pins  provided  witli  brass  l)ushin^s.  Separate  rollers  are  used 
to  take  side  thrusts,  and  all  rollers  are  rnounte<l  in  pairs  set. 
in  equalising  yokes.  The  bearings  are  provided  with  lar-^c 
oil  wells  filled  with  waste  after  the  scheme  for  journals  on 
railway  cars.    Tlie  faster  travelling"  gears  run  in  oil . 


WROUGHT  IRON  v.  STEEL. 

In  the  course  of  a  paper  on  "  The  Manufacture  of  Wrought 
Iron  and  its  Future/1  read  at  a  meeting  of  the  Stafford- 
shire Iron  and  Steel  Institute  on  Saturd  ay  I  ast,  M  r . 
Herbeifc  Pilkington  said  the  manufacture  of  wrought 
iron  had  for  many  years  been  considered  a  dying  industry, 
and  one  scarcely  worth  while  considering  in  any  light. 
Puddling  furnaces  and  iron  mills  had  been  dismantled  whole- 
sale, and  until  quite  recently  little  or  no  attempt  had  been 
made  to  improve  those  plants  wliich  liad  so  far  survived  in  this 
country,  and  the  attempts  were  of  a  half-heartecl  character. 
Of  late  a  great  change  had  come  over  the  situation,  which 
justified  the  confidence  of  those  who  still  had  faith  in  wrought 
iron  contrasted  with  steel.  There  was  now  an  immense 
revival  in  the  demand  for  wrought  iron,  becau&e  of  the  appre- 
ciation of  its  marked  superiority  over  steel  based  on  practical 
experience.  In  America,  a  st&el  country  chiefly,  tliere  were 
141  iron  mills  in  which  20,000  men  were  employed,  and  tlie 
output  was  not  sufficient  to  meet  the  demand,  and  consumers 
were  importing  iron  from  this  and  other  countries.  The 
world  over  the  future  of  wrought  iron  was,  he  observed, 
assured ,  and  great  improvements  were  b ei ng  effected  in  tlie 
rolling  mills.  All  considerations  in  regard  to  the  manufac- 
ture of  wrought  iron  were  based  on  the  puddling  process ― a 
weak  spot.  There  had  been  very  little  change  in  tlie  practice 
of  puddling  since  the  days  of  Joseph  Hall,  of  Bloomfielcl  Iron- 
works, who  introduced  the  pig  boiling  system  in  1839.  After 
describing  the  fettling  process  of  the  furnace,  he  said  that  of 
late  years  there  had  been  improvements  to  prevent  waste  of 
iron  and  to  alter  the  character  of  the  product.  The  process 
of  piling  and  reheating  wrought  iron  absolutely  welded  the 
fibres  together,  whereas  any  such  shock  on  mild  steel  might 
fracture  the  whole  section  very  quickly,  after  the  first  surface 
crack  occurred,  as  there  was  no  resistant  fibre  in  the  structure. 
There  had  been  grave  mistakes  in  the  application  of  steel  -  In 
the  use  of  wrought  iron  for  fire-boxes  for  locomotives,  experi- 
ence proved  that  it  was  far  better  than  steel.  A  box  of  the 
former  lasted  many  years,  whereas  a  steel  box  after  a  short 
service  was  liable  to  cracking,  which  was  almost  unknown 
with  regard  to  wrought  iron.  Other  grave  mistakes  made  in 
the  substitution  of  steel  for  wrought  iron  were  in  the  cases  of 
crank  shafts  for  engines,  connecting  rods,  crank  pins  for  loco- 
motives, and  also  for  bolts  for  pumps  and  water  services. 
Steel  nuts,  bolts,  and  rivets  were  regarded  as  mistakes ； 
instances  were  frequent  of  heads  flying  off  in  practice.  In  the 
use  of  bolts,  90  per  cent,  of  them  used  in  this  country  were 
made  from  wrought  iron.  For  railway  wagons  the  chief 
coupling  links  were  made  of  wrought  iron,  though  some  p&ople 
had  dreams  of  steel  links.  In  iron  the  fibrous  nature  resisted 
shocks  far  better  than  steel,  while  steel  links  would  not  weld 
properly  and  securely. 


Increasing  the  Efficiency  of  Internal-combustion  Engines. —— Prof. 

Watkinson,  in  his  opening  address  to  the  members  of  the 
Liverpool  Engineering  Society,  said  that  the  efficiency  of 
internal -combustion  engines  might  be  increased  by  the 
employment  of  compound  expansion.  Several  attempts  at  the 
compounding  of  internal-combustion  engines  had  already  been 
made  ；  but  for  various  reasons  none  of  them  had  proved  suc- 
cessful. Some  preliminary  experiments  which  he  had  made 
showed  that  the  compounding  of  a  gas  engine  with  a  turbine 
might  be  advantageous  in  connection  with  large  engines.  The 
introduction  of  the  oil  engine  for  marine  purposes,  instead  of 
diminishing:  the  value  of  the  coal  deposits,  might  lead  actually 
to  a  great  increase  by  compelling  the  utilisation  of  tlie  coal 
in  a  more  scientific  manner  by  which  the  tar  would  be 
recovered,  and  the  oil  obtainable  from  it  would  be  employed 
for  power  purposes.  If  all  the  coal  consumed  in  this  country 
were  treated  in  this  way  it  would  be  possible  to  obtain  from 
four  to  eight  million  tons  of  oil  yearly. 
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CHAIN  DRIVING, 

]\\  IT.  T.  TTTLDAO K,  M.TNST.d" 

The  transmission  of  power  by  chain  gearing  is  a  matter  which 
all  engineers  will  prol)ahly  he  rompdled  i o  study  do&ely  in 
the  near  future.  Chain  gearing  combines  all  tlie  advantages 
of  a,  positive  and  highly  efficient  drive  witli  just  as  much 
elasticity  as  is  desirable ；  it  allows,  also,  almost  complete 
freed  on  I  as  to  the  position  of  the  motor,  and  its  disl  atice  from 


Fig.  2.— Rknoiji  Vatknt  TjIneu. 

 — 


Pig.  3.— Plain  Burhp.d  Joint. 

the  shaft  or  machine  to  be  driven,  which  renders  it  specially 
useful  and  convenient.  The  connecting  link  between  prime 
movers  and  line  sliafts,  and  between  line  shafts  and  machines, 
in  the  past  has  been  very  much  neglected,  and  is  not  by  any 
means  adequately  considered  even  yet.  Steam  engine 
builders,  gas  engine  builders,  and  electrical  engineers  have  all 
been  striving  their  utmost  to  improve  the  efficiency  of  the 
machines  they  make,  but  the  efficiency  of  the  transmissions 
between  the'  first  mover  and  the'  machine  to  be  driven  are 
often  the  cause  of  more  loss  than  all  the  rest  of  the  plant  put 
together.  It  follows,  then,  that  a  means  of  transmitting 
power  from  engine  or  motor  to  line  shaft  or  to  machine  that  is 
quite  positive,  that  will  ensure  from  96  to  98^  per  cent,  of  the 
power  given  off  by  the  motor  being  transmitted  to  the 
machine,  and  that  imposes  practically  no  restrictions  as 
regards  the  relative  positions  of  the  motor  and  the  machin-©, 
is  on©  that  demands  earnest  consideration. 

The  advantages  of  chain  gearing  may  be  summarised 
briefly  as  follows  ： ^ - 

(1)  It  is  a  positive  transmission  inasmuch  as  the  chain 
cannot  slip  over  the  wheels  as  a  belt  does.  It  is  elastic,  how- 
ever, since  the  weight  of  the  chain  which  hangs  between  the 
whee-ls  may  act  as  a  spring  ；  lubrication  in  the  bearings  and, 
in  certain  cases,  even  the  shapes  of  tlie  links  themselves 
adding  to  this  quality.  The  effect  of  this  elasticity  is  to 
reduce  considerably  the  vibration  and  noise  which  is  insepar- 
able from  a  positive  power  transmission  such  as  spur  gearing. 
It  also  has  the  effect  of  rendering  unnecessary  the  micro- 
scopical accuracy  of  erection  and  alignment  usually  essential 
to  produce  high  efficiency  with  tooth  gearing  of  any  type. 

(2)  It  is  highly  efficient  and  the  efficiency  is  maintained 
until  it  is  completely  worn  out.  Experiments  have  shown 
tli at  the  efficiency  of  a  well-designed  chain  drive  is  somewhere 
between  96  to  98  J  per  cent.  Tests  wero  made  recently,  at 
Faraday  House,  on  a  motor-car  transmission  (that  of  the 
S  to  10  Phoenix  motor) ,  consisting  of  two  chain  drives  and  a 
countershaft.  The  total  loss  of  power  in  the  two  chain  drives 
and  th-e  bearing  of  the  countershaft  was  only  7  per  cent.  The 
nature  of  the  action  of  the  chain  upon  the  wheels  is  such  that 
the  high  efficiency  is  maintained  until  the  chain  is  worn  out. 

(3)  As  compared  with  rope-  or  belt  drives,  chain  gearing  is 
much  more  economical  of  space  and  light.      The  distance 

•  AliHtrnct  of  papor  vcfld  before  the  Uufihv  EnKinoerint:  Society,  November 
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between  shafts  wliich  is  necessary  for  (； Iiain  driving  never 
exceeds  8ft.  or  9 ft-.,  and  can,  if  ('ircuinsi :i m  。s  "'<|uii'e,  it, 
be  so  small  t  liat-  ilio  chain  wli^els  very  nearly  loucli  ono 
iinot her.  For  this  reason,  it  is  ev^n  possible  to  take  out  n 
pair  of  spur  vvlieels,  re】）laoe  t'liem  l)y  chain  wlieels  of  smaller 
(liarnel.or,  and  get,  as  1  lie  result ,  a  lii^lily  satasfacl ory  drivo 
as  regards  efficiency  and  al)seuce  of  noise  and  vibration.  For 
overheat!  Fad  ory  and  sliop  driving,  cliains  and  chain  wheels 
are  usually  snialler  in  dimensions  1  lian  the  belts  and  [nilleys 
which  they  replace,  and  as  the  shafts  can  ])c  pi  need  so  much 
closer  together,  it  follows  that  in  a  workshop  dependent  on 
overhead  lighting,  the  interruption  of  light  is  very  mucli  less 
with  chain  gearing  than  with  belting.  It  even  renders 
possible,  in  many  cases,  another  form  of  drive,  namely,  the 
placing  of  line  shafts  under  the  floor,  witli  sliort  drives  from 
line  shaft  to  machines.  This  has  been  taken  advantage  of  in 
ni)c  or  two  engineering  works  and  IpxI  ile  factories. 

(4)  In  introducing  electrical  driving  into  existing  factories 
it  is  very  often  possible,  by  the  use  of  chain  gearing,  to  use 
faster-running  motors  than  is  the  case  with  belt  or  rope 
driving.  In  order  to  get  ordinarily  efficient  drives  with  belts 
and  ropes,  it  is  necessary  to  us©  quit©  large  pulleys  on  the 
driven  shafts,  and  these  cannot  always  be  accommodated. 
These  driven  pulleys  become  very  large  indeed  if  the  motor  is 
a  fast-running  motor,  and  tlie  ratio  of  reduction  a  large  one. 
With  chain  driving  a  ratio  of  reduction  of  6  : 1  can  usually  be 
accommodated  with  quite  small  wheels. 

(5)  There  are  heavy  incidental  economies  effected  by  cliaiit 
driving,  partly  on  account  of  the  advantages  above  mentio»iod, 
partly  because  it  is  not  necessary  that  there  should  be  any 
greater  initial  tension  in  the  cliain  Mian  such  as  is  raused  by 
its  own  weight,  and  partly  on  account  of  tlie  more  even 
turning  that  is  obtained  as  the  result  of  the  drive  being 
positive. 

Apart  from  the  chains  mad©  up  from  malleable  links, 
there  are  two  main  types  of  driving  chains  in  common  use, 
namely,  the  bush  roller  type  and  the  silent  type.  Whilst 
these  two  types  are  very  dissimilar  in  appearance,  they  are 
not  entirely  dissimilar  in  action,  and  as  the  main  principle  of 
the  silent  type  of  chain  is  also  to  some  extent  used  in  tlie  bush 
roller  type  of  chain,  it  will  perhaps  be  as  well  to  take 
this  first. 

The  silent  chain  consists  of  flat  plates  threaded  on  studs  of 
some  form  or  other.  The  plane  tooth  faces  of  the  links 
engage  witli  the  plane  tooth  faces  of  the  wheels,  and  as  the 
chain  enters  and  leaves  tlie  wheels  with  the  same  peripheral 
speed  as  tlie  wheel  teeth,  and  but  slightly  differing  angular 
velocity,  there  is  very  little  impact  at  entering  and  leaving, 
and  no  sliding  whatever,  in  consequence  of  which  the  silent 
chain  runs  more  quietly  and  more  smoothly  than  any  other 
form  of  gearing,  and  it  is  to  this  that  it  owes  its  name.  It 
is  necessary,  however,  to  say  that  the  term  "  silent  "  in  this 
connection  is  merely  a  comparative  one.  Some  silent  chain 
g  IB         li  il      drives  are  in  truth  as  nearly 

n_  'A  S      silent  as  could  be  wished, 

' ！"  but  others,  principally  those 
where  small  pinions  and 
very  high  speeds  are  used, 
are  exceedingly  noisy,  giving 
off  a  loud  buzz,  which  some- 
times al  most  becomes  a 
shriek.  The  wheel  teeth 
and  the  chain  teeth  on  en- 
gagement and  disengage- 
ment are  moving  at  the 
same  peripheral  speed,  but 
differing  angulai'  velocities. 
The  smaller  毛 be  wheels, 
the  greater  will  be  the 
difference  between  the  angular  velocity  of  the  wheel  teeth  and 
the  chain,  and  it  is  this  differing  angular  velocity  that  causes 
what  slight  impact  there  is,  and  is  responsible  for  tlie  noise 
mentioned.  Another  advantage  of  this  form  of  gearing  is 
this  :  Every  type  of  chain  that  is  made,  sooner  or  later  wears 
in  the  joints  and  becomes  elongated  in  pitch.  With  the  silent 
type  of  gear,  as  tlie  bearings  of  the  cliain  wear  and  tlie  cliain 
increases  in  pitch  it  rides  up  on  the  teeth  of  tlie  wheel  and 
automatically  adjusts  itself  to  a  larger  pitch  circle. 

When  it  rif^s  ahove  a  certain  distance  it  slips  over  tlie  t'ops 
of  the  teeth,  and  it  can  then  be  said  to  be  worn  out.    Up  to 
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Hatched  portions  show 
amounts  of  Bearing  Surface  in  tlie  < 
Bowl  Chain  and  in  the  modern  Bush 
KoJler  Pattern. 
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the  point,  liowever,  at  wliich  it.  begins  to  sli])  over  the  tops 
of  the  teeth,  the  met liod  of  gearing  is  always  the  same,  and 
coiise(iuently  the  efficiency  of  the  drive  is  maintained  \\\)  to 
the  last.  This  type  of  chain  lies  on  the  face  of  a  wheel  just 
like  a  belt,  and  when  the  wheels  are  out  of  alignment,  or  t  lie 
shafts  are  not  parallel,  the  chain  tends  to  behave  exactly  as  a 
belt  would. 

Tliere  are  several  makes  of  silent  chain,  the  difference 
between  them  being  principally  in  the  bearings.  The  object 
of  all  is  to  obtain  a  bearing  that  will  cause  the  pitch  elonga- 


new  chaik  on  12  teeth  sprof'kkt-        worn  chain  "with  3'〈  stkktril. 
Fig.  5.— Roller  Chain  Tooth  Form. 

tion  to  be  as  small  as  possible,  and  therefore  to  prolong  the 
life  of  the  chain  as  long  as  possible.  The  three  types  are 
shown  on  the  diagrams  (Figs.  1,  2,  and  3). 

The  Morse  Rocker  Joint  (Fig.  1)  consists  of  a  pivot  or 
knife  edge  which  rocks  on  a  plane  which  is  supposed  to 
eliminate  all  sliding  friction,  and  is  said  to  make  it  possible 
for  the  chain  to  run  at  very  high  speeds  without  wear  taking 
place  or  lubrication  being  necessary. 

The  second  diagram  (Fig.  2)  shows  the  Renold  patent 
bearing  chain.  The  bearing  in  this  case  consists  of  a  case- 
hardened  steel  pin  rotating  in  case-hardeued  liners  which  are 
threaded  through  the  links  from  one  side  of  the  chain  to  the 
other,  thus  providing  a  bearing  surface  the  whole  width  of 
the  chain.  One  advantage  of  this  type  is  that  the  pin  rotates 
automatically,  and  the  wear  is  consequently  distributed  over 
its  whole  circumference,  as  well  as  over  its  whole  length. 

The  third  type  of  bearing  (Fig.  3)  consists  of  a  glass  hard 
steel  bush  forced  into  a  plate,  running  on  a  case-hardened 
steel  pin.  The  only  advantage  of  this  type  is  its  comparative 
simplicity,  and  its  cheapness  of  manufacture.  Tlie  principal 
objection  to  it  is  that  the  pressure  on  the  pin,  tending  to  wear 
it,  is  only  distributed  over  half  its  length,  since  it  only  bears 
on  alternate  sections  of  the  pin.  In  other  words,  a  chain  of 
this  type,  as  compared  with  a  chain  of  the  liner  type,  will 
only  have  half  the  bearing  area,  or  will  have  double  the  bear- 
ing pressure  between  the  bush  and  the  pin  wlien  transmitting 
the  same  power,  and  will  consequently  wear  almost  twice  as 
fast.  On  account  of  this  excessive  bearing  pressure  the  bush 
type  of  chain  is  exceedingly  difficult  to  lubricate. 

It  has  already  been  remarked  that  a  silent  chain  lies  on 
the  face  of  a  wheel  like  a  belt,  and  when  the  wheels  are  out  of 
alignment,  or  the  shafts  are  not  parallel,  the  chain  behaves 
exactly  as  a  belt  would.  It  is  natural  then  at  this  stage  to 
enquire  what  means  are  taken  to  keep  the  chain  upon  the 
wheels  corresponding  to  the  crowning  of  the  pulleys  in  a  belt 
drive.  Silent  chains  are  guided  in  three  ways  :  (1)  By  flang- 
ing one  of  the  wheels.  (2)  By  a  running  flange  in  the  chain 
which  runs  in  a  groove  on  the  centre  of  the  wheel.  (3)  By 
running  flanges  on  the  outside  edges  of  the  chain  which 
overlap  the  edges  of  the  wheel - 

Perhaps  the  most  generally  satisfactory  of  these  three 
methods,  but  certainly  the  most  expensive,  is  the  flanging  of 
the  wheels.  Any  end  play  in  the  shafts,  or  difficulty  in  align- 
ing the  wheels  properly,  can  be  allowed  for  by  making  th e 
wheels  extra  wide,  and  faults  in  alignment  or  parallelism  do 
not  lead  to  such  rapid  destruction  of  the  chain  as  is  the  case 
witli  oilier  methods  of  guiding. 

The  centre  guided  chain  has  a  solid  link  inserted  in  every 
alternate  pitch,  and  a  groove  is  turned  in  the  wheel,  into 
which  this  link,  or  running  flange  as  it  may  be  called,  will  fit 
and  run.  This  is  a  very  cheap  and  very  satisfactory  method 
of  guiding,  and  is  probably  the  one  tliat  is  more  generally  used 


11  tan  any  oMier.  Tt»c  objections  to  it  are  that  it,  requires  ilial> 
the  wheels  sliould  he  carefully  u|>  and  i/lio  shaft h  mado 

parallel,  otherwise  great  si  resscs  ； in'  hiou^Iii  \o  1k"h'  on  11"' 
pins  in  the  chain  bearings,  and  the  chain  is  lapidly  rachcMi  "> 
pieces.  By  setting  the  wheels  on  any  drive  out  of  line  a  corr 卜 
})aratively  small  amount,  it  is  possible  fx)  rack  a  chain  to  pieces 
in  a  few  days,  which  under  ordinary  conditions  would  havo 
given  many  years'  service.  The  usual  practice  is  to  allow 
'Olin.  or  *02in.  clearance  between  the  centre  guide  plate  and 
the  grooves,  and  this  is  sufficient  to  render  excessive  accuracy 
in  lining  up  unnecessary.  , 

The  third  method  of  guiding  by  outside  flanges  on  the 
chain  is  one  that  is  exclusively  used  by  one  maker,  and 
occasionally  used  by  others.  It  has  the  advantage  that-  it 
saves  the  expense  of  cutting  the  grooves  in  the  wheels,  and  tlie 
disadvantage  that  any  faults  in  the  alignment  of  the  wheels, 
or  parallelism  of  the  shafts,  may  force  the  outside  guide  plates 
off  the  pins  and  cause  the  chain  to  fall  to  pieces. 

The  bush  roller  type  of  chain  is  so  called  because  the  bear- 
ing consists  of  a  pin  and  bush  knuckle  joint,  with  a  roller 
running  on  tlie  outside  of  the  bush  to  relieve  the  friction 
between  the  chain  and  the  wheel  at  entering  and  leaving. 
The  chain  consists  of  inside  and  outside  elements.  An  inside 
element  consists  of  two  side  plates  with  two  bushes  fixed 
or  keyed  into  them,  and  two  rollers  running  loose  on  the 
buslies.  The  outside  element  consists  of  two  side  plates  with 
two  pins  fixed  or  keyed  into  them,  which  pass  through  the 
bushes  of  the  inside  element.  This  construction  is  shown  in 
Fig.  4,  which  also  shows  the  old  type  of  roller  chain.  Witli 
different  makes,  the  method  of  fixing  the  pins  and  bushes  in 
the  side  plates  is  different,  but  in  almost  all  cases  the  side 
plates  are  made  of  mild  steel,  and  the  pins,  bushes,  and  rollers 
are  made  of  mild  st eel ,  case-hardened.  Probably  the  best 
and  most  generally  satisfactory  method  of  fixing  the  pins  and 
bushes  in  the  side  plates  is  by  forcing,  and  then,  as  far  as  tlie 
pins  are  concerned,  slightly  riveting  them  over.  In  gearing 
with  the  chain  wheel,  the  teeth  of  the  wheel  pass  betw&en  the 
side  plates  of  the  chain  and  engage  with  the  rollers.  The 

CURVE    GIVING   THE    PERCENTAGE    STRETCH    REQUIRED  FOR    tf»    NUMBER  OF  TEETH 


exact  form  of  the  wheel  teeth  has  been  the  subject  of  very 
careful  study,  and  tlie  resulting  tooth  form  is  shown  in  Fig.  5. 
It  consists  of  a  circular  root  gap  equal  in  radius  to  the  l'ollei' 
of  tlie  chain  tliat、is  to  run  on  it  .  Tlie  flank  angles  are  about 
60°,  and  the  top  curves  of  the  teeth  vary  with  each  size  and 
pitch  of  chain.  It  is  not  necessary  to  enter  liere  into  a  history 
or  discussion  of  this  tooth  form,  but  it  may  be  mentioned  that 
tlie  point  of  similarity  between  the  busli  roller  chain  and  the 
silent  chain  lies  in  the  60°  flank.  As  the  chain  stretches  in 
pitcli  the  roller  rides  up   this   tangent   and  automatically 
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adjusts  the  chain  to  a  larger  pitch  circle.  Of  course,  when 
the  extension  of  pitch  exceeds  a  certain  amount  the  chain 
climbs  over  tlie  teetli,  and  can  t  hen  l>e  considered  to  be  worn 
out. 

It  will  be  seen  that  the  silent  chain  is  a  much  more  delicate 
piece  of  mechanism  than  the  busli  roller  cliain,  and  must  con- 
sequently be  much  more  delicately  liandled.  As  a  matter  of 
fact,  the  bush  roller  chain  is  the  chain  that  is  always  selected 
for  difficult  situations,  hard  service,  and  rough  usage,  and 
under  such  conditions  it  is  capable  of  doing  wonderful  work. 
The  silent  chain  gives  slightly  smoother  turning,  runs  much 

Table  I. 

WITH   SMALL   SPROCKET   DRIVINQ.     f         WITH   SM-\LI,  SPROCKET  UfMVEN. 


more  quietly,  and  can  generally  be  used  at  higher  speeds.  It- 
is  the  chain  that  is  usually  selected  for  use  with  electric 
motors,  and  for  all  cases  where  quiet  and  smooth  running  is 
necessary  at  moderate  speeds.  ' 

The  roller  chain  is  generally  used  for  low  speeds,  say,  up 
to  about  600ft.  per  minute.  It  is  also  used,  however,  when 
the  speed  is  far  outside  the  ordinary  range.  For  example,  it 
is  the  roller  chain  that  is  used  for  aeroplane  work,  where  the 
linear  speed  often  exceeds  2,000ft.  per  minute.  The  objec- 
tion to  using  a  silent  chain  for  such  cases  is  its  weight,  which 
is  undesirable  in  aeroplanes  and  airships,  and  also  induces 
great  centrifugal  tension  and  loss  of  efficiency.  The  econo- 
mical limit  of  speed  for  silent  chains  is  about  1,300ft.  per 
minute.  In  special  cases  this  may  be  exceeded  with  safety, 
but  not  with  economy.    A  little  calculation  will  readily  con- 
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vince  one  that  the  tension  in  the  chain  increases  more  rapidly 
due  to  centrifugal  force,  that  it  diminishes  on  account  of  the 
increase  of  speed  for  transmitting  a  given  power. 

For  the  silent  chain  the  sp&ed  should  not  exceed  about 
l，300ft.  per  minute,  and  the  pinion  should  always  have  at 
least  15  teeth  and,  if  possible,  17  or  19  teeth.  With  a  tooth 
angle  of  60°,  which  is  pretty  generally  adopted  by  chain  manu- 
facturers, it  is  possible  to  cut  a  pinion  having  as  few  as 
13  teeth,  and  such  a  pinion  can  he  used  in  extraordinary  cases, 
but  for  economy,  durability,  and  quietness  17  or  19  teeth 
are  much  better. 

The  driven  wheel  should  not,  as  a  rule,  have  more  than 
100  teeth.  There  is  no  practical  limit,  of  course,  to  the 
number  of  teeth  that  can  be  cut,  but  a  little  study  will  show 
that  the  power  of  the  chain  to  adjust  itself  to  a  larger  pitch 
circle,  when  its  pitch  has  increased  by  wear,  varies  inversely 
with  the  number  of  teeth  in  the  wheel. 


Tjet  p  be  tlie  pitch  of  tlie  chain,  and  ；/'  tlie  increment  of 
pitch  after  the  (-liain  lias  worn  some  time,  and  0  be  the  angle 
in  degrees  between   two  neighbouring  l&etli  on  the  wheel. 

f)  will  equal  - where  N  is  the  number  of  teeth  in  the  wheel. 

If  It  be  the  distance  between  the  position  of  the  chain  on 
the  wheel  teeth  before  it  has  worn,  and  afterwards,  then 
,r  ―  h.si/i  0,  approximately. 

The  possible  rise  of  the  chain  on  the  teeth  depends  on  the 
depth  of  the  tooth,  and  is  nearly  constant  for  all  sizes  of 
wheels  of  the  same  pitch .  It  follows  that  the  maximum 
amount  by  which  a  chain  may  wear  and  still  remain  in  gear 
with  the  wheel  diminishes  rapidly  as  0  diminishes,  and  conse- 
quently as  the  number  of  teeth  in  the  wheel  increases.  This 
is  shown  by  Fig.  6，  which  is  a  curve  showing  the  point  at 
which  a  worn  chain  will  ride  over  the  tops  of  the'  teeth . 
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Thus,  in  the  case  of  silent  chain  gearing  the  speed  of  the 
shafts,  the  permissible  speed  of  the  chain,  and  the  permissible 
sizes  of  the  wheels  will  decide  what  pitch  of  chain  should 
be  used. 

Each  pitch  of  chain  is  made  in  various  widths,  and  the 
width  to  be  used  in  any  specific  case  is  selected  nominally  on  a 
strength  basis.  The  makers  of  the  Morse  rocker  chain  have 
found  by  experience  which  pitch  of  chain  is  capable  of  satis- 
factorily transmitting  a  certain  pull  per  inch  of  width,  this 
being  shown  in  Table  I. 

The  liner  and  bush  types  of  chain,  however,  should  be 
designed  with  a  view  to  the  bearing  pressure  between  the  pin 
and  the'  bush .  For  a  chain  that  is  to  run  about  l，300ft.  per 
minute,  an  economical  and  safe  bearing  pressure  is  about 
6501bs.  per  square  inch,  and  this  may  be  increased  propor- 
tionately as  the  chain  speed  is  diminished  down  to  700ft.  per 
minute.    It  thus  follows  that  each  width  of  chain  is  capable 
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of  transmitting  a  certain  horse-power  between  the  speeds  of 
700ft.  and  1,300ft.  per  minute.  At  lower  speeds  than  these 
the  power  to  be  transmitted  should  be  reduced  as  the  speed  is 
reduced,  and  also  it  should  be  considered  whether  it  would  not 
be  wiser  to  use  the  bush  roller  type  of  chain.  The  diameters 
of  the  pins  used,  or  the  bearing  area  of  the  chain,  made  by 
different  makers,  can  usually  be  found  from  their  catalogues, 
or,  failing  this,  calculated  from  a  sample  of  the  chain  that  it 
is  proposed  to  use. 

Tables  II.  and  III.  give  the  characteristics  of  the  bush 
and  liner  silent  chains  made  by  Messrs.  Hans  Renold,  Ltd.,  of 
Manchester.  The  bearing  areas  given  in  Table  II.  are 
obtained  by  multiplying  the  projected  bearing  area  of  one 
bush  by  the  number  of  plates  in  the  weaker  combination. 
The  bearing  areas  given  in  Table  III.  represent  the  total 
projected  area  of  one  liner. 

The  next  consideration  is  the  distance  between  the  centres 
of  the  shafts,  and  here  it  is  not  usually  a  question  of  deciding 
upon  a  suitable  distance,  but  of  deciding  whether  a  distance 
that  is  fixed  by  other  considerations  is,  or  is  not,  suitable. 
Where  the  centre  distance  is  uot  fixed  by  other  considerations, 
however,  but  has  to  be  arranged,  it  should  be,  as  a  rule,  not 
less  than  about  50  pitches  of  the  chain  selected,  i.e.y  for  lin. 
pitch  chain  the  centre  distance  should  not,  usually  be  less  than 
4ft-.,  and  so  on.  The  effect  of  reducing  the  centre  distance  up 
to  a  certain  point  is  to  shorten  the  life  of  chain  propor- 
tionately. If  the  centre  distance  be  shortened  beyond  tliis 
point,  the  chain  life  may  be  shortened  at  a  much  greater  rate 
on  account  of  the  chain  becoming  heated,  and  on  account  of 
the  extreme  difficulty  of  keaping  it  properly  lubricated.  Tlie 
effect  of  making  the  centre  distance  unduly  long,  in  some  cases, 
is  to  put  a  great  pull  on  the  bearings.  Where  the  distance 
between  the  centres  of  shafts  is  unduly  short,  compensation 
can  be  made  by  using  a  stronger  chain,  i.e.,  by  using  a  chain 
that  will  give  a  lower  bearing  pressure  on  the  rivets  for  a 
given  load.  If  the  ratio  between  the  driver  and  driven  wheels 
is  a  very  large  one,  the  distance  between  the  centres  of  the 
shafts  should  be  increased  if  possible  and  a  stronger  chain 
should  be  used  in  order  to  give  a  more  satisfactory  life. 

The  most  economical  position  for  the  drive  is  inclined  at 
from  60°  to  80°  with  the  horizontal,  and  if  one  wheel  is  larger 
than  the  other,  the  larger  wheel  should  be  above.  If  possible, 
the  tight  or  driving  side  of  the  chain  should  be  uppermost  in 
horizontal  and  inclined  drives,  and  if  it  be  not  possible,  care 
must  be  taken  to  keep  the  chain  well  adjusted  for  tension. 

It  has  already  been  stated  that  the  roller  chain  is  most 
suitable  for  low  speeds,  that  is  to  say,  up  to  about  600ft.  per 
minute.  It  can  be  used  on  wheels  having  as  few  as  8  teeth, 
and  as  many  as  80  teeth.  It  is  more  unsatisfactory  to  use  a 
roller  chain  on  small  pinions  at  high  speeds  than  to  use  a 
silent  chain  under  these  conditions,  because  not  only  is  the 
roller  chain  noisier  and  more  severely  worn,  but  there  is  a 
decided  impact  at  its  entry  upon  the  pinion,  and  if  the  pinion 
be  small  and  the  speed  high,  this  impact  may  be  sufficient  to 
cause  breakage  of  the  rollers,  which  is  fatal  to  the  chain.  The 
diagram,  Fig.  7，  is  a  fair  summary  of  what  is  good  practice 
with  bush  roller  chain  ；  if  anything,  it  errs  on  the  safe  side. 
It  will  be  seen  that  this  diagram  consists  of  a  series  of  curves, 
plotted  with  the  chain  speed  as  ordinates  and  factors  of  safety 
as  abscissae.  One  set  of  curves,  i.e.,  those  having  the  numbers 
of  teeth  marked  at  one  end,  show  the  relations  between  the 
speeds  and  factors  of  safety  of  chain  of  varying  pitches.  The 
other  set  of  curves  show  the  range  of  speeds  and  the  corre- 
sponding necessary  factors  of  safety  of  chains  of  different 
pitches.  The  point  of  intersection  of  one  of  the  tooth  curves 
with  one  of  the  pitch  curves  will  give  the  complete  safe 
conditions  for  a  chain  of  that  particular  pitch,  rurming  on 
a  small  wheel  with  that  particular  number  of  teeth.  The 
tendency  is  to  exceed  the  conditions  that  are  laid  down  in 
these  curves,  but  the  manner  in  which  this  is  done  should  be 
tlie  subject  of  careful  (ronsideration . 

Where  any  of  the  limits  mentioned  for  either  silent  or  busti 
roller  chain  are  going  to  be  exceeded,  it  is  necessary  to  consider 
all  the  conditions  of  the  drive.  It  is  very  seldom,  indeed, 
that  a  drive  can  be  installed  under  conditions  which  are  ideal 
in  every  respect.  One  drive  has  a  ratio  which  is  rather  larger 
than  one  would  like;  another  is  running  at  higher  speeds  ；  a 
third  lias  an  impulsive  load  ；  and  in  a  fourth  perhaps  the 
shafts  are  closer  together  ilian  they  should  be,  and  so  it  goes. 
If  any  drive,  however,  comes  up  in  which  all  limitatious  are 


exceeded,  one  has  to  consider  whether  it  would  not  be  better 
to  find  some  other  way  out,  or  at  any  rate,  one  should  balance 
carefully  the  advantages  and  disadvantages  of  different 
methods.  It  should  be  borne  in  mind  always  that  the  effect 
of  ignoring  or  exceeding  the  limitations  is  not,  as  a  rule,  to 
make  the  drive  a  failure  from  the  beginning,  but  to  shorten 
the  life  of  the  chain,  that  is  to  say,  to  make  it  wear  out 
quickly. 

There  is  probably  only  one  cause  that  will  make  a  d'ain 
drive  impossible,  and  tliat  is  a  load  or  turning  effort  wliidi 
has  rapid  and  repeated  fluctuations.  Attempts  have  been 
made  to  overcome  this  difficulty  by  means  of  spring  wheels, 
i.e.,  wlieels  with  springs  between  the  rim  and  the  boss,  which 
have  the  effect  of  smoothing  out  the  fluctuations  of  torque. 
This  has  been  found  very  satisfactory  indeed  for  air  pumps, 


Fia.  7. 

but  practically  useless  for  slow-running  air  compressors.  The 
only  satisfactory  method  of  driving  air  compressors  and  impul- 
sive loads  of  like  nature  by  chain  gearing,  so  far,  has  been  to 
provide  the  compressor  with  a  very  heavy  flywheel  and  thus 
smooth  out  the  fluctuations  and  to  keep  the  chain  tight. 
Obviously,  if  the  drive  is  vertical,  it  is  possible  to  take  up  ail 
the  slack  in  the  chain  without  having  any  initial  tension  in  it, 
and  this,  therefore,  is  the  most  suitable  position  for  fluctuat- 
ing loads  of  this  kind.  As  has  already  been  stated,  the  chain 
hanging  between  the  wheels  in  a  horizontal  drive  may  act  as  a 
spring  and  help  to  smooth  out  fluctuations  The  difficulty 
about  it  is  that  its  period  of  vibration  is  liable  to  synchronise 
witli  the  period  of  the  impulses,  and  then  there  is  a  dangerous 
whipping  and  snatching  of  the  chain,  which  wears  it  out  very 
rapidly  indeed.  Generally  speaking,  therefore,  drives  that 
involve  sudden  and  repeated  fluctuations  of  load  are  to  be 
approached  very  cautiously. 

The  life  of  drives,  unfortunately,  is  a  subject  upon  which 
it  is  very  difficult  indeed  to  give  any  reliable  information. 
Chain  driving  has  only  been  in  considerable  use  for  a  few 
years,  and  drives  vary  in  so  many  points,  each  of  which  has 
its  own  effect  upon  the  life  of  the  chain,  that  so  far  it  has  not 
been  possible  to  collect  any  satisfactory  data.  The  author  has 
under  observation,  however,  a  large  number  of  drives,  cou- 
oeruiug  which  he  is  collecting  such  information  as  the  angular 
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motion  that  takes  place  at  each  chain  joint,  the  bearing  pres- 
sure on  the  pins,  and  the  increase  in  pitch,  and  when  these 
observations  have  been  continued  for  a  sufficient  length  of 
time,  some  data  will  be  obtained  that  will  make  it  possible  to 
predict,  with  reasonable  accuracy,  the  life  of  any  given  chain 
drive.  In  the  meantime,  since  these  three  factors  are  the 
only  ones  that  matter,  it  is  always  possible  to  make  a  com- 
parison between  any  two  drives.  The  writer  has  found  cases 
where  chains,  properly  erected  and  well  cared  for  in  the  matter 
()f  lubrication,  liave  worn  out  in  as  short  a  space  as  two  years, 
and  others  that  have  lasted  as  long  as  14  years.  For  example, 
there  are  a  number  of  cliain  drives  in  the  Guardian  Printing 
Works,  near  Stockport,  Manchester,  which  have  been  running 
for  12  years,  and  are  still  capable  of  further  service.  Some 
chain  drives  on  the  governor  of  a  large  steam  engine  were 
taken  off  the  other  day  that  had  been  running  for  15  years. 
On  the  other  hand,  there  were  in  the  works  of  Messrs.  Handi- 
side,  of  Derby,  a  number  of  chain  drives  on  punching  and 
shearing  machines  which  could  not  bo  made  to  last  more  than 
two  years.  As  a  general  rule,  the  wheels 
will  last  about  twice  as  long  as  the  chain 
in  a  normal  drive.  The  pinions  or  small 
wheels,  up  to  about  25  teeth,  are  usually 
made  of  steel  and  case-hardened,  and  the 
larger  wheels  should  be  made  from  a  good 
grade  of  hematite  iron. 

Once  the  general  conditions  of  the  drive 
are  fixed,  the  only  three  factors  that  afiect 
the  life  of  the  chain  are  alignment,  adjust- 
ment, and  lubrication.  As  has  been  already 
stated,  faulty  and  defective  alignment  may 
result  in  the  chain  being  ruined  in  a  very 
short  space  of  time.  Great  care  should  he 
taken  to  see  that  the  wheels  are  in  line,  and 
the  shafts  quite  parallel.  The  chain  should 
be  kept  in  adjustment  either  by  removing  u 
link  when  it  has  become  excessively  slack, 
or  by  moving  the  shafts  apart.  It  is  espe- 
cially necessary  to  pay  attention  to  adjust- 
ment where  the  drives  are  vertical  or 
where  they  are  more  oi'  less  horizontal, 
but  with  the  slack  side  of  the  chain  upper- 
most. Adjustment  must  also  be  carefully 
watched  where  the  load  is  impulsive. 
Perhaps  the  most  important  factor  in  the 
life  of  a  chain,  and  the  one  that  is  most 
commonly  neglected,  is  lubrication.  A 
lew  words  on  this  subject  may  there- 
fore not  be  out  of  place.  To  begin  with, 
chains  should  always  be  lubricated  on 
the  inside.  Oil  poured  on  to  the  out- 
side of  a  chain  is  quite  useless  be- 
cause it  is  flung  off  by  centrifugal 
loree  immediately  the  chain  goes  round 
the  wheels,  and  uever  reaches  the  bearings.  A  mode- 
rately light  grade  of  machine  oil  should  be  used,  and  the  best 
way  to  use  it  is  to  have  it  drip  ou  the  inside  of  the  chain,  near 
the  small  wheel.  A  drip  lubricator  fitted  to  drop  oil  about 
every  minute  at  one  point  for  every  3in.  widtli  of  chain,  has 
been  found  to  be  perfectly  satisfactory  in  giving  thorough  1}； 
efficient  lubrication.  An  alternative  to  this  is  to  encase  the 
drive  in  an  oil  bath  gear  case.  This,  however,  adds  to  the 
expense,  and  is  only  necessary  where  the  atmosphere  is  dusty 
or  dirty.  Another  objection  to  an  oil  bath  gear  case  is  that 
one  is  aj)t  to  su))j>ose  a  chain  so  enclosed  need  not  be  interfered 
with  as  long  as  it  runs  satisfactorily.  It  must  be  remembered, 
however,  that  the  oil  is  liable  to  gum  even  in  a  gear  case,  and 
tlie  effect  of  gumming  is  to  prevent  the  lubricant  reacliing 
t  lie  pins.  The  chains  should  therefore  be  cleaned  periodically 
wiih  paraffin  to  remove  the  dirt,  and  allow  the  oil  a  free 
passage  to  the  bearings.  As  showing  the  importance  of 
cfHcieni  lubrication  an  experiment  was  made,  in  wliicli  two 
<'liain  drives,  running  under  exactly  the  same  conditions,  were 
difFerently  lubricated.  One  was  lubricated  with  an  oil  can 
each  morning  on  starting  up,  and  the  other  was  lubricated 
by  a  drip  lubricator  dropping  ©very  three  minutes.  Tlie 
rliaiii  ill  at  was  automatically  lubricated  by  tlie  drip  lubricator 
Insiod  just,  four  t\ m es  as  long  ； is  the  oilier  one.  This  vcsuH 
Ikis  ))(;on  conCirrried  and  emphasized  l)y  later 


BAXTER'S  GAS^TURBINE. 

We  illustrate  herewith  a  design  of  gas  turbine  of  tlie  type  in 
which  tlie  combustion  chambers  are  formed  partly  in  a 
rotating  impact  wheel  or  rotor  and  partly  in  a  closed  case  or 
chamber  within  which  the  impact  wheel  rotates,  the  invention 
of  Mr.  Charles  Baxter,  4，  Hall  Road,  Shipley.  A  is  the 
closed  case  or  stationary  chamber  inside  of  which  is  mounted 
the  cylindrical  impact  wheel  or  rotor  B.  The  rotor  is  secured 
to  the  shaft  C  and  is  turned  true  so  as  to  fit  the  chamber 
closely  botli  at  its  periphery  and  sides,  while  allowing  it 
sufficient  freedom  to  rotate.  The  rotor  has  four  pockets  D  E 
in  it，  two  pockets  D  for  one  direction,  and  two  pockets  E  for 
the  opposite  direction  of  rotation.  The  chamber  also  has 
pockets  F  G  proceeding  from  its  internal  periphery  outwards, 
the  axis  of  the  pocket  in  the  rotor  and  that  of  the  pocket  in 
the  outer  chamber  being  substantially  in  line  when  a  pair  of 
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pockets  D  and  G  or  E  and  F  come  opposite  one  another.  Tlie 
rotor  is  operated  by  the  pressure  produced  by  the  explosion 
of  a  charge  consisting  of  a  mixture  of  gas  or  vapour  and  air 
in  the  pockets,  the  explosion  taking  place  when  a  pocket  in  the 
rotor  B  conies  opposite  to  a  pocket  in  the  closed  chamber  A, 
and  the  rotation  thereby  produced  is  communicated  to  tlie 
shaft  C.  The  action  upon  the  rotor  is  analogous  to  J^hat  of  a 
steam  turbine,  the  explosion  impinging  upon  the  poclcet  in  the 
rotor  with  a  force  determined  by  its  pressure,  and  with  an 
effect  proportionate  to  the  size  of  the  pockets  upon  whicli  it 
acts,  also  upon  the  diameter  of  the  revolving  wheel  or  rotor  B. 
The  effect  is  also  proportionate  to  the  mass  of  the  cluirge 
introduced  into  the  pockets.  Tlie  charge' is  compressed  at  the 
time  of  admission,  means  being  provided  outside  the  closed 
case  for  compressing  tlie  charge.  The  events  in  the  oj)eraiioti 
of  the  engine  are  as  follows  :  First,  cliarging  the  pockets  witli 
the  compressed  cliarge  when  the  pocket  in  the  rotor  B  comes 
opposite  the  pocket  in  the  closed  case  A,  the  compression  of 
gas  being  edected  outside  the  apparatus  by  a  putnp  or  com- 
pressor and  Hie  cliarge  admitted  tli rough  a  pipe  II  aiu] 
through  a  port  K  in  one  side  of  tlie  rotor  B  coming  into 
register  witli  the'  ports  in  a  valve  ring  M.  Second,  ignition 
； iti(]  explosion  <>f  Hie  cliarge  by  wliicli  mot  ion  is  imparted  to 
the  rotor.  Third,  wl'aust',  (luring  wliicli  time  i  Ik*  produHs: 
oF  cf)rnl)usi  ion  leave  (lie  pockots  1  lirougli  })or1s  J  and  oxliausL 
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pipes  L  located  in  the  opposite  side  of  the  rotor  to  the 
inlet  ports. 

In  order  to  secure  close  contact  between  the  faces 
of  the  rotor  and  the  adjacent  faces  of  the  closed  case  where 
the  ports  are,  rings  M  N  are  provided,  fitted  into  annular 
recesses  in  the  interior  of  the  closed  case  at  the  sides,  so  as  to 
bear  against  the  adjacent  faces  of  the  rotor.  In  oue  of  these 
riugs  is  the  inlet  port  O,  aud  in  tne  other  the  exhaust  port  P, 
aud  these  riugs  are  prevented  from  rotating  by  pius  iu  the 
closed  case  euteriug  holes  in  the  riugs.  By  providing  a  series 
of  such  holes>  the  riugs  can  be  turued  and  adjusted  into  such 
a  position  as  will  secure  iulet  and  exhaust  taking  place  at  the 
exact  moiueiits  required,  i.e.,  bring  the  ports  in  the  rings  into 
proper  relationship  with  the  ports  m  the  rotor.  For  this  pur- 
pose the  pius  are  disengaged  from  one  set  of  holes,  the  rings 
turued^  aud  wheu  the  right  adjustment  has  been  obtained  the 
pius  are  made  to  engage  with  auother  set  of  holes. 

The  thorough  scaveugiug  of  the  pockets  of  burnt  gases  is 
obtained  by  placing  in  each  pocket  i)  E  of  the  rotor  a  lougi- 
tudiual  blade  or  partition  R  extending  the  full  length  of  the 
pocket,  aud  the  scavenging  agent  used  is  tlie  next  following 
compressed  charge  of  fuel  mixture;  which  is  admitted  through 
a  port  S  in  the  ring  M.  This  being  admitted  at  oue  side  of 
the  pocket,  passes  along  the  pocket  iu  a  circuitous  path  first 
along  oue  side  of  the  partition  aud  from  thence  by  way  of  the 
pocket  F  G  passing  along  tlie  pocket  D  E  at  the  other  side  of 
the  partition,  driving  the  burnt  gases  before  it,  and  filling  the 
pocket  with  the  fresh  mixture.  The  exhaust  port  P  is 
arranged  to  open  after  explosion  is  completed  and  the  exhaust 
gases  thereby  partly  escape,  but  before  the  exhaust  P  closes, 
tlie  iulet  port  S  opens,  so  that  a  scavenging  of  the  pocket 
takes  place,  immediately  after  which  the  exhaust  P  closes, 
and  this  is  succeeded  by  the  closing  of  the  port  S,  hence  the 
burnt  gases  are  driven  out,  aud  the  pocket  is  partly  charged 
with  explosive  mixture.  Wheu  the  port  in  the  pocket  reaches 
the  iulet  port  O  again,  the  chargiug  of  the  pocket  is  com 
pleted,  the  fuel  being  pumped  iu  under  pressure  or  injected 
aud  compression  of  the  charge  in  the  pocket  takes  place.  The 
explosive  mixture  in  the  pocket  is  then  ignited  by  means  of  an 
electric  spark  given  off  by  a  sparkiug  plug,  the  exhaust  P 
opens,  and  before  the  exhaust  closes,  the  port  S  opens  so  as  to 
drive  out  the  burnt  gases  from  the  pocket.  To  start  the 
engine,  if  a  single  engine  is  used;  external  force  is  applied  to 
bring  the  inlet  port  in  the  rotor  pocket  into  register  with  the 
inlet  port  0，  and  introduce  the  compressed  charge  into  the 
pocket,  aud  effect  the  ignition  of  the  explosion  mixture  by  the 
sparking  plug.  This  may  be  clone  simply  by  turning  the  rotor 
B  by  extraneous  power.  If,  however,  two  or  more  engines  be 
used,  each  driving  the  same  shaft,  the  inlet  port  in  each 
engine  may  be  arranged  to  alternate  witli  the  inlet  ports  in 
the  others,  in  which  case  the  collective  engines  are  self- 
starting,  because  one  of  the  engines  will  when  at  rest  always 
have  its  inlet  port  open  to  the  admission  of  the  charge. 

Tlie  rings  M  N  are  kept  in  close  contact  with  the  rotor  by 
placing  in  eacli  annular  groove  behind  each  ported  ring  a 
piston  T  sliaped  so  as  to  leave  space  for  the  admission  of  the 
charge  througli  the  pipe  H  and  the  escape  of  the  exhaust 
i  1 1  rough  the  pipe  L,  but  adapted  to  press  against  the  ported  • 
ring.  Pressing  up  against  each  piston  T  is  a  rod  U  secured 
to  one  end  of  a  pivoted  beam,  while  tlie  other  end  of  this 
l)*'ain  carries  a  rod  V  which  presses  against  a  piston  W  work- 
ing in  a  cylinder  cojiirnunicating  with  the  pocket  F  or  G，  while 
between  the  piston  W  and  the  pivoted  beam  is  located  a 
spiral  spring.  When  therefore  an  explosion  takes  place  in 
<  lie  pair  of  pockets,  tlie  force  of  the  explosion  forces  tlie  piston 
、V  out.warrls,  find  so  tli rough  the  pivoted  beain  presses  the 
l>;".king  rings  M  and  N  inwards  against  tlie  faces  of  the  rotor, 
so 墓 s  to  secure  a  gas-t i^ht  joint.  When  the  explosion  Iims 
taken  place  Mio  spring  forces  tlie  piston  back  to  its  normal 
|>'»sit  ion,  and  the  extreme  pressure  of  tlie  rings  M  and  N 
； i^aiust  the  faces  of  the  rotor  is  released .  These  devices  keep 
1  he  ported  rin^s  pressed  against  Hie  faces  of  tlie  rotor,  and  any 
lendency  for  the  ported  rings  to  be  blown  off  tlie  rotor  by  the 
explosion  of  the  charge  is  prevented.  The  inlet  port  O  is 
more  elongated  than  the  exliaust  port  P  and  the  scavenging 
]»ort  S.  Tli^se  ports  are  open  and  closed  by  the  parts  in  the 
rotor  where  tlie  are  sliding  over  tlie  ports  in  the  rings. 

The  iulet  j>ipe  J I  aud  exhaust  pi]>e  L  coniiiiunicate  witli  the 
ivspf»<*l  iv<»  s]»;k-cs  l>ft  \v(mmi  t  he  rings  and  tlie  pistons  T,  so  11""' 
the  cojnpre«sed  charge  enters  the  space  between  the  pistons 
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and  one  ring  M,  and  so  througli  the  ports  into  the  pockets, 
while  the  exhaust  from  tlie  pockets  enters  tlie  space  between 
the  other  ring  N  and  the  pistons,  and  so  througli  the  exliaust 
pipe.  In  the  example  illustrated  there  are  two  pockets  D 
in  the  rotor  and  a  corresponding  pocket  G  in  tlie  case  A  for 
driving  the  rotor  in  one  direction,  and  there  are  two  otlier 
pockets  E  in  (lie  rotor  and  a  corresponding  pocket  F  in  t  lie 
case  for  driving  tlie  rotor  in  the  otlier  direct  ion.    This  is  for 
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the  purpose  of  driving  the  rotor  B  the  reverse  way  when 
required.  These  auxiliary  pockets  E  F  are  brought  into 
operation  by  moving  the  valve  rings  round  so  as  to  secure  the 
necessary  altered  valve  setting  for  those  pockets  and  putting 
iuto  operation  a  separate  sparking  plug.  There  may  b^any 
suitable  number  of  pockets  in  the'  rotor,  in  which  case  Tlierc 
are  provided  a  suitable  number  of  pockets  in  the  case  all 
spaced  at  required  intervals  apart. 


Institute  of  Marine  Engineers.— At  the  recent  annual  dinner 
of  this  Institute  the  president,  Mr.  Summers  Hunter,  referred 
to  the  scheme  for  erecting  city  premises  for  the  Institute. 
Their  previous  president,  the  Marquis  of  Graham,  had  stated 
a  year  ago  that  £20;000  was  required.  Six  months  ago  they 
had  in  hand  about  £5， 000  in  cash  and  substantial  promises, 
and  to-day  that  sum  had  readied  £5,800.  Tliat  was  sufficient 
to  make  a  start  witli.  The  scheme  was  a  big  one,  but  it  had 
been  carefully  and  patiently  worked  out .  It  was  perfectly 
sound  and  would  eventually  be  successful.  He  would  ask  tlie 
great  shipping  industry  to  respond  to  their  appeals  to  enable 
tliem  not  only  to  put  up  the  building,  but  to  liave  a  sum  in 
hand  as  a  nucleus  for  a  capital  fund  for  the  good  of  tl»c 
Institute. 

Failure  o(  a  Chain  causes  Four  Deaths. ―  Through  the  failure  of  ； i 
cliain  four  men  were  killed  and  two  otliers  injured  at  the  works 
of  Messrs.  Towler  &  Co.，  Leeds,  on  the  20th  inst.  The  chain 
wliich  broke  was  at  the  time  of  the  accident  attached  to  a 
ladle  full  of  molten  steel,  which  fell  at  the  feet  of  a  gaug  of 
men.  All  but  one  were  caught  by  tlie  burning  metal .  Ai 
the  inquest  which  was  subsequently  held,  Air.  W.  Gi*eaves, 
metallurgical  expert,  said  the  ladle  would  hold  from  three  to 
four  tons  of  molten  metal,  and  travelled  about  5ft.  from  tlie 
ground.  Tlie  accident  appeared  to  be  due  to  one  of  the  links 
of  the  chain  giving  way,  and  then  a  smaller  oue  doing  tlie 
same.  The  links  should  have  been  ample  for  lift'iug  six  or 
seven  tons  if  there  were  no  flaws  in  them,  lie  had  found  in 
one  link  a  faulty  weld,  and  tlie  links  ap|>eare<l  to  liave  1h"'，i 
foiled  from  a  seamy  piece  «f  iron .  Tlie  eiujuiry  was 
； uljourjic<I  tint  il  to-day  (Friday). 
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INDUSTRIAL  AND  TRADE  NOTES. 

Orders  for  Two  Large  Battle  ships.— The  lit  itish  Govorinneiit  have, 
、、 （>  lea  I'D,  i)laccd  orders  for  two  battleships  with  Clyde  builders, 
viz.,  the  Faiifield  Company,  Glasgow,  and  John  Brown,  Clyde 
hunk.  The  vessels  are  to  be  of  27,000  tons  displacement,  and  ;u'(' 
to  hnvo  turhinc  ('ngiiH's  dwlopiiig  (i()，000  h.p.,  giving  them  :t 
sj)Gi'(l  of  25  knots.  The.y  will  awvy  fight  15in.  guns  nil  round, 
and  will  be  the  most  costly  Imttle-ships  yot  designed. 

Turbine  Steamer  for  the  Canadian  Pacific  Railway. ― There  w  ;is 
I;imiic1uh1  on  Saturday  last,  by  the  Fsurfield  Shipbiiiiding  and 
Kii»iiiiecM-in^  Coinpii  n\  .  ol'  Glasgow,  a  vessel  for  the  Canadin  .i 
Piu-ilic  Kaihv ；， y.  This  is  a  sister  ship  to  the  Emjpi'ess  ol  Riis.su'' 
l;i (inched  at  Fairfield  a  short  time  ago,  and  is  590ft.  in  length, 
i)5t't.  in  breadth,  46ft.  in  depth,  about  15,000  tons  gross,  an.l 
will  have  a  speed  of  18  knots,  being  propelled  by  steam  turbines. 

Barrow  Demarcation  Dispute  Settled. ― The  dispute  at  Vickers' 
shipyard,  Bar  row  5  has  been  settled,  and  the  whole  of  the  men 
have  returned  to  work.  Platers  hud  objected  to  fitters  ('mark- 
ing-off  ，，  some  plates,  -\vhifl)  work  liad  always  been  done  by 
platers.  After  negotiations  lK't、v(、(— "i  the  masters  and  the  men's 
reprosont;iti\-os?  the  firm  ； igiwd  that  tin;  work  shoni<l  !»•  done  hy 
platers.  rrhose  pla  tt's  、、  (、iv  lienvy  and  had  been  taken  to  tlit' 
iitting  shop  for  coiivoiiioiico  in  handling. 

French  Iron  and  Steel  Industries.  ― Tlie  "  Frankf  iitUm-  Zeitmig  ，' 
stati's  ilia b  there  lias  beon  a.  signal  ii]i]>iovt'inciit  in  the  Kicnch 
iron  industry  during  the  past  thre (！  months,  and  a  coiisidcr;!  Mr 
cxttMision  ot  hiisincss.  rriHM'o  is  not  only  a  boom  in  the  iron 
iii(lusti\v  in  l,nui('('，  hut  there  is  t、、、'r,v  indication  that  tlie  prt'st'nt 
is  the  l>oginning  of  a  new  era  so  far  as  ivgards  the  organisation 
ana  enlargement  of  l，rt"i('h  iton  ； uid  steel  works.  This  is  abun- 
dantly borne  out  by  the  enlargement  of  works,  the  installation  of 
now  plants,  and  the  modernisation  of  existing  plants.  It  is  note- 
worthy that  scai'coly  any  outside  financial  assistance  is  bein^; 
obtained  fof  ca rryiag  out  these  developments,  b Lit  that  most  ot 
the  expe.ise  entailed  is  being  paid  out  ot  current  working  capital. 

Mining  Accidents  in  Northumberland. ― Mr.  Joseph  English,  the 
president  of  the  Nortliuml>erland  Miners'  Association,  has  pub- 
lished a  report  of  the  number  ot  cases  in  which  compensation  has 
been  paid  tor  accidents  in  Northumberland  during  tlie  past  year. 
The  report  states  that  last  year  Avas  the  most  serious  for  the  num- 
ber of  accidents  Northumberland  has  ever  experienced.  There 
were  10,000  minor  cases  and  35  fatal  accidents.  For  the  minor 
cases  compensation  was  paid  at  the  rate  of  £4,  and  in  the  fatal 
cases  the  average  pay  me  at  was  £1(54，  making  a  total  of  £45,V20 
last  year.  Notwithstanding  all  their  mining  legislation  there 
lmd  been  an  increase  of  over 丄 00  accidents  per  week  in  12  years. 

British  Aeroplanes. ― Sir  George  "White,  at  the  West  of  England 
Aero  Club  dinner  at  Bristol  on  the  21st  inst"  said  the  British 
and  Colonial  Aeroplane  Company  had  sold  Hying  machines  to 
every  European  nation,  and  had  erected  and  equipped  a  factory 
and  school  in  Germany.  The  Italian  Government^  alter  their  ex- 
perience with  Bristol  aeroplanes  during  the  war  with  Turkey,  had 
declared  thein  to  be  the  best  for  military  purposes,  and  had  placed 
a  first  order  for  50  monoplanes.  An  invitation  by  the  Russian 
military  authorities  to  start  a  factory  in  Russia,  with  promises  ot 
large  orders,  was  under  consideration.  During  the  year  the  com- 
pany had  manufactured  at  Bristol  £7O3O00  wortn  of  machines,  of 
which  the  British  Government  had  contributed  £8,000. 

Light  Castings  Combine. ― A  combination  of  manufacturers  has 
been  formed,  under  the  style  of  the  National  Light  Castings  Asso- 
ciation, and  includes  the  bulk  of  the  manufacturers  of  such  goods 
as  stoves,  fireplaces,  ranges,  railings,  &c.  It  is  sought  to  fix 
minimum  prices  below  which  such  goods  shall  not  be  sold.  Dis- 
tributors are  being  divided  into  tour  classifications,  according 
to  which  they  will  be  allowed  varying  rebates  and  discounts.  Dis- 
tributors are  being  invited  to  sign  agreements  undertaking  not 
to  sell  below  the  minimum  prices  under  penalty  of  supplies  being 
stopped.  Since  the  manufacturers  formed  the  association  the 
prices  of  light  custia^s  ha ve  been  adviinced  by  from  40  per  cent, 
to  50  pt'r  cent.  IU(、aiitim。，  it  is  stated  that  ； i  nuniber  of  capitalists 
are  taking  adviuita^c  of  the  new  coiKlitions  l»y  laying  down  oppo- 
sition \\ oiks  ior  the  inanuiactiire  of  the  goods  incliulod  in  the 
agreement. 

Commission  Agents  and  the  Insurance  Act. ―  Application  having 
Imm-h  made  to  tlio  Insurance  Coniniissionors  for  the  determination 
under  Section  tiO  of  the  National  Insurance  Act  of  the  question 
AvhothtM*  agents  paid  by  commission  or  iocs  Avlia  a  re  employed 
for  p;ut- time  or  spa ro-tinio  swvifv  onl.v  to  canvass  for  business 
tir  to  collect  "im"'.vs，  ;i re  cniploycd  under  a  contract  of  service 
、viUiiii  tin;  DH'iinin^  oi'  tlie  N;itioual  Insurance  Act,  tlio  Connnis 
bioners  give  notice  that  a  hearing  of  parties  iiitorostod  will  take 


place  on  Monday,  December  9th,  at  2-30  p.m.,  at  Wellington 
House,  Buokingh<am  Gate,  London,  S.W.  Any  porsons  interested 
who  desire  to  1"'  licnnl  hct'ore  tlio  decision  is  ^ivcti  should  give  not 
less  than  three  days'  notice  to  the  Insurance  Commissioners  of 
their  intention  to  attend  or  Ije  represented  at  tlio  riii<r.  State- 
ments in  writing  made  \>y  persons  affected  will  ho  considered  if 
submitted  not  later  than  the  day  preceding  that  fixed  for  tin: 
hearing. 

New  African  Railway.— A  scliemo  fot-  the  cotistruction  ol'  :i  iu'、v 
railway  from  Tripoli  to  Central  and  South  Africa,  joining  the 
(,ape  to  dvivo  line  ； it  Stanley  Falls,  is  under  consideration.  Tin; 
new  line  would  be  about  3jOOU  miles  m  length,  and  would  cost 
about  £3,000  a  mile,  or  roughly  €l(»,lliJ()，(j(J()  iilto^ilu*r.  Jt  would 
run  south  from  Tripoli  ior  nhout  1;000  miles,  tlicncc  across  iln« 
Sahara  and  Darfur,  in  French  territory,  foi  another  thousand 
miles,  and  across  the  Belgian  Congo  ior  the  last  thousand  miles 
to  Stanley  Falls.  In  joining  the  Cape  to  Cairo  line  it  would 
form  a  great  highway  from  Central  Africa  to  the  Cape  through 
South  Africa,  and  all  the  way  to  the  junction  of  the  two  lines 
it  would  traverse  well-known  caravan  routes.  By  this  line  the 
journey  from  London  to  Johannesburg  ooiihl  I"'  ( ompleted  in  a 
、、.(H、k.  It  is  suggested  that  if  Italy,  France,  and  Belgium 
Kuiiraiiteed  the  interest  on  the  cost  ot  coii.siruction  as  far  as  the 
Inio  liui  through  their  respectivo  territories  the  capital  could 
casi ly  he  ol »ta i ll(ld . 

Parsons  Petrol  Engine  Set  for  Arc  Welding. ― Tli"  Persons  Motor 
r'>mp:my，  Jitcl.,  Town  Qu;i,v,  Soul hani[)ioii,  h;i\  <•  rrc^iitl.y  supplied 
"lie  ot  tli""'  4*2  li.p.  O-cyliiuhM'  petrol  "iigiii.'s,  <(>uplt'(l  to  dynanio 
； »ik1  exciter,  to  a  well-known  lirm  who  carry  out  work  in  the  load- 
ing ports  covering  arc  Avoiding  johs  of  all  descriptions.  The  con- 
ditions under  which  such  a  plant  have  to  work  are  most  arduous. 
The  engine  must  bo  equal  to  continuous  full-power  work  for  long 
periods,  and  yet  must  be  cxtromely  closely  governed  as  Uitw  ecji 
no  load  and  tull  load  suddenly  applied,  lo  this  end  the  firm 
have  designed  a  special  vertical  enclosed  sensitive  governor, 
which  is  driven  by  enclosed  gearing  at  the  forward  end  ot  the 
engine,  and  claim  with  this  governor  a  variation  of  only  about 
5  per  cent,  on  an  output  ot  2O0  amperes,  at  70-110  volts.  The 
electrical  equipment  was  turnished  by  the  Lancashire  Dynamo 
Comijany.  At  the  present  moment  the  firm  have  orders  in  haml 
ior  an  exactly  similar  set,  but  with  the  engine  of  the  paraffin 
type,  this  being  tor  a  w x»U-kno\vii  tirin  of  shipljuilclers  ；  and  one 
for  a  4- cylinder  engine,  also  of  the  paratfiu  type,  for  a  shipyard 
on  the  Continent. 

The    Light    Railways   Bill   and    Trackless   Trolley  Systems. ― In  the 

House  of  Commons  on  the  18th  inst4  the  Light  Rail- 
ways Bill,  as  amended  in  Standing  Committee,  was  con- 
sidered. Mr.  J.  M.  Robertson  (Parliamentary  Secretary, 
Board  of  Trade),  on  belialf  of  the  Government,  moved 
the  omission  of  Clause  2,  \vlii<  h  empowers  the  Light  Railway  Com- 
missioners to  authorise  trackless  trolley  systems.  He  said  tne 
clause  as  amended  in  Committee  cast  a  heavy  liability  on  the 
promoters  of  trackless  trolley  systems  in  regard  to  the  roads,  and 
it  was  regarded  by  the  tramway  interest  as  being  an  evil  so  great 
that  they  would  rather  have  no  provision  made  for  trackless  trol- 
ley systems  at  all.  The  effect  oi:  the  omission  of  the  clause  would 
be  that  the  law  in  relation  to  trackless  trolley  systems  would  re- 
main as  it  was  now.  】t  seemed  to  the  Government  that  it  was 
preferable  that  questions  of  road  】Tiainteiiance  should  be  dealt 
with  in  a  general,  comprehensive,  and  systematic  manner  rather 
than  in  such  a  piecemeal  fashion  as  was  the  case  in  this  measure. 
The  omission  of  the  clause  was  agreed  to'  and  the  Bill  was  read 
a  third  time  without  a  division. 

A  German  Coal  Research  Laboratory. ― The  German  Society  for 
the  Advancement  of  Sciences  has  decided  upon  an  important  step 
in  the  interests  of  the  utilisation  of  the  coal  production  of  this 
country.  It  will  establish  a  special  institute  for  coal  research  at 
Miilheim  (on  the  Ruhr).  The  cost  of  the  building,  which  is  esti- 
mated at  £35'000,  will  be  defrayed  by  the  Miilheim  authorities, 
who  will  also  present  the  site.  The  annual  budget,  of  the  insti- 
tute will  amount  to  £6,0(^3,  and  as  the  Rhenish  Westphalian  Coal 
industry  Syndicate  lias  agreed  to  contribute  £5,000  per  annum 
the  society  will  only  have  to  find  the  comparatively  small  sum 
of  £1^1)00  a  yonv.  The  building  of  the  institute  is  to  be  begun 
1 1 . ■  \ t-  spring,  and  it  is  expected  that  it  will  be  completed  l>y  the 
spring  of  1914.  Among  the  specific  prohlems  that  will 
he  pursued  will  be  the  study  of  the  production  of  coke 
under  altered  conditions,  and  the  obtaining  of  tar,  water 
g;is，  and  power  gas,  or  the  transference  of  inferior  products  of 
t:ir  distillation  into  "lore  valuable  fluid  or  gaseous  fuel  sub- 
stances, in  which  G(、rnuuiy  is  very  poor,  so  that  this  country  may 
l,o  mado  iiidopondoub  of  tlio  importation  sucli  suhstancos 
from  abroad.    Furthermore,  old  and  unsolved  problems,  which 
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seem  more  tractable  witli  the  modeni  aids  of  physical  and  chemi- 
cal methods,  will  again  be  taken  in  liand,  such  as  the  direct  pro- 
duct  ion  of  electricity  from  coal. 

Shipbuilders  and  the  New  Agreement. ― An  importiuit  eoiiiVr(、ii(  (' 
was  held  in  Edinburgh  on  the  20th  inst  between  the  Shipbuildinfj; 
trades,  excluding  boilermakers3  to  discuss  tlie  draft  of  the  pro- 
posed new  agreement.  It  was  decided  provisionally  to  adopt  the 
draft,  which  will  now  be  submitted  to  the  men  concerned  to  vote 
for  or  against  its  acceptance.  The  new  agreement  is  an  amalga- 
mation  of  the  principal  provisions  of  the  National  Agreement  of 
March,  1009,  and  the  Supplementary  Agreement  of  December, 
1910,  with  a  number  of  amendments  designed  for  the  purpose  of 
making  the  maoliinery  for  settling  disputes  without  stoppages  of 
work  operate  more  smoothly.  Under  the  new  agreement  definite 
times  are  fixed  Avithin  which  all  questions  raised  must  be  dealt 
with,  in  consultation  between  men  and  individual  employers,  hy 
a  local  joint  committee,  l>y  a  local  conference,  or  l>y  a  national 
conference,  so  that  it  is  expected  that  one  of  the  objections  of 
the  men  to  the  old  agreement ^ that  under  it  much  time  was  lost 
in  the  consideration  of  disputes ― will  be  removed.  The  penal 
clauses,  providing  for  the  punishment  of  employers  or  men  who 
broke  the  agreement,  have  been  dropped,  and  so  ha&  the  provision 
for  the  appointment  of  an  outside  arbiter  to  decide  when  there 
was  a  breach  of  agreement,  while  the  men  have  withdrawn  their 
proposal  that  there  should  be  a  neutral  chairman  at  joint  con- 
ferences. A  few  verbal  alterations  were  made  ou  the  draft  agree- 
ment, principally  for  the  purpose  of  making  certain  points  more 
explicit,  hut  there  were  no  changes  of  importance. 

The  "Responsibility"  of  Trade  Unions. ― Messrs.  Vacher  &  Sons, 
of  Westminster,  the  appellants  in  the  recent  momentous  trade 
tinion  case,  have  issued  the  followinp;  statement :  "  The  judg- 
ment of  the  House  of  Lords  in  the  case  of  Vacher  &  Sons,  Ltd., 
r.  The  London  Society  of  Compositors,  that  under  no  circiuii- 
stanoes.  and  whether  a  trado  dispute  is  in  oonteniplation  or  ii(»t, 
c;m  a  trade  union  l)e  made  responsible  for  its  tortious  acts,  vitally 
affects  every  employer  in  the  land.  Henceforth  labour  can,  even 
without  oansf ,  ljlack-list  any  firm  in  the  country,  and  employers 
are  powerless  to  defend  themselves  Lahour  can  announce  broad- 
cast that  Messrs.  A.  &  B.  do  not  par  trade  union  rates,  and 
gravely  injure  the  firm  1>y  proclaiminti;  tlieir  output  to  bo  the 
work  of  blacklegs,  even  if  such  he  not  actually  the  case.  But 
labour  can,  and  probably  will,  do  much  moro  than  that.  They 
ran  announce  that  Messrs.  A.  &  B.  are  black-listed,  and  by 
threatening  other  firms  that  they  will  call  out  their  workers  if 
they  do  business  with  Messrs.  A.  B.,  they  can  ruin  any  concern 
as  and  when  they  please  without  hindrance  or  redress.  The  deci- 
sion of  the  House  of  Lords  in  its  interpretation  of  the  Trades 
Disputes  Act  (1906)  thus  places  a  new  nnd  intolerable  power  in 
the  hands  of  vindictive  labour  leaders.  It  must  surely  be  clear, 
not  merely  to  every  employer,  but  also  to  every  lover  of  fair 
play,  that  the  Trades  Disputes  Act  must  he  repealed.  We  have 
made  ou r  fight,  and  we  are  confident  that  other  employers  will 
not  stand  aloof  in  our  resolve  to  cope  with  the  new  industrial 
crisis  in  an  immediate  and  practical  way.  We  ask  for  generous 
support  for  the  Trade  Disputes  Act  Reform  League.  We  are 
ron vinc-ed  that  it  is  only  throilpli  the  n^ency  of  this  League  that 
employers  can  obtain  justice,  and  in  our  view  strong  financial 
support  for  this  organisation  is  a  first-rate  form  of  ins\irance.M 

Record  Shipbuilding. 一 Tlie  f|iiart (？ rly  report  of  the  Rhipconstnif- 
tive  and  Shipwrights'  Association  recently  issued,  referring  to 
shipbuilding  output  states  thai  (i  notw i thsta nd i n g  the  enormous 
output  wliich  has  been  recorded  during  the  previous  quarters  of 
this  year,  the  return  for  the  quarter  ended  September  constitutes 
a  record .  All  the  large  shipl)iiiklinp;  centre  participated  in  the 
share  of  tlie  increased  tonnage.  The  result  of  this  is  the  con- 
tinuance of  good  employment  over  all  departments  of  our  member- 
ship in  every  part  of  the  country,  so  much  so  that  we  ran  not ,  in 
some  places,  meet  the  (l(»m;md  for  the  lal>our  of  our  members, 
esp(H-ially  on  the  Clyde  and  in  his  Majesty's  dockyards.  There 
is  every  prospect  of  this  condition  of  things  rontiiming  for  some 
tim*»  to  come,  and  we  trust  and  urge  that  every  member  will  tako 
the  fullest  advantage  which  full  employment  offers  to  husband 
their  resources,  as  the  present  extraordinary  output  of  shipbuild- 
ing will  sooner  or  later  have  its  effect  on  the  tonnage  of  the  w  orld, 
when  the  inevitable  depression  will  follow."  The  report  further 
states :  11  Durinp;  the  quarter  there  have  been  a  number  of  minor 
stoppages  in  various  places,  and  some  of  them  of  a  somewhat 
irritating  nature,  and  wliic-h,  we  think,  with  a  little  considera- 
tion and  roasonal)Ioness  on  both  sides,  might  have  been  avoided. 
In  the  int^rosts  of  all  mem  hers  no  stoppages  of  work  must  take 
placo  until  every  effort  has  been  made  to  renoli  a  sottlomont. 
Tlicrc  i、  no  use  of  an  organisation  whatever,  if  niomhers  will  not 
carry  out  thoir  own  general  rules,  and  give  tho  officii  Is  :m  oppor- 


tunity of  endeavouring  to  adjust  those  grievances.  Ruch  pro- 
(t、(l"r(、  is  in  direct  opposition  to  collective  ― which  is 

tlu、  basis  of  our  organisation.  It  is  far  Ix»ttor  i'or  tlio  rnomhers  to 
use  the  machinery  of  their  or^iiiiisution  to  have  thoir  grievances 
redressed  than  by  hasty  aiul  precipitated  stoppages  of  work,  that, 
in  the  end,  settle  nothing,  and  only  entail  unnecessary  loss  on  tho 
part  of  the  individual  members  and  friction  in  tlx'  :"lmi"istrat"m 
of  the  Association." 

Safety  of  Mines  ：  Important  Case  to  Colliery  Proprietors.  —A  case 
of  importance  to  colliery  proprietor's  was  recently  decided  ;it  Don 
caster  Police  Court,  when,  after  a  licjiring  extciuliiiK  over  six 
hours,  tlie  Bontloy  Colliery  Company  were  fined  for  not  withdraw- 
iiig  men  from  tho  mine  when  there  was  fou-ui  to  be,  2i  per  ("it. 
of  inflannriiihle  gas  in  it.  Tho  prosocutor  was  Mr.  Mottrjim,  His 
Majesty's  Chief  Mining  Ti^pector  for  Yorkshire  and  the  North 
Midlands  District,  acting  undor  Home  Office  instructions.  Two 
offences  were  alleged  against  the  Coal  Mines  Act,  namely,  that  the 
pit  was  improperly  ventilated  and  that  the  moii  were  not  with- 
drawn,  but  it  was  only  possible  to  deal  with  the  latter  charge  that 
day,  the  other  case  being  adjourned  till  Novemhor  30tb.  The 
prosecution  alleged  that  on  July  30th,  when  one  of  His  Majesty's 
Inspectors  of  Mines  visited  Bentley  Colliery,  he  smelt  gas,  and 
his  safety  lamp  revealed  more  than  2\  per  cent,  in  the  main  air- 
way. Men  were  doing  ripping  there,  and,  although  the  uiulor- 
manager's  attention  was  drawn  to  the  circumstance,  tho  men 
were  not  withdrawn,  as  required  by  Act  of  Parliament.  The 
defence  was  that  the  men  employed  in  the  return  air- way  were 
there  for  the  purpose  of  repair  work  and  not  for  getting  coal, 
that  they  were  ripping  in  order  to  improve  ventilation^  and  that 
Section  67,  under  which  the  prosecution  was  taken,  permitted 
their  presence.  The  firm  had  conducted  collieries  in  the  district 
for  1 50  years,  and  had  never  heen  proooeclerl  against  】>efoiv.  Tliov 
had  voluntarily  undertaken  、、.ork  which  the  Homo  Offi co  would 
he  better  employed  in  u ndortaking  than  in  influlgin^  in  prosoou 
tions  of  this  sort.  Together  with  tho  Brondsworth  and  Denahy 
Colliery,  they  wore  employing  tho  very  1  tost  mon  in  the  world  of 
science  to  advise  tliem  in  regard  to  gob  fires  and  other  mining 
problems.  Notwithstanding  this  defence  the  Bench  ini])osod  :i 
fine  of  20s.  and  costs, 

British  Engineers'  Association. ― The  British  Enginws'  Associa- 
tion, which  was  incorporated  on  April  20th  of  this  vear  under  a 
certificate  from  the  Board  of  Trade,  and  was  bi'ou^ht  into  heiii^c 
for  the  purpose  of  promoting  the  interests  of  British  engineering 
firms  in  China,  has  developed  considerably  since  that  date.  The 
Association  does  not  carry  on  trade  of  any  sort,  is  in  no  sense 
of  the  word  a  profit-making  concern,  and  is  unconnected  with  any 
business  concern  or  other  association.  This  Association  now 
comprises  a  large  number  of  the  very  best  engineering  firms  in 
Great  Britain.  The  president  is  Mr.  Douglas  Vickers  :  the  vice- 
presidents  are  Sir  Robert  Hadfiekl,  F.R.S.,  Mr  Herbert  Marshall, 
the  Right  Hon.  Sir  William  Mather,  P.C.,  LL.D..  Mr.  C.  C.  Soott. 
and  Sir  John  I.  Thornycroft,  LL.D.,  F.R.S.  The  chairman  of 
the  Executive  Committee  is  Mr  AViTfrid  Stokes.  Already  tho 
Association  has  made  arrangements  for  the  collection  of  valuable 
first-hand  information  on  the  subjects  which  affect  engineering: 
interests  in  China,  and  is  issuing  it  in  the  form  of  confidential 
reports  to  its  members  at  frequont  intervals.  Among  the  many 
important  items  in  the  programme  of  the  Association  is  an  en- 
deavour to  make  the  British  Government,  the  hanks,  the  shipping 
companies,  and  every  one  else  concerned,  realise  that  it  is  their 
duty  to  study  and  promote  the  interests  of  British  manufacturing 
engineers.  Another  important  feature  in  the  policy  of  the  Asso- 
ciation is  the  encou rae;einent  of  the  education  of  Oriental  en- 
gineers in  the  British  lanmiap;e  and  on  British  lines,  whether  hy 
British  engineering  schools  in  the  countries  concerned  or  by 
facilities  at  the  educational  establishments  and  in  the  engineer- 
ing works  of  Great  Britain .  The  Association  is  devoting  its 
attention  exclusively  to  China  at  the  present  day  because  that 
is  the  country  where,  above  all  others,  British  engineering  in- 
terests are  in  most  urgent  need  of  support.  When  thoroughly 
organised  to  cover  the  ground  efficiently,  the  Ass iciation  will 
turn  its  attention  to  any  other  country  where  British  engineering 
interests  may  be  suffering.  It  is  interesting  to  note  that  applica- 
tions have  already  been  received  to  extend  the  influence  of  the 
Association  to  Canada,  South  America,  Africa,  Australia,  Mexico, 
and  elsewhere.  The  offices  of  the  Association  are  at  Caxton 
House,  "Westminster,  and  the  secretary  is  Mr.  Stafford  Ransome. 


The  Shelf  Boiler  Explosion. ― The  formal  investigation 
ordered  by  the  Board  of  Trade  in  respect  to  the  Shelf  boiler 
explosion  is  fixed  for  hearing  in  the  Town  Hall,  Bradford, 
Yorkshire,  on  Tuesday,  December  3rd,  at  11  a.m. 
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NEW  PATENTS. 

Specifications  of  the  following  are  now  published f  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  Wd,  Address 
" Mechanical  Engineer^  53,  New  Bailey  Street,  Manchester. 

MECHANICAL  1911. 

Treatment  of  iron  or  steel  for  preventing  oxidation  or  rusting. 
Richards.  17563. 

Process  for  the  commercial  utilisation  of  peat.  Testrup,  Rigby, 
and  Soderlund.  17610. 

Treatment  of  sulphide  ores.    Ashcroft.  24170. 

Steam  superheaters.    Doettloff  &  Thonisen.    24241 . 

Carburetters  for  internal-combustion  engines  Wolseley  Tool  and 
Motor  Car  Company  and  Remington.    2431 G. 

Draught- controlling  devices  for  steam  superheaters  fitted  to  loco- 
motive boilers,    Toussaint  &  Doettloff.  24579. 

Chain-driven  change-speed  gearing.  Hans  Renold,  Ltd.,  and 
Simpson.  24597. 

Automatic  turning  machines  for  cast  metal  hollow- ware.  Tliomas 
Holcroft  &  Sons,  Ltd.,  Holcroft,  and  Challen.  24750. 

Valves  for  internal-combustion  engines.    Clark.  24808. 

Internal-combustion  engines.    Forbes.  25266. 

Manufacture  of  petrol  gas  for  lighting  purposes.  Harsant,  and 
Mitchelite  Petrol  Air  Gas  System  Company.  25334. 

Elastic  fluid  turbines.  Warwick  Machinery  Company  (1908) 
(Curtis).  25349. 

Valves  of  the  double-beat  type.    Hill  &  Vivian.  25544. 

Valves  of  internal-combustion  engines.    Kno、vl(、s.  2/5888. 

Tube-cleaning  lathe.    Pecinka.  26435. 

Piston  packings.    Reading.  26878. 

Driving  mechanisms.    Cake.  27098. 

Casting  apparatus.    Pauly.  27390. 

Variable-speed  gearing.  Triumph  Cyclo  (Jompan'v,  and  Kr:uiklii，. 
27499. 

Burners  for  gaseous,  liquid,  and  solid  conil)nsiihlos.  G;uitro;ui. 
28009. 

Starting  mechanism  for  internal-combustion  ongiiios.  (In  istonscn 
and  Boiilt.  28284. 

1912. 

Tube  and  bolt  vices.    Bauer.  1268. 

Manufacture    of    expanded    metal    and     apparatus  thorofor. 

Expanded  Metal  Company  &  Salmon.  2227. 
Power  hack  saws  for  metal.    Humpage.    2241 . 
Liquid  fuel  burners  for  oil-fired  furnaces.    Lainp;.  2546. 
Valves  for  blowing  engines  and  compressors.    Walker,  "Wnlkor, 

and  Walker.  2767. 
Hydraulic  valves.    Sir  W.  G.  Armstrong,  Whitwortli,  &  Co.，  and 

Davy.  2952. 
Rolling  of  round  Lars  of  metal .    Barge.  3616. 
Starting  valve-gear  for  internal-combustion  motors.  Romevn. 

4209. 

Automatic  railway  signalling  devices.  Mokossenyi  &  Schieren. 
4266. 

Manufacturing  and  refining  copper  alloys.  Rocky  &  Eldrid^e. 
4409. 

Process  of  fusing  and  purifying  copper.  Rookey  &  Eldridp;o.  4410. 
Conveyers.    Michener.  4805. 

Process  for  sinking  shafts  or  driving  tunnels.    Allgemeine  Tief- 

bohr  &  Schaditbau  Akt.-Ges.  5306. 
Apparatus  for  spraying  or  ejecting  liquids.      Blake  &  Blake 

Bros.,  Ltd.  5943. 
Adapters  or  couplings  for  flexible  metallic  tubing     Smith.  6405. 
Smoke-consuming  devices.    Bolgiano.  6875. 

Change-speed  and  reversible  transmission  mechanisms.  Ca mpholl. 
7334. 

Railway  rail  joints.    Tieche,  Meier,  &  Hussell.  7440. 
Carburetters  for  internal-combustion  engines.    Wood .  7741. 
Lathe  headstock.    Werner.  7837. 
Vices.    Joh.  Manegold  Nachf.  9474. 

Revoluble  grate  for  gas  generators.  Deutsche  Hiittonhau-Ges. 
9589. 

Regenerators  or  hot-blast  stoves.    Schroeder  &  Reinhard.  10154. 
Machines  for  cutting  metal  bars.    Butler.  10400. 
Furnace  grates.    Werger.  11590. 

Universal  coupling  for  transmission  shafts.  Constnntinoscu. 
13107. 

Lock  nuts.    Schrader.  13979. 
Steam  traps.    Abels.  15290. 

Crucibles  used  in  metallurgical  f uriiiicos.  Braysliaw  &  Bin vshnw. 
l'W28， 

Sound-<iuenrhinp;  apparatus  for  the  oxhaust  ^asos   of  oxjilosion 

motors.    Vogt.  15737. 
Water-tube  steam  generators      L.  &  C.  Stoinmuller .  16057. 


White-metal  bearings.    Putz.  18789. 
Metallic  propellers.    J acomy  &  Jahan.  18838, 
Grinding  and  polishing  machines.    Bohringer.  19735. 
Water-cooled  fire-bars.    Grabowsky.  21380. 

ELECTRICAL,  I9H. 

System  and  apparatus  for  preparing  perforated  tape  for  tele- 
graphic transmission  of  messages.    Ingram.  10973. 

Electric  timing  devices.    Hatfield.  24141. 

Miners'  electric  lamps.    Hailwood.  24305. 

Hand-feed  arc  lamps.    Kamm.  24333. 

Electric  distribution  systems.    Partridge.  24386. 

Processes  for  producing  directive  forces  by  induction  in  alternat- 
ing-current  apparatus.    Abraham  &  Carpentier.  24442. 

Dynamos.  British  Thomson- Houston  Company,  Ltd.,  and 
AVhitaker.  24463. 

Apparatus  for  obtaining  a,  uniform  longitudinal  seam  in  tul)es 
welded  by  electricity.  Gos,  fur  Elektrotechnische  Industrie. 
24575. 

Controlling  apparatus  for  electrical  lifts.    A.  W.  Penrose  &  Co.， 

and  Barlow.  24745. 
Miners'  electric  safety  lamps.    Oldham.  24787. 
Electrical  measuring  instruments  of  the  induction  typo.  North. 

25086. 

Electric  heating  of  ovens.    Martin.  26101. 

Electric  switches.  Siemens  Bros.  Dynamo  Works,  and  Crowloy. 
26245. 

Holders  for  electric  lamps.     Frntikonburg   &    Rons,   Ltd.,  and 

Fleming.  26376. 
Incandescent    oloctrio    lamps.    Liulecke    &    Brimsdown  T'mnp 

Works,  Ltd.  27203. 
Materials  for  dynamo  brushes^  shafts  and  other  bearings.  British 

Tlio 川 son- II oustoii  Company.  27621. 
('onihinod  electrical  switfli  ； incl  resistaiioc  or  rmn'i"  er:idu:il'iiig 

(lovicc.    Dimming  Switches,  Ltd.,  and  Barbor     2923 1 . 

1912. 

Antomatie  tension  regulators  for  shunt  dynamos.  G allay.  1  ^30. 
Telephones.    Sliardlow.  1721. 

Protected  electric  fuse  blocks.    Price  &  Callondars  Ca1)l。  ：m<l  Con 

structioii  Company.  2380. 
Method  of  supporting  the  commutators  of  dynamos.  Jonos.  3282. 
Continuity  of  olt'ctri<'  oonduit  systems.    Railing  &  Tnylor.      ( 70 . 
Automatic  telephone  systems.    Baum.  6305. 

St^lective  electric  signalling  on  telephone  oxolion^e  party  linos. 
Crook.  6640. 

Tiiimp  pillars  for  electric  lighting.    Sonthall.  7056. 
S^mi-automatic  telephone  systems.    Siemens  &  Halske  Akt.  rios. 

10444  and  11464. 
Devices  for  protecting  telegraph  lines  against  indiutivo  aclion 

from  neighbouring  circuits.    Moll  &  Kuschewitss.  12764. 
Automatic  cut-out  for  electric  lines.    Michael  sen.  13428. 
Sparking  plugs.    Farina.  14251. 
Vacuum  tube  lighting.    Markiewioz.  14864. 
Electric  radiators.    Nightingall.  16506. 

Compensation   of   single-phase  potential  rpgnlators.  Akt.-Gos. 

Brown,  Boveri,  et  Cie.  18107. 
Wiroless  telegraph  transmitters.    Shaw.    18111 . 
Arc  lumps.    Kamm.  23155. 


METAL  QUOTATIONS. 

TUESDAY,  NOVEMBER  26th. 

Aluminium  ingot   90/-  per  cwt. 

"         wire,  according  to  sizes,  &c  from  】 12/-  " 

，，        sheets        ,，  ，，   ，  120/-  ，， 

Antimony  £39/-/-  to  £40/-/-  per  ton  - 

Brass,  rolled   9Jd.  per  lb. 

，，    tubes  (brazed)    11  Jd. 

，，       ,，     (solid  drawn)   9|d. 

，，       ，，     wire   9Jd. 

Copper,  Standard   £76/12/fi  per  ton. 

Iron,  Cleveland   67/9  ，， 

,, Scotch   73/9  ，， 

Lead,  English    £18/7/0  ，， 

，， Foreign  (soft)    £18/-/-  ，， 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

,，  ，，  ，，       medium   3/6  to  6/-  ，, 

，，  ，，  ，，       large   7/6  to  11/- ，， 

Quicksilver   £8/12/0  per  bottle 

Silver   20Jd.  per  oz. 

Spelter    £26/5/-    per  ton. 

Tin,  block   £220/15/- ,， 

Tin  plates   15/4J  ,, 

Zinc  sheets  (Silesian)   £31/5/-  ,， 

(Stettin  ；  Vieille  Montague)   £31/10/- 
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Section  of  the  Company's  Celebrated  Interlocked 
Bronze  No.  2  Tubing. 


i,Ld, 


Works  :  Ponder's  End,  Middlesex. 

Head  Office:  112,  Queen  Victoria  St.,  LONDON,  E.C. 


The  man  stood  on  the  boiler  top,  whence  all  but  he  had  flown, 

For  one  and  then  another  of  the  blessed  joints  had  blown  ； 

'Twas  there  we  found  him  swearing,  when  we  took  him  underhand, 

Now  a  smile  he's  always  wearing,  he's  found  "  NONLEAK  "  will  stand. 


WHY  NOT  WEAR  A  SMILEP 

NONLEAK  jointing 

llUllLtlllV  COMPOUND 

Will  Put  a  Stop  to  Leaking  Joints  &  Blow-outs. 


BRITISH  MAKE! 


FREE  FROM  LEAD  I 

IMPROVES  WITH  AGE ! 


TESTING  SAMPLES. 


WILL  NEVER  BLOW  OUT,  SCALE,  OR  BOT. 

88,  Leeds  Road, 


J.  E.  TURNER  &  CO.,  Ltd.,  ^  BR^TDry^ 
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The  METALLURGY  of  IRON  &  STEEL 

This  work  has  bee  a  prepared  to  meet  a  need  for  a  book  which  in 
one  volume  of  moderate  size  shall  cover  the  whole  field  of  the 
Metallurgy  of  Iron  and  Steel, 

By  A.  HUMBOLDT  SEXTON,  F.I.C.,  F.C.S.,  and 
J.  S.  G.  PRIMROSE,  A.G.T.C.,  A.I.M.M.,  M.I.M. 
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post  free. 
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Diesel  Engine  Troubles. 

The  Diesel  engine,  notwithstanding  its  high  thermal  efficiency 
and  extensive  adoption  in  many  directions,  has  some  special 
troubles  of  its  own,  as  we  are  reminded  by  some  observations 
on  the  breakdown  of  an  engine'  of  this  kind  recorded  in  the 
current  issue  of  "  Vulcan."  The  engine  was  of  the  3 -cylinder 
type  with  cylinders  17in.  diam.  by  2ft.  stroke  and  developed 
236  h.p.  at  180  revs.,  and  the  breakdown,  which  resulted  in 
the  practical  smash  up  of  the  engine,  was  due  to  the  sudden 
seizure  of  the  piston  and  cylinder  while  running  under  ordi- 
nary working  conditions.  The  disquieting  feature  of  the 
breakdown  is  that  it  is  one  of  several  of  the  same  type  which 
the  Vulcan  Insurance  Company  have  experienced  within  a 
comparatively  short  period.  In  April  last  our  contemporary 
gave  particulars  of  a  similar  breakdown,  and  that  again  had 
followed  closely  on  the  failure  of  a  sister  engine  at  the  same 
place  and  from  the  same  cause.  Further,  we  have  reason  to 
know  this  is  only  a  repetition  of  the  experience  of  others,  and 
it  is  this  fact  which  is  disquieting,  for  an  engine  which  is 
liable  to  sudden  smash  without  apparent  cause  has  a  serious 
blemish  011  its  character  in  the  eyes  of  power  users,  to  whom 
reliable  and  continuous  running  is  a  primary  essential.  The 
question  is,  How  is  this  sudden  seizure  of  piston  and  cylinder 
brought  about?  At  present  it  must  be  admitted  it  is  not  an 
easy  one  to  answer.  Several  explanations  are  put  forward, 
but  it  is  difficult  to  say  what  credence  should  be  respectively 
attached  to  them.  In  all  multiple-cylinder  engines  it  is 
obvious  that  in  the  event  of  the  friction  of  oue  cylinder  becom- 
ing excessive  ii  is  overcome  by  the  normal  or  increased  power 
of  the  other  cylinders.  The  engine  is  not  slowed  down  as  it  is 
when  there  is  only  a  single  cylinder,  and  in  this  respect  it 
might  be  argued  that  the  multiple-cylinder  Diesel  is  only  like 
the  multiple-cylinder  steam  engine.  Such,  however,  is  not 
the  case,  for  owing  to  the  extremely  fine  clearances  between 
the  piston  aud  cylinder  in  the  Diesel  engine  necessary  for  its 
higli  compression,  seizure  is  liable  to  occur  much  sooner  than 
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in  a  steam  engine,  and  when  it  does  take  place  something  must 
go,  owing  to  the  momentum  of  the  flywheel  and  other  moving 
parts.  Usually  the  connecting  rod  is  doubled  up  or  broken 
and  the  crank  shaft  twisted,  and  more  often  than  not  the 
cylinder  is  smashed  also.  At  present  the'  clearance  space  is 
only  a  few  thousandths  of  an  iii(，li  and  does  not  exceed  in 
some  cases  the  expansion  due  to  a  difference  of  temperature  of 
more  than  100°  Fah.  In  other  words,  a  rise  of  100°  Fall,  in 
the  temperature  of  the'  piston  above  that  of  th©  cylinder 
would  cause  seizure.  Such  a  margin,  as  our  contemporary 
remarks,  is  very  small,  and  the  possibility  of  increasing  it  will 
have  to  be  s&riously  considered  by  makers  of  Diesel  engines  if 
they  ar&  to  acquire  the  reputation  for  reliability  necessary  to 
secure  the  confidence  of  power  users.  At  present  a  little 
falling  off  in  quality  of  the  lubricating  oil  or  the  presence  of 
gritty  matter  in  the  fuel  oil  would  appear  almost  sufficient  to 
produce  trouble,  apart  from  the  irregular  expansion  between 
piston  and  cylinder,  which  it  is  suggested  may  take  place 
owing  to  the  fact  of  the  cylinder  being  water  cooled  while  the 
piston ― at  all  events  in  the  smaller  sizes ~ is  not.  Another 
suggested  explanation  of  seizure  trouble  is  t  liat  it  may 
possibly  be  due  to  a  slight  growth  of  the  piston  resulting 
from  repeated  heatings  and  coolings.  This,  we  know,  is  a 
well-known  phenomena  in  cast  iron  when  heated  to  high 
temperatures  and  depends  to  some  extent  on  the  composition 
of  the  iron.  To  what  extent  it  may  occur  in  a  Diesel  engine 
is  a  matter  for  enquiry.  We  believe  growth  of  this  kind  has 
been  recorded  with  superheated  steam,  and  the  temperature 
inside  Diesel  cylinders  is  much  higher  than  this.  Of  course 
if  the  clearance  spaces  could  be  increased  materially  the 
trouble  indicated  would  be  overcome,  but  the  suggestion  is 
easier  to  make  than  to  adopt  successfully.  Only  those  who 
have  had  practical  experience  in  the  compression  of  air  to 
betwe&n  5001bs.  and  6001bs.  on  the  inch  can  realise  what 
perfect  workmanship  in  cylinder  and  piston  is  necessary  to 
obtain  this  result  and  how  greatly  leakage  difficulties 
increase'  with  increase  of  clearance  space.  However,  the 
matter  cannot  well  be'  allowed  to  rest  where  it  is,  and  though 
the  problem  is  a  serious  one  we  doubt  not  Diesel  engine 
builders  will  eventually  solve  it.  Nothing  at  all  events  can 
be  gained  by  hiding  the  facts,  and  a  full  presentation  of  them 
is  the  first  step  to  a  solution  of  the  troubles  at  present  arising 
out  of  them . 


Patents  and  Inventions. 

It  is  much  easier  to  point  out  a  social  imperfection  or 
injustice  than  it  is  to  find  a  remedy,  and  we  ar&  reminded 
of  this  somewhat  trite  adage'  by  some  observations  of  Mr. 
A.  M.  Taylor  at  the  recent  opening  meeting  of  the  Birming- 
ham section  of  the  Institution  of  Electrical  Engineers,  on 
the  relations  between  inventors  and  the  British  Patent 
Office.  Mr.  Taylor  displays  a  sympathy  with  inventors  with 
which  most  p&ople  will  agree ,  and  it  is  only  when  we  come 
to  consider  his  remedies  that  one  realises  how  difficult  it  is  to 
make  perfect  law.  That  commercial  prosperity  may  be 
largely  stimulated  by  the  ingenuity  of  inventors,  and  hence  it 
is  desirable  to  encouragei  them,  goes  without  saying.  It  is 
equally  evident  that  there  is  a  temptation  for  large  concerns 
with  abundance  of  capital  and  control  of  certain  markets  to 
stifle  competition  from  new  developments,  and  with  this  object 
it  not  infrequently  happens  that  huge  monopolies  purchase 
inventions  in  their  early  stages  simply  with  a  view  to  their 
being  smothered  or  kept  secret,  and  so  defeating  the  very 
object  for  which  protection  is  granted,  viz.,  that  of  making 
" j)atent  "  new  ways  and  means  of  effecting  given  results  with 
a  view  to  the  prosperity  of  a  nation  as  a  whole,  the'  limited 


monopoly  granted  to  the  inventor  being,  in  fact,  the  State 
reward  for  his  revelation.  Mr.  Taylor  takes  exception,  as 
many  others  do,  to  th©  inadequate!  proof  oi  novelty  which  ； it 
present  is  attached  to  a  British  patent,  and  which  loads 
capitalists  and  manufacturers  to  regard  most  of  them  with 
apathy  until  their  originality  has  been  decided  in  a  court  of 
law,  as  most  inventions  have  to  be  sooner  or  later.  He  con- 
trasts this  with  the  greater  encouragement  which  he  claims  is 
accorded  in  the  United  State's  and  Germany,  as  a  consequence 
of  the  greater  thoroughness  of  search  into  the  questions  of 
anticipation  and  originality,  and  which  even  if  it  involves 
delay,  does  at  least  inspire  a  belief  when  a  patent  is  granted 
that  it  is  not  likely  to  be  upset  by  a  judgment  in  the  law 
courts,  though  it  may  be  desirable  to  observe  here  that  litiga- 
tion is  not  unknown  in  either  of  the  two  countries  named,  nor 
in  either  is  the  granting  of  a  patent  a  '( guarantee "  of 
validity. 

A  more  important  criticism,  especially  to  poor  inventors, 
is  th©  more  reasonable  nature  of  the  fees  that  are  charged 
by  the  Patent  Office  far  the  work  it  undertakes  and  the 
protection  it  affords.  In  Germany,  for  instance,  lie  points 
out  that  the  only  fee  which  the  inventor  has  to  pay  in  order 
to  secure  a  thorough  search  is  about  £1  ；  a  further  £1.  10s.  it 
is  true  is  required,  but  this  is  not  called  for  until  the  patent  is 
granted.  Again,  in  respect  to  the  life  of  a  patent,  th©  con- 
trast is  to  our  disadvantage.  In  the  United  States  the  term 
is  17  years,  and  the  average  annual  cost  throughout  this 
period  is  8s.  6d.  In  Great  Britain  the  term  is  14  years,  and 
the  annual  cost  works  out  at  an  average  of  £7.  2s.  lOd.  One 
result  of  this  is  that  about  two-thirds  of  the  patents  granted 
lapse  after  the  fourth  year.  A  good  deal  of  misconception 
prevails  as  to  what  is  adequate  subject  matter  for  a  patent, 
and  the  common  impression  that  a  combination  of  known 
ideas  may  provide  sufficient  basis  is,  as  was  proved  in  the 
r&cent  Ilgner  case  in  the  law  courts,  erroneous.  Mr.  Taylor's 
suggestion  with  a  view  to  encouraging  invention  is  that  the 
Patent  Office  should  be  invesied  with  powers  to  determine 
authoritatively  whether  an  invention  possesses  subject  matter 
before  issuing  a  patent,  and  it  is  impossible  to  review  many 
of  the  specifications  that  are  issued  without  feeling  that, 
fees  have  been  extracted  and  "  protection  ，，  accorded  for 
ideas  that  are  "  as  old  as  the  hills, '，  but  here  again  it  is  easier 
to  recognise  what  seems  a  flagrant  defect  than  to  suggest  a 
satisfactory  remedy,  and  we  can  easily  understand  the  dis- 
inclination of  a  Government  department  to  accept  the 
responsibility  proposed,  while  if  it  were  thrust  upon  them  it 
would  endow  them  with  powers  which  inventors  subject  to 
its  exercise  might  deem  at  times  more  autocratic  and,  pos- 
sibly, unjust  than  those  occasionally  attributed  to  the  law 
courts. 

The  question  as  to  what  amount  of  control  a  manufac- 
turing firm  should  exercise  over  the  ideas  of  employes  respect- 
ing improvements  in  work  or  methods  on  which  they  are 
daily  engaged  is  one  that  has  often  been  discussed,  and  an 
unfair  view  is  sometimes  taken  from  both  sides.  The 
inventor  sometimes  forgets  that  but  for  the  special  experience 
he  enjoys  tlie  opportunity  of  making  improvements  would 
not  be  presented  to  him,  and,  on  the  other  hand,  the 
manufacturer  sometimes  thiuks,  very  unreasonably,  that  this 
privilege  is  the  sole  incentive  to  improvement.  Certainly 
we  think  no  fair-minded  person  would  agree  that  the  signing 
of  a  document  which  calls  upon  employes  to  hand  over 
absolutely  to  the  firm  engaging  them  all  inventions  they  may 
make  while  in  their  service  is  fair  or  conducive  to  progress. 

The  suggestion  that  the  period  of  six  months  between  tlie 
lodging  of  a  provisional  application  and  of  a  complete 
specification  should  be'  extended  is  a  matter  of  opinion.  It 
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mav  be  in  some  cases  that  the  time  is  too  short  for  the 
necessary  investigation  and  experiment  which  are  desir- 
able for  the  latter,  and  a  few  months'  extension  would 
be  advantageous.  At  the  same  time,  it  is  obviously  not  in 
the  public  interest  that  this  interval  should  be  too  prolonged, 
for  it  must  not  be  forgotten  that  unless  a  complete  speci- 
fication is  issued  the  provisional  is  not  published,  and  during 
the  period  of  its  existence  it  acts  as  a  secret  block  to  other 
inventors.  Whatever  the  length  of  period,  there  would  be 
some  inventors  who  would  contend  it  was  too  short.  The 
suggestion  also  that  two  or  more  independent  ideas  are  com- 
bined to  produce  a  new  result  should  be  held  to  be  subject 
matter  for  patent,  but  that  in  sucli  cases  the  patent  should 
only  be  granted  for  a  limited  and  shorter  period  than  the 
usual  complete  patent,  with  a  view  to  encourage  this  kind  of 
invention,  will  not,  we  think,  appeal  to  many.  It  makes  a 
somewhat  invidious  discrimination  to  begin  with,  and  implies 
that  the  short  term  granted  for  a  *'  sort  of  invention, and  for 
this  reason  would  probably  be  as  unacceptable  to  patentees  as 
the  arbitrary  powers  which  would  have  to  be  exercised  would 
be  to  the  officials  concerned. 


SCREW-CUTTING  GEAR  FOR  TURRET  LATHES. 

In  screw-cuttiug  gear  for  turret  lathes,  tlie  spindle  carrying 
the  screw-cutting  head  must  rotate  at  a  higher  speed  than 
the  work  pieces  when  cutting  the  screw  thread,  and,  further, 
when  the  screw  thread  has  been  cut  the  screw-cutting  head 
must  be  rotated  more  slowly  than  the  work  piece,  or  be 
stationary.  The  stopping  of  the  spindle  carrying  the  screw- 
cutting  gear  has  hitherto  been  effected  either  by  means  of 
claw  clutches  or  bv  friction  clutches  connected  witli  tlie 
driving  mechanism.  In  the  construction  under  notice,  the 
invention  of  Messrs.  Ludw . 
Loewe  &  Co.  ，  Huttenstrasse, 
17/19，  Berlin,  N.W.,  87，  Ger- 
many, friction  clutches  in 
combination  with  direct  or 
positive  clutches  are  employed 
in  such  -a  manner  that  the 
latter  clutches  are  automati- 
cally brought  into  operation 
by  the  backward  and  forward 
movements  of  the  spindle 
carrying  the  screw-cutting 
gear  after  the  driving  or 
braking  of  the  screw-cutting 
spindle  has  already  been 
initi  ated  by  the  f  ricti  on 
clutches.  Such  an  arrange- 
ment has,  it  is  claimed,  the 
advantage  of  ensuring  a  posi- 
tive engagement  between  the 
clutching  parts  and  of  pre- 
venting at  the  same  time 
excessive  impact  between  these 
parts,  which  impact,  if  un- 
checked, would  be  liable  to  set 
up  undue  stresses  in  tlie  various  parts  concerned. 

In  this  arrangement,  which  is  shown  in  tlie  accompanying 
sectional  view,  the  spindle  D  is  adapted  to  be  driven  from 
the  belt  pulley  J  mounted  upon  a  sleeve  H，  which  carries  al 
its  forward  end  a  block  K  having  a  conical  recess  therein 
and  provided  upon  its  inner  face  with  driving  pins  L.  A 
similar  block  M  is  fixed  to  the  slide  F，  and  is  provided  upon 
its  inner  face  with  driving  pins  N.  Mounted  upon  tlu* 
spindle  I)  in  such  a  manner  as  bo  be  slidable  thereon  but  to 
be  rotated  thereby  are  two  cones  O  and  P,  between  whicli 
is  arranged  a  spring  Q  adapted  to  force  the  oones  apart. 
Annular  driving  collars  R  and  S  are  fixedly  secured  upon  the 
•^pinrlle  D，  and  formed  with  recesses  T  in  wliich  the  driving 
studs  L  and  N  respectively  are  adapted  to  engage  when  the 
screw-cutting  spiiulle  D  is  to  bo  driven  or  stopped.  The 
(one  P  is  provided  with  a  pi"  B  adapted  to  engage  in  a  slot 
C  in  tlie  spindle  D,  this  slot  permitting  of  a  limited  relative 


movemeut  iu  axial  direction  between  the  oone  P  and  the 
spindle  D,  so  as  to  allow  the  ring  S  which  is  fixed  to  the 
spindle  to  come  into  positive  engagement  with  the  pins  L 
after  the  members  P  and  K  of  the  friction  dutch  have  come 
into  engagement  with  eacli  other.  A  spring  A  provided  on 
the  spindle  D  serves  to  keep  the  coupling  members  P  and  S 
in  engagement  with  the  coupling  members  K  and  P  respec- 
tively when  the  latter  are  driven  from  the  pulley  ,J. 

The  action  of  the  apparatus  will  be  readily  understood 
from  the  following  description  :  When  the  spindle  D  is 
moved  by  the  cam  drum  G  in  the  direction  of  the  arrow  U 
the  parts  of  the  clutch  are  it)  tlie  position  shown  iit  tin' 
drawing.  When  the  cutting  of  til©  screw  is  completed  t \\c 
cam  drum  G  returns  the  slide  F  to  its  initial  position,  but 
since  the  screw-cutting  head  E  is  in  engagement  witli  tli(* 
work  piece  the  spindle  D  is  thereby  held  from  movement, 
with  the  result  that  the  hollow  cone  M  comes  into  engage- 
ment with  the  block  O  and  thus  causes  t lie  braking  or 
stopping  of  the  rotation  of  the  spindle,  as  the  uncoupling  of 
the  cones  K  and  P  and  the  driving  ring  S  and  studs  L 
simultaneously  takes  place.  Immediately  after  the  braking 
or  stopping  of  the  spindle  D  has  been  effected  by  the  friction 
clutch  0，  the  further  backward  movement  of  the  slide  F 
hikI  consequently  of  the  coned  block  M  causes  the  driving 
pins  N  to  enter  the  recesses  T  of  the  driver  R，  whereby  a 
positive  or  direct  coupling  is  effected  between  the  stopping 
device  and  the  screw-cutting  spindle.  Consequently  the 
screw-cutting  head  or  tool  is  positively  held  stationary,  where- 
upon it  is  unscrewed  from  the  work  piece  in  the  usual 
manner.  The  coupling  of  the  screw-cutting  spindle  to  the 
driving  devices,  that  is,  to  the  coned  block  K,  is  effected  in  a 
similar  manner.  In  the  forward  movement  of  the  slide  F 
due  to  the  cam  drum  G  the  cone  P  is  brought  into  engage- 
ment witli  the  con©  K,  so  that  the  spindle  t>  is  driven  from 
the  belt  pulley  J.  At  the  moment  when  the  screw-cutting 
tool  meets  the  work  piece  the  continued  forward  movement 
of  the  slide  F  with  the  cone  K  causes  the  spindle  D  to  move 
the  direction  of    the    arrow  V,  whereby  the 
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spring  Q  is  compressed  and  the  driving  ring  S  is  brought 
into  engagement  with  t\\e>  driving  studs  L,  so  that  the  screw- 
cutting  spindle  is  driven  in  a  positive  manner  as  soon  as 
the  screw-cutting  tool  comes  into  operation. 


The  Institution  of  Heating  and  Ventilating  Engineers. — This  Inst  i- 
tution  offers  two  heating  studentsliips,  tenable  in  the  faculty 
of  engineering  at  University  College,  London,  each  of  tlie 
value  of  £50  a  year,  together  with  11  guineas  for  payment  of 
college  fees.  The  object  of  tiiese  studentsliips  is  to  encourage 
research  in  heating  and  ventilating  engineering.  Candidates 
must  produce  evidence  that  they  have  already  pursued  a 
course  of  engineering  training,  and  are  familiar  with  the  work 
of  an  engineering  laboratory.  Full  particulars  may  be 
obtained  from  the  Secretary,  Universitv  Col  lege »  Lciidon. 
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THE  ELECTRIC  FURNACE  FOR  BRASS  MELTING* 

BY  G.  H.  CLAMER  AND  CARL  HE1UNG. 

With  the  rapid  development  of  the  electric  furnace  tlie 
question  is  often  asked  whether  it  is  applicable  to  brass 
melting.  This  question  cannot  be  answered  in  a  general  way 
with  a  simple'  yes  or  no,  becauso  so-  much  depends  on  local 
conditions,  especially  on  th©  cost  of  electric  power,  on  the 
particular  furnace  used,  and  on  the  specific  requirements.  It 
was  thought  best  therefore  to  give  in  the  present  paper  a 
general  discussion  of  the  various  factors  involved,  including 
what  data  there  is  available,  from  which  a  better  idea  may 
then  be  obtained  of  the  applicability  of  the  electric  furnace 
to  any  specific  case. 

In  general,  it  may  be  said  at  the  start  that  the  cost  of 
the  electric  energy  is  by  .no  means  the  only  important  factor, 
nor  necessarily  the  most  important  one,  as  there  are  other 
advantages  of  the  electric  over  th©  fuel  furnace,  which  may 
be'  of  equal  and  even  greater  importance  and  money  value. 
The  final  verdict  of  course  is  the  usual  one,  "  does  it  pay,"  and 
therefore  all  the  factors  which  make  up  the  final  cost  should 
he  duly  considered. 

A  crude  idea  of  the  cost  of  heat  produced  in  different  ways 
is  shown  by  the  following  figures,  and  for  simplicity  in  com- 
parison and  calculations  all  the  data  in  this  paper,  whether 
it  refers  to  heat  or  any  other  form  of  energy,  will  be  given 
in  terms  of  the  more  convenient  and  more  universal  unit, 
kilowatt-hours,  that  is,  1,000  watt-hours  ；  a  British  thermal 
unit  is  equal  to  0*29303  (approximately  5/17)  watt-liour,  and 
a  kilogram  calorie  to  1*1628  (approximately  7/16)  watt-hours  ； 
or  one  watt-hour  equals  3'4127  (approximately  17/5)  thermal 
units,  or  0*85998  (approximately  6/7)  kilogram  calorie. 

Assuming  that  all  the  en&rgy  from  the  following  original 
sources  is  converted  into  useful  heat,  th'eii  1  kilowatt-hour  in 


the  form  of  heat  will  cost  as  follows  ： ― 

cents 

From  electric  power  at  1  cent  per  horse-power  hour...  1.34 
From  water  power  at  $20  per  kilowatt  year  (Niagara 

Falls)    0.228 

From  water  power  at  $6  per  kilowatt  year  (Norway)  0*0670 

From  wood  at  $4  per  cord    0-0525 

From  coke  at  f4  per  gross  ton    0  0479 

From  crude  oil  at  2  cents  per  gallon    0  0457 

From  coal  at  $3  per  ton   0.0292 


With  such  a  large  difference  in  the  costs  of  the  original 
sources  it  is  evident  that  to  b©  cheaper  tlian  fuel  heat,  electric 
heating  must  possess  other  aud  more  important  advantages  of 
money  value. 

In  a  good  electric  furnace  nearly  all  of  the  energy  is  con- 
verted into  useful  heat  in  the  metal,  while  in  a  fuel  furnace 
by  far  the  greater  part,  probably  about  nine^tenths,  goes  up 
the  chimney  as  waste,  and  this  becomes  worse  the  higher  the 
temperature  of  the  metal  (as  the  chimney  ga&es  must  neces- 
sarily always  be  considerably  hotter  than  the  metal  which 
they  have  heated  or  els&  tliey  would  not  have  imparted  their 
heat  to  it.  With  the-  electric  furnace  there  are  no  chimney 
gases,  hence  no  corresponding  losses).  In  some  electric 
furnaces  nearly  all  of  the  best  of  the  heat  goes  into  the  metal 
directly,  being  generated  in  it,  no  matter  whether  the  tempe- 
rature is  high  or  low,  hence  the  efficiency  of  this  part  of  the 
operation  is  nearly  perfect. 

A  comparison  of  the  mere  costs  of  a  unit  of  heat  from 
different  sources  is  not  by  any  means  a  true  criterion  ；  more- 
over with  fuel  heat  the  cost  of  the  useful  heat  is  largely  a 
matter  of  temperature  also,  as  the  losses  become  far  greater 
the  higher  the  temperature.  With  the  electric  furnace  this 
is  not  the  case,  the  efficiency  of  the  production  of  useful  heat 
being  practically  independent  of  the  temperature.  Many  of 
the  objectionable  features  of  fuel  heating,  such  as  oxidation, 
volatilisation  of  the  zinc,  absorption  of  sulphur,  &c"  do  not 
begin  until  a  certain  temperature  is  readied  ；  hence  if  tlie 
cold  metal  is  preheated  by  tlie  liot  gases  of  fuel  heat  to  this 
temperature  before  it  enters  the  electric  furnace,  the  advan- 
tage of  each  of  the  two  methods  of  heating  may  be  profitably 
combined.  The'  writers  are  of  the  opinion  that  this  combina- 
tion, consisting  of  a  preheating  of  tho  cold  charge  by  fuel 
heat,  and  then  developing  the  higher  temperature'  by  electric 
energy  will  be  the  method  of  the  future  in  the  economical 

*  Abstract  of  pa]>er  read  before  the  American  Institute  of  Metals,  September 
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use  of  the  electric  furnace  for  brass  molting,  when  the  cost  of 
the>  electric  energy  is  relatively  liigh. 

Tliis  preheating  method  is  quitei  different  from  the  oi  l  en 
proposed  simultaneous  heating  by  fuel  and  electric  energy 
combined,  that  is,  by  adding  fuel  heat  over  the  top  of  tlie 
charge  in  an  electric  furnace.  In  the  latter  case  many  of  tlie 
objectionable  features  of  fuel  heat  still  exist,  hence  many  of 
the  advantages  of  electric  heating  would  be  lost,  and  more- 
over the  best  forms  of  design  of  a  furnace  for  a  fuel  and  for 
electric  heating  are  so  different  tliat  they  cannot  be  combined 
to  the  best  advantage.  In  an  electric  furnace  the  upper 
surface  of  the  metal  and  the  space  above  it  should  be  made  as 
small  as  possible,  while  for  fuel  heating,  both  should  be  made 
larger  to  provide  for  a  combustion  chamber  and  a  large 
heating  surface.  Nevertheless  in  such  furnaces  in  which  the 
liquid  metal  is  lieated  electrically  from  the  bottom  and  the 
cold  metal  is  charged  on  top  of  it,  important  advantages 
might  still  be  gained  by  such  a  combination. 

There  is  another  advantage  of  this  preheating.  When  a 
hot  piece  of  metal  falls  into  melted  metal  it  is  more  easily 
wetted  by  the  liquid  metal  than  when  cold,  and  when  thus 
wetted  it  takes  up  the  heat  from  the  liquid  with  remarkable 
rapidity,  far  quicker  than  metals  take  heat  from  hot  gases. 
This  means  that  the  melting  of  a  charge  is  accomplished  more 
quickly,  wliich  in  turn  means  a  greater  output  per  day  from  a 
^iven  furnace,  or  a  smaller  furnace  for  a  given  daily  output, 
hence  less  plant  charges.  Also  less  idle  time  for  the 
labourers,  and  less  loss  of  zinc,  as  the  metal  is  held  liquid 
during  less  time. 

One  of  the  important  advantages  of  some  of  the  electric 
furnaces  is  that  they  can  be  forced,  that  is,  that  large  amounts 
of  heat  can  be  forced  into  a  relatively  small  furnace  quickly  ； 
in  fact,  it  is  actually  running  the  furnace  to  better  advantage 
to  do  so,  as  the  heat  losses  from  the  outside  of  the  furnace  are 
thereby  reduced  per  pound  of  charge  because  the  time  during 
which  that  pound  is  being  heated  is  less.  This  again  means 
less  plant  for  a  given  daily  output,  less  loss  of  time  and 
attendants,  and  less  loss  of  zinc. 

Electric  energy  purchased  from  large  power  plants  always 
costs  less  if  used  continuously  during  24  hours  of  the  day  ； 
and  moreover,  considerable  heat  is  used  in  first  heating  up  a 
cold  furnace,  although  this  may  sometimes  be  done  with  fuel 
heat.  Hence,  whenever  practicable,  it  is  far  more  advan- 
tageous to  operate  an  electric  furnace  continuously  24  hours 
per  day  ；  this  is  more  important  with  electric  than  with  fuel 
furnaces.  Another  saving  in  electric  furnaces,  wliich  may  be 
taken  advantage  of  whenever  possible,  is  in  being  able  to  us©  a 
lower  furnace  temperature  (hence  involving  less  loss  of  zinc) 
by  casting  directly  from  a  tilting  furnace  by  bringing  the 
moulds  to  the  furnace.  This  saves  the  excess  of  temperature 
necessary  to  supply  tlie  loss  of  heat  in  the  pouring  ladle,  as 
also  the  labour  cost  of  handling  this  ladle. 

One  of  the  great  advantages  of  the  electric  furnace  is  that 
th©  metal  may  be  melted  entirely  in  a  non-oxidising  atmo- 
sphere; in  fact,  if  some'  charcoal  is  added  the  atmosphere  in 
the  furnace  may  even  be  made  reducing.  There  is  therefore 
less  loss  of  metal  by  oxidation,  in  fact,  there  ought  to  be  none 
at  all,  and  possibly  even  a  recovery  of  some  of  that  wliich  was 
oxidised.  The  value  of  the  metal  thus  saved  may  be  greater 
than  tlie  cost  of  the  electric  energy.  This  non-oxidation  also 
means  that  such  raw  materials  as  finely  subdivided  metals 
like  borings,  grindings,  fine  concentrates,  &c"  which  cannot 
be  satisfactorily  handled  in  fuel  furnaces  can  be  readily 
melted  because  they  will  flow  together  more  easily,  which  in 
fuel  furnaces  can  be  accomplished  only  with  fluxes  and  these, 
besides  involving  a  first  cost  and  the  cost  of  th©  heat  for 
melting  them  attack  the  crucible  and  the  metal  in  them  is 
lost  as  oxides  in  the  slag.  In  reverberatory,  and  especially  in 
cupola  furnaces  these  losses  of  metal  are  increased  still  more, 
due  to  tlie  mechanical  loss  of  fine  particles  which  are  carried 
off  by  the  rapidly  moving  gases;  also  to  the  greater  loss  of 
zinc  owing  to  the  excessively  high  temperatures  and  the  longer 
time  required  during  which  the  zinc  loss  continues.  Accord- 
ing to  the  Bassett  6  per  cent,  of  the'  zinc  in  brass  is  lost  by 
vaporisation  in  the  melting  and  casting  of  brass  for  rolling 
for  a  2  to  ]  brass,  this  means  about  2  p&r  cent,  by  weight  of 
the  original  brass.  When  the  furnace  is  closed,  as  is  possible 
with  an  electric  furnace,  tliis  ought  to  be  mostly  saved . 

Owing  to  the  absence  of  contact  with  tlie  fuel  gases  in  an 
electric  as  distinguished  from  reverberatory  furnace,  thoro  is 
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also  less  coutamination  of  the  metal  by  sulphur  and  other 
objectionable  fumes  ；  and  with  the  absence  of  the  sulphur 
there  is  a  greater  fluidity  of  the  metal,  hence  there  will  be  less 
castings  that  are  faulty  aud  a  greater  freedom  from  blow- 
holes. Another  advantage  lies  in  doing  away  with  the 
crucibles.  Against  this  is  the  cost  of  reliniug  tbe  electric 
furnace,  but  this  is  negligibly  small  in  comparison,  except  arc 
furnaces,  in  which  the  repairs  of  the  roof  are  an  important 
item,  owing  to  the  very  intense  heat  to  which  it  is  exposed . 

In  those  forms  of  electric  furnaces  in  which  there  is  an 
agitation  of  the  liquid  metal,  as  distinguished  from  a  quiet 
melt,  there  will  also  be  a  better  mixture  of  the  metal,  that  is, 
a  greater  uniformity,  and  in  one  of  the  forms  of  electric 
furnaces  mentioned  below,  in  which  there  is  a  continuous 
strong  upward  flow  of  the  heated  liquid  metal,  like  the  rising 
water  in  a  rapidly  boiling  kettle,  all  of  the  metal  in  turn  is 
forced  repeatedly  to  the  top,  hence  any  mechanically  sus- 
pended particles  of  dirt  will  be  rapidly  brought  to  the  top 
with  it,  and  as  these  are  always  higher  than  the  metal  they 
will  stay  at  the  top  where  they  can  be  skimmed  off  with  the 
slag.  There  will  therefore  be  a  mechanical  cleaning  or  refin- 
ing similar  to  that  which  would  be  produced  by  gravity  if  the 
metal  were  kept  at  rest  for  some  time,  while  hot,  but  with 
this  forced  upward  flow  it  is  done  far  more  rapidly,  economi- 
cally, and  presumably  more  perfectly,  and  there  is  therefore 
less  loss  of  zinc  which  continues  as  long  as  the  metal  is  kept 
hot.  As  it  is  possible  to  reach  a  higher  temperature  more 
quickly,  hence  also  with  less  losses  of  zinc,  greater  fluidity 
may  be  obtained,  hence  sharper  castings.  The  temperature 
can  be  very  easily  controlled  in  an  electric  furnace  and  there 
is  therefore  no  reason  why  there  should  ever  be  any  waste  due 
to  excessive  heating.  It  could  be  controlled  so  closely  that 
uniformity  in  the  castings  as  far  as  it  is  governed  by  tempe- 
rature ought  to  be  easily  obtained. 

Finally,  there  is  the  factor  of  convenience  and  cleanliness  ； 
no  coal  bins ― no  handling  of  coal  and  ashes,  no  making  fires  ； 
no  waiting  for  fires  to  become  hot,  no  chimney,  &c.  And  as 
there  are  no  exposed  flames,  as  the  outside  of  a  well-built 
electric  furnace  ought  not  to  be  more  than  warm,  there  is  the 
important  factor  of  the  comfort  of  the  workman.  The  above 
will  give  a  general  idea  of  the  advantages  to  be  derived  from 
electric  over  fuel  furnaces  for  brass  melting,  exclusive  of  the 
cost  of  the  source  of  the  heat.  The&e  have  more  or  less  money 
value  depending  upon  the  particular  conditions  of  the  plant 
and  the  nature  of  the  castings,  and  this  money  value  should  be 
taken  into  consideration,  as  it  is  one  of  the  important  factors. 

The  following  data,  deduced  from  the  presumably  reliable 
figures  for  the  specific  and  latent  heats,  give  the  energy 
required  to  melt  and  superheat  (about  10  per  cent.)  lOOlbs.  of 
tlie  corresponding  metals,  assuming  there  are  no  losses  of 
heat.    Tliey  should  be  accepted  only  as  approximations. 

Kw.  per  lOOlbs. 

Aluminium    13  9 

Nickel    12' 

Copper    8'7 

Brass  80:20   8*2 

Brass  2:1    69 

Bronze    6'9 

Platinum    5*6 

Zinc    41 

Tin   16 

Lead    0'91 

The  apparently  large  discrepancy  between  aluminium  and 
platinum  is  due  to  the  fact  that  the  former  is  a  very  light' 
metal  and  the  latter  a  very  heavy  one.  Although  no  great 
precision  is  claimed  for  these  figures,  yet  they  are  believed  to 
be  sufficiently  accurate  that  any  claims  made  for  melting  with 
appreciably  less  than  these  theoretical  minimums  may  safely 
be  taken  as  impossibilities.  Such  claims  have  been  published 
to  advertise  furnaces.  The  following  figures,  compiled  from 
various  presumably  reliable  sources,  give  the  actual  consump- 
tion in  fuel  furnaces  per  lOOlbs.  of  metal  ： — 
Brass ~ 
1-8  gall,  of  oil 

181bs.  coke  improved  furnaces  forced  draught 
501bs.  coke  old  type  pit  furnace 
401bs.  anthracite 

451bs.  coke  given  as  usual  practice 
Bronze ~ 
.       3'8  galls,  of  oil 
3*0  galls,  of  oil 


Electric  furnaces  may  be  divided  into  general  classes,  arc 
and  resistance.  In  the>  former  the  heat  is  generated  in  an 
electric  arc  formed  in  a  short  space  between  the  electrode 
usually  of  carbon  or  graphite  and  either  Uie  metal,  the  slag, 
or  another  electrode.  The  heat  is  generated  mostly  in  the  arc 
itself  and  only  part  at  the  electrodes  ；  hence  the  heating  is 
entirely  from  the  top  and  must  therefore  flow  down  into  the 
liquid  metal  by  conduction,  whicli  takes  time;  it  may  be  said 
that  heat  does  not  like  to  flow  down  in  liquids.  Moreover, 
the  heating  is  mostly  by  radiation  from  the  arc  or  by  the 
contact  of  the  vapours  from  the  arc,  hence  the  transmission  of 
heat  to  the  metal  is  limited  in  speed  largely  to  this  radiation 
and  cannot  be  forced  ；  moreover,  the  roof  of  the  hearth  is  also 
subjected  to  these  very  high  temperatures. 

The  temperature  of  this  arc  is  that  of  the  vaporisation 
point  of  carbon  and  is  therefore  extremely  high,  over  3,000°  C. 
(5,432°  Fah.),  which  is  high  enough  to  volatilise  all  metals. 
It  is  therefor©  excessive,  and  the  metals  ought  not  to  be 
directly  subjected  to  it.  Hence  an  arc  from  carbon  to  non- 
ferrous  metals  is  likely  to  cause  serious  losses  of  the  metals 
by  vaporisation,  especially  of  the  zinc  in  the  brass.  In  all 
arc  furnaces  the  carbon  must  be  moved  forward  as  it  burns 
away,  and  when  the  arc  goes  out  it  must  b©  started  again  by 
a  movement  of  the  electrode,  hence  they  require  continuous 
attention.  In  one  type  of  furnace  the  arc  is  produced 
between  an  electrode  of  carbon  and  thick  blanket  of  slag 
which  covers  the  metal.  In  this  way  it  heats  the  slag  chiefly 
by  radiation  and  the  metal  beneath  receives  its  heat  entirely 
from  the  hotter  slag.  A  transmission  in  a  downward  direc- 
tion whicli  is  necessarily  limited  in  speed  and  cannot  be  forced 
except  by  heating  the  slag  to  a  much  higher  temperature  than 
the  metal .  The  energy  u&ed  in  heating  this  slag  should  be 
taken  into  consideration,  as  it  is  probably  not  small.  Very 
good  results  in  brass  molting  are  reported  to  have  been 
obtained  from  this  type  of  furnace. 

Another  method  is  to  heat  the  interior  of  the  walls  of  the 
furnace  with  the  arc  and  then  revolve  tho  whole  furnace  so  as 
to  bring  the  metal  over  the  heated  walls.  Although 
ingenious,  it  also  seems  a  slow  process  whicli  cannot  be  forced 
and  involves  greater  losses  through  the  walls,  as  they  must  be 
heated  to  a  much  higher  temperature  than  that  required  by 
the  metal.  Another  method  is  to  heat  by  radiation  alone,  by 
having  the  arc  entirely  above  the  metal  and  between  two 
carbons.  Good  results  have  been  claimed  for  such  a  furnace 
for  brass，  although  the!  zinc  loss  was  probably  somewhat 
excessive.  Moreover,  it  cannot  he  as  easily  forced  as  a 
resistance  furnace,  and  the  roof  is  likely  to  give  trouble  owing 
to  the  excessively  high  temperatures. 

In  the  resistance  type  furnace  the  heat  is  generated  by 
passing  the  electric  current  through  a  solid  or  liquid.  The 
only  practicable  ones  for  brass  melting  seem  to  b©  those  in 
whicli  the  current  passes  through  the  liquid  metal  itself  or 
through  the  slag.  The  well-known  induction  furnace  is  of 
the  type,  but  as  we  believe  it  has  not  been  applied  to  any 
extent  to  brass,  it  needs  no  further  comment  here.  It  seems 
that  brass  has  too  low  an  electrical  resistance  for  successful 
operation  These  furnaces  are  in  successful  us©  for  steel, 
which  has  a  higher  resistance. 

In  another  type  the  heat  is  generated  in  a  moderately  high 
vertical  column  of  material  like  slag  or  glass  over  the  hearth 
by  passing  the  current  through  it  by  means  of  electrodes. 
The  cold  metal  is  then  placed  on  the  top  of  this  liquid  and  is 
melted  as  it  descends  through  it.  It  has  been  in  apparently 
successful  use  for  fin©  concentrates,  but  we  do  not  know  of  its 
having  been  used  for  brass.  Large  pieces  would  be  likely  to 
sink  through  before  they  are  melted  and  we  understand  that 
there  is  danger  of  the  charge  freezing  in  the  bottom. 

In  another  type  of  resistance  furnace  with  which  the 
writers  have  been  experimenting  and  whicli  they  are  now 
developing  and  expect  to  soon  place  in  commercial  operation, 
small  portions  of  the  liquid  metal  are  heated  with  great 
rapidity  in  cylindrical  holes  in  the  bottom  of  the  hearth  and 
then  ejected  at  once  with  considerable  force  into  the  main 
body  of  the  molten  liquid,  fresh  metal  being  continuously 
sucked  into  these  holes.  The  time  in  which  each  particle  is 
heated  and  ejected  is  probably  only  a  fraction  of  a  second. 
This  ejecting  is  produced  by  a  peculiar  recently  discovered 
electromagnetic  force  called  "  pinch  effect."  All  the  heat  in 
the  furnace  is  therefore  generated  directly  in  the  metal  itself 
exactly  where  it  is  wanted,  hence  with  no  initial  loss  at  all, 
that  is,  with  perfect  efficiency  ；  it  therefore  reaches  the  metal 
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instantaneously  instead  of  by  the  slow  process  of  cotRluction 
and  radiation.  The  highest  temperature  is  moreover  in  the 
liquid  metal  it&e】f  where  it  is  wanted,  as  distinguished  from 
being  above  it  or  in  the  slag;  and  the  heating  is  done  at  the 
bottom  of  the  liquid  which  is  the  more  rational  place,  as 
heated  metal  always  rises.  The  only  losses  occur  after  the 
heat  has  been  in  the  metal ,  being  tliose  through  the  walls  and 
the  top  surface  ；  there1  should  be  no  loss  of  furnace  heat 
through  the  electrodes,  although  there  will  of  course  be  some 
loss  of  electrical  energy  in  them.  All  of  these  losses  can  be 
made  small  by  proper  designing,  hence-  this  furnace  promises 
to  be  very  efficient.  It  has  the  furtlier  great  advantage  that 
it  can  be  forced  to  as  high  a  degree  as  desired,  that  is,  the 
heat  can  be  generated  in  the  metal  in  very  great  quantity 
and  therefore  the  heating  can  be  done  rapidly,  hence  a  small 
furnace  can  be  mad&  to  have  a  large  daily  output,  and,  there- 
fore, also  less  loss  of  heat  per  pound  of  metal . 

The  furnace  is  started  with  a  small  charge  of  molten  metal 
or  from  a  small  portion  of  the  frozen  metal  left  in  it  from 
tlie  previous  charge,  and  the  melting  is  done  by  charging  the 
solid  metal  into  the  superheated  liquid  metal,  by  which 
method  the  heat  is  transmitted  with  very  great  rapidity  to 
the  solid  metal,  especially  if  the  latter  has  been  preheated  by 
hot  and  reducing  gases  so  that  it  becomes  wetted  by  the 
liquid. 

The  systematic  and  quite  pronounced  upward  circulation 
of  the  hot  metal  wiiicli  is  ejected  from  the  heating  holes  in 
this  furnace  brings  all  the  metal  repeatedly  to  the  surface 
where  the  suspended  impurities  and  dirt  are  set  free  and  can 
therefore  be'  easily  removed  as  they  collect,  thus  purifying  the 
metal  mechanically  by  what  has  been  designated  as  a  "  boiling 
action."  This  circulation  also  mixes  the  charge  very 
thoroughly,  thus  making  the  metal  homogeneous. 

Various  metals  and  alloys  like  brass,  bronze,  iron,  steel, 
nickel  steel ,  &c.，  have  been  melted  in  this  furnace  very 
rapidly  and  with  a  remarkably  high  heat  efficiency  consider- 
ing the  crudeness  of  the  experimental  furnaces  and  their  small 
sizes.  The  results  of  the  preliminary  tests  are  now  so  satis- 
factory and  encouraging  that  a  moderately  large  furnace  for 
melting  bronzes  and  another  for  steel  are  about  to  be  con- 
structed and  will  soon  be  in  commercial  operation. 


VAGARIES  OF  ENGINEERING  PRACTICE. 

This  subject  was  dealt  with  in  a  paper  read  before  the  Liver- 
pool Engineering  Society,  by  Mr.  J.  Hamilton  Gibson,  who 
confined  his  remarks  to  a  consideration  of  the  ordinary 
multitubular  marine  boilers  and  reciprocating  engines  as 
fitted  on  board  an  intermediate  ocean  liner  of  8,000  h. p.  to 
10,000  h. p.  Iu  making  up  an  estimate,  one  of  the  first  con- 
siderations was,  lie  observed,  to  make  due  allowances  for  all 
the  novelties,  and  a  few  years'  experience  in  overhauling 
specifications  revealed  an  amazing  diversity  of  practice. 
Some  would  insist  on  each  cylinder  standing  by  itself,  the 
column  tops  being  braced  together  by  fore  and  aft  girders, 
others  preferred  all  the  cylinders  to  be  bolted  together, 
forming  a  continuous  solid  mass  from  end  to  end  ；  or,  again, 
the  cylinders  might  be  bolted  together  in  pairs.  Each  case 
called  for  special  treatment  in  design  and  erection  to  ensure 
an  equal  satisfactory  result.  Then  why  should  one  firm 
insist  on  liners  in  the  high  and  intermediate  cylinders,  while 
another  specified  liners  in  the  low-pressure  cylinders  only  ？ 
When  the  fitting  of  liners  was  adapted  to  form  steam  jackets, 
the  object  was  entirely  laudatory,  but  surely,  if  it  was 
merely  a  question  of  wear,  the  simplest  method  was  to  make 
the  cylinder  walls  ！ in.  thicker  to  allow  for  reboring  if  and 
when  necessary.  Reboring,  however,  should  be  unnecessary 
if  the  right  piston  packing  was  used.  There  were  many 
ingenious  spring  packings  in  existence,  which  were  no  doubt 
necessary  to  allow  for  slight  inaccuracies  in  the  bore  of 
casings,  or  carelessness  in  erection  ；  but  in  these  days  of  pr ex- 
cision as  regards  machine  tools  it  should  not  be  imperative 
to  legislate  for  such  inaccuracies.  Some  engineers,  in  fact, 
preferred  an  absolutely  solid  piston  valve,  on  the  score  that 
if  it  was  made  a  good  working  fit  at  first  it  should  and  must 
work  all  right  for  an  indefinite  period,  any  slight  leakage 
being  taken  up  and  obviated  by  the  low-pressure  slide  valves. 
A  very  good  compromise  was  effected  by  the'  adoption  of  the 
so-called  "  split-solid  ，，  packing  rings,  which,  however, 
required  to  be  adjusted  with  extreme  care. 


On  the  general  question  of  bearing  surface,  guide  surface, 
and  thrust  surface  there  was,  he  said,  great  diversity  of 
opinion,  and  the  same  remark  applied  to  the^  scantlings  of 
working  parts.  When  these  proportions  were  specified  in 
hard  and  fast  figures  they  usually  erred  on  the  side  of 
excess.  It  could  not  be  denied,  however,  that  excessive 
weight  and  excessive  surface  represented  bad  engineering 
and  bad  design.  The  perfect  engine  was  like'  the  perfect 
chain,  eacli  part  and  each  link  proportioned  for  the  work  it 
might  be  called  upon  to  perform  without  superfluity  of 
material  or  excess  of  weight.  The'  engine-builder,  by  long 
years  of  experience  iu  all  classes  of  work,  accumulated  data 
which  enabled  him  to  apply  the  appropriate  material  and 
the  appropriate  stresses  bo  engines  for  battle -ships  and  tor- 
pedo-boats, for  ocean  liners  and  tramps,  for  tug-boats  and 
channel  steamers,  for  stern  wheelers  and  large  paddle— boats, 
all  differing 矚 degree,  but  all  suitable  and  fit  for  the  purpose 
and  all  self-sufficient  for  their  duty  ；  and  it  was  galling  when 
in  the  working  out  of  his  designs  he  was  forced  so  to  modify 
his  practice  that  the  harmony  of  the  whole  arrangement  was 
spoilt  by  exorbitant  demands  in  one  or  more  directions  wiiicli 
introduced  heavy  links,  to  th©  detriment  of  th-e  complete 
chain .  There  was  only  one  link  in  the  chain  where  excessive 
precaution  was  justified,  and  that  was  the  crane  hook,  the 
tail  end — in  other  words,  tlie  propeller  shaft  of  an  engine. 
Herei  th&  stresses  might  be  so  enormous,  and  were  so  indeter- 
minate, and  tbe  consequences  of  mishap  so  serious,  that 
anybody  could  be  excused  for  adding  an  extra  in(,h  "  on  his 
own  "  after  the  designer  and  the  Board  of  Trade  and  Lloyd's 
and  all  the  rest  of  them  had  done  their  utmost.  If  a  rule 
might  be  laid  down  for  general  guidance  in  engine  design 
it  would  be  this  ：  Find  out  exactly  what  was  required  to  be 
done,  and  what  were  the  precise  conditions  of  the  service, 
and  then  design  an  engine  having  the  fewest  number  of 
parts,  the  fewest  number  of  joints,  and  the  fewest  number  of 
；) ccessories  possible  to  attain  the  desired  result. 

In  the  design  of  boilers  there  were,  he  said,  fewer 
vagaries  to  grumble  at.  The  Board  of  Trade,  Lloyd's 
Registry,  and  other  authorities  had  drawn  up  full  and  com- 
prehensive rules  which  must  be  strictly  adhered  to,  and 
admitted  of  very  little  latitude  ；  and  if  boilers  were  well  and 
truly  made  to  one  or  other  of  the  rules  laid  down  there  was 
not  much  to  choose  between  them  as  regards  efficiency  and 
upkeep.  Almost  more  so  than  in  an  engine,  a  boiler  should 
be  of  uniform  strength  and  stiffness  throughout  so  as  not  to 
throw  an  undue  stress  on  any  one  part.  In  other  words,  it 
should  be  free  to  "  breathe  "  in  every  direction.  Tlie  cor- 
rugated furnace  principle  fulfilled  this  condition  perfectly 
in  a  longitudinal  direction.  Some  six  peri  n  ten  den  ts,  however, 
insisted  on  "  roofing  ，，  stays,  tying  the  combustion  chamber 
tops  to  the  shell ~ especially  in  double-ended  boilers.  In 
this  case  the  Board  of  Trade  required  the  combustion  chamber 
bottoms  to  be  tied  to  the  shell  also,  thus  making  a  more  or 
less  rigid  conn ection  from  top  to  bottom ,  which  often  led  to 
trouble. 

From  the  point  of  view  of  standardisation,  be  considered 
that  the  prevailing  practice  of  obtaining  auxiliary  engines 
and  pumps  and  apparatus  from  outside  firms  had  much  to 
recommend  it.  The  air  pump  was  the  last  of  the  auxiliaries 
to  fall  into  the  hands  of  outside  makers,  the  turning  engine 
and  an  occasional  reversing  engine  being  about  all  tliat  was 
left  for  the  main  engine-builder  to  exercise  his  ingenuity 
upon.  For  some  reasons  this  evolution  was  to  be  regretted, 
but  from  the  standpoint  of  intercliangeability  and  stan- 
dardisation of  practice  it  was  a  distinct  gain ― for  the 
auxiliary  engine-maker  especially,  because  he  was  in  a  splen- 
did position  to  fix  standard  sizes  and  lavish  all  his  care  on 
the  perfection  of  details.  Tli€>  worst  feature  of  standardising 
engineering  practice  was  that  it  made  it  difficult,  to  introduce 
improvements,  and  011  tlie  whole,  perhaps,  it  was  just  as 
well  that  there  were  clients  who  were  willing  to  order 
machinery  tliat  required  fresh  designs  every  time. 

New  Dock  at  North  Shields. ― Messrs.  Smith's  Dock  Com- 
pany, Titd. ,  opened  their  new  dock  at  North  Shields  on 
Tuesday  last,  when  the  large  twin-screw  steamer  "  Iroquois," 
belonging  to  the  Anglo-American  Oil  Company,  of  London, 
was  safely  docked.  The  dock  is  525ft.  long,  and  the  entrance 
is  71ft.  wide.  It  is  specially  equipped  for  dealing  with  large 
oil-tank  steamers. 
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INTERNATIONAL  ENGINEERING  AND  MACHINERY  EXHIBITION,  OLYMPIA.— IX. 


Messrs.  Compayne,  Ltd"  of  64，  Victoria  Street,  West- 
minster, London,  S.W.,  had  a  working  exhibit  of  Hele-Shaw 
pumps  and  hydraulic  motors,  showing  how,  by  their  means, 
power  may  be  variably  transmitted.  The  system  provides 
extraordinary  flexibility  in  regard  to  variation  of  speed  and 
effort  between  the  prime  mover  and  the  work  to  be  per- 
formed, and  works  with  a  high  efficiency  (exceeding  90  per 
cent.).  The  pump,  which  forms  the'  keynote  of  the  system,  is 
the  invention  of  Dr.  Hele-Shaw,  F.R.S.,  and  is  of  the  rotary, 
plunger  type,  positive  in  action,  reversible,  and  of  variable 
capacity.  It  can  be  rotated  at  high  speeds,  and  consists 
essentially  in  the  combination  of  an  inner  case'  revolving 
freely  on  ball  or  roller  bearings  with  a  simple  form  of  central 


>tr-  


 B  A  


Fig.  2. 


Diagrammatic  Views,  Showing  Valve  Action  and  Stroke-reversing  Effect  of  Hele-Shaw  Pump 
cylindrical  valve.    This  invention  enables  the  pump,  while 


working  at  a  high  speed,  to  give  immediately  great  hydraulic 
pressures,  a  common  maximum  pressure  of  the  pumps  being 
2，0001bs.  per  square  inch.  At  the  same  time  the  pump  is 
perfectly  balanced,  is  compact  and  simple  to  construct,  and  is 
of  moderate  cost  and  weight .  The  pump  shown  at  the  Exhi- 
bition was  used  to  raise  and  lower  a  large  weight,  and  it  could 
be  seen  with  what  ease  this  could  b©  accomplished,  and  the 
delicacy  of  control  obtained.  A  larger  pump  was  also  exhi- 
bited to  show  the  internal  construction. 

Figs.  1,  2,  and  3  show  diagrammatically  a  section  through 
the  centre  of  the  pump  at  right  angles  to  its  axis.  In  these 
figures,  however,  an  essential  and  most  important  part  of  the 
pump  is  purposely  omitted.  This  essential  part  upon  which 
the  high  efficiency  of  the  pump  largely  depends,  and  which  is 
called  the  "  floating  guide  ring  ，，  or  "  floating  ring  ，，  is  after- 
wards described  and  shown  by  means  of  Figs.  4,  5,  6，  and  7. 
A  B  is  the  line  along  which  stroke  variation  takes  place.  C  is 
the  "  cylinder  body  ，'  in  which  are  formed  a  number  of  radial 
cylinders.  This  body  is  coupled  to  and  driven  directly  by  the 
prime  oiover  employed.  D  is  the  central  valve,  or  "  £)  ，，  tube 
on  which  the  cylinder  body  revolves  and  in  which  are  the 


from  D，  and  tend  to  form  a  vacuum,  so  that  the  oil  (the  work- 
ing fluid)  is  forced  either  by  atmospheric  pressure  (or  by 
artificial  pressure  in  the  supply  tank)  through  port  P，  whilst 
the  pistons  below  the  centre  approach  D，  and  discharge  liquid 
through  port  Q.  If  the  position  of  the  centre  of  E  be  now 
moved  to  the  right  as  in  the  third  figure,  then  the  pistons 
belpw  the  centre  recede  from  D,  and  liquid  is  drawn  in  at  Q, 
whilst  P  becomes  a  delivery  port.  The  flow  of  liquid  has 
therefore  been  reversed  without  altering  the  direction  of  rota- 
tion. 

•  These  diagrams  also  show  that  the  stroke  of  each 
piston  is  twice  the  distance  between  the  centre  of  the  valve  D 
and  the  centre  of  tli©  path  E，  and  that  any  stroke  from  zero 

to  the  maximum  can  be  given 
on  each  side  of  the  central 
position,  the  delivery  being 
varied  in  rate  and  direction 
simply  by  the  alteration  of  the 
position  of  the  path  E.  The 
flow  or  discharge  is  thus  seen 
to  be  proportional  to  the 
eccentricity  of  the  circle  E . 
In  moving  from  the  extreme 
position  on  one  side  to  that  on 
the  other,  the  discharge  is 
central  position  it  is  zero,  after 


Fig.  3. 


gradually  reduced  until  in  the 

which  it  again  increases  but  in  the  opposite  direction  to  the 
maximum,  so  that  th©  change  from  full  forward  discharge  to 
full  reverse  discharge  is  made  without  shock. 

Figs.  1，  2，  and  3  show,  for  simplicity,  an  arrangement  in 
which  8  cylinders  are  employed,  but  an  odd  number  of 
cylinders  is  almost  always  used  as  giving  the  most  satisfactory 
results  in  practice,  seven  being  adopted  as  the  standard 
number  for  most  purposes. 

Figs.  4,  5，  6，  and  7,  which  show  a  standard  pump,  indicate 
the  variation  from  the  diagrammatic  form. 

Fig.  4  shows  the  section  along  the  centre  lino  of  the  central 
valve  or  "  D  "  tubo  in  the  upper  half  of  the  figure,  and  the 
l?wer  half  of  the  figure  shows  the'  outside'  of  a  revolving 
circular  hollow  drum  F,  the  object  of  which  will  be  explained, 
but  which  rotates  freely  in  the  empty  casing  ；  Fig.  5  shows  a 
section  on  the  centre  line  of  the  cylinders,  that  is,  at  right 
angles  to  the  axis  of  the  "  D  ，，  tube;  Fig.  6  shows  the  guid- 
ing slippers  in  position,  having  one  side  of  the  drum  F 
removed  ；  and  Fig.  7  shows  the  guides,  the  cover  of  the  case 
being  removed. 

The  "  D      tube,  which  acts  as  a  fixed  spindle,  is  the 


Fig.  4.  Fig.  5. 

Sectional  Views  of  Hele-Shaw  Pump. 

induction  and  eduction  ports  P  and  Q，  communicating  with 
the  outside  by  passages.  The  radial  cylinders  are  fitted  with 
pistons,  through  each  of  which,  parallel  with  the  axis  of  D，  is 
a  gudgeon  pin.  On  these  pins  are  fitted  slippers  which  work 
in  an  annular  groove,  so  that  the  pin  centres  are  constrained 
to  follow  a  circular  path  E，  as  shown  in  dotted  lines,  the 
position  of  which  can  be  changed  by  moving  its  centre  along 
the  line  A  B.  Suppose  the  cylinder  body  to  be  rotating  in 
the  direction  of  the  arrows,  and  the  position  of  tlie  circular 
path  to  be  such  that  its  centre  coincides  with  the  centre  of  D 
as  in  the  first  figure,  no  radial  motion  is  communicated  to  the 
pistons.  If  tlie  position  of  the  centre  E  be  now  moved  to  the 
left  as  in  the  second  figure,  the  pistons  above  the  centre  recede 


Fig.  6.  Fig.  7. 

Diagrams  Showing  Slippers  and  Inner  Case  of  Hele-Shaw  Pump. 


same  as  in  the  diagrammatic  form,  and  the  cylinder  body 
is  also  similar,  but  has  7  pistons  ；  these  latter  being  fitted 
with  gudgeon  pins,  so  that  any  tangential  pressure  is  borne 
directly  on  the  cylinder  wall.  Both  ends  of  the  gudgeon  pins 
pass  through  slots  in  the  cylinder  wall,  and  on  each  end  is  a 
slipper  fitting  in  a  circular  groove  in  the  inside  of  the  revolv- 
ing drum  F.  The  drum  F  (the  floating  guide  ring)  can  be 
moved  to  and  fro  along  A  B,  but  is  allowed  to  rotate  freelv  on 
the  ball  or  roller  bearings  R  R,  which  latter  are  carried  by 
the  guide  blocks,  sliding  in  grooves  in  the  main  case  and  con- 
nected to  the  stroke  varying  spindle.  When  the  cylinder 
body  C  is  revolved  the  floating  ring  F  revolves  with  it,  the 
resistance  of  the  slippers  being  greater  than  that  of  the  bear- 
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ings  R  ；  in  the  central  position  the  slippers  make  no  move- 
ment in  their  grooves  and  in  any  other  position  only  move  to 
and  fro  to  an  extent  directly  proportional  to  the  stroke.  Tliis 
of  course  effects  a  great  saving  of  power,  but  beyond  this  it  is 


shown 


Fig.  8.  Fig.  9. 

Photographic  Views  Showing  Extkriok  and  Interioh  of  Hklk-Shaw  Pump. 


Fig.  10.  Fio  11. 

Photographic  Yikws  Showing  {Fig.  10)  Interior  op  Floating  Gitidk  Ring  and 
(Fig.  11)  D  Tuiii:. 

evident  that  if  tho  slippers  moved  round  a  groove  in  a  fixed 
case,  that  the  case  would  have  to  be  retained  full  or  partly 
full  of  oil  to  lubricate  them  sufficiently-  The  slippers  and 
cylinder  body  would  therefore 
churn  up  the  oil  and  in  doing  so 
wast©  power.  As  F  rotates  with 
tho  cylinder  body  and  slippers,  it 
can  he  retained  full  of  oil  by  cen- 
trifugal force  and  yet  no  churning 
takes  place,  the  main  case  sur- 
rounding F  being  empty.  The 
only  place  really  subject  to  wear  is 
where  tli©  cylinder  body  C  runs  on 
the  central  valve  axle  D，  and  this 
has  been  found  after  long  periods 
of  running  to  be  practically 
inappreciable. 

Fig.  8  is  a  complete  external 
view  of  the  pump,  while  Fig.  9 
represents  same  with  front  cover 
removed .  In  this  view  one  of  the 
two  roller  bearings  carrying  the 
floating  ring  is  seen,  and  also  the 
guide  frame  on  which  this  bearing 
is  carried,  and  by  which  the  float- 
ing ring  is  moved  to  and  fro,  and 
so  the  stroke  of  the  pump  made  to 
vary.  Fig.  10  represents  the 
pump  with  half  the  floating  ring 
removed,  and  the  slipper  blocks 
shown  in  position  ；  two  of  these 
slipper  blocks,  however,  have  pur- 
posely been  taken  away  in  order 
to  show  exactly  how  the  gudgeon 
pin  is  guided  through  a  slot  in  the 
cylinder  body.  Fig.  11  shows 
both  the  cylinder  body  and  float- 
ing guide  ring  removed,  and 
exposes  to  view  the  central 
valve  or  u  D  ，，  tube  which  is  rigidly 
body  of  the  pump.    The  "  D  ，，  tube, 


Messrs.  Charles  Taylor  (Birmingham),  Ltd.,  of  Bartholomew 

Street,  Birmingham,  exhibited  a  collection  of  machine  tools 
and  appliances  of  their  manufacture,  several  of  these  being 
in  operation.  Prominently  displayed  were  their 
well-known  spiral  chucks,  each  size  and  type 
being  represented  ；  and  to  demonstrate  the  supe- 
riority of  materia]  and  design  over  the  ordinary 
scroll  chuck,  the  component  parts  of  the  spiral 
chuck  were  placed  for  inspection  on  a  table -  Both 
two,  thre<3,  and  four-jaw  chucks  were  exhibited,  the 
first-mentioned  being  suitable  for  brass  workers. 
Some  were  fitted  with  false  jaw  blanks  which  could 
be  bored  out  to  grip  any  shape  of  casting,  and  others 
were  fitted  with  hardened  st'&e】 vee  jaws  for  gripping 
bars  and  round  castings. 

The  firm's  patent  machine  vices  were  represented 
by  several  sizes  of  the  standard  pattern  for  use  on 
the  general  run  of  work,  as  well  as  special  deep 
jaw  vices  (a  much  stronger  pattern  for  extra  heavy 
work),  swivel  base,  universal  swivel  base',  and  special 
wide  jaw  vices  for  light  jobs.  In  addition,  there 
were  shown  divided  vices  and  loos©  vice  dogs,  for 
holding,  on  the  machine  table  direct,  work  which  is 
too  large  or  awkward  to  be  held  in  the  vice  itself. 

Two  of  the  exhibited  machines  shown  we  have 
pleasure  in  illustrating  herewith,  Fig.  12  being  a 
patent  plugging  lathe,  and  Fig.  13  a  rotary  cutting- 
off  machine  for  bars  or  tubes. 

The  plugging  lathes  have  been  designed  for  turn- 
ing and  finishing — at  one  chucking  in  most  cases ~ 
taper  plugs,  in  cast  iron,  gun-metal,  or  brass,  for  all 
sizes  and  types  of  cocks  for  gas,  water,  steam, 
up  to  2in.    The  work  they  will  do  includes  turning 
shoulder,    or    collar,    or    in    neck,    and  turning 
down  and  screwing  or  drilling  and  tapping  the  tail  end,  as 
required.      Th&  firm  guarantee  these  machines  to  produce 
more  perfect  plugs  more  rapidly  than  any  other  on  the  market, 


Fig.  12.— Plugging  Lathe,  shown  by  Messes.  Chas.  Taylor  (B'ham),  Ltd.,  Birmingham. 


attached  to  the  main 
which  acts  both  as  the 
central  valve  and  as  the  spindle  on  which  the  cylinder  body 
revolves,  has  the  valve  ports  cut  in  it  and  these  are  plainly 
seen. 


and  that  by  the  use  of  unskilled  labour.  The  lathe'  shown  in 
operation  on  the  stand  was  set  up  to  produce  medium-size 
plugs  up  to  l^in.,  in  cast  iron  or  gun-metal,  with  the  ends 
screwed  or  tapped.  Although  primarily  designed  for  and 
described  as  being  for  cock  plugs,  their  use  is  by  no  means 
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confined  to  plug  turning,  as  they  are  suitable  for  any  small 
turning  operations  requiring  self-acting  traverse,  either  taper 
or  parallel. 

The  rotary  bar  cutting  machine  has  been  designed  for 
rapidly  cutting  off  to  length  mild  steel  bars  up  to  3in.  diam. 
or  2^in.  square,  and  as  now  perfected  and  placed,  on  the 
market  is  claimed  to  be  the  fastest  in  existence  for  cutting  off 
bars  or  tubes.  The  cutters  revolve  round  the  bar,  wliich  is 
held  stationary  in  a  vice,  this  plan  obviating  all  the  unpleasant 
features  of  revolving  long  and  heavy  bars,  while  it  facilitates 
moving  up  and  regripping  the  stock,  as  it  is  unnecessary  to 
stop  tlie  cutters.  This  reduces  to  a  minimum  the  time  lost 
between  cutting  off  several  successive  pieces,  and  the  work 
being  cut  off  perfectly  square  and  flat  is,  in  addition,  much 
smoother  than  when  sawn  off  by  a  circular  saw.  The  machine 
will  cut  off  3in.  round  mild  steel  in  45  seconds,  and  2iu.  gas 
tube  hi  18  seconds,  this  time  including  the  moving  and  regrip- 
ping of  the  bar  and  returning  the  cutters.    Other  diameters 


Fig.  J3.— Rotauy  Uah  Cuttini;  M\(  hink.   Mkssiis.  Chah.  Taylor  (H'hami, 

LTJJ.,  IiiJtMIN(iHAM. 

and  grades  oi  sf oel  bar  ami  1  ulx-  a vv  doalt  with  in  propor- 
ti(，n;i"'ly  i';ist.  times.  A  t wo-specd  count crshafi*  wind)  ('； in 
be  operated  while  the  work  is  in  progress,  is  part  of  the  equip- 
ment, and  this  permits  an  accelerated  cutting  speed  when  the 
cutters  are  approadiing  the  centre  of  the  work . 

A  substantial  iron  casting  forms  the  main  body  of  the  ma- 
cliine  and  this  is  provided  with  split  l)ca rings,  in  which  runs  a 
liollow  cast-iron  spindle  carrying  tlie  cutter  head,  which  in 
turn  is  firmly  attached  to  tlie  spindle,  and  has  two  cutter  slides 
operated  by  a  hand  lever.  This  lever  feeds  the  cutters  in  by 
means  of  tension  chains  which  pass  tlirougli  the  spindle  and 
have  an  automatic  balancing  device  to  ensure  the  cutters  doing 
ef|ua]  work.  Tlie  spindle  is  driven  by  a  balanced  cast-iron 
jjulley  I  Gin.  diam.  for  3in.  belt.  Tlie  cutteis  are  of  plain 
oblong  section,  are  rigidly  supported  throughout  their  lengi  h, 
and  are  so  located  as  to  have  ample  clearance  at  all  points,  and 


require  grinding  on  one  face  only.  Also  by  means  of  the 
balancing  feature  mentioned  above,  it  is  claimed  that  botli 
cutters  take  an  exactly  equal  cut  even  when  carelessly  set. 
The  lower  lever  stop  is  fitted  with  a  spring  plunger,  and  this 
is  set  to  act  in  such  a  manner  that  the  spring  is  compressed  as 
the  stock  is  finally  parted.  This  serves  to  retard  the  advance 
of  the  cutters  at  the  last  moment,  and  ensures  that  the  end  of 
tlie  stock  is  left  clean. 

Other  machines  shown  by  Messrs.  Chas.  Taylor,  Ltd. ,  were 
capstan  lathes,  spinning,  polishing,  and  brassfinishers'  lathes, 
and  double  brass  milling  machine,  but  we  have  not  space  to 
describe  these  at  length. 

Messrs.  The  Mechanical  Hammer  Company,  of  Stalybridge, 
exhibited  what  was  perhaps  the  novelty  of  the  show  in  the 


Fig.  14.— Blackeb's  Patent  Hamsikr  foh  Foot  rowEit.    MtbSBs.  The 
Mechanical  Uammkk  Company,  Stalybbidge. 

shape  of  a  inecliaiiical  striking  hammer  intended  to  dispense 
with  the  services  of  a  striker,  especially  in  those  smithies 
and  workshops  scattered  over  the  country  wliich  are  either 
too  isolated  to  get  any  form  of  cheap  power,  or  whose  busi- 
ness is  not  sufficient  to  warrant  the  employment  of  a  striker.  Two 
forms  of  hammer  were  shown,  on©  for  foot  power  and  the 
other  mechanically  driven,  and  these  we  illustrate  in  Figs. 
14  and  15.  The  haniiner-liead  swings  radially,  as  will  be  seen, 
motion  being  imparted  to  it  by  means  of  the  two  parallel 
arms,  by  which  also  the  head  is  always  kept'  in  a  vertical 
position.  This  radial  movement  enables  the  hammer  to  be 
used  for  the  piecing  of  hoops  and  suchlike  things  as  cannot 
be*  got  under  the  head  of  the  ordinary  vertical  hammer- 
The  principle  of  operation  of  both  types  is  practically  the 
same,  and  will  readily  be  understood  by  a  reference  to  the 


Ki(t.  15.— Blackkb'h  Patent  Haimmeu  mechanically  driven.  Messrs. 
Thk  Mechanical  Hammku  Company,  Stalybbidge. 


illustrations,  and  the  following  description,  which  applies  to 
the  power-driven  machine. 

As  will  be  seen,  there  is  a  belt-driven  shaft  carrying  a 
flywheel,  on  which  is  mounted  a  crank  pin  which  passes 
through  a  block  carried  by  a  vertical  rod.  This  block  is 
cushioned  on  either  side  by  means  of  two  springs,  as  will  be 
noticed  in  Fig.  15,  and  through  them  a  reciprocatiug  move- 
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ment  is  imparted  to  the  vertical  rod,  which,  in  turn,  gives 
a  rocking  motion  to  the  curved  slotted  link,  shown  near  the 
base  of  the  left-hand  upright  of  the  machine.  In  this  slot 
the  bottom  end  of  a  second  rod  (which  is  attached  to  a  crank 
giving  movement  to  tlie  hammer)  slides,  and  it  is  obvious 
that  the  stroke  of  the  hammer  can  thus  be  regulated  by 
varying  the  position  of  the  end  of  the  rod  in  the'  slot.  This 
is  accomplished  by  depressing  the  footrail  which  runs 
around  the  anvil,  and  the  operator  can  give  either  a  heavy 
or  a  light  blow,  or  a  series  of  heavy,  or  light  blows,  by  the 
manipulation  of  this  footrail. 

At  the  other  end  of  the  shaft  to  where  the  power  to 
work  the  hammer  is  taken  off  are  a  set  of  bevel  wheels,  and 
these  are  used  for  turning  a  lead  screw,  which  in  turn  tra- 
verses the  hammer  backwards  and  forwards  across  the  work 
as  desired.  The  screw  is  brought  into  operation  by  means 
of  the  small  rocking  plate  shown  at  the  extreme  right  of  the 
illustration,  the  depression  of  which  to  right  or  left  at 
once  takes  the  hammer  to  right  or  left  as  desired.  This  can 
also  be  regulated  so  as  to  knock  off  at  any  given  point,  so 
that  the  operator  need  not  keep  his  foot  on  the  plate,  know- 
ing that  the  hammer  will  come  to  rest  at  the  required  place. 


THE  PRODUCTION  OF  SMALL  CASTINGS. 

" Metallurgical  Considerations  in  the  Production  of  Small 
Castings  ，，  was  Uie'  title  of  an  address  delivered  by  Mr.  W.  H. 
Hatfield  before'  the  members  of  the  Sheffield  Branch  of  the 
British  Foundrymen's  Association.  Mr.  Hatfield  called 
attention  to  the  us©  of  the  equilibrium  diagram  and  phase  rule 
in  investigating  the  whole  range  of  carbon  alloys,  and  pointed 
out  the'  importance  of  studying  both  steels  and  irons  from  this 
standpoint,  as  thereby  a  more  complete  co-ordination  of  the 
numerous  facts  now  coming  forward  as  a  result  of  modern 
research  was  possible.  He  further  demonstrated  the  neces- 
sity for  an  appreciation  of  physical  chemistry  prior  to  the  con- 
sideration of  metallurgical  facts.  He  dealt  with  the  produc- 
tion of  small  castings,  of  steel,,  cast  iron,  and  more  particu- 
larly of  malleable  cast  iron.  By  means  of  lantern  slides, 
microstructures  of  these  materials  were  illustrated  and 
described,  and  the-  influence'  of  the  various  elements,  such  as 
phosphorus,  silicon,  &c.，  was  shown.  With  regard  to  malle- 
able cast  irons,  it  was  indicated  that  such  material,  properly 
produced,  approximated  in  its  mechanical  properties  to 
wrought  iron.  One  of  the  lantern  slides  showed  that  the 
material  clearly  possessed  the  same  ferritic  structure,  the  only 
difference  being  that  where  in  wrought  iron  a  considerable 
quantity  of  slag  was  found  under  the  microscope,  in  these 
samples  of  malleable  cast  iron  a  little  free  carbon  was 
discerned. 


Tungsten. ― In  a  lecture  on  "Tungsten,"  delivered  before 
the  New  York  Electrical  Society,  Dr.  C.  Baskerville  recounted 
the  history  of  the  metal  from  the  time  of  its  discovery  by 
Scheele  in  1781，  when  it  was  called  tungstein.  The  metal 
occurred  in  nature  as  tungstates.  The  principal  one  was  the 
iron  salt  known  as  wolframite.  Calcium  tungstate  or  sclieelite, 
and  lead  tungstate  or  stolzite  were  also  found  in  nature,  but  in 
smaller  quantity  than  wolframite.  Tungsten  could  be  pre- 
pared from  wolfram  by  heating  the  powdered  ore  with  sodium 
carbonate,  extracting  the  sodium  carbonate  with  water,  filter- 
ing and  adding  an  acid  to  precipitate  tungsien  acid.  This  was 
washed  and  dried  and  the  oxide  thus  obtained  was  then  reduced 
to  the  metal  by  heating  with  carbon  to  a  high  temperature. 
Tungsten  was  also  obtained  by  heating  the  oxide  with  carbon  in 
an  electric  furnace,  in  which  case  the  product  was  porous  and 
could  be  welded  like  iron.  Referring  to  the  use  of  tungsten 
for  electric  lamps,  the  lecturer  recounted  the  difficulties 
experienced  in  removing  from  the  metal  impurities  such  as 
sulphur,  arsenic,  antimony,  and  phosphor,  which  was  very 
essential  in  order  to  obtain  a  sufficiently  strong  and  uniform 
filament.  Besides  this,  the  carbon  which  was  used  in  producing 
the  tungsten  must  be  removed,  which  caused  considerable 
difficulty.  The  honour  of  the  development  of  tungsten,  lie 
said,  had  wrongly  been  claimed  by  and  given  to  Austria,  when , 
in  fact,  it  belonged  to  America.  Credit  should  be  given 
particularly  to  Dr.  W.  R.  Whitney,  of  the  General  Electric 
Company,  for  bringing  the  tungsten  filament  to  its  present 
state. 


OPEN-HEARTH  FURNACE  DESIGN  AND  MANIPULATION. 

BY  JOHN  PLOEHN. 
This  paper  is  confined  to  a  description  and  tlie  j)roj>ort  ions, 
areas,  and  various  main  dimensions  of  the  25-ton  basic  open- 
hearth  furnaces  in  operation  in  the  steel  foundry  of  the 
Bettendorf  Axle  Company,  Davenport,  la.  The  results 
obtained  from  these  furnaces  in  time,  quality,  and  life  have 
been  exceptional.  The'  average  time  of  2,000  heats  in  the 
two  furnaces  has  been  5^  hours  on  an  average  per  heat  of 
22i  tons.  The  record  of  these  furnaces  is  a  25-ton  heat 
made  in  4  hours  30  minutes,  but  all  conditions  were  perfect 
to  make  this  time.  The  cliarge  was  well  balanced,  tlie 
furnace  comparatively  new,  and  no  trouble  was  experienced 
with  the  bottom  or  slag. 

The  average'  analysis  of  this  same  number  of  heats  has 
been  carbon  0*205  per  cent.,  silicon  0*315  per  cent.,  man- 
ganese 0.68  per  cent.,  phosphorus  0.018  per  cent.,  and 
sulphur  0*024  per  cent'.  The  life  or  number  of  heats  made 
before  shutting  the  furnaces  down  for  repairs  was  as  follows  : 
Initial  run  of  furnace  No.  I，  403  heats;  second  run  of  this 
furnace  is  now  over  609  heats,  and  the  indications  are  that 
it  is  still  good  for  at  least  40  or  50  more  li&ats.  Tlie  initial 
run  of  furnace  No.  2  was  573  heats,  and  the  second  run  of 
this  furnace  was  ^OJ  heats. 

These  furnaces  were  designed  for  the  use  of  either  fuel 
oil  or  producer  gas,  but  up  to  the  present  time  tliey  have 
been  operated  entirely  on  fuel  oil.  The  chief  feature  of  the 
design  is  tlie  ample  and  generous  proportions  allowed  in  all 
portions  of  the  furnace.  The  bath  is  both  longer  and  wider, 
and  from  suck  little  observation  as  the  writer  has  been  able 
to  make,  it  is  greater  in  these  dimensions  than  is  ordinarily 
found  in  this  size  furnace.  When  burning  fuel  oil  a  furnace 
should  he  much  longer  than  when  burning  either  natural 
or  producer  gas,  but  how  much,  is  the  question.  In  this 
case  the  furnaces  are  10ft.  longer  than  the  average  gas- 
burning  furnace  of  the  same  capacity.  On  account  of  this 
extra  length  it  is  possible  to  obtain  complete  combustion 
before  the  centre  of  the  furnace  is  reached,  and  thence  on 
towards  the  other  port  the  flame,  having  lost  its  cutting 
action  and  sharpness,  very  closely  resembles  a  gas  flame  in 
appearance  and  action.  For  a  25-ton  heat,  the  bath  is 
neither  shallow  nor  deep,  but  what  would  be  called  a  medium 
depth,  which  seems  to  give  better,  quicker,  and  more  uniform 
quality  of  metal  than  either  a  shallow  or  deep  bath.  The 
depth  of  bath  for  a  2 5 -ton  beat  -  approximately  16in.  to 
17in.  The  area  of  the  hearth  is  260  sq.  ft.，  which  allows  a 
trifle  more  than  10  sq.  ft.  per  ton. 

The  general  outline  and  dimensions  of  the  hearth  are 
shown  in  Fig.  1.  At  the  port  ends  it  will  be  noted  that 
there  is  no  dog-house  or  monkey,  these  being  omitted  by 
using  water-cooled  oil  burners.  The  area  of  the  flues  or 
up-takes  leading  to  the  slag  pockets  is  28  sq.  ft.  for  each  end 
of  the  furnace.  The  distance  from  the  hearth  bridge  to  the 
under-side  of  the  roof  is  greater  than  the  width  of  the  ports, 
and  the  area  at  this  point  is  40  sq.  ft.  at  each  end  of  the 
furnace.  Particularly  when  using  oil,  the  construction  of 
the  ends  of  the  furnace  requires  special  care,  as  the  flame  is 
inclined  to  be  extremely  sharp  and  will  cut  out  the  ends  of 
a  furnace  in  a  short  time.  This  is  almost  entirely  pre- 
vented by  tlie  extra  length  and  the  large  areas  at  the  points 
previously  mentioned. 

These  furnaces  were  first  designed  with  a  hip  roof  and 
with  the  side  walls  contracted  12in.  at  the  port  ends.  After 
the  initial  run  of  each  f-urnace,  both  the  side  walls  and  roof 
were  made  straight.  With  the  hip  roof  and  contracted 
sides,  both  the  roof  at  the  hip,  and  particularly  the  side  walls 
at  the  point  of  contraction,  were-  cut  away  on  the  inside  long 
before  tho  adjoining  parts  of  the  roofs  and  walls  were  badly 
damaged.  The  expansion  and  contraction  lengthwise  are 
also  better  taken  care  of  with  straight  walls  and  roof  than 
with  the  hip  roof  and  contracted  ends.  A  small  door  is 
provided  in  each  end  of  the  furnace  near  the  burner,  approxi- 
mately half-way  between  the  top  of  the  hearth  bridge  wall 
and  the  end  of  the  hearth,  and  it  has  been  found  to  be  very 
useful  for  inspecting  the  end  of  the  furnace,  and   also  for 

*  Paper  presented  at  the  Buffalo  meeting  of  tho  American  Foundrymun's 
Association, 
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watching  the  action  of  the  burners  and  ilie  flame  at  this 
point. 

The  water-cooled  burners,  while  requiring  water  for  their 
operation,  which  in  some  localities  would  be  quite  an  item 
of  expense,  have  a  great  many  advantages  which  more  than 
offset  the  cost  of  the  water  required  for  their  operation. 
The  most  important  advantage  is  that  the  flame  can  be 
correctly  located  and  positively  kept  in  that  location,  because 
the  burners  are  left  in  the  furnace  at  all  times.  The  burner 
tip,  being  water-cooled,  is  not  liable  to  give  trouble  with  the 
oil  coking,  which  is  th©  case  with  the  plain  burner.  The 


Fig.  1 .  —Longitudinal  and  Cross-sections  op  Open-heauth  Furnace 

general  outline  of  the  installation  of  these  burners  on  the 
furnaces  is  shown  in  Fig.  2.  The  burners  can  be  moved 
horizontally  or  vertically,  and  the  tip  of  the  burner  can  be 
elevated  or  depressed  as  may  be  required.  The  oil  and  air 
connections,  being  stationary,  cause  less  trouble  than  on 
burners  w  lie  re  they  are  pulled  in  and  out  at  every  reversal 
of  the  furnace.  Fig.  2  also  shows  a  further  use  of  the  water 
after  leaving  the  burner.  The  water  from  the  main  is  first 
led  into  the  burner,  and  from  the  burner  into  a  bulkhead 
through  which  the  burner  passes.  From  the  bulkhead  the 
water  is  led  to  a  sewer.  The  use  of  this  bulkhead  is  to 
support  the  burner,  and  also  makes  possible  a  smaller  opening 
for  the  burner  than  through  an  arch  brick  opening,  and, 
being  a  cooler  wall,  lasts  much  longer  and  makes  it  possible 
and  more  comfortable  for  the  melter  to  look  into  the  end 
of  the  furnace  for  the  inspection  of  the  roof  and  the  flame. 
With  water-cooled  burners  the  furnace  is  reversed  more 
uniformly  and  regularly,  as  it  does  not  require  the  melter 
to  climb  over  charging  cars,  &c.，  to  pull  out  and  shove  in 
the  burners,  saving  a  walk  of  about  100ft.  every  20  minutes, 
conserving  his  time  and  strength  for  better  purposes. 

These  furnaces  have  always  been  lighted  at  tlie  slag 
pockets,  which  heats  the  checker  brick  quicker  and  is  much 
easier  on  the  new  brickwork  above,  and  does  away  with 
most  of  the  preliminary  heating  in  the  hearth,  also  keeping 
all  ashes  and  refuse  out  of  the  hearth.  The  doors  and  door 
frames  are  water-cooled,  this  feature  not  only  protecting  the 
door  jambs,  but  also  is  appreciated  by  the  melters,  especially 
in  summer.  The  door  frames  usually  run  from  400  to  600 
heats,  the  centre  frame  usually  failing  first.  Wlieii  tlie 
water  jackets  on  the  doors  are  burned  out  they  are  relined 
solid  with  firebrick,  and  are  used  during  the  winter  months. 
The  use  of  coarsely-ground  chrome  ore  has  been  found  very 
valuable  for  patching  door  jambs  and  front  and  back  walls 
at  the  slag  line.  It  sinters  easily  on  vertical  surfaces,  and 
makes  a  more  permanent  and  lasting  repair  than  magnesite. 

Another  advantage  in  having  large  areas  at  the  end  of 
the  furnace  is  that  the  velocity  of  th©  outgoing  gases  is 
decreased  so  that  the  slag  is  not  carried  over  into  the  slag 
pockets  in  any  great  masses,  or  in  a  molten  condition .  With 
ample  areas,  the  top  of  the  hearth  bridge  wall  should  also 
be  at  least  2ft.  above  the  normal  slag  line,  and  in  this 
design  this  dimension  is  very  nearly  2ft.  6in. 

A  detail  that  is  often  overlooked  is  the  intersection  of  the 
bridge  hearth  and  port  or  flue.  This  is  very  often  brought 
up  to  a  square  corner,  which  requires  the  outgoing  gases 
to  continue  towards  the  end  walls  before  going  downward. 
To  allow  the  gases  to  assume  as  near  as  possible  tlieir  natural 
flow  in  turning  downward,  the  intersection  of  the  port  and 
the  hearth  bridge  should  be  on  an  angle  of  about  45°. 

During  the  two  runs  of  these  two  furnaces  the  slag  in 
slag  pockets  has  been  in  a  granular  or  lumpy  state,  so  that 
it  was  easily  removed  with  pick  and  shovel  without  injury 
to  the  slag  pocket  walls,  in  two  days  after  Che  shut-down. 


A  false  bottom  of  old  steel  plates  covered  with  broken  bricks 
and  silica  sand  is  placed  4in.  above  the  floor  of  the  slag 
pockets,  this  air  space  under  the  entire  slag  pocket  serving 
to  chill  the  slag  and  to  keep  the  pockets  cooler  than  if  same 
had  a  solid  floor.    The  area  of  the  slag  pockets  is  90  sq.  ft. 

Th©  slope  of  the  checker  bridge  begins  lft.  inside  of  the 
slag  pocket,  and  extends  into  the  checker  chambers  a  dis- 
tance of  7ft.  Tliis  easy  slope  allows  free  passage  of  the 
gases  and  prevents  the  retarding  of  gases  due  to  too  abrupt 
deflection  against  port  ends  or  the  checker  chamber  roof. 
The  area  of  the  opening  above  the  checker  bridge  wall  is 
28  sq.  ft.  The  checkers  are  directly 
in  the  rear  of  the  slag  pockets,  and 
are  of  very  large  proportions,  the 
actual  volume  being  120  cub.  ft.  per 
ton.  In  addition  to  this  extraordinary 
volume,  all  the  checker  brick  are  of 
silica,  and  the  results  so  far  obtained 
prove  that  it  is  a  good  investment, 
taking  into  account  the  additional  first 
cost  of  silica  brick  over  firebrick. 

After  both  the  initial  and  second  run 
of  each  furnace,  the  only  repairs  required 
for  these  checkers  was  a  thorough 
cleaning,  and  from  their  present  condition  the  checker  brick 
will  be  good  for  at  least  another  run  of  500  heats,  and  then 
only  the  upper  five  or  six  courses  will  probably  be  replaced 
with  new  brick.  The  silica  brick  seem  to  have  a  greater 
capacity  for  storing,  and  are  quicker  to  absorb  heat  than 
clay  brick. 

The  area  underneath  the  checker  brick  should  be  large 
so  that  the  incoming  and  outgoing  air  and  gases  can  dis- 
tribute themselves  uniformly  through  the  various  passages 
between  the  checker  brick.  The  area  of  the  flues  under  the 
checker  brick  in  the  air  chamber  is  12  sq.  ft"  and  in  the  gas 
chamber  is  8  sq.  ft.  The'  area  of  the  flue'  leading  from  the 
checker  chambers  to  the  valve  is  12  sq.  ft.,  and  this  same 
area  is  maintained  through  th©  valve  and  in  the  flue  leading 
from  the  valve  to  the  stack. 

For  convenience  in  cleaning  out  the  flues  leading  from 
t\ie<  checkers  to  the  valve  when  the  furnace  is  down  for 
repairs,  a  cast-iron   rectangular  manhole  and  cover  is  placed 


Fig,  2.  —  Water-cooled  Fuel  Oil  Burnehs  attached  to  Open-heabth 
Furnace. 

iii  the  roof  of  the  flu©  directly  back  of  the  centre  of  tho 
checker  chambers.  This  manhole  saves  considerable  time 
when  cleaning  out  these  flues  under  the  checker  brick,  and 
so  far  has  not  become  warped  or  leaky.  As  the  area  of  the 
flue  leading  to  the  reversing  valve  is  practically  the  deter- 
mining area,  a  summary  is  given  below  of  the  various  areas 
mentioned,  assuming  this  area  as  unity : — 

Area  under  checker  chambers    1*66 

Area  over  checker  bridge  wall    2*3 

Area  in  ports  from  slag  pockets  to  port  ends  ...  2'3 

Area  over  hearth  bridge  wall    3'3 

To  prevent  water  from  accumulating  in  any  of  the  flues 
or  checker  chambers,  a  drain  is  located  in  each  flue  and 
chamber,  which  is  connected  to  a  sewer  discharging  into  a 
deep  well,  from  which  the  water  is  pumped  by  an  automatic 
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electric  sump  pump.  A  horizontal  U-trap  is  placed  below 
each  drain,  so  that  the  air  or  gas  cannot  shortrcircuit,  or 
pass  from  one  chamber  or  flue  to  another. 

With  these  furnaces  were  tried  radial  brick  stacks,  lined 
with  firebrick  their  entire  height.  'The  height  of  stacks  is 
125ft. ，  and  the  diameter  inside  at  the'  bottom  is  5ft.  9in.， 
and  at  tlie  top  4ft.  6in.  These  stacks  have  been-  in  service 
for  three  years,  and  have  as  yet  shown  no  cracks  or  weak- 
nesses.   The  advantages  gained  are  that  they  do  not  require 


Fig.  3.— Kigging  fob  Holding  the  Roor  of  an  Open-heahtu  Fuunack. 


painting  every  year,  clo  not  corrode,  and  are  not  affected 
by  gases,  and  being  a  poorer  conductor  of  】ieat，  will  inaiiit'ain 
； i  higher  temp&ratm'e  and  subsequently  better  draught  than 
a  steel  brick-lined  stack  of  the  same  height. 

AVhile  drying  out,  and  after  the  oil  has  been  started, 
the  roof  of  a  furnace  is  a  peculiar  and  particularly  tricky 
structure.  The  life  of  a  roof  is  practically  determined  by 
the-  treatment  it  gets,  and  its  behaviour  during  the  first 
50  heats.  To  facilitate  letting  out  the  roof  tie  rods,  both 
the  nuts  and  tie  rods  are  locked  on  the  back  or  tapping 
side  of  the  furnace  so  that  all  expansion  and  contraction  can  be 
taken  up  by  loosening  or  tightening  the  nuts  on  the  front 
side  of  the  furnace,  saving  thereby  considerable  time,  and 
allowing  the  amount  of  Jengtlicning  and  shortening  to  be 
more  accurately  measured. 

To  prevent  getting  the  roof  out  of  shape  in  its  earlier 
stages,  a  roof  rigging  was  put  on  which  is  simple  in  its  con- 
struction, and  has  been  found  to  be  very  useful  and  effective 
in  holding  the  true  arch  shape  of  the  roof  until  the  roof 
bricks  are  glazed  enough  to  be  practically  one  continuous 
mass.  The  rigging  is  shown  in  Fig.  3，  and  consists  of  three 
rails  extending  the  entire  length  of  the  roof.  The  rails  are 
suspended  from  cross-beams  which  are  supported  on  the 
side  buck-staves.  Between  the  rail  clamps  and  the  cross- 
beams, wedges  can  be'  introduced  to  bring  pressure  on  any 
particular  rail  when  the  weight  of  the  rail  alone  is  not 
sufficient.  If  necessary,  the  weight  of  the  rail  may  be  lifted 
entirely,  making  it  independent  of  the  roof  if  this  should 
be  found  necessary.  The  cross-beams  are  not  rigidly  con- 
nected to  the  side  buck-staves,  and  the  expansion  and  con- 
traction of  the  roof  are  taken  up  by  the  tie  rods. 

With  tliis  rigging,  the  bulging  of  a  thin  part  of  the  roof 
can  be  controlled,  and  in  most  rases  gradually  brought  back 
to  the  original  true  arch.  An  inspection  of  furnace  No.  1， 
equipped  with  this  rigging,  shows  that  the  roof  still  has 
its  original  true  arch  shape  and  that  it'  has  burned  off 
uniformly  on  the  inside,  for  which,  of  course,  proper  credit 
should  be  given  to  the  melter  for  the  careful  handling  of 
the  furnace. 

On  these  furnaces  the  skew-bark  rliannels  are  rigidly 
connected  to  the  buck-staves  so  that  the  roof  is  entirely  free 
from  the  side  walls.  A  space  is  lefi  below  the  skew-back 
channels  so  that  the  vertical  expansion  of  the-  side  walls 
can  be  taken  rare  of.  This  keeps  the  roof  practically  straight 
throughout  its  length,  and  thereby  makes  it  stronger  ； ni<l  of 
lunger  life  than  if  the  skew-backs  rested  on  the  side  walls 
and  moved  up  and  down  or  varied  with  the  same. 

A  level-headed  melter  will  appreciate  and  recognise  the 
value  of  recording  gauges  and  appliances  that  will  show  him 
the  actual  condilions  of  the  elements  that  control  his  pro- 
duct, and  they  will  be  an  incentive  rather  than  an  excuse 
for  not  getting  a  good  product.  When  these  furnaces  were 
new,  some  heats  were  wild  and  over-oxidised,  and  after 
analysing  all  the  conditions  and  charges,  the  trouble  was 


finally  located  as  beiug  due  to  excessive  draught  under  cer- 
tain weather  conditions.  To  regulate  tliis,  a  recording 
draught  gauge  was  installed,  and  tliis  has  proved  to  be  a 
very  valuable  instrument.  The'  damper  can  be  regulated  to 
give  the  same  amount  of  draught  for  all  conditions  of 
weather  and  furnace,  and  the  results  have  been  accordingly 
more  uniform.  For  this  particular  design  of  furnace  and 
stack  the  draught  thai  gave  the  best  results  was  0'8i".  of 
water.  Being  recording,  it  gives  a  history  of  the  day's  run 
and  permaneni  record  for  future  coinparison. 

An  air-cont  rolled  butterfly:  valve  is  used  on  these  fur- 
n;i«'os,  and  to  give  the  operator  warning  that  tli©  valve  is 
not  ent  irely  dose*!  a  small,  inexpensive  electrical  rlevicc 
w;is  installed.  It'  consists  of  a  contact  point  at  the  end  of 
stroke,  which,  when  the  valve  is  closed,  closes  the  circuit 
and  ligliis  a  light  on  the  platform;.  As  tlie  valves  are  usually 
under  th©  platform  and  out  of  sight  of  the  operator,  it  is 
hard  t,o  dete<;fc  leaky  valves,  which,  if  allowed  to  coniinuo. 
in  time  cause  serious  delay  and  trouble'. 

Another  cause  for  oxidised  metal  was  found  to  l)e  due 
io  the  admission  of  too  much  air  at  tlie  reversing  valve.  To 
give  the  operator  the  necessary  information  and  to  prevent 
guesswork,  l\\e  screw  stand  on  the  platform  was  calibrated 
to  show  exactly  the  number  of  inches  th©  doofs  are  o]>en. 
Since  tliis  was  done,  the  doors  are  open  only  about  one-half 
as  much  as  before. 

T!i'e  practice  of  using  too  high  air  or  steam  pressures  lias 
been  found  to  be  injurious  to  quality.  Th&  pressures  neces- 
sary vary  for  different  furnaces  and  oonditions.  For  these 
furnares  the  air  pressure  during  melting  is  about  GOlbs.,  and 
during  the  time  of  working  about  401bs.  The  oil  pressure 
is  slightly  higher  or  lower,  depending  on  i he  kind  of  burner 
or  atomiser  used,  ； m'l  1  lie  distance  necessary  to  pump  the  oil. 

Various  niei  liods  have  been  used  io  cover  tlie  steel  plate 
of  charging  platforms,  but  none  seems  to  give  perfect  satis- 
faction or  is  able'  to  stand  the  heat  or  hard  usage.  As  an 
experiment,  a  cinder  concrete  floor  was  laid  on  tlie  steel 
plate,  of  a  thickness  which  raised  it  tc  a  level  wiili  tlie 
charging  machine  rails.  This  is  shown  in  Fig.  4.  To  pre- 
vent corrosion  of  the  steel  plate  in  contact  with  the  cinder 
concrete,  a  sheet  of  heavy  tar  paper  was  first  laid  on  the 
steel  plate.  This  floor  has  stood  the  hard  service  of  1  liree 
years'  operation,  and  is  in  splendid  condition  at  tlie  present 
time. 

This  flush  concrete  floor  lias  tlie  advantage  of  being  able 
to  wheel  across  the  tracks  tlie  materials  used  for  the  furnaces, 


Fig.  4  — Cross-section  or  Coiccrete  Flook  ox  Charging  Platfokm. 


f unnslies  the  melter  and  helpers  with  a  better  anrl  surer 
footing  for  rabbling  out  a  jnuldle  hole  or  when  lapping 
heats,  and  is  also  cooler  than  a  bai*e  j)1ate  floor.  Next  to 
the  furiia<"e,  removable'  cast  plates  in  sections  4 it.  long  iire 
laid  even  with  the  rails. 

Bins  for  storing  the  various  materials  used  on  the  charg- 
ing platform  not  only  save  a  waste,  but  also  make  a  safer 
and  cleaner  working  floor.  They  are  easily  and  cheaply  built 
of  a  bottom  plate,  with  sides,  ends,  and  partitions  riveterl 
to  it,  leaving  the  entire  side  facing  the  funwu  e  opejj  for  en sy 
access  for  shovelling.  The  sides  extend  to  a  height  to  clear 
the  charging  編 chine,  and  tlie    】iiatcrk'ls    must   be  kept 
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below  that  level.  Ifc  is  surprising  the  amount  of  materials 
that  can  be  placed  in  a  small  confined  area.  Tlie  several 
bins  for  one  furnace  are  about  as  long  as  one-half  the  length 
of  the  furnace,  but  in  them  are  kept  sufficient  materials  for 
a  week's  run  of  fluor-spar,  magnesite,  burned  lime,  iron  ore, 
dolomite,  and  chrome  ore.  The  bins  are  placed  on  the  con- 
crete floor,  but  are  not  fastened  in  any  way,  so  that  they 
ran  be  easily  moved  in  case  of  furnace  repairs. 

Besides  the  drauglit  gauge,  both  recording  oil  and  air 
pressure  gauges  are  used,  and  tkey  have  been  found  valuable 
to  indicate  an  increase  in  pressure,  especially  of  oil,  which 
often  creeps  up  gradually.  It  is  true  that  the  basic  open- 
h^arth  furnace  is  a  scavenger,  and  will  make  steel  out  of 
any  kind  of  stock,  yet  to  maintain  uniform  analysis,  dead 
metal,  and  tlie  high  temperature  】iecessary  for  the  general 
steel  castings,  great  care  and  judgment  are  necessary  in  the 
kind  and  proportions  of  the  stock  charged. 

Thin  and  light   scrap,  especially    when    badly  rusted, 
should  he  avoided,  because  not  only  is  the  percentage  of  loss 
higher  in  the  furnace,  but  the  large  amount  of 
oxide  is  hard  on  the  basic  lining,  and  very  liable 
to  produce  an  over-oxidised  or  wild  metal.  To 
arrive  at  the  proper  proportions    necessary  for 
different  kinds  of  scrap,  a  series  of  test  heats  were 
made,  in  which  the  percentage  of  pig  iron  was 
varied  from  50  per  cent,  to  as  low  as  31  per  cent., 
the  various  kinds  of  scrap  making  up  the  re- 
mainder of  the  charge.     The  percentage  of  diffe- 
rent kinds  of  scrap  was  varied  according  to  their 
carbon  content.      The  pig  iron  was  assumed  at 
3  per  cent,  carbon,  and  the^  carbon  content  of  tlie 
scrap  had  to  be  sufficient,  so  that  the  calculated 
carbon  of  the  charge  was  not  lower  than  1  per 
cent.,  with  an  average  of  1*25  per  cent.  There  was 
a  total  of  approximately  50  heats  in  this  test,  and 
the  time  of  heat,  final  analysis,  and  kind  of  metal  of  any 
one  of  these  tests  did  not  vary  to  any  appreciable  extent 
from  the  grand  average  of  all  heats.      This   proved  con- 
clusively that  scrap  of  different  carbon  content  should  be 
kept  in  separate    piles,   and    the    following  classification 
resulted  :  —— 

Scrap  of  carbon  content  up  to  0  30  per  cent,  is  kept  in 
one  pile  or  bin.  In  this  class  are  structural  shearings  and 
sliort  structural  sections,  couplers  and  knuckles  and  shop 
scrap. 

Scrap  of  carbon  content  from  0*30  to  0'60  per  cent,  is  the 
second  class.    In  this  class  are  old  rails,  <fec. 

Tlie  last  class  is  scrap  of  carbon  content  above  0*60  per 
cent.    In  this  class  are  springs,  old  rolls,  &c. 

At  this  plant,  to  be  able  to  store  an  ample  supply  of 
charging  materials  under  roof,  not  only  for  the  advantage 
gained  in  the  winter  months,  but  also  to  be  able  to  separate 
the  various  classes  of  scrap,  large  reinforced  concrete  bins 
were  built  in  the  furnace  bay.  The  sides  and  ends  of  all 
these  bins  are  14ft.  above  the  floor  level,  the  bottom  of  the 
bins  extending  4ft.  below  the  floor  to  bed  rock.  Half  of  tlie 
bins  are  for  pig  iron,  the  iron  from  different  concerns,  or 
of  off-analysis  being  kept  separate.  The  unloading  of  cars 
and  the  loading  of  charging  boxes  is  accomplished  entirely 
by  electric  magnets,  which  makes  possible  the  storage  of 
materials  in  bins  14ft.  high.  To  facilitate  keeping  these 
various  kinds  separate,  it  is  necessary,  when  purchasing 
scrap,  to  specify  that  the  various  kinds  be  shipped  in  separate 
cars,  and  this  can  be  done  without  additional  cost. 

If  it  is  left  to  the  yard  or  stock  men  to  make  up  the 
charges,  usually  the  scrap  that  is  nearest  at  hand,  or  in 
their  way,  is  sent  bo  the  furnaces,  the  consequence  being  that 
some  heats  melt  high  and  some  soft,  introducing  an  unneces- 
sary element  of  uncertainty  in  the  time  and  quality  of  the 
piorluct. 

When  it  can  be  depended  that  the  heats  can  be  made 
in  certain  time,  the  cycle  of  smooth  operation  is  readied,  in 
that  the  time  of  charging  and  the  work  on  the  moulding 
arul  pouring  floors  can  be  arranged  to  better  advantage. 


CONSTRUCTION  OF  ROTOR  FOR  STEAM  TURBINES. 

With  the  object  of  providing  a  rotor  member  for  steam 
turbines  in  which  the  buckets  are  readily  assembled,  and 
in  which  tlie  parts  are  connected  together  in  a  very  rigid 
maimer,  Mr.  W.  J.  A.  London,  chief  engineer  of  the  Terry 
Ste^m  Turbine  Company,  Hartford,  Conn.,  has  recently 
designed  and  patented  the  t-onstruction  shown  in  the  accom- 
panying sectional  views,  of  wliich  Fig.  1  is  a  side  view  of 
part  of  the  rotor  with  on©  side  plate  removed,  showing  some 
of  the  buckets  in  central  section  and  others  in  side  elevation. 
Fig.  2  is  a  sectional  view  on  the-  line  R  of  Fig. 】， Fig.  3  is 
a  sectional  view  on  tlie  line  S  of  Fig.  1,  and  Fig.  4  is  a  top 
view  of  one  of  the  buckets.  The  rotor  comprises  a  base  ring 
A  having  a  central  circumferential  groove  B  which  is  of  dove- 
tail form,  as  indicated  in  Fig.  2,  buckets  having  tangs  D 
adapted  to  fit  in  the  groove  B,  spacing  blocks  E  to  space  the 
buckets  one  from  another,  and  side  plates  F  circumferentially 
grooved  on  tlieir  opposing  surfaces  near  tlieir  outer  e<lges, 
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Fig.  2. 

Rotor  for  Steam  Turbines. 
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Junior  Institution  of  Engineers. ―  A  meeting  of  this  Institution 
will  be  held  on  Wednesday,  the  11th  inst"  when  the 
President,  Sir  A.  Travor  Dawson,  R.N.,  M.Inst.C.E.,  will 
deliver  his  address,  entitled  "  Staff  Officers  in  Industrial 
Works  ：  Their  Scientific  and  Practical  Training  and  Duties." 


as  indicated  at  G,  to  receive  the  side  ribs  H  on  the  buckets. 
Bolts  or  rivets  J  pass  through  the  base  ring  and  side  plates, 
their  ends  being  riveted  over  to  tie  the  structure  together. 
It  will  be  noted  that  the  buckets  are  arranged  in  step 
formation  about  the  periphery  of  the  rotor,  and  the  structure 
is  assembled  by  sliding  the  buckets  into  place  on  the  base 
ring  with  their  tangs  in  the  groove,  spacing  them  apart  by 
the  spacing  blocks,  then  fitting  the  side  plates  so  that  the 
grooves  G  receive  the  ribs  H，  and  finally  in  tying  the  struc- 
ture together  with  the  bolts  J.  There  is  thus  provided  a 
rotor  which  can  be  readily  and  accurately  assembled, 
requiring  little  machining  work  and  producing  a  strong, 
rigid  structure.  It  is  necessary  to  cut  away  the  base  ring 
in  one  or  more  places  as  indicated  at  K,  to  permit  of  the 
insertion  of  the  tangs  into'  the  grooves  when  these  parts  take 
the  dovetail  shape. 

Test  Deflections  in  Reinforced  Concrete. ― At  a  meeting  of  the 
Society  of  Engineers  held  on  December  2nd,  Mr.  Percy  J. 
Waldram,  F.S.I.,  M.C.I. ，  read  a  paper  on  "Test  Deflections 
in  Reinforced  Concrete,"  a  subject  which,  he  stated,  was  one 
requiring  the  closer  attention  of  engineers  before  a  standard 
of  deflection  was  fixed  by  the  proposed  L.C.C.  regulations;  a 
standard  which  might  or  might  not  be  correct  or  even  safe. 
The  stiffness  of  a  beam  was  no  criterion  of  its  strength  unless 
due  regard  were  paid  to  the  factors  of  depth  and  fibre  stiffness. 
The  small  deflections  of  reinforced  concrete  beams  were  some- 
times quoted  as  evidence  of  the  strength  of  the  material,  but 
ifc  was  seldom  noted  that  the  deflections  were  small  because  the 
greatest  loads  placed  on  reinforced  concrete  were  very  much 
less  than  those  commonly  used  upon  wood  or  steel.  Rein- 
forced concrete  was  a  much  weaker  material  than  steel  or 
ordinary  fir,  for  beams  of  equal  size.  A  standard  of  deflection 
suggested  by  the  author  was  referred  to,  but  he  pointed  out 
that  the  effect  of  end  fixing  was  not  yet  fully  determined. 
The  minute  range  of  the  deflections  made  it  all  the  more 
necessary  to  n&e  the  greatest  care  in  fixing  a  standard. 
Reference  was  made  to  the  calculations  necessary  to  determine 
the  strength  of  reinforced  concrete  beams,  and  a  number  of 
formulae  were  given,  with  explanatory  notes.  The  application 
of  these  to  well-known  tests  was  shown  by  a  series  of  eight 
diagrams,  and  particular  attention  was  directed  to  one  in 
which  the  conditions  were  such  as  were  generally  supposed  to 
make  the  calculations  almost  impossible,  on  account  of  their 
intricacy.  By  the  author's  method,  however,  the  problem  was 
shown  to  be  very  much  facilitated. 
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TRANSMISSION  OF  POWER  BY  BELTING, 

BY   R.  BERliY. 

It  is  at  times  quite'  a  problem  to  determine  which  is  the 
most  suitable-  belt  for  a  particular  job,  without  a  proper 
knowledge  of  the'  surroundings.  To  my  mind,  the'  first  thing 
is  to  ascertain  thei  atmospheric  conditions  round  about  where 
the  drive  is  intended  to  be.  For  instance,  if  in  a  very 
heavily  saturated  atmosphere,  such  as  steam'  or  damp,  leather 
is  positively  useless,  because  it  is  well  known  that  a  few  spots 
of  water  dropped  on  to  the  working  face  of  a  leather  belt 
will  cause  instant  slipping  if  the  belt  is  working  at  anything 
like  its  full  capacity.  On  the  other  hand,  moisture  on  cot- 
ton, canvas,  or  oven  rope  drives  at  times  proves  beneficial. 
For  all  moist  atmospheres  or  outdoor  work  cotton,  canvas,  or 
rope  is  preferable  ；  but  in  cases  of  warm,  dry  atmospheres 
(indoor  work,  of  course)  a  good  class  of  leather  is  far  superior 
to  either  cotton,  canvas,  or  rope.  Canvas  and  cotton  belts, 
if  working  in  a  very  warm,  dry  shop,  soon  acquire  a  very 
glossy  surface',  while  the  pulley  face'  becomes  very  nice  and 
bright,  which  is  a  sure  sign  of  slipping  and  loss  of  power. 
Leather,  if  properly  cared  for  and  treated  with  suitable 
dressing,  may  run  for  years  with  but  little  trouble. 

Belting,  like  most  things,  has  more  tlian  one  side  to  be 
considered.  In  this  particular  cas&  we'  have  two  important 
sides ^ the  smooth  or  hair  side'  and  the  soft  or  fleshy  side. 
In  England  we  are  particularly  fond  of  running  our  belts 
with  the  soft  or  fleshy  side  nearest  the  pulley  face,  but  in 
America  belts  arei  frequently  running  with  the  smooth  or 
hair  side  nearest  the  pulley.  There  is  no  doubt  that  the 
hair  side  has  a  greater  coefficient  of  friction  and  consequently 
better  pulley  grip  than  the  under  or  fleshy  side,  although 
the  life  of  th&  belt  will  be  somewhat  shorter.  Personally 工 
favour  the  hair  side  being  nearest  the  pulley  face,  not  only 
for  the  better  grip,  but  also  improved  efficiency.  Again,  it 
is  a  well-known  fact  that  practically  all  the  strength  of 
leather  is  in  the  hair  side.  It  is  quite  possible  to  cut  40  per 
cent,  of  the  flesh  side  away  without  materially  reducing  the 
strength  of  the  belt,  thus  showing  that  the  soft  portion  only 
serves  as  a  wad  or  pad  which  readily  yields  to  the  curved 
surface  or  pulley  face,  and  not  so  much  for  strength.  When 
designing  a  belt  for  the  purpose  of  running  with  the  hair 
side  on  the  pulley  face,  care  should  be  taken  to  avoid  all 
large  rivet  heads.  The  most  important  properties  that  go  to 
constitute  an  efficient  belt  are  :  Reasonable  tensile  strength, 
say  3，0001bs.  per  square  inch;  high  adhesive  qualities ；  prac- 
tically free  from  elasticity  ；  great  flexibility  ；  homogeneous 
throughout  ；  not  greatly  affected  hygroscopically. 

Trouble  is  sometimes  experienced  by  a  belt  constantly 
slipping,  even  though  it  has  been  tightened  up  to  the  very 
maximum  tension  the  bearings  and  shafting  will  stand,  with- 
out seriously  heating  up.  In  such  a  case  there  is  only  one 
legitimate  way  of  getting  over  the  difficulty,  and  that  is  to 
increase  the  velocity  of  belt  by  larger  diameter  of  pulleys, 
or  speeding  up  the  shafting  ；  by  so  doing  better  results  will 
be  obtained,  with  a  reduced  total  tension  upon  th&  bearings 
and  shafting,  which  will  have  a  double  effect  of  curing  the 
slipping  and  minimising  the  chano&  of  bearing  and  shafting 
seriously  heating  up. 

The  average  tensile  strength  of  ordinary  leather  belting 
is  3,0001bs.  per  square  inch,  that  of  rope  being  about 
20  per  cent,  higher,  although  I  do  not  attach  much  impor- 
tance to  this  knowledge  because  I  consider  the  breaking 
strain  of  any  belt  material  ought  to  b&  quite  a  secondary 
consideration,  seeing  that  the  working  tension  is  always  a 
small  fraction  of  the  breaking  strain,  usually  about  one- 
ei^lith.  A  belt  of  high  tensile  strength,  but  with  a  corre- 
spondingly low  coefficient  of  friction,  although  very  strong, 
will  be'  a  very  poor  transmitter  of  energy. 

Of  late  we  have  heard  a  great  deal  about  the  successful 
employment  of  steel  belts  running  on  rubber  or  cork -faced 
pulleys.  Prof.  Kammerer,  of  Berlin,  makes  great  claim  for 
these,  and  shows  some  remarkably  good  results  obtained 
from  st&el  banding.  Personally  I  fail  to  see  any  great 
advantage  in  the  employment  of  such  high  tensile  material, 
and  cannot  help  but  feel  that  tlie  consequences  might  be 
very  serious  if  a  long  st&el  be】t，  very  much  like  a  handsaw, 
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only  considerably  wider,  longer,  and  heavier,  should  break. 
While'  a  good  class  of  steel  may  have  a  tensile  strength  20 
times  greater  than  ordinary  leather,  and  a  steel  belt  lin. 
wide  do  the  work  of  a  single  leather  belt  20in.  wide,  I  cannot, 
even  on  this  assumption,  see  any  real  advantage.  In  the 
first  place,  if  one'  material  is  20  times  stronger  than  another 
then  we  increase  our  working  tension  by  the  same  ratio  ； 
obviously  the  factor  of  safety  is  practically  the  same,  and 
pressure  per  square  inch  of  surface'  made'  by  the  steel  belt 
on  rubber-faced  pulley  must  be  enormous,  and  one'  that  would 
soon,  I  should  imagine,  cut  a  deep  furrow  in  the  oonijiosition 

Again,  a  steel  band  running  upon  a  rubber-faoed  pulley 
cannot  possess  a  better  coefficient  of  friction  than  a  rubber 
or  oork-faoed  belt  running  upon  an  iron-faced  pulley,  so  that 
everything  carefully  considered  from  my  point  of  view,  the 
only  real  advantage  obtained  by  the  use  of  st&el  belting  is 
that  the  space  occupied  is  very  much  narrower,  as  well  as 
the  pulley  faces.  Also  in  otlier  parts  he  shows  belts  travel- 
ling at  a  velocity  of  10,000ft.  p&r  minute,  and  judging  from 
what  I  know  of  pulleys,  however  carefully  balanced,  that  is 
a  dangerous  speed,  and  not  to  b&  recommended. 

It  is  usual  to  assume  that  the  mimbe'r  of  revolutions  of 
two  shafts  con nected  by  a  band  is  inversely  as  the  diameters 
of  both  driver  and  driven  pulleys,  and  for  inost  purposes  it 
is  perhaps  safe  to  accept  it  as  such,  although,  strictly  speak- 
ing, it  is  not  quite  true,  because  when  a  belt  is  doing  work 
the  tight  or  working  side  will  be'  constantly  stretching  con- 
siderably more  than  the  slack  side,  the  amount  depending 
upon  the  elastic  properties  of  the  material  used  in  making 
the  belt  and  the  working  tension  or  load  brought  upon  it. 
Consequently  the'  pulley  and  shaft  which  are  being  driven 
will  fall  beliind  in  speed  by  an  amount  equal  to  the  excess  of 
extension.  For  in.stance,  it  has  been  shown  that  by  using  s 
very  elastic  belt  the  driven  shaft  was  only  running  about 
half-speed  of  the  driving  shaft,  although  both  pulleys  were 
practically  the  same  diameter.  The  creeping  effect  wliich  is 
constantly  going  on  will  also  tend  to  increase  this  lagging 
behind  of  the  driven  shaft,  which  is  also  increased  by  the 
longer  distance'  between  shafts,  although  there  may  not  be 
any  slipping  (in  the  real  sense  of  the  word)  going  on.  The 
creeping  effect  of  belts  is  often  spoken  of  as  being  a  legiti- 
mate effect  of  lagging  behind,  which  is  an  actual  loss  of 
power,  and  one  that  unfortunately  cannot  be  avoided,  either 
by  means  of  belt  tighteners,  belt  compounds  or  solutions,  or 
patent  pulley  coverings.  It  is  due'  to  the  band  undergoing 
compression  and  tension  every  time'  it  passes  over  the  pulleys, 
and  cannot  be  prevented  by  tightening  up  the  belt  ；  there- 
fore it  does  not  represent  the  usual  slip  often  experienced 
when  running  with  slack  belts.  With  a  good  class  of  mate- 
rial the  amount  of  creep  should  not  ©xoeed  1  per  cent.,  whilst 
the  amount  of  slip  due  to  unequal  stretching  between  tight 
and  slack  sides  of  belt  should  not  exceed  1 J  per  cent.  There- 
fore the  total  lagging  effects  upon  a  properly  designed  belt 
drive  should  not  be  more  than  2  to  2\  per  cent. 

In  selecting  a  suitable  leather  belt  to  perform  a  certain 
duty  care  should  be  taken  to  avoid  double  leather  belts  as 
much  as  possible,  especially  where  the  pulleys  are  very  small 
in  diameter.  If  a  belt  gives  trouble  by  constantly  slipping, 
better  by  far  increase  the  velocity  of  the  belt  by  increasing 
the  diameter  of  both  pulleys  if  possible,  for  by  doubling  the 
velocity  of  the  belt  a  double  output  in  energy  transmitted 
will  be  obtained  without  th'&  slightest  increase  of  pressure 
upon  the  bearings,  pulleys,  and  shafting.  Tlius  the-  life  of 
the  bearings,  shafting,  and  loos&  pulleys  are  prolonged,  and 
the  total  frictional  losses  are  considerably  reduced  or  the 
combined  overall  efficiency  improved. #  The  weight  of  a  belt 
should  b&  as  small  as  possible,  consistent  with  the  extreme 
power  to  be  transmitted  by  it  ；  this  not  only  saves  a  waste 
of  power  in  keeping  the  belt  itself  in  motion,  but  its  light- 
ness also  reduces  the  centrifugal  action  that  tends  to  keep 
the  belt  from  coming  into  proper  contact  with  the  pulley 
face,  especially  at  very  high  speeds.  Anyone'  who  has  noticed 
a  double  leather  b&lt  passing  round  a  small  pulley  at  very- 
high  speed  must  have  observed  the  belting  being  pulled  away 
from  the  pulley  face  several  degrees,  due'  to  the  rigidity  and' 
inflexibility  of  the'  belt,  and  if  th'e'  arc  of  contact  is  as  impor- 
tant as  we  are  led  to  believe,  then  I  am  perfectly  in  order 
in  trying  to,  as  much  as  possible,  discourage  tlie  use  of  double 
leather  or  any  other  heavy,  thick  belt  material. 
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In  making  this  statement  I  am  fully  aware  of  the  fact 
that  it  is  not  always  possible,  or  even  convenient,  to  obtain 
a  high  velocity  of  belt  speed  without  going  to  the  great  expense 
of  practically  re-designing  the  machine,  and  often  machine- 
makers  put  pulleys  far  too  narrow  and  too  small  in  diameter 
to  allow  of  a  suitable  bait  being  fitted.  In  such  cases  as 
these  there  is  no  alternative  but  to  put  on  a  double  leather 
belt,  or  even  compound  it  by  putting  on  a  second  belt  the 
same  width,  to  rid©  Xipon  the  top  of  the  original  one.  In 
either  case  an  excessive  tension  is  put  upon  the  shafts  aud 
bearings.  If  both  pulleys  are  reasonably  large  in  diameter, 
say  not  less  than  4ft.  or  5ft.,  there  is  not  much  harm  in 
using  double  leather  belting. 

Engineers  are  generally  agreed  that  for  the  purpose  of 
causing  a  belt  to  always  run  in  centre  of  pulley  it  is  necessary 
to  have  the  pulley  faces  rounded,  but  to  what  extent  all  do 
not  agree.  Therefore  it  is  no  uncommon  thing  to  see  a  band 
running  upon  two  pulleys  witli  a  wide  difference  of  convexity 
or  roundness  of  face.  In  fact,  on-e  can  see  at  times  a  band 
running  from  one  pulley  (probably  the  driving  pulley)  with 
a  very  much  rounded  face  to  another  having  a  perfectly  flat 
face,  which,  to  say  the  least,  cannot  be  considered  good 
practice,  and  must  be  very  injurious  to  the  band.  The 
diameter  of  a  pulley  should  not  have  any  influence  with 
regard  to  amount  of  convexity,  this  being  solely  controlled 
by  the  width  of  face,  and  in  order  to  adopt  some  universal 
method  the  writer  suggests  the  following  ：  Square  the  width 
of  face  measured  in  inches,  and  add  10  to  the  result,  the 
figure  obtained  being  used  as  the  radius  for  striking  the  arc 
of  convexity,  from  which  sheet-steel  gauges  could  be  struck, 
made,  and  kept  by  for  use.  As  an  example,  take  a  pullev 
with  a  6in.  face,  then  6x6+  10  =  46.  This  should  be  the 
radius  for  striking  the  arc.  This  is  a  method  I  have  used 
for  many  years,  and  it  has  proved  very  satisfactory  for  any 
width  of  pulley.  It  will  also  be  found  thoroughly  consistent 
with  good  practice,  and  if  generally  adopted  would  entirely 
remove  the  unsightliness  of  such  varied  degrees  of  convexity. 

With  regard  to  the  arc  of  contact  there  appears  to  be  a 
tremendous  lot  of  misapprehension -  Text-books  dealing  with 
power  transmission  invariably  refer  to  the  importance  of  the 
arc  of  contact,  and  also  refer  to  the  great  gain  for  a  slight 
increase  in  the  arc  embraced  by  the  belt.  Usually  this 
increase  is  produced  by  jockey  pulley6  or  idlers,  and  by 
endeavouring  to  get  the  slack  side  of  belt  on  top.  There  is 
no  doubt  that  as  you  increase  the  arc  of  contact,  embraced 
by  real  direct  tension,  you  must  obviously  increase  the  grip- 
ping powers  of  the  belt,  but  to  increase  the  arc  of  contact 
by  idlers,  jockey  pulleys,  or  having  slack  side  of  belt  on  top, 
I  consider  to  be  a  very  poor  way  of  obtaining  the  object  ； 
to  my  mind  it  is  robbing  Peter  to  pay  Paul.  Neither  does 
it  speak  any  too  well  for  the  designer.  It  has  always  been 
a  mysberv  to  me  why  engineers  should  put  down  slow  revolv- 
ing engines  or  main  shafting  to  drive  high-speed  machines, 
then ,  owing  to  the  great  ratio  between  two  pulleys,  resort 
to  idlers  or  joc-key  pulleys,  placing  them  near  the  smallest 
pulley  for  the  purpose  of  increasing  the  arc  of  contact.  If 
the  machines  to  be  driven  are  of  necessity  high  speed,  by  all 
means  speed  up  the  driving  shaft  or  put  down  high-speed 
engines,  gas,  oil,  steam,  or  even  steam  turbines,  and  either 
couple  up  direct,  or  if  it  must  b&  belt  drive,  then  design 
same  to  have  pulleys  of  equal  diameter  or  thereabouts,  but 
certainly  not  more  than  4  to  1  ratio. 

With  regard  to  distance  between  centres  of  shaft,  I  have 
always  considered  the  case  to  be  well  met  if  we  take  total 
circumference  of  both  pulleys  to  represent  distance  between 
centres  of  shaft,  whatever  the  diameter  of  pulleys  may  be. 
Such  distances,  to  my  mind,  give  sufficient  flexibility  and 
room  to  turn  in  without  useless  waste  of  belt  material. 

After  a  new  machine  (either  electrical  or  mechanical)  has 
been  fixed  and  the  belt  attendant  summoned  to  measure  for 
the  necessary  length  and  width  required,  one  of  the  greatest 
difficulties  he  has  usually  to  contend  witli  is  how  to  deter- 
mine tlie  proper  width  it  should  be  in  order  to  just  transmit 
sufficient  energy  to  obtain  the  maximum  rated  output  from 
new  maoliine,  with  a  minimum  initial  tension  on  both  shaft- 
ing and  bearings  and  consistent  with  highest  efficiency. 

The  length  is  quite  easy  to  measure,  but  width  and  thick- 
ness is  quite  another  matter  altogether,  so  that,  generally 
speaking,  t lie  only  guide  the  non-teclinical  man  has  to  ]ielp 


him  in  deciding  this  is  the  width  across  the  face  of  the 
pullev  or  band  guide,  which  is  usually  supplied  witU  machine. 
Then  by  some  mistake  or  other  the  pulley  supplied  witli 
machine  is  rather  wider  than  actually  necessary,  then  the 
purchaser  or  employer  of  belt  man  will  be  put  to  the  extra 
expense  of  buying  an  unnecessarily  wide  band,  owing  to  the 
man's  inadequate  knowledge  of  belt  tensions  or  of  belt 
capacity  generally.  On  the  other  hand,  should  the  pulley 
be  too  narrow  or  too  small  in  diameter  for  the  full  or  rated 
amount  of  work  the  madnne  is  guaranteed  to  perform,  then 
the  man  whose  duty  it  is  bo  attend  to  the  banding  will  l)e 
continually  called  upon  to  either  use  some  band  solution  or 
tighten  up  the  band  every  time  the  machine  is  being  worked 
up  to  its  rated  output. 

To  be  continually  tightening  up  the  belt  means  courting 
mishaps  and  further  trouble,  because  there  is  a  limit  to  the 
tension  which  belting  will  stand,  and  having  reached  that 
limit,  the  band  ultimately  breaks  and  so  causes  a  complete 
stoppage,  which  may  be  rather  serious.  There  is  also 
another  point  to  be  considered  with  running  belts  which  have 
been  tightened  to  an  excessive  pitch,  and  that  is  the  life  of 
bearings,  shafting,  and  loose  pulleys.  It  stands  to  reason 
that  where  very  excessive  tensions  are  employed  the  life  of 
all  wearing  parts  must  be  considerably  shortened.  This 
causes  great  loss  of  time,  money,  and  temper,  and  is 
altogether  very  unsatisfactory. 

After  years  of  experience  with  belt  drives  and  engineer- 
ing generally,  the  writer  has  found  that  a  good  all-round 
and  easily-remembered  rule  for  belt  calculations  is  that  lft. 
per  minute  of  belt  speed  per  inch  width  of  belt  is  safely 
equal  to  transmitting  one  watt  of  electrical  energy.  So  that 
if  we  multiply  the  band  speed  in  feet  per  minute  by  the 
width  in  inches  the  result  will  be  total  energy  in  watts,  or 
(dividing  by  1,000)  equal  kilowatts  that  the  band  can  safely 
be  relied  upon  to  transmit,  without  any  undue  tension  being 
brought  upon  any  part  of  the  band,  or  excessive  friction  on 
any  part  of  the  machinery.  It  must  be  strictly  understood 
that  these  data  only  apply  to  single  leather  belting  or 
woven  belt  of  equal  thickness.  If  a  light  double  leather 
band  be  employed,  then  25  per  cent,  more  energy  may  be 
calculated  upon,  or  for  heavy  double  leather  as  much  as  60 
per  cent,  more  may  be  added. 

The  great  advantage  in  adopting  this  method  or  rule  is 
that  it  fixes  a  constant  for  working  tensions,  so  that  the 
working  tension  becomes  directly  proportioned  to  the  width 
in  inches,  this  constant  being  44*241bs.  pull  per  inch  widtli 
of  belt.  Therefore,  if  it  is  required  to  know  the  difference 
in  pounds  pull  on  the  tiglit  and  slack  side  of  any  belt,  all 
we  have*  to  do  is  divide  the  total  output  of  machine  measured 
in  watts  by  velocity  of  belt  in  feet  per  minute  and  multiply 
results  by  44*24,  and  the  product  will  be  the  extra  pull  in 
pounds  of  the  tight  side  over  the  slack.  It  also  conveys 
some  idea  to  the  average  man,  when  he  is  deciding  upon  a 
belt,  as  to  what  amount  of  stress  is  likely  to  be  brought 
upon  tlie  belt  when  being  worked  up  to  the  maximum  load, 
thus  obviating  all  troubles  arising  from  belts  being  either 
worked  excessively  tight  or  ridiculously  slack.  The  above 
working  tension  per  inch  width  of  belt  is  fairly  low,  being  one 
that  any  class  of  belt  should  stand. 

Taking  our  rule,  which  teaches  us  that  lft.  per  minute 
of  belt  speed  per  lin.  width  of  belt  is  equal  to  transmitting 
one  watt  of  electrical  energy,  we  find  that  to  divide  the  total 
output  (of  any  dynamo  or  motor)  given  in  watts  by  the 
velocity  of  belt  measured  in  feet  per  minute,  the  result  will 
give  tlie  width  of  belt  required  for  that  dynamo  or  motor. 

Then,  formulating  the  rule,  let  W  equal  widtli  of  belt  in 
inches,  T  equal  driving  tension  per  inch  widtli  of  belt,  V 
equal  velocity  of  belt  in  feet  per  minute,  F  equal  total 
driving  tension  of  belt.    Then  we  have  ： ― 

(1)   W  x  V  =  output  of  machine  in  watts. 


(2)  W 


V 


746 


= E.H.P.  (electrical  horse-power.) 


(3) 


(4) 


Amps  x  Volts  Watts 

v  = 

H.P.  x  746  Watts 


= width  of  belt  required  =  W  in 
inches. 


V 


V 


= width  of  belt  =  W. 
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(5) 
(6) 


RR  x  746 
W 

H.P.  x  33,000 


Watts 
W 


= velocity  of  bolt  =  V. 


W  x  V 

(7)   W  x  T  =  driving  tension  (F) 


driving  tension  per  inch  width  of  belt  T. 
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編. 

To  calculate  the  stress  on  l)aiuling  in  motion  due  t'o  the 
action  of  centrifugal  force. 

Let  W  equal  the  weight  of  1  cub.  in.  of  leather  which  equals, 

say,  '0358^.，  and 

^      .P     、  ^  *0358  x  V-  x  2  x  R  x  12     4296  x  V2 

Centrifugal  iorce  = — 


G  x  R  x  2 


G 


of 


So  that  a  single  leather  band  running  at  G, 000ft.  per  minute, 
and  |in.  thick,  will  have  a  stress  of  33'41bs.  per  inch  in 
width. 

It  should  be  noted  that  at  6,600ft.  per  minute  the  stress 
•entrifugal  force  is  jupt  equal  to  the  maximum  driving 

force,  whatever  the  width 
may  be,  consequently  the 
factor  of  safety  is  very 
considerably  reduced  at 
this  excessive  belt 
velocity. 


Fia. 


.—Internal-combustion  Engink  with 
Kotaby  Valve. 


INTERNAL-COMBUSTION 
ENGINE  WITH  ROTARY 
VALVE. 

The  accompanying  illus- 
trations show  a  design  of 
internal-combustion  en- 
gine, the  joint  invention 
of  Mr.  T.  Spencer  James, 
Buffalo  Works,  Strand-on- 
Green,  Chiswick,  Mr.  E. 
Gordon  Oi'r,  and  Mr. 
G.  J.  Maude.  The 
engine  is  of  the  type  in 
which  the  piston  recipro- 
cates within  a  rotary  liner 
arranged  within  the  cylin- 
der and  adapted  to  effect 
communication  between 
its  interior  and  the  inlet 
and  exhaust  ports  at  the 
desired  times,  the  neces- 
sary rotary  motion  being 
imparted  to  the  liner  by 
co-operative  gearing  at  the 
base  of  the  liner  and  on 
the  crank  shaft  respec- 
tively. Pig.  1  shows 
a  sectional   elevation  of 


tlie  engine,  Fig.  2  a  plan  view  of  the  top  of  the  rotating  liner, 
and  Fig.  3  a  cross-section  on  line  A ― B  of  Fig.  1 . 

The  cylinder,  crank  case,  piston,  piston  rod,  and  shaft  are 


of  tlie  usual  design.  Wiihin  the  cylinder  a  ]-ot  ;i!  ;t lilo  linor 
E  is  fitted,  and  is  supported  in  at   its  upper  oiul  hy 

the  head  F  of  the  cylinder  by  means  of  a  bolt  G  passed 
through  both  the  end  of  the'  liner  and  the  head,  the  flat 
contacting  surfaces  of  both  being  gas-tight.  The  liner  is 
free  to  rotate  with  the  bolt  G,  and  is  turned  by  a  notched 
ring  H  rotatably  supported  l>eiween  tlie  crank  case  and  tlie 
cylinder.    Tlie  rotation  of  t  he  rin^  is  transferred  i  o  1 1 u\  liner 


Pm.  2.  Fig.  3. 

lNTKRNAT--fOMBTTSTION  ENC4INE  WITH  ltOTAUY  VALVE. 

by  the  projections  in  the  end  of  the  liner  fitting  within 
re<:esp«s  or  notches  on  the  ring.  The  under  side  of  the  ring 
H  is  cut  to  receive  a  worm  or  helix  C,  the  convolutions  of 
which  are  interrupted  hy  straight  portions.  The  worm  ts 
provided  on  the  crank  cheeks  J，  the  arrangement  of  the 
cuts  and  the  worm  being  such  that  the'  liner  is  turned  to 
bring  one  of  the  openings  L  opposite  the  intake  K  when 
tlie  piston  descends,  to  close  all  the  openings  wlien  it  ascends, 
to  bring  an  opening  opposite  the  sparking  plug  M，  and  wheii 
the  piston  has  again  descended  or  thereabouts  and  is 
re-ascending,  to  bring  an  opening  opposite  the  exhaust  N， 
the  sequence  being  repeated  for  tine  charging,  compressing, 
firing,  and  scavenging  of  the  cylinder.  Tlie  crank  is  out  of 
line  with  tlie'  centre  of  the  cylinder  for  the  purpose  of  allow- 
ing thei  interrupted  worm  or  helix  to  gear  with  the  front 
and  clear  the  rear  portion  of  the  notched  ring.  The  inter- 
rupted worm  is  of  irregular  curvature  for  the  purpose  of 
producing  tlie  required  intermittent  movement  of  the  liner, 
and  hold  it  stationary  when  compression  and  firing  take 
place,  and  also  during  part  of  charging  and  exhausting. 
The  liner  bolt  G  is  made  fast  to  and  carried  round  by  the 
liner  and  the  cap  and  sheath  is  in  turn,  by  a  feather  or 
key,  carried  round  by  tlie  bolt  also;  a  spring,  as  shown,  is 
compressed  by  means  of  the  nut,  thus  holding  up  to  the 
cylinder  head  or  buttressing  tlie  spring-suspended  liner,  the 
cap  preventing  the  friction  of  the  piston  on  the  suction  stroke 
from  actually  severing  the  gas-tight  joint  set  up. 


Black  Line  Reproductions  of  Tracings* ―  A  method  of  making 
black  line  reproductions  of  tracings  was  described  by  Mr.  C. 
F.  Bell  before  the  New  York  Society  of  Municipal  Engineers 
as  follows  :  A  blueprint  is  made,  using  a  very  slow  paper,  the 
chemical  coating  on  which  is  slightly  different  from  that  in 
general  use.  This  print  is  not  washed,  but  is  placed  face 
downward  on  a  sensitised  gelatine  plate  and  an  ordinary  gum 
roller  is  run  over  it.  The  paper  is  then  removed,  having  in 
this  short  time  etched  a  negative  on  the  gelatine.  If  any 
dirty  spots  appear  on  the  plate  they  are  removed  by  a  wet 
sponge.  This  plate  is  then  inked  with  a  special  printer's  ink 
from  a  gum  roller,  only  the  etched  portions  taking  the  ink. 
A  print  is  obtained  by  placing  the  paper  or  cloth  over  the 
plate  and  running  a  roller  over  it.  To  make  duplicate  prints, 
no  further  work  is  necessary  than  to  re-ink  for  each  impres- 
sion. There  is  no  distortion,  and  while  a  Van  Dyke  print 
shows  brown  lines  on  a  somewhat  discoloured  background,  the 
black  print  above  described  can  be'  made  on  any  material,  and 
gives  good  black  lines  on  a  clean  background,  which  allows  the 
making  of  additions  in  ink  without  changing  the  general 
appearance  of  tlie  print.  In  the  Van  Dyke  process  tlie  lines 
of  thei  print  are  in  the  paper  itself,  while  the  lines  of  the  black 
print  are  printed  on  the  surface  of  the  paper  and  can  be 
removed  with  an  eraser.  A  field  office  may  at  different  times 
need  blueprints  of  a  tracing  that  is  in  the  general  office  and 
for  that  purpose  a  black  line  print  on  a  thin  strong  paper, 
which  is  an  exact  duplicate  of  the  original  tracing,  and  from 
which  blueprints  can  be  obtained,  can  be  sent  to  and  kept  on 
file  at  the  field  office. 
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SOME  USEFUL  MACHINE  TOOL  ACCESSORIES. 

We  have  pleasure  in  illustrating  herewith  several  ingenious 
machine  tool  accessories,  &('.，  manufactured  by  Messrs. 
Edward  G.  Herbert,  Ltd.,  of  Atlas  Works,  Levenshulme, 
Manchester,  which  we  were  unable  at  the  time  to  include  in 
our  notice  of  the  firm's  exhibit  at  Olympia.  Tliey  will  be 
found  almost  indispensable  adjum'ts  to  planing,  shaping,  and 


suggest  themselves  to  the  reader.  The  chief  advantages 
claimefl  for  t  his  ty]>e  of  holt  is  tliat  t  lie  lengt  li  can  be 
dtered  ；  one  adjustable  holt  takes         ])lace  of  a 


Fig.  2. 

Messrs.  Edwabd  G.  Herbert,  Ltd.,  Manchester. 

drilling  machines,  and  as  such  we  anticipate  that  the  firm 
will  have  a  large  sale  for  them. 

Figs.  1  and  2  show  a  convenient  form  of  box  jig,  the  use 
of  which  renders  it  possible  to  machine  or  drill  on  five  diffe- 
rent sides  of  an  object  at  one  setting.  The  work,  as  will  be 
s&en,  is  fixed  on  the  most  convenient  side'  of  the  jig,  which 
can  then  be  turned  on  to  five  different  sides  in  succession, 
or  carried  from  machine  to  machine  without  resetting  the 
work.  Besides  saving  a  number  of  settings,  this  ensures 
that  all  the  holes  and  surfaces  are  square  or  parallel  to  each 
other. 

Figs.  3  and  4  show  an  adjustable  angle  plate  by  the  use 
of  which  work  may  be  quickly  and  correctly  set  at  any  angle, 
with  a  great  saving  of  time  over  old  methods.  The  plates 
are  set  by  loosening  two  nuts  and  turning  the  plate  round 
till  the  indicating  line  is  opposite  the  required  angle  on  the 
scale  of  degrees.  The  nuts  are  then  tightened  up  and  the 
plate  is  ready  for  use. 

Fig.  4  shows  how  they  may  be  used  with  the  "  Rapid  '， 
machine  vice,  another  of  the  firm's  specialities.  This 
vice  is  so  constructed  that  when  the  bolt  is  slackened 
the  loose  jaw  is  quite  free  to  slide,  and  can  be  instantly 
adjusted  to  any  size  of  work.    It  can  also  be  swivelled,  or 


Fio.  3.— Adjustable  Anolk  Plate.    Messrs.  Edward  G.  Hkubert,  Ltd., 
Manchester. 

entirely  reversed,  so  as  to  convert  tlie  vice  into  a  dog,  and 
in  tliis  way  two  vices  can  be  used  to  hold  work  up  to  any 
size.  The  action  of  the  bolt  is  to  draw  the  jaw  downward, 
and  tfiis  gives  the  work  a  true  bed,  whereas  in  the  ordinary 
type  of  screw  vice  the  jaw  tends  to  spring  upwards  and  so 
lifts  the  work. 

Figs.  5,  G，  and  7  show  an  ad  justable  chain  bolt,  some  of 
tlie  uses  of  which  will  be  understood  by  a  reference  to  these 
illustrations,   tliougli,  of   course,  innumerable   others  will 


Fig. 


I.— Adjustable  Angle  Plate. 

Manchester. 


^DWAHD  G.  Hr.HBERT,  LTD., 


whole  set  of  ordinary  bolts  ；  they  can  be  passed  round  objects 
such  as  pipes,  cylinders,  &c.  (see  Fig.  6)  ；  they  save  the  time 
usually  spent  in  looking  for  special  length  bolts  ；  and  avoid 
the  necessity  of  bending  bolts  (s&ei  Fig.  7.)  All  parts  are 
strictly  interchangeable,  and  extra  chain  can  be  quickly 
added  by  inserting  a  pin,  as  will  be  readily  understood. 

Figs.  8  and  9  show  a  "  Combination  "  cramp  made  by  the 
firm,  and  the  many  uses  to  which  this  can  be  put  will  make 
it  indispensable  in  the  machine  shop.  It  consists  of  a  strong 
steel  arm,  hardened  on  its  wearing  surfaces,  and  pivoted  on 
a  casi>iron  block.  Used  as  an  end  cramp  (Fig.  8)  in  cases 
where  the  work  has  to  be  machined  on  the  upp&r  surface,  it 
holds  the  work  firmly  and  presses  it  down  on  the  surface  of 
the  table,  thus  ensuring  a  perfectly  true  bed.  The  two  bolts 
in  the  block  enable  it  to  take  讀 
tlie  thrust  of  the  tool  without 
shifting,  the  larger  sizes  being 
suitable  for  the  heaviest  class 
of  work. 

Used  as  a  side  cramp,  it 
holds  the  work  firmly  and 
presses  it  down  in  the  same 
way  as  when  used  as  an  end 
cramp.  Only  one  bolt  is  re- 
quired to  fix  the  block  down, 
and  this  can  be  placed  in  either 
of  the  two  holes  shown  in  Fig. 
8.  One  of  these'  will  probably 
suit  the  machine  table  slots, 
but  by  turning  the  block 
round  two  further  positions  are 
secured,  as  the  pivot  is  nearer 
one  hole  than  the  other. 

Used  as  an  ordinary  cramp 
(Fig.  9)，  as  the  arm  is  pivoted 
out  of  the  centre  of  th&  pack- 
ing block  in  both  directions, 
turning  tlie  block  round  gives 
a  different  gripping  li eight  for 
each  of  the  four  sides  of  the 
block.  No  time  is  thus  wasted 
in  looking  for  tlie  usual  pack- 
ing blocks. 

Figs.  10  and  11  show  a  key  extractor,  a  new  tool  for  the 
use  of  millwrights  and  general  engineers.  This  device 
enables  keys  to  be  easily  withdrawn  from  pulleys,  rolls, 
heavy  gearing,  &c.  In  use  two  small  grooves  are  cut  in  the 
key  with  a  chisel  or  file,  as  shown  at  A  in  Fig.  II.  The 
jaws  of  th^  extractor  fit  in  these  grooves,  and  the  screws 
B,  B  prevent  them  opening.  The  frame  of  the  extractor 
abuts  against  the  boss  of  the  wlieel  or  pulley  D，  and  the  key 
is  easily  withdrawn  by  turning  the  nut  C.  It  will  be  seen 
that  tlie  use  of  this  device  effects  a  gfeat  saving  of  time  and 
labour,  and  also  avoids  damaging  the  keys  or  pulleys. 


Fig.  r>. ― An.TUSTABLr.    Chain  Boi.t. 
Messrs.  Edward  G.  Herbert,  Ltd., 
Manchester. 
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THE  INDIVIDUAL  ELECTRIC  DRIVE  IN  WEAVING  SHEDS. 

A  paper  on  individual  electric  drive  in  a  modern  weaving 
shed  was  read  by  Mr.  S.  N.  C.  K.  Whitehead  at  a  meeting 
of  the  Manchester  Students'  Section  of  the  Institution  of 
Electrical  Engineers,  in  the  Municipal  School  of  Technology 
last  week - 

A  factory,  he  said,  was  understood  to  be  equipped  with 
iiulividual  electric  drive  wlien  every  machine  in  it  was  drivou 
hv  a  separate  electric  motor,  and  it  was  only  within  recent 


Fig.  ti.— Adjustable  Chain  Bot.t  used  on  Rottxd  0""-:ct.   (See  p.  713.) 

years  that  this  method  of  driving  weaving  sheds  had  come 
to  the  front,  owing  to  the  conservatism  of  British  weavers, 
who  had  been  suspicious  of  adopting  any  system  so  radically 
different  from  what  they  had  been  accustomed  to.  But  the 
general  advantages  of  this  individual  drive  were  so  marked 
that  now  when  new  sheds  were  erected  the  owner  nearly 
always  considered  the  individual  elei'ti'ic  drive  as  an  alterna- 
tive to  electric  group  or  mechanical  drive. 

Discussing  first  the  choice  of  electrical  supply,  Mr.  White- 
head pointed  out  that  direct  current  was  quite  out  of  the 
question  for  the  purposes  under  consideration,  because  it 
was  of  vital  importance  that  the  turning  movement  of  the 
mechanism  driving  the  loom  should  be  absolutely  steady  and 
free  from  any  impulses  or  shocks,  however  slight.  It  was 
also  necessary  that  the  starting  of  the  looms  should  be  rapid 
and  without  jerk.  The  loom'  should  be  running  at  its  full 
load  speed  almost  directly  it  was  started.  This  condition 
might  b©  satisfied  by  a  direct-current  series  motor  thrown 
directly  upon  the'  supply  mains,  with  perhaps  a  small  per- 
manent resistance  in  series,  but  it  would  be  very  inefficient, 
as  losses  would  occur  in  the  resistance.  If  this  resistance 
were  cut  out  when  tlie  motor  was  up  to  speed  a  jerk  miglit 
result  which  would  ruin  the  fabric.  In  starting  directly, 
again,  there  was  always  the  danger  of  a  small  motor  "  buck- 
ing* over."  Experience  proved  that  a  great  saving  was 
effected  by  using  the  polyphase  high-efficiency  loom  motor, 
and,  in  his  opinion,  the  most  suitable  scheme  for  a  weaving 
shed  was  a  3-phase  50  or  40-period,  200  to  230-volt  system. 

In  securing  current,  there  were  advantages  in  purchasing 


Fig.  7.— Adjustable  Chain  Polt,  taking  the  Place  of  a  Rent  Bolt.  (See  p.  713.) 

from  some  public  supply,  company  if  there  were  one'  within 
reasonable  reach.  It  meant  less  initial  capital  expenditure 
and  greater  economy  of  space.  After  describing  the:  desirable 
(jualities  and  the  mechanical  and  electrical  characteristics  of 
the  electrical  gear  likely  to  be  met  with  in  weaving  sheds, 
Mr.  Whitehead  compared  it  with  other  apparatus  used  there 
for  the  same  purpose. 

The  advantages  of  individual  electric  drive,  he  said,  were 
many.  For  tlie'  most  economical  operation  it  allowed  of  the 
selection  of  exactly  the  right  power  unit  for  every  machine 
to  be  driven.    Tli^  absence  of  belt  and  shafting ― an  especial 


advantage  in  tlio-  eyes  of  continental  experla— groaily 
increased  the  li^lii  in  the  slieds  and  made  them  much  cleaner. 
Belts  flung  dust  about  and  dropped  oil  on  to  tlie  clotli. 
Then  additional  looms  might  be  added  with  the  greatest  ease. 
Should  the  owner  of  the  belt-driven  sli'ed  have  in  mind 
future  extensions,  he  would  have  to  provide  abnormally 
large  shafts  to  take  into  account  tlie  extra  exp^ted  】oa(l  ； 
whilst  the  owner  of  the  electrically-driven  shed  had  only 
to  see  that,  his  oeneratin^  plant  would  take'  cai*e  of  the  extra 
loud  put  u])on  it,  or,  when  taking  power  from  a  public  supply 


Fin.  H.— "  Combination  "  Cramp  used  as  an  End  Cramp.   Mkksrs.  Edward 
G.  HiutiucHT,  Ltd.  ,  Manchester.   (See  p.  713.) 

company,  to  see  that  his  main  wiring  would  stand  the  extra 
\i)iu\.  Due  to  constant  rotating  speed,  a  better  quality  and 
a  larger  quantity  of  fabric  was  produced.  In  a  belt>driven 
shed,  with  a  group  of  looms  running  off  the  same  shaft, 
should  some  looms  be  shut  off  the  speed  of  th&  others  would 
increase,  and  conversely,  so  that  the  productive  power  of  the 
loom  would  be  continually  altering.  With  individual  electric 
drive  the  shutting  down  of  one  machine  would  not  affect 
in  the  slightest  the  sp&ed  of  the  others,  so  that  the  looms 
would  always  be  running  at  their  theoretical  maximum  speed . 
To  allow  for  occasional  variations  a  belt-driven  loom  had 
to  run  at  an  average'  speed,  and  consequently  the  output 
was  1  ess . 

Practice  liad  shown  that  where  there  were  numerous  belts 
and  countershafts  to  be  driven  there  was  a  great  friction 
loss  in  the  shafts,  thus  greatly  increasing  the  cost  of  pro- 
duction. In  an  electrically-driven  shed  there  were  losses  in 
transmission,  but  only  to  a  very  small  extent,  and  they 
remained  constant,  whereas  the  friction  losses  increased  as 
the  shed  grew  older.  Further,  when  a  loom  was  not  in  use 
its  motor  could  be  completely  switched  off,  and  then  absorbed 
no  power.  With  the  mechanically-driven  loom  this  was  not 
so,  for  supposing  15  looms  were  driven  from  one  countershaft, 
and  10  were  shut  down,  the  losses  due  to  friction  in  the  line 
shafting  and  belting  were  still  being  maintained.  The  power 
consumption  of  each  loom  could  be  measured  by  inserting 


Fig.  9.—"  Combination  "  Cramp  used  as  an  Ordinary  Cram".    (See  p.  713.) 

instruments  in  the  circuits,  and  the'  producing  cost  of  eacli 
loom  allotted  to  a  nicety  ；  and  if  the  machine  were  out  of 
aligninent,  or  if  the  bearings  caused  too  much  friction,  this 
rould  be  detected  by  the  extra  load  indicated  on  the 
ammeter.  Then  the  looms  could  be'  placed  in  any  position, 
thus  utilising  all  the  space.  The'  subdivision  of  power 
assured  fewer  stoppages  from  breakdowns,  and  power  could 
be  more  readily  distributed  to  any  part  of  tlie  shed  by  instal- 
ling the  necessary  wiring  ；  and,  finally,  the  direct  drive  made 
possible  the  use  of  a  lighter  and  more  economical  building 
construction. 
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MICROSTRUCTURE  OF  GERMAN  SILVER. 

At  a  recent  meeting  of  the  Birmingham  se€tion  of  the  Insti- 
tute of  Metals,  a  paper  on  the  microstructure  of  German 
silver  was  read  by  Mr.  0.  F.  Hudson.  He  said  tliat  German 
silver,  like  almost  all  commercial  ductile  alloys  that  were 
rolled  and  drawn,  consisted  essentially  of  crystals  of  one  kind 
only ― a  solid  solution.  Alloys  which  crystallised  as  a  single 
solid  solution  had  generally  a  characteristic  microstructure 


Fig.  10,— Kev  Extkactoii.   Mi-^srs.  Edward  G-  Herbert.  Ltd.,  Manchester.   (Soe  p.  7 丄 3.) 


iji  \]\e  ordinary  cast  state,  owing  to  the  fact  that  each  crystal 
was  more  or  less  uneven  in  ('omposition.  Each  crystal  was 
said  to  be  cored,  and  the  general  structure  belonged  to  that 
type  known  as  the  dendritic  or  fir  treelike  structure.  Very 
slow  cooling  or  suitable  annealing,  after  casting,  would  even- 
tually give  a  perfectly  homogeneous  crystalline  material  in 
consequence  of  the  diffusion  which  took  place  in  each  crystal. 
Ordinary  brass,  such  as  the  70-30  alloy,  was  such  a  single 
solid  solution,  and  its  cored  crystalline  or  dendritic  structure 
in  the  cast  condition,  and  its  homogeneous  crystalline'  struc- 
ture in  the  rolled  and  annealed  condition,  was  now  well  known. 
The  crystals  of  which  70-30  and  similar  brasses  were  com- 
posed were  known  as  tlie  alpha-crystals  of  the  copper-zinc 
systeru,  and  it  was  convenient  to  look  upon  German  silver  as 
consisting  of  alpha  copper-zinc  crystals  which  contained  nickel 
as  well  as  zinc  in  solution,  the  effect  of  the  nickel  being  to 
destroy  their  yellow  colour  and  to  harden  them.  The  micro- 
st  rupture  of  German  silver  thus  resembled  that  of  the  alpha - 
brasses,  but  tlier©  appeared  to  be  one  point  of  difference ~ 
although  only  a  difference  of  degree ― in  tliat  traces  of  tlie  cores 
of    the  original  crystals  remained  after  comparatively  pro- 


Fig.  11.— Key  Extrac  toil    (bee  p.  713. 


loi'gf'fl  an  Dealing  at  the  usual  annealing  temperatures  ；  in 
other  words,  it  seemed  tliat  diffusion  took  place  much  more 
slowly  in  German  silver  than  in  brass.  Apart,  however, 
from  tli is  apparent  slowness  of  diffusion,  which  liad  also  been 
(t))s^vvorl  "，  coppo r-nirkcl  ;illf>ys,  I  lie  crysl  ； illinc  Ii;il>i1  and 
nwvtiHi rw\  urf*  of  (jlerman  sil  vca*  was  exactly  such  as  would 
be  exjxjcted  from  its  cou9titu(  ion. 


VARIABLE-SPEED  HYDRAULIC  POWER  TRANSMISSION 
DEVICE  FOR  MOTOR  VEHICLES. 

A  problem  which  lias  for  many  years  ent iced  inventors, 
engineers,  and  makers  of  self-propelled  vehicles  lias  been  tliat 
of  designing  a  variable- speed  hydraulic  power-transmission 
gear  for  use  on  such  vehicle's.  Tlie  essential  elements  of  such 
a  device  are  very  simple.  It'  is  only  neoessary  to  coinieci  tlie 
driving  motox*  to  a  pumj),  to  pipe  the  water  delivered  by  tli" 

pump  to  a  hydraulic  engine,  and 
pipe  the  water  discharged  by  tlie 
engine  back  to  the  pump,  and  to  pro- 
vide means  whereby  the  pump  may 
vary  the  quantity  of  water  delivered, 
while  its  driving  motor  runs  at  con- 
stant speed,  and  the  apparatus  is 
complete.  But  it  is  quite  another 
matter  to  devise  an  apparatus  of  this 
sort  which  will  be  not  only  mechani- 
cally operative,  but  commercially 
practicable,  and  inventors  by  tlie 
dozen  have  given  up  the  task,  after 
patience  and  funds  were  exhausted. 
One  of  the  elements  essential  to  suc- 
cess, for  example,  is  high  efficiency. 
If  this  is  not  attained  the  frictiona] 
loss  will  reappear  as  heat  in  the 
power-transmitting  liquid .  The 
temperature  of  this  liquid  will 
rapidly  increase,  until  the  point 
is  reached  where1  radiation  loss 
will  equal  the  heating  effect,  and  this  temperature  may 
be  so  high  as  to  make  the  device  impracticable.  In  the 
early  days  of  the  Wesbinghouse1  Electric  Company,  wlien  a 
variable-speed  gear  for  electric  street  cars  (at  that  time 
equipped  with  low-powered  motors)  was'  considered  very  im- 
portant, a  variable-speed  hydraulic  gear  transmission  of  the 
turbine  type  was  worked  out  and  tried,  with  the  result  that 
the  water  used  in  the  transmission  promptly  reached  a  boil- 
ing temperature.  Experience'  sincei  that  day  in  the  construc- 
tion of  hydraulic  brakes  has  made  it  clear  that  very  】iigli 
speed  has  its  drawbacks  in  hydraulic  power  transmission. 

Besides  the  necessary  high  efficiency  a  hydraulic  transmis- 
sion gear,  to  be  available'  for  use  on  motor  vehicles,  must  be 
compact  enough  to  admit  of  installing  it  in  the  limited  space 
available,  it  must  be  rugged  enough  to  stand  the  shocks  that 
the  service  involves,  and  light  enough  that  its  weight  shall 
not  seriously  reduce  the  loading  capacity  of  the  car;  and,  of 
course,  it  must  be  made  and  sold  at  a  price  not  in  excess  of 
what  the  results  it  gives  are  worth  to  the  user.  The'  variable- 
speed  hydraulic  transmission  apparatus  which  is  herewith 
illustrated  is  not  wholly  new  in  principle.  Early  patents 
wer©  taken  out  by  H.  F.  J.  Porter,  of  New  York  City,  on  a 
device  which  embodied  some  of  the  same  ideas  upon  which 
this  gear  is  constructed,  and  which  found  a  useful  field  in 
turning  the  turrets  of  battleships.  It  was  particularly  de- 
sired, however,  to  apply  the  system  to  the  driving  of  motor 
vehicles,  and  a  much  lighter  and  simpler  machine  was  desired. 
The  task  of  undertaking  its  production  was  assumed  by 
Charles  R.  Pratt,  and  the  whole'  development-  was  put  in 
charge  of  the  Universal  Speed  Control  Company,  of  19， 
Liberty  Street,  New  York. 

This  gear  consists,  as  shown  in  Fig.  1,  of  a  l'eciprocatin"', 
iiiulti-cylinder,  rotating  hydraulic  pmnj),  single  acting  and 
direct  connecbed  to  tlie  shaft  of  the  driving  engine,  and  of 
two  reciprocating,  multi-cylinder,  rotating  hydraulic  motors, 
single  acting,  operated  by  the  pump,  and  direct-  roniiectcd 
one  to  each  of  the  chain-drive  sprockets.  These  three  units 
are  enclosed  in  a  sectional  cast  iron  air-  and  water-tight  case, 
whiclt  is  attached  to  the  framework  of  the  chassis  at  tliret* 
points.  This  case  serves  to  protect  the  working  parts  a^ainsf 
physical  injury,  and  also  against  the  weather,  and  serves  as  a 
ii&at-radiating  surface.  The  working  fluid  is  ordinary  machine 
oil,  and  besides  serving-  in  that  capacity,  it  is  used  as  a  lubri- 
cant, the  gear  cas©  being  entirely  filled  with  it,  so  that  all 
moving  parts  operate  submerged  in  oil.  Thus  the  working 
fluid  provides  tlie  most  perfect  ]>ossil)]o  lubric;ilion  for  ； ill  the 
moving  ]>arls,  mul  in  the  simplest'  manner,  while  tlie  wliale 
i  us  is  prcscrvcfl  from  io r fusion. 
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Tlie  pump  element  and  the'  two  motor  elements  of  the 
gear  are  very  similar  in  design,  construction,  and  operation. 
All  three'  have  rotating  cylinder  barrels,  containing  a  num- 
ber of  cylinders  of  equal  leugth  and  equal  bore,  arranged 
symmetrically  with  regard  to  ths'  axis  of  the  barrel  and  with 
their  axes  parallel  to  and  ©qui-distant  from  its  axis.  In 
these  cylinders  cast-iron  plungers  operate,  having  besides  the 
rotating  motion  about  the  axis  of  the*  cylinder  barrel,  a  re- 
ciprocating motion  in  tli©  cylinders,  parallel  to  the'  axis  of 
the  cylinder  barrel,  which  motion  is  caused  by  the  fact  that 
the  axis  of  rotation  of  the  drive  head — hereafter  mentioned 
— is  at  an  angle  with  the  axis  of  rotation  of  the  correspon- 
ding cylinder  barrel.  In  each  unit  the  plungers  are  direct- 
connected  by  means  of  short  rods  to  a  rotating  drive  h ead . 
The  main  points  in  whicli  the  pump  differs  from  the  motors 
are,  as  shown  in  Fig.  1  :  (1)  The  axis  of  tlie  pump  cylinder 
barrel  coincides;  with  the  axis  of  the  shaft  of  the  driving 
engine,  while  the  axis  of  each  motor  cylinder  barrel  is  at  an 
angle  of  45°  with  the  axis  of  the  corresponding  driving 
sprocket ；  (2)  the  drive  head,  holding  the  pump  piston  rods, 


Fig.  1.— Section  of  Vaei able-spe ed  Hydraulic  Powek  Tkansmission  Geah. 

is  rotated  by  m'ean&  of  a  drive  plate,  fasi&ned  to  the  shaft  of 
the  driving  engine,  and  notched  to  receive  the  piston  rods, 
and  also  tlie'  drive  head  of  tlie'  pump  is  so  constrained  that 
it  rotates  about  an  axis  at  an  angle  with  the'  axis  of  the  driv- 
ing engine  shaft,  arrangement  being  made  for  the  variation 
of  this  angle  from  +  20°  through  zero  to  ―  20°,  whereas  thei 
drive  head,  holding  the  piston  rods  of  each  motor,  is  fastened 
to  the  shaft  of  the  corresponding  driving  sprocket,  with  its 
axis  of  symmetry  and  rotation  coincident  with  that  of  the 
shaft  and  fixed  ；  (3)  the  full  stroke'  of  the  pump  pistons  is 
shorter  than  that  of  the  motor  pistons  and,  by  variation  of 
the  angle  between  the  axis  of  the  driving  engine  shaft  and 
that  of  the  pump  drive  head,  the  length  of  stroke  of  the 
pump  pistons  can  be  varied  from  zero  to  full  stroke,  while 
the  stroke  of  the'  motor  pistons  is  of  fixed  length  ；  (4)  the 
cylinder  barrel  of  the  pump  is  fastened  directly  to'  the  shaft 
of  the  driving  engine,  while  the'  cylinder  barrel  of  each  motor 
rotates  on  a  fixed  post  and  is  connected,  through  a  small 
barrel  gear,  to  the  shaft  of  the'  corresponding  driving 
sprocket. 

An  analysis  of  the  structural  and  operating  features  of 
the  device  sliows  them  to'  be'  built  up  around  these  four  basic 
ideas. 

1.  The  combination  of  pump  and  motors  gives  somewliat 
tire  same  action  as  a  universal  joint  in  so  far  as  it  provides 
a  positive  connection  between  two  shafts,  rotating  about  axes 
at  an  angle  with  on&  another,  but  without  involving  th©  un- 
desirable features  of  tlie  ordinary  universal  joint. 

2.  The  working  fluid  being  practically  incompressible, 
and  the  pump  and  motor  elements  having  a  positive'  action 
against  it,  the  fluid  forms  as  positive  a  link  in  the  power 
t  rvwismission  system,  between  the  driving  engine  and  the 
truck  wheels,  as  if  it  were  a  solid  rod. 


3.  The  speed  of  each  motor  is  directly  dependent  upon 
tlie  speed  of  the  pump'  (not  tlie  rotative-  speed ,  but  the'  capa- 
city of  liquid  delivery)  and  upon  the'  speed  of  the  other  motor. 
This  follows  from  tlie'  fact  that  th©  capacity  of  the  pumj), 
in  volume  of  liquid  handled  in  a  given  time,  must  be  the 
same  as  the  combined  capacities  of  the  motors  for  the  same 
time,  because'  tlie'  working  fluid  flows  in  a  closed  circuit  and 
under  approximately  constant  pressure',  of  amount  correspon- 
ding to  the'  load.  Incidentally  it  may  be  well  to  call  atten- 
tion to  the  fact  that  the  capacity  of  each  element  is  the  pro- 
duct of  its  speed  of  rotation  multiplied  by  its  piston  displace- 
ment, as  one  revolution  of  each  means  a  complete  working 
cycle  of  its  pistons. 

As  the  motors  are  symmetrically  placed  with  regard  to 
tlio  pump  and  to  the  supply  of  working  fluid,  and  as  they 
have  the  same  fixed  piston  displacement,  they  tend  to  have 
the  same  speed,  its  value  depending  on  the  capacity  or  quan- 
tity of  this  fluid  handled  by  the  pump  at  any  given  time. 
But  if  one  motor  becomes  retarded  or  locked,  and  the  pump 
capacity  remains  constant,  the  other  motor  is  forced  to  speed 

up  sufficiently  to  make  up  for 
the  reduction  of  speed  of  the 
first  one,  in  order  that  the 
necessary  condition  above  men- 
tioned may  be  fulfilled,  namely, 
that  th©  combined  capacities  of 
th©  two  motor  elements  must 
at  any  time  equal  the  capacity 
of  the  pump  element.  Inci- 
dentally it  can  b©  readily  seen 
that  the  pressures  on  the  two 
motors  will  be  the  same, 
whether  their  speeds  are  tlie 
same  or  not,  because  they  are 
both  supplied  through  similar 
ports  and  from  the  same  source 
So  the  torque  on  both  driving 
sprocket  shafts  will  be  the 
same  for  a  given  load,  regard- 
less of  the  speed  of  rotation  of 
each  shaft.  This  whole  phe- 
nomenon is  known  as  a  diffe- 
rential speed,  constant  torque 
effect,  and,  for  reasons  referred 
to  below,  is  very  much  desired 
in  a  device  of  this  kind,  for 

the  service  it  has  to  render. 

4.  Tlie  element  of  speed  variation  is  provided  in  two  ways 
in  this  gear,  each  method  being  absolutely  independent  of 
the  other,  positive  in  its  action,  and  at  the  same  time  capable 
of  simultaneous  action  in  connection  with  the  other  method. 
Firstly,  the  speed  may  be  varied,  within  wide  limits,  in  the 
same  way  as  in  othor  cars  with  the  usual  type  of  transmission 
gear,  by  keeping  the  gear  in  a  fixed  position  and  controlling 
the  quality  of  the  mixture  fed  to  the  driving  engine.  Sec- 
ondly, with  the  driving  engine  at  constant  speed,  the  sp&ed 
of  the  car  can  be'  varied  from  full  speed  ahead,  through  zero, 
to  full  sp&ed  reverse,  by  variation  of  the'  angle  between  tho 
axis  of  rotation  of  its  piston  casting  and  that  of  the  drive 
shaft,  thus  varying  the{  length  of  stroke  of  its  pistons,  and  so 
varying  its  piston  displacement. 

Tliei  practical  advantages  claimed  for  this  hydraulic  powet 
transmission  and  speed  regulation  system,  by  the  manufac- 
turers, are  these  : 

1.  The  friction  losses  and  wear  and  tear,  incidental  to 
the  use  of  change  gearing,  are  eliminated  and  there  are  no 
shocks  on  the  transmission  system,  due  to  poor  liandlingi  of 
the'  same. 

2.  The  necessity  for  two  brakes  on  the'  truck  is  elimi- 
nated. Tlie'  transmission  brake,  which  was  almost  universal 
up  to  three  or  four  years  ago,  was  a  heavy,  clumsy  device 
that  was  always  in  the  way  and  always  giving  trouble,  and 
was'  so  unsatisfactory  that  a  large  number  of  manufacturers 
were  forced  into  the  doubtful  expedient  of  replacing  it  by  a 
second  set  of  brakes  on  tlie  rear  wheels,  or  by  some  other 
equally  awkward  method.  Due  to  thei  fact  that  the  speed 
control  is  continuous  and  absolutely  positive  at  all  values 
between  full  speed  ahead  and  full  speed  reverse,  there  is 
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really  uo  need  for  any  brake  at  all  on  tlie  truck,  because  tlie 
braking  is  accomplished  as  part  of  the  operation  of  the  gear. 
Throwing  the  gear  to  zero  speed,  locks  the  car  against  travel 
either  ahead  or  backward,  on  either  an  up  or  a  down  ^rade. 

3.  The  necessity  for  having  a  clutch  in  the  transmission 
system,  between  the  driving  engine  and  the  change  gear,  has 
been  eliminated,  and  with  it  the  continual  trouble  that  at- 
tends its  use.  Scores  of  different  kinds  of  clutches  have  been 
advocated  and  installed,  and  all  have  failed,  either  by  not 
sticking  enough  or  else  by  sticking  too  much.  Each  variety 
has  been  heavy  and  clumsy,  and  a  constant  source  of  bother 
while  operating  and  in  adjusting,  and  each  has  been  a  device 
peculiarly  subject  to  wear.  This  gear,  because  it  allows  of 
continuous  variation  in  the  speed  of  the  car  from  zero  to  full 
speed,  with  the  engine  running  constantly  at  full  speed,  does 
awa)r  with  the  need  of  a  clutch. 

4.  The  gear  effects  a  saving  in  tyres  and  drive  chains,  on 
slippery  streets,  and  on  sharp  turns,  due  to  its  differential 
speed,  constant  torque  effect  above  described. 

5.  Absolute  speed  regulation  is  possible  for  the  reasons 
already  given. 

6.  Positive  drive  is  obtained  at  all  speeds  forward  and 
reverse  as  explained  above. 

7.  Summing  up  the  weights  of  all  the  parts  it  eliminates, 
including  change  gears  and  cas&,  clutch,  and  transmission 
brake,  with  their  necessary  auxiliary  parts,  braces,  levers, 
&c,  this  gear,  with  its  auxiliary  parts,  is  found  to  weigh  con- 
siderably less  than  those  devices,  whose  separate  functions 
it  combines  in  one  piece  of  equipment. 

8.  Considering  the  first  cost  and  the  rate  of  depreciation 
of  this  gear,  in  comparison  with  the  combined  figures  for  the 
usual  change  gear,  clutch  and  transmission  brake,  the  former 
is  much  the  cheaper  alternative  and  possesses,  as  well,  a 
higher  degree  of  reliability. 

The  gear  above  described  has  been  installed  on  a  nuinbei* 
of  motor  trucks,  and  has  been  found  to  work  very  satisfac- 
torily under  actual  operating  conditions.  The  pressure  on 
the  working  fluid  varies  with  the  amount  of  power  trans- 
mitted, and  may  reach  a  value  of  l,0001bs.  p&r  square  inch, 
under  heavy  service,  but  these  high  pressures  can  be  reduced 
by  increasing  the  size  of  the  gear,  and  it  is  likely  that  for 
some  classes  of  service  this  would  be  advisable. 

In  connection  with  a  trial  of  the  gear,  mounted  on  an 
auto  truck  chassis,  witnessed  recently  in  New  York  City,  the 
following  operating  features  were  observed  :  The  gear  could 
be  thrown  from  full  speed  to  zero  or  from  zero  to  full  speed 
and  the  car  slowed  down  or  speeded  up  quickly  and  evenly 
without  jerks  and  without  noise  ；  the  car  could  be  stoppe(l, 
started  or  reversed  at  any  time  by  means  of  the  gear  irrespec- 
tive of  tlie  speed  of  the  driving  engine  or  of  its  direction  of 
rotation  ；  on  turning  corners  the  speed  of  the  outside  driving 
sprocket  was  greater  than  that  of  the  inside  sprocket,  due  to 
the  differential  speed,  constant-torque  effect  above  described; 
and,  finally,  the  jarring,  incidental  to  travel  over  rough  pave- 
ments, seemed  to  have  no  effect  on  the  gear,  and  what  move- 
ment there  was,  occurred  as  a  unit.  In  short,  the  operating 
characteristics  of  the  gear  seemed  excellent. ― "  Engineering 
Ncws.，， 


Power  Required  for  Turntables. 一 A  committee  of  the  Ameri- 
can Association  of  Railway  Electrical  Engineers  iias  com- 
piled tlie  following  table  of  power  requirements  of  turntables 
from  tests  conducted  in  the  interests  of  the  Association  ： ― 

Motor  Input  for  Turntables. 
69ft.  Table—  kw. 
Idle    4*5 


80ft.  Table— 


100ft.  Table— 

Turning   engine   weighing  approximately 

526,0001bs  32  to  24 

Time  required  to  turn  engines  approximately  one  minute. 


weighing 

approximately 

weighing 

approximately 

weighing 

approximately 

weighing 

approximately 
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Elements  of  Machine  Design.  Part  II.  Chiefly  (川  Kii;'m(' 
Details,  by  W.  Cawthorne  Unwin,  F.R.S.,  LL.D.,  ami 
A.  L.  Mellanby,  D.Sc.  London  :  Longmans,  Green, 
and  Co.  9in .  by  Gin 426  pages;  price  7s.  6d.  net. 
Unwin's  work  on  machine  design  is  so  well  known  aiul 
has  so  long  ranked  as  a  classic  amongst  engineers  tliat  it  is 
quite  unnecessary  for  us  to  say  anything  as  to  its  merits. 
The  feature  of  later  editions  has  been  its  steady  growth  in 
size  owing  to  the  greater  range  of  exposition  that  has  fol- 
lowed the  acquisition  of  wider  scientific  knowledge  of  the 
physical  properties  of  engineering  materials,  and  which  in 
the  last  20  years  has  been  more1  and  more  reflected  in  the 
details  of  engine  design.  The  appearance  of  Prof.  Mellanby's 
name  on  the  title  page,  in  view  of  the'  position  held  by 
Unwin's  book,  will  probably  strike  most  readers,  as  it  did 
us  at  first,  as  a  little  curious,  though  this  curiosity  is  allayed 
by  the  explanatory  note  in  the  preface.  It  appears  that  a 
thorough  revision  of  the  treatise  being  necessary,  the  author 
considered  it  desirable  that  a  fresh  mind  should  be  brought 
to  bear  upon  it.  The  idea  is  as  creditable  to  the  generous 
conception  of  his  responsibilities  to  readers,  as  】iis  hapj>y 
choice  of  Prof.  Mellanby  is  to  his  judgment.  No  better 
feeleotion  could  have  been  made,  as  everyone  will  agree  who 
is  acquainted  with  Prof.  Mellanby's  qualifications  for  the 
task,  and  to  him,  we  gather,  is  due  the  main  credit  for  the 
additions  and  modifications  made  in  the  present  edition. 
These  are  extensive,  and  have  involved  new  illustrations  and 
descriptions  in  the  chapters  devoted  to  engine'  cylinders, 
cranks,  -eccentrics,  pistons,  connecting  rods,  and  stuffing- 
boxes,  and  which  will  be  of  great  service-  bo  draughtsmen 
and  students  in  designing  these  details.  The  subject  of  valves 
and  valve  gears,  as  well  as  condensation  and  lubrication,  are 
also  brought  up  to  date ~ in  fact,  there  is  scarcely  a  chapter 
that  has  not  been  more  or  less  amended.  The  illustrations 
are  numerous  and  clear,  and,  in  fact,  nothing  appears  to  liave 
been  spared  by  the  publishers  to  render  the  get-up  worthy 
of  tlie  excellent  quality  and  arrangement  of  the  text.  The 
book  is  one  that  no  draughtsman  or  mechanical  engineering 
student  should  be  without. 

Wireless   Telegraphy   Simply    Explained,    by  H.   T.   Da\ i<l^e, 
D.Sc,  M.I.E.E.     London  ：    Percival,  Marshall,  &  Co. 
7|in.  by  5in"  86  pages  ；  price  6d. 
This  is  one  of  an  admirable  series  of  cheap  primers  on 
scientific  subjects  issued  by  "  The'  Model  Engineer."     It  is 
impossible,  of  course,  in  the  limited  space  available  to  touch 
on  】nore  than  the  elementary  outlines  and  principles  of  the 
gubjert,  but  so  far  as  is  possible  within  these    limits  the 
author  has  exercised  an  intelligent*  selection,  and  those  who 
are  interested  in  the  subject  will  find  this  a  succinct  presenta- 
tion of  it. 
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PRODUCING  SOUND  STEEL  INGOTS  BY  COMPRESSION.* 

BY  BENJAMIN  TALBOT. 

The  problem  of  segregation  and  cavities  in  steel  ingots  is  a 
subject  which  has  given  and  is  still  giving  metallurgists, 
engineers,  and  operators  matter  for  serious  consideration . 
The  question  has  come  more  into  prominence  lately  in  t  his 
country  from  the  desire  of  railroad  engineers-  to  secure  a 
better  rail  than  they  have  obtained  in  the'  past,  as  the  service' 
they  now  demand  is  increasing  in  severity.  The  rails  liere 
are  as  good  as  those  made  in  other  countries,  but  the  condi- 
tions of  service  and  the  extremes  of  climate  are  more  severe, 
and  consequently  more  breakages  occur. 

Various  reasons  have  been  advanced  as  to  why  rails  may 
not  be  as  good  in  quality  to-day  as  in  the  past.  Some  engi- 
neers consider  that  modern  methods  of  manufactu  ring, 
designed  chiefly  to  obtain  large  output,  tend  to  reduce  the 
standard  of  excellenoe'  of  more  deliberate  methods.  Others 
think  that  4-ton  ingots  are*  worse  than  those  of  2  tons. 
Again,  "it  is  stated  that  the  100-ton  heat  in  one  ladle  is  too 
large  and  is  a  step  in  the  wrong  direction  in  casting. 

My  experience  upon  the  question  of  the  size  of  the  ingot 
is  that  in  rolling  mills  of  851bs.  to  lOOlbs.  sections,  the  range 
of  ingot  is  only  practically  such  that  the  difference  in  the  size 
does  not  help  m  t  lie  quest  i (川 of  se^rc^at  ion ,  cavit  ies,  or  blow- 
holes. At  Pencoyd,  some  16  years  ago,  two  bottom-poured 
itigots  were  cast  at  the  same  time  from  the  same  centre  runner, 
the1  on©  being  20in.  by  24in.  and  the  other  13in.  by  16in.  in 
size.  The  steel  was  acid  open-hearth,  the  carbon  being  0.43， 
phosphorus  0.062，  sulphur  0*069.  At  the  place  where  segre- 
gation generally  concentrates  I  found  ：  In  the  larger  ingot 
0'67  carbon,  phosphorus  0'13,  sulphur  0'18  ；  in  the  smaller 
ingot  0*74  carbon,  phosphorus  0'163  sulphur  0'27.  Bottom- 
pouring  at  that  time'  was  considered  better  for  surface  defects, 
but  the  ingots  showed  blow-holes  all  up  the  surface,  and  the 
smaller  ingot,  in  my  opinion,  was  worse  in  every  respect  than 
its  larger  neighbour. 

The  question  of  100-ton  ladle  】ieats  is  an  important  matter. 
In  my  opinion  this  is  distinctly  a  step  in  the  wrong  direction, 
as  it  puts  a  premium  on  careless  and  slovenly  casting  work . 
We  find  that,  in  order  to  empty  a  100- ton  ladle  in  the  neces- 
sary time  to  prevent  skulling,  very  large  nozzles  are  used, 
probably  as  large  as  2"5in.  diam.  The  pressure  of  this  large 
quantity  of  steel  rapidly  enlarges  the  nozzle  and  it  would  be 
interesting  to  know  what  size  the  nozzle  is  when  the  last  por- 
tion of  the  heat  is  poured.  Anyway,  large  nozzles  cau&e  heavy 
wasliing  up  the  sides  of  the  moulds  and  this  gives  surface 
defects.  There  is  no  doubt  smaller  ladle  heats,  poured  with 
as  small  a  nozzle  as  the  heat  will  permit,  give  the'  most  satis- 
factory results. 

We  now  come  to  the  question  of  producing  sound  steel 
ingots  for  the  heavy  trades.  There  are  various  methods,  but 
we  are  forced  to  rule  out  the  old  and  well-known  Whitworth 
and  I  Tar  met  press,  because  of  tlie  cost  of  the  process.  Others, 
'Mnong  whom  is  Sir  Robert  Hadfield,  suggest  the' use  of  a  sink- 
head^  to  feed  the  pipe  which  forms  by  the  shrinkage  of  metal 
from  its  liquid  to  its  solid  state.  To  do  this  effectively  some 
system  of  keeping  the  surface  fluid  must  be  adopted.  There 
is  no  doubt  that  if  this  is  carried  out  the  sinkhead  will  feed 
the  ingot  and  the  cavity  will  be  in  the  head .  The  question 
to  be  decided  with  this  method  is  whether  it  is  commercially 
applicable  to  the  large  output  required  from  a  modern 
I'm  il -mill. 

Sound  ingots  as  regards  tlie  elimination  of  blow-holes  are 
produced  by  means  of  tlie  well-known  powerful  deoxidisers., 
； iliimiiiium,  silicon,  and  ferro-titanium.  All  these  deoxidisers 
have  tlie  same  effect  whpn  used  in  the  necessary  varying 
(juant  it  ies  to  produce  this.  They  all  produce  solid  steel, 
except  for  the  large  central  cavity.  They  all  diminish  segre- 
gation. In  my  experience  I  have  found  with  well-macle  steel 
that  an  addition  of  2  ounces  of  aluminium  to  the' ton  is  equal 
to  0*25  per  cent,  added  silicon,  and  to  010  per  cent,  metallic 
titanium  in  tlie  form  of  ferro-titanium.  These  additions  will 
all  produce  the  same  characteristic  central  pipe,  and  if  they 
； I r('  usfd  this  piped  portion  should  be  discarded  in  eacli  case. 
1 1  H"'  rails  aw  milled  at-  cacli  end,  which  gives  a  ))ri^lit  sur- 
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face,  as  is  the  practice  in  England,  the  pip©  is  disclosed  and 
th©  rail  rejected  by  the  inspectors.  The  cost  of  the  alumi- 
nium addition  is  very  small  ；  with  silicon  it  is  considerable, 
and  with  ferro-titanium  it,  is  largo,  to  obtain  the  samei  result . 

If  it  were  not  for  this  large'  cavity,  which  may  affect  as 
much  as  33  per  cent,  of  the  ingot,  the  use>  of  these  deoxidisers 
would  improve'  the  quality  of  the  finished  rail.  It  occurred 
to  me  that  if  we  were  to  use  a  deoxidiser  such  as  aluminium  to 
eliminate  blow-holes  in  the  outer  envelope  of  the  ingot  and 
then  reduce  the  area  of  the  ingot  or  the  top  portion  while 
the  centrei  was  liquid,  the  pipe  would  not  form,  and  a  solid 
mass  would  be  found  in  the  body  of  thet  squeezed  ingot. 

In  analysing  and  taking  sulphur  prints  off  the  face  of  the 
compressed  ingot,  which  was  cut  longitudinally  through  its 
centre,  I  came  across  an  interesting  discovery.  I  found  that, 
whenever  an  ingot  was  compressed  while  its  centre  was  liquid, 
no  segregation  formed  in  the  centre  of  the  upper  part  as  is 
usual,  but  that  it  was  driven  to  the  internal  face  of  the  solid 
envelope  in  fairly  regular  percentage  over  the  entire  length 
of  the  liquid  area.  The'  solid  outer  envelop©  is  tlie  nornia] 
steel  of  the  heat  and  is  about  3in.，  tlie  carbon  in  this  portion 
in  this  case  being  from  0'65  to  070.  The  carbon  in  the  harder 
portion  next  this  was  from  075  to  0.80，  and  in  the  centre 
about  0*50.  The  sulphur  and  phosphorus  also  vary  in  these 
strata,  but  as  tho  phosphorus  was  low  in  tins  steel  it  was  not 
of  sufficient  amount  to  be  considered. 

In  ingots  coin  pressed  while  their  centre  is  liquid  without 
the  use  of  a  deoxidiser,  I  find  that  the  centre  shrinkage  cavity 
is  not  formed,  but  that  tlie  blow-holes,  which  are  found  in  tlie 
outer  envelope,  are  not  obliterated  and  can  be>  traced  into  the 
rail.  For  this  reason  I  prefer  to  us©  a  deoxidiser  so  as  not  to 
have  any  surface  blow-holes  which  tend  to  give  spongy  rails. 
The  method  of  procedure  is  as  follows  ：  An  ingot  of  at  least 
20in.  by  24in.  cross-s&ction  is  used  ；  2  ounces  of  aluminium  to 
the  ton  of  steel  is  added  to  the  ingot  as  it  is  being  poured. 
Aluminium  is  preferred  because  of  its  low  cost  and  its  low 
melting  point.  It  causes  a  perfectly  solid  ouier  envelope  to 
be  formed,  and  solidifies  the  metal  earlier  than  if  no  deoxidiser 
were  used.  Tlie  ingot  therefore'  can  be  stripped  earlier,  and 
it  is  then  put  into  the  soaking-pit  to  allow  the  envelope  to 
become  thicker,  and  at  the  same  time  have  a  proper  tempera- 
ture upon  its  surface  for  compression.  A  20in.  by  24in.  ingot 
is  reduced  to  about  18in.  by  18in.，  and  it  is  then  returned  to 
the  soaking-pit  for  a  proper  heating  and  solidifying  of  the 
mass.  After  this  has  been  accomplished,  it  is  rolled  down 
into  a  bloom,  cropped  and  passed  to  the  rail-mill.  The  rail 
produced  has  the  same  characteristic  formation  as  tlie 
squeezed  ingot,  viz.，  a  hard  working  face,  harder  ring  at  back 
of  this,  and  softer  centre. 

It  is  the  question  of  this  new  formation  tliat  we  majiu- 
facturers  have  to  discuss  with  railroad  engineers  and  metal- 
lurgists. If  they  accept  this  new  structure  with  the  guarantee 
that  in  this  formation  they  have  no  pipe  in  a  rail,  then  it  will 
be  for  manufacturers  to  consider  laying  down  the  necessary- 
preparatory  plant  to  accomplish  the  liquid  compression  of  the 
ingot,  as  it  cannot  be  properly  accomplished  in  any  existing 
rail-mill  without  largely  decreasing  the  output . 

' So  far  the  rails  produced  by  this  method  have  been  tested 
under  the  drop  to  the  British  standard  specifications  and  they 
pass  this  satisfactorily.  The  question  of  taking  tensile  tests 
out  of  the  head  has  still  to  be  considered,  as  these  will  vary  as 
they  do  to-day  according  to  the  position  selected.  In  fact, 
small  tensile  tests  are  unsatisfactory  at  the  best,  and  it  would 
appear  that  the  only  satisfactory  method  would  l)e  to  \r 
the  testing  machine  large  enough  to  pull  the  full- sized  head. 


The  Volatility  of  Metals. -― In  his  presidential  addrt'ss  \<>  1 1 1 < • 
Metallurgical  Society  of  tlie  Birmingham  University  on  "  The 
Volatility  of  Metals,"  Prof.  Thomas  Turner  said  il,  1 1 a d  heen 
sliown  that  the  metals  could  be  divided  into  four  classes, 
according  to  wliether  they  lost  weight  at  red  heat  or  not.  In 
some  cases  complete  separation  took  place  ；  in  others  alloys 
mi glit  reinain  or  be'  distilled  away.  Attempts  were  being 
made  in  different  directions  to  apply  these  facts,  and  there 
was  reason  to  believe  that,  sooner  or  later,  the  fractional 
separation  of  metals  in  a  vacuum  would  play  an  im])ortant 
part  in  metallurgy.  He  suggested  tliai  probably  the  solution 
of  the  proljlcm  would  ('()m(、  by  means  of  1  lie  int (M  tinl  electrical 
licat  iti^  of  1  he  rci  ov\  h  iii  wliich  tho  inet;ils  weir  contained. 
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FIRE  EXTINCTION  ON  SHIPS. 

The  discussion  on  Mr.  E.  Kilburn  Scott's  paper  on  u  The 
Use  of  Gases  for  Fire  Extinction  and  Fumigation  on  Board 
Ship,"  an  abstract  of  which  appeared  in  our  last  issue  (see 
page  685)，  was  resumed  at  the  Institute-  of  Marine  Engineers 
on  Monday,  November  25th.  Mr.  Jas.  Shanks  (Member) 
presided . 

Mr.  G.  Canning,  in  opening  th-e  discussion,  said  he 
thought  the  practice  of  blowing  steam  into  the  cargo  could 
only  be  regarded  as  a  check  to  initial  outbreaks.  It  had 
been  said  that  the  danger  to  human  beings  of  systems  in 
which  odourless  gases  were  used  could  be  overcome  by  impreg- 
nating the  gas  ；  but  sucli  a  method  would  depend  a  great 
deal  upon  the  operator.  Sulphur  dioxide  had  an  advantage 
in  this  respect  on  account  of  its  distinctive  smell.  He 
thought  the  possibility  of  a  deposit  taking  place  in  the  pipes 
was  more  likely  in  the  case  of  flue  gas  than  in  the  S02 
apparatus.  The  sulphur  dioxide  also  was  more  efficacious  for 
fumigation  purposes. 

Mr.  P.  Lelow  said  that  with  the  carbon  dioxide  system 
10  cylinders,  each  of  401bs.  of  liquid  gas,  would  be  sufficient 
to  deal  with  a  space  of  about  42,000  cub.  ft.  The  number 
of  cylinders  supplied  to  a  vessel  generally  was  50，  and  the 
average  total  cost  of  a  new  installation  would  not  be  more 
than  £350  at  the  outside.  This  cost  could  b©  much  reduced 
in  many  cases,  as  the  system  could  be  coupled  up  to  existing 
pipes.  For  a  space  of  100,000  cub.  ft.  the  cost  of  extinguish- 
ing a  fire  would  be  about  £6.  5s. 

Mr.  D.  N.  Hunt  said,  with  regard  to  the  flue  gas  system, 
that  particulars  should  be  givien  as  to  the  temperature  of 
the  gas  being  injected,  as  this  considerably  affected  the  rate 
of  diffusion  of  the  gas.  He  considered  it  would  be  very 
difficult  to  fit  the  6in.  pipes  required  in  this  system  in  a  very 
complex  vessel.  For  bunker  fires  of  any  magnitude  the 
bunkers  would  have  to  be  closed  down .  To  blow  in  an 
odourless,  inert  gas  when  working  the  coal  would  probably 
have  fatal  effects.  In  the  analysis  of  flu©  gas  '5  per  cent,  of 
CO  had  been  mentioned.  A  very  thick  fire  would  be  required 
to  obtain  this,  and  a  difficulty  would  be  experienced  in 
keeping  up  steam  under  the  circumstances. 

Prof.  Armstrong  said  tlie  carbon  dioxide,  sulphur  dioxide, 
steam,  and  flue  gas  systems  were  all  based  on  the  same  prin- 
ciple, the  reduction  of  the  oxygen  in  the  air,  and  the 
problem  was  to  determine  which  of  the  four  would  best 
serve  the  purpose.  The  carbon  dioxide  system  required  a 
somewhat  expensive  equipment  of  iron  cylinders  filled  with 
compressed  gas,  and  there  was  the  disadvantage  that  when 
the  supply  was  exhausted,  as  it  might  be  on  a  long  voyage, 
the  system  would  be  of  no  value.  With  the  sulphur  dioxide 
system  there  was  the  same  difficulty,  with  the  additional 
objection  that  its  use  would  injuriously  affect  the  metal - 
work  of  the  ship,  and  certain  cargoes.  Steam  had  the 
advantage  that  it  was  always  there  as  long  as  the  boilers 
were  at  work.  The  flue  gas  system  also  had  that  advantage. 
It  was  very  ingenious,  as  it  utilised  a  waste  material,  which 
could  be  obtained  as  long  as  the  coal  supply  lasted,  and 
which  had  practically  the  same  power  as  the  other  gases  of 
acting  as  an  extinctive  ageni,  while  being  without  their 
deleterious  effect  upon  the  ship  and  cargo. 

Mr.  J.  Craig  said  the  temperature  of  the  flue  gas  was 
reduced  to  about  100°  Fah.  when  put  into  the  cargo. 
Experiments  had  proved  that  there  was  no  deposit  in  the 
pipes  with  this  system.  A  cooling*  process,  in  his  opinion, 
was  a  necessity  in  fire  extinction.  Dr.  G.  Harker  pointed 
out  that  the  flue  gas  itself  had  a  distinctive  odour.  Gases 
such  as  C02  must  have  a  greater  penetrative  effect  than 
sulphur  dioxide,  as  they  were  not  absorbed.  He  gave*  par- 
ticulars of  actual  cooling  and  other  experiments. 

The  hon.  secretary  read  a  contribution  from  the  author, 
Mr.  E.  Kilburn  Scott,  who  was  unable  to  "be  present.  Mr. 
Scott  considered  the  use  of  inert  gases  to  be  especially- 
valuable  for  the  prevention  of  spontaneous  combustion  in 
cargoes  such  as  coal,  cotton,  and  wool.  On©  of  the  great 
advantages  of  the  flue  gas  system  was  that  in  fumigating  it 
could  be  used  when  the  holds  were  full  of  cargo  without  the 
cargo  being  injured.  A  distinctive  odour  could  be  given  to 
inert  gases  by  the  addition  of  a  very  small  quantitv  of  certain 
substances,  such  as  mustard  oil  or  carbon  bisulphide. 


THE  INSTITUTE  OF  METALS. 

As  was  announced  at  the  autumn  meeting  of  the  Institute 
held  in  London  in  September  last,  tlie  annual  general  meet  ing 
of  the  Institute,  which  in  former  years  has  been  held  in 
January,  will  next  year  take  place  in  the  spring,  tlie  dates 
selected  by  the  Council  being  March  11th  and  12th,  1913.  By 
tlie  courtesy  of  the  Institution  of  Meclianical  Engineers  the 
meeting  will  again  take  place  at  Storey's  Gate,  Westiriinster, 
S.W.  In  the  evening  of  the  first  day  the  fourth  annual 
dinner  will  take  place.  Amongst  the  papers  that  will  be 
presented  will  bo  Dr.  G.  D.  Bengough's  Second  Report  to 
the  Corrosion  Committee,  in  which  he  will  deal  with  t  lie 
results  obtained  from  the  experimental  condenser  which  has 
been  running  continuously  at  Liverpool  since  the  beginning 
of  April.  Various  data  have  been  collected  concerning 
temperature,  amount  of  water  condensed,  vacuum,  &c.，  which 
show  that  the  conditions  to  which  the  condenser  tubes  have 
been  subjected  reproduce,  as  closely  as  can  be  expected, 
average  conditions  of  service  in  the  mercantile  marine.  Three 
tubes  of  each  composition  represented  in  the  plant  will  be 
withdrawn  in  December,  cut  up  longitudinally,  and  subjected 
to  a  detailed  examination,  chemical  and  physical .  The 
research  into  the  causes  of  the  corrosion  of  condenser  tubes, 
which  is  costing  £100  per  annum,  will  not  be  completed  for 
another  two  and  a  half  years.  As  the  funds  at  present  in 
hand  will  not  permit  of  the  research  being  carried  on  beyond 
the  end  of  the  present  year  the  committee  earnestly  hope  that 
individuals  and  firms  interested  in  the  subject  will  afford  the 
necessary  financial  assistance,  which  should  be  sent  to  Mr.  G. 
Shaw  Scott,  M.Sc,  the  Secretary  of  th©  Institute  of  Metals, 
Caxton  House,  Westminster,  S.W. 

As  a  result  of  a  suggestion  contained  in  a  paper  on  "  The 
Nomenclature  of  Alloys,"  read  by  Dr.  W.  Rosenhain,  B. A., 
before  the  Institute  of  Metals  in  January  last,  a  committee 
consisting  of  representatives  of  the  Institute  of  Metals  and 
allied  societies  has  b&&n  appointed  under  the  name  of  the 
Nomenclature  Committee,  and  will  shortly  hold  its  first 
meeting.  The  following  representatives  on  this  committee 
have  been  appointed  :  Institute  of  Metals ― Dr.  W.  Rosen- 
hain,  B.A.  (Chairman  of  Committee),  Mr.  G.  A.  Boeddicker, 
Prof.  H.  C.  H.  Carpenter,  M 丄， Ph.D.,  Dr.  Cecil  H.  Descli, 
Engineer  Rear-Admiral  G.  G.  Goodwin,  R.N.?  Mr.  G. 
Hughes,  Sir  Gerard  Muntz,  Bart.,  Mr.  A.  E.  Seaton,  and 
Prof.  T.  Turner,  M.Sc.;  Institution  of  Electrical  Engineers, 
Mr.  W.  Murray  Morrison  ；  Institution  of  Mechanical  Engi- 
neers, Mr.  G.  Hughes  ；  Institution  of  Naval  Architects,  Sir 
W.  E.  Smith,  C.B.  ；  Institution  of  Engineers  and  Ship- 
builders in^Scotland,  Mr.  Alexander  Cleghorn  ；  North-east 
Coast  Institution  of  Engineers  and  Shipbuilders,  the  Hon.  Sir 
C.  A.  Parsons,  K.C.B.  ；  Society  of  Chemical  Industry,  Prof. 
W.  R.  Hodgkinson,  Ph.D.  It  is  proposed  that  this  list  shall 
be  further  extended  as  may  be  found  desirable. 

Another  new  committee  has  been  appointed  by  the  Coun- 
cil for  th©  purpose  of  assisting  the  Dominions  Royal  Commis- 
sion in  their  enquiry  into  the  question  of  the  supply  of  non- 
ferrous  metals  and  ores  in  this  country.  A  report  dealing 
with  this  subject  is  being  prepared  by  th©  committee,  of  which 
Prof.  T.  Turner,  M.Sc,  is  the  honorary  secretary,  other 
members  being :  Mr.  G.  A.  Boeddicker,  Mr.  W.  Murray 
Morrison,  Sir  Gerard  Muntz,  Bart.,  and  Mr.  Leonard 
Sumner,  M.Sc. 

A  ballot  for  the  election  of  new  members  will  take  place 
this  month.  In  order  that  their  names  may  be  included  in 
the  ballot,  applicants  for  membership  should  send  in  their 
forms  to  the  Secretary  on  or  before  December  16th. 


Apparatus  for  Testing  Gas  in  Mines. ― Dr.  Leonard  Levy 
recently  demonstrated  before  the  Society  of  Chemical  Industry 
in  London  two  forms  of  portable  apparatus  for  testing  the 
exact  composition  of  the  air  in  mines.  The  first  apparatus  is 
for  determining  the  percentage  of  fire-damp,  aud  is  based  on 
the  ordinary  principles  of  gas  analysis.  The  air  to  be  analysed 
is  drawn  over  a  platinum  wire  heated  by  an  electric  current, 
and  the  methane  present  is  estimated  by  the  decrease  in 
volume  that  takes  place  as  a  result  of  combustion.  The 
second  form,  which  is  more  elaborate,  but  which  incorporates 
these  two  essential  features,  makes  it  possible  rapidly  to 
estimate  the  percentages  of  carbon  dioxide,  fire-damp,  and 
oxygen,  the  usual  absorbents  being  employed.  It  may  be 
added  that  ther&  is  no  risk  of  sparking  taking  place,  even  if 
the  apparatus  gets  accidentally  broken. 
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NOTES  ON  PRODUCER  GAS  POWER.* 

BY  H.  F,  SMITH. 

In  the'  manufacture  of  producer  gas  there  are  three  distinct 
steps :  (1)  The  preparation  of  a  suitable  blast  consisting  of 
the  various  elements  which  it  is  desired  to  combine  with  the 
fuel.  (2)  Bringing  about  a  combination  of  the  elements  in 
the  blast  with  the  fuel  to  be  gasified.  (3)  Cooling  and 
cleaning  the  gas  to  render  the  same'  suitable  for  use'. 

In  producer  gas  for  power  it  is  of  the  highest  importance 
that  the  gas  should  have  as  nearly  uniform  composition  as 
possible.  As  a  first  step  towards  the  production  of  uniform 
gas,  it  is  necessary  that  the  blast  supplied  to  the  producer 
should  be  of  uniform  composition.  In  other  words,  a  con- 
stant ratio  must  be  maintained  between  the  oxygen  and 
water  vapour  in  the  blast  Without  taking  time  to  go  into 
detail  concerning  the  various  methods  that  have  been  sug- 
gested for  this  purpose,  it  may  be  remarked  that  so  far  only 
one  method  seems  to  meet  all  requirements.  It  is  a  well- 
known  principle  in  physics  that  air  at  a  given  temperature 
will  take  up  a  definite  proportion  of  water  vapour  and  no 
more.  It  will  take  up  water  by  evaporation  until  its  point 
of  saturation  is  reached,  provided,  of  course,  that  it  is  kept 
in  contact  with  a  sufficient  surface  of  water  for  a  sufficient 
time  for  this  saturation  to  occur.  The  temperature  of  satu- 
rated air,  therefore,  is  a  direct  measure  of  the  amount  of 
moisture  contained  in  it,  and  if  we,  supply  to  the  producer 
saturated  air  at  a  constant  temperature,  we<  will  supply  a 
blast  containing  a  definite  and  constant  proportion  of 
moisture.  This  method  of  vapour  control  is  the  only  one 
that  compensates  fully  for  the  normal  daily  and  seasonal 
variations  in  atmospheric  moisture-  All  mechanical 
appliances  for  measuring  off  a  definite  amount  of  water  to 
be  evaporated  into  steam  are  defective  in  that,  however  per- 
fect they  may  be  intrinsically,  they  cannot  possibly  com- 
pensate for  variation  in  the  moisture'  content  of  the  air 
supplied  to  the  conditioning  apparatus.  The  air  for  the 
blast  can  be  readily  heated  and  conditioned  with  regard  tc 
moisture  by  bringing  it  into  contact  with  an  extended  surface 
of  hot  water.  In  this  way  there  is  no  direct  introduction  of 
vapour  into  the  blast.  The  water,  of  course,  must  be  below 
boiling,  and  the  evaporation  will  never  be  more  than  suffi- 
cient to  saturate'  the  air  at  the  temperature  at  which  it  leaves 
contact  with  the  water.  The  condition  with  respect  to 
moisture  of  air  saturated  in  this  manner  can  be  readily 
determined  by  noting  its  temperature.  It  is,  of  course, 
important  to  have  the  conditioning  apparatus  designed  so 
that  no  water  spray  will  be  carried  forward  mechanically  in 
the  blast,  but  where  hot  water  is  used  for  conditioning,  this 
is  not  at  all  difficult.  Steam  cannot  be  satisfactorily  em- 
ployed for  this  purpose  for  the  reason  that  it  is  not  prac- 
tically possible  to  maintain  an  absolutely  constant  condition 
of  steam,  and  any  variation  in  the  condition  of  the  steam 
will  result  in  a  corresponding  variation  in  the  actual  degree 
of  saturation  without  necessarily  changing  the  temperature 
of  the  blast.  The  writer  has  frequently  observed  that  there 
is  a  material  difference  in  the  percentage  of  moisture  carried 
forward  in  a  blast  saturated  to  a  given  temperature  by  hot 
water,  and  a  blast  raised  to  the  same  temperature  by  the 
admixture  of  steam .  It  would  seem  likely  that  this  is  due 
in  no  small  measure  to  the  fact  that  where  steam  is  used  to 
saturate  the  blast,  not  only  is  moisture  carried  into  the  blast 
in  liquid  form  with  the  steam,  but  a  portion  of  the  steam  is 
condensed  to  provide  the  necessary  heat  for  raising  the 
temperature  of  the  air,  and  these  various  small  particles  of 
liquid  water  are  carried  forward  mechanically  into  the  fuel 
bed.  As  a  rule,  therefore,  a  blast  saturated  to  a  given  tem- 
perature with  steam  will  carry  more  moisture  than  a  blast 
saturated  to  the  same  temperature  by  the  hot- water  process . 
The  method  of  saturation  by  contact  with  hot  water  has  a 
further  advantage  in  that  it  is  favourable  to  automatic  con- 
trol. On  suddenly-varying  loads  the  thermal  inertia  of  the 
entire  apparatus  tends  to  prevent  a  change  in  saturation 
conditions,  since  this  would  involve  a  change  in  temperature, 
and  this  would  be  automatically  resisted  by  all  warm  parts 
of  the  apparatus  which  would  surrender  heat  rapidly  to 
prevent  such  a  change.      It  is  a  relatively  simple'  matter 

*  Abstract  of  paper  presented  before  a  joint  meeting  of  the  electrical  section, 
WeBtern  Society  of  Engineers,  and  the  Chicago  section  of  the  American  Institute 
of  Electrical  Engineers, 


also  to  provide  automatic  oontrol  by  means  of  a  thermostat 
located  to  register  the  temperature  of  the  blast  leaving  the 
conditioning  apparatus,  and  to  regulate  the  supply  of  hot 
water  as  may  be  required   to   maintain    this  temperature 

constant. 

In  bringing  about  the  combination  of  the  various  elements 
of  tlie  blast  with  the  fuel  in  the  producer,  many  items 
demand  consideration.  We  have  noted  above  that  the  con- 
ditions determining  the  rate  of  producer  reactions  are :  (a) 
Temperature  ；  (b)  surface  of  contact  between  the  blast  and 
fuel  ；  (e)  time  of  contact  between  the  blast  and  fuel.  The 
temperature  at  which  the  fuel  bed  may  be  maintained  for 
continuous  operation  is  determined  by  the  fusing  point  of 
the  ash  contained  in  the  fuel.  The  use  of  coals  having  ash 
fusible  at  a  relatively  low  temperature  demands  the  construc- 
tion of  a  producer  not  only  of  greater  sectional  area,  but  of 
greater  depth  than  would  be  required  for  a  fuel  that  would 
permit  the  use  of  higher  temperatures.  A  brief  considera- 
tion will  show  that  the  size  of  fuel  fired  to  the  producer  has 
considerable  influence  both  on  the  surface  of  contact  and 
time  of  contact  between  the  blast  and  fuel.  If  we  assume  a 
producer  of  given  sectional  area,  the  time  required  for  the 
blast  to  pass  through  a  given  depth  of  fuel  would  be  directly 
proportional  to  the  total  area  of  voids  in  the  fuel  bed.  The 
larger  the  pieces  of  fuel  the  greater  the  percentage  of  voids, 
and  consequently  the  slower  the  rate  of  blast  passage  through 
the  bed-  On  the  other  baud,  the  smaller  the  pieces  of  fuel 
the  greater  would  be  the  ratio  of  surface  to  mass,  and  con- 
sequently the  greater  would  be  the  surface  exposed  to  the 
action  of  the  blast.  We  have,  therefore,  with  regard  to  size 
of  fuel,  two  variables,  the  resultant  of  which  we  would 
expect  to  reach  a  maximum  for  some  particular  size  neither 
the  largest  nor  smallest.  This,  indeed,  is  found  to  be  the 
case.  With  anthracite,  for  example,  the  maximum  capacity 
for  a  given  depth  and  sectional  area  of  producer  is  obtained 
with  coal  that  will  grade  through  |in.  and  over  ^in.  squar 
mesh  screen.  This  coal  is  ordinarily  marketed  as  pea. 
Larger  sizes  of  anthracite,  while  permitting  a  slower  rate  of 
gas  passage  and  a  longer  time  of  contact,  present  a  surface 
so  much  reduced  in  total  area  that  the  capacity  of  the 
machine  suffers  distinctly.  On  the  other  hand,  small  fuel, 
while  presenting  an  enormous  surface,  so  completely  occupies 
the  voids  that  the  gas  velocity  through  the  relative  small 
area  remaining  is  so  high  that  the  time  of  contact  is  insuffi- 
cient, and  the  producer  capacity  is  accordingly  reduced. 

In  the  actual  design  of  the  generator  chamber  it  is 
important  not  only  to  proportion  the  diameter  of  the  pro- 
ducer and  depth  of  fuel  bed  properly  in  relation  to  the  fuel 
to  be  used,  but  it  is  also  very  necessary  to  take  some  steps 
to  ensure  a  uniform  distribution  of  blast  over  the-  entire 
sectional  area  of  the  producer.  Since  temperature  is  the 
limiting  factor,  if  any  portion  of  the  fuel  bed  is  driven  at 
a  more  rapid  rate  than  normal  this  portion  must  necessarily 
reach  a  higher  temperature,  and  may  even  exceed  the  per- 
missible temperature  for  the  particular  coal  used,  and  cause 
fusion  of  tlie  ash  and  clinkering.  The  principal  difficulty  in 
securing  blast  distribution  is  in  preventing  too  rapid  driving 
next  to  the  producer  lining.  There  is  always  a  tendency 
for  the  fuel  bed  to  be  more  porous  and  open  next  to  the 
lining  than  elsewhere,  and  if  the  bed  is  simply  maintained 
on  a  flat  grate  with  a  fuel  bed  of  uniform  depth  discharging 
into  a  gas  space  extending  over  the  whole  upper  surface  of 
the  producer  section,  the  temperature  next  to  the  lining 
will  be  much  higher  than  in  the  centre  of  the  fuel  bed.  It 
is  accordingly  very  desirable  to  arrange  the  fuel  bed  so  that 
tlie  resistance  next  to  the  lining  will  be  augmented.  In 
the  ordinary  water-bottom  type  of  producer  this  is  frequently 
accomplished  by  locating  the  air  inlet  in  the  centre  of  the 
fuel  bed,  discharging  the  blast  into  tlie  fire  through  a  central 
tuyere,  so  that  to  reach  the  lining  it  is  necessary  to  pass 
horizontally  through  a  considerable  depth  of  fuel.  This 
would  be  a  highly  desirable  method  were  it  not  for  the  fact 
that  the  concentration  of  the  blast  has  a  tendency  to 
increase  the  rate  of  combustion  in  the  immediate  neighbour- 
hood of  the  tuyere,  thereby  raising  the  temperature  at  this 
point  and  introducing  clinker  trouble.  Since  the  highest 
temperature  attained  in  the  fuel  bed  is  usually  at  or  near 
tlie  point  at  which  the  air  first  enters  the  fire,  it  is  plain 
that  for  uniform  low-temperature  conditions  the  grates 
should  have  as  large  surface  as  possible.    This  condition  can 
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easily  be  met  and  the  low  resistance  of  the  fuel  bed  next  to 
the  lining,  compensated  for  by  increasing  the  depth  of  fuel 
next  to  the  lining,  or  by  locating  tlie  gas  outlet  centrally 
iii  the  top  of  the  generator  chamber.  It  is  obviously  radi- 
cally wrong  to  locate  the  fuel  magazine  in  the  centre,  since 
this  procedure  increases  the  resistance  in  the  centre  of  the 
fuel  bed  where  it  is  already  high,  and  makes  hard  driving 
and  high  temperature  next  to  the  producer  lining  inevitable. 
On  account  of  the  low  operating  temperatures  permissible, 
if  clinker  troubles  are  to  be  avoided,  it  is  necessary  not  only 
to  adopt  very  moderate  driving  rates,  but  to  allow  the 
greatest  possible  amount  of  time  of  contact  between  blast  and 
fuel  by  making  the  active  part  of  the  fire  very  deep-  In 
this  way  the  equilibrium  condition  for  the  ratio  of  CO  to 
C0o  can  be  more  nearly  approached,  and  the  disadvantages 
of  low  producer  temperatures  from  a  gas-making  standpoint 
compensated  for  in  no  small  degree.  On  anthracite  the  rate 
of  driving  should  not  ordinarily  exceed  81bs.  per  square  foot 
per  hour.  For  bituminous  coals  the  rate  may  be  considerably 
raised,  and  on  good  fuel  may  even  go  to  twice  this  figure. 
The  depth  of  fuel  bed  in  either  case  should  preferably  be  not 
less  than  5ft.  • 

A  very  deep  fuel  bed  has  other  advantages  than  simply 
to  contribute  to  producer  efficiency.  When  the  producer  is 
operating  under  varying  loads,  and  particularly  when  a 
suction  producer  is  supplying  a  gas  engine,  it  must  be  pre- 
pared to  meet  sudden  demands  for  increase  of  gas  without 
too  much  alteration  in  gas  quality.  When  the  producer  is 
operating  at  light  load  it  is  protab】e  that  not  more  than 
16in.  or  18in.  of  the  fire  is  engaged  in  active  combustion. 
However,  the  fuel  lying  immediately  above  this  is  heated  red 
hot  simply  by  contact  with  the  hot  gases  passing  from  the 
fire  below.  This  red-hot  fuel  is  capable  of  entering  into 
immediate  combustion  as  soon  as  any  air  is  brought  into 
contact  with  it.  Accordingly,  when  a  sudden  load  is  thrown 
on  the  engine,  and  a  correspondingly  sudden  demand  for  gas 
is  made,  the  increased  velocity  of  flow  through  the  fuel  bed 
immediately  draws  air  into  the  upper  layers  which,  although 
red  hot,  have  not  been  chemically  active .  These  upper 
layers  are  capable  of  instantly  supporting  combustion,  and 
they  contribute  in  this  way  to  maintaining  uniform  gas 
quality,  and  permit  the  producer  to  respond  to  variations  in 
load  that  could  not  otherwise  be  met.  The  large  mass  of 
fuel  within  the  producer  has  a  correspondingly  large  store 
of  thermal  energy,  and  exerts  by  its  mass  a  very  desirable 
steadying  effect  on  the  whole  gas-making  process.  The  pro- 
ducer is  accordingly  able  to  carry  over  sudden  demands 
simply  by  virtue  of  heat  energy  previously  stored  in  the 
fuel  bed,  which  may  be  gradually  restored  later,  and  thus 
performs,  to  some  extent,  the  function  of  a  thermal  flywheel. 

When  we  consider  the  gasification  of  coals  containing 
volatile  matter,  another  element  is  introduced  which  requires 
most  careful  attention.  Not  only  does  the-  presence  of  hydro- 
carbons affect  the  method  of  gasification  in  the  producer  by 
introducing  a  distillation  process  which  must  be  carried  on 
at  the  expense  of  heat  generated  in  the  gasification  of  the 
fixed  carbon ,  but  the  problem  of  maintaining  a  uniform  gas 
quality  is  complicated  by  the  rich  hydrocarbons  from  tlie 
destructive  distillation  of  the  fuel,  and  the  cleaning  of  the 
gas  must  be  carried  out  Avitli  much  greater  tlioi'ouglmess. 
It  is  in  connection  with  this  class  of  fuels  that  the  most 
interesting  work  is  being  done  at  the  present  time  in  the 
field  of  producer  design-  It  is  accordingly  not  inappropriate 
that  the  various  plans  that  have  been  suggested  and  pro- 
moted for  the  gasification  of  bituminous  fuels  should  be 
briefly  discussed. 

Tlie  remarks  in  this  connection  relate,  of  course,  almost 
entirely  to  the  production  of  gas  for  power  purposes,  although 
the  importance  of  uniform  gas  quality  for  furnace  work  is 
coming  daily  into  greater  prominence.  Tlie  ordinary  type 
of  up-draught  producer  for  bituminous  coal  cannot  possibly 
produce  a  uniform  grade  of  gas.  Not  only  are  the  methods 
employed  for  saturating  the  blast  utterly  inconsistent  with 
close  regulation  of  the  blast  quality,  but  the  ordinary  metliocl 
of  distilling  the  volatile  matter  from  the  coal  is  such  as  to 
make  uniform  gas  production  impossible.  The  distillation 
of  volatile  hydrocarbons  from  bituminous  coal  is  a  process 
that  absorbs  considerable  heat.  It,  can  take  place,  therefore, 
only  where  this  heat  is  being  supplied  either  by  combustion 


in  the  immediate  neighbourhood  of  the  fuel  being  distilled, 
or  by  contact  with  hot  gases  proceeding  from  a  portion  ot 
the  fuel  bed  which  is  maintained  at  higli  temperature.  In 
the  ordinary  ty]>e  of  fuel  producer,  the  fresh  fuel  is  simply 
dumped  on  to  the  top  of  the  fuel  bed  and  exposed  to  the  hot 
gases  issuing  from  the  burning  fuel  immediately  beueatli. 
When  a  fresh  charge  of  fuel  is  dropped,  a  rapid  evolution  oi' 
hydrocarbon  gases  results,  with  a  corresponding  raj>id 
increase  in  gas  value.  After  the  fuel  has  been  exposed  to 
this  temperature  for  some  time,  the  production  of  volatile 
gases  diminishes,  but  the  coking  of  the  fuel  is  not  comj)lete 
until  the  coal  has  descended  into  the  very  hottest  region 
of  the  fire,  since  very  high  temj)€ratures  are  necessary  to 
drive  off  the  last  volatile  matter  from  the  coal.  To  overcome 
the  difficulty  from  variation  in  gas  quality  resulting  from 
sudden  distillation  of  hydrocarbons  from  the  coal,  two  gene- 
ral methods  have  been  suggested  ；  first,  by  regulating  the 
rate  of  distillation  of  hydrocarbons,  and  second,  by  so  alter- 
ing the  characteristics  of  the  distilled  gases  by  suitable 
chemical  reactions  that  they  will  not  differ  materially  in 
heating  value  from  the  gas  resulting  from  the  gasification 
of  fixed  carbon.  Both  of  these  processes  are  to  some  extent 
successful,  and  the  degree  to  which  each  may  be  successfully 
applied  is  a  matter  of  no  little  interest.  The  chief  argu- 
ment in  favour  of  the  first  method,  namely,  regulating  the 
rate  of  distillation  without  altering  the  characteristics  of  the 
distilled  gases,  lies  in  the  fact  that  this  process  permits  the 
use  of  a  very  simple  4type  of  up-draught  producer,  and 
results  in  the  production  of  gas  that  is  of  materially  higher 
heating  value  per  cubic  foot  than  can  be  produced  from  fixed 
carbon  alone.  These  advantages  are  not  to  be  considered 
lightly.  Simplicity  of  apparatus  is  certainly  much  to  be 
desired,  and  the  production  of  gas  high  in  heat  value  has 
an  important  bearing  on  the  cost  of  gas  power  equipment, 
since  the  power  that  can  be  developed  by  an  engine  of  given 
cylinder  displacement  depends,  to  a  considerable  degree,  on 
the  minimum  heat  value  of  gas  supplied.  The  cost  of  equip- 
ment, therefore,  to  satisfactorily  accomplish  a  given  work 
will  be  materially  lower  when  a  gas  of  high  heat  value  is 
produced.  It  has  been  maintained  that  more  satisfactory 
results  can  be  secured  from  low  heat-value  gas,  since  the 
engine  efficiency  can  be  raised,  by  increasing  the  compression, 
to  a  point  where  just  as  much  power  can  be  developed  as 
with  a  richer  gas.  While  this  is  undoubtedly  true,  this 
increase  in  power  and  efficiency  is  always  accompanied  by  a 
necessary  increase  in  the  strains  on  the  various  working 
parts  sufficient  to  demand  heavier  construction,  or,  lacking 
this,  the  operation  of  the  plant  on  a  lower  factor  of  safety. 

The  chief  interest  that  attaches  to  the  various  means 
that  have  been  suggested  for  altering  the  chemical  character 
of  the  distillation  products  from  bituminous  fuel,  lies  in  the 
possibility  of  eliminating  tar  by  this  process,  and  thereby 
simplifying  the  cleaning  plant  required.  Two  methods  have 
been  most  frequently  employed  for  treating  the  hydrocarbon 
vapours  to  alter  their  chemical  characteristics  ：  First, 
decomposition  by  heat  ；  second,  combustion  with  oxygen-  If 
tar-free  gas  is  to  be  produced  by  either  of  these  processes, 
it  is  essential  that  the  conditions  for  chemical  alteration  of 
the  volatile  hydrocarbons  must  be  maintained  until  the  final 
trace  of  volatile  matter  has  been  driven  from  the  coal.  In 
other  words,  the  coking  of  the  fuel  must  be  absolutely  com- 
plete before  the  coke  can  be  considered  as  fixed  carbon  ami 
treated  differently  than  would  be  permissible  for  the  bitu- 
minous fuel  from  which  it  is  produced.  This  means  that 
the  distillation  process  whereby  the  volatile  matter  is 
separated  from  the  fixed  carbon  in  the  fuel  must  be  unusually 
thorough.  It  is  interesting  to  note  that  ordinary  gas-house 
coke  is  not  by  any  means  sufficiently  carbonised  to  be  con- 
sidered fixed  carbon  for  producer  purposes.  Likewise,  char- 
coal contains  too  much  bituminous  matter  to  be  used  in  an 
ordinary  up-draught  producer  without  special  provision  for 
removing  tar  from  the  gas  before  it  is  passed  to  the  engine. 
The  process  of  distillation  whereby  the  volatile  matter  is 
driven  from  the  coal  must  be  materially  more  thorough  than 
that  employed  in  the  ordinary  bench  gas  process,  or  in  the 
production  of  charcoal,  if  tar-free  gas  is  to  be  generated 
from  it.  If  we  assume,  however,  that  this  distillation  pro- 
cess has  been  satisfactorily  carried  out,  and  the  volatile 
matter  completely  separated  from  the  fixed  carbon,  its  sub- 
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sequent  treatment  demands  further  consideration.  These 
hydrocarbons  can  be  completely  converted  into  fixed  gas  and 
carbon  by  exposure  to  a  sufficiently  high  temperature  for 
a  sufficient  length  of  time.  It  would  seem,  therefore,  that 
all  that  would  be  required  would  be  to  pass  the  volatile 
hydrocarbons,  as  liberated,  through  a  bed  of  incandescent 
fuel,  thereby  heating  therni  to  a  high  temperature,  and  bring- 
ing about  their  decomposition  into  carbon  and  fixed  gas. 
Unfortunately,  while  it  is  relatively  easy  to  bring  about  a 
partial  decomposition  in  this  way  by  the  use  of  heat  alone, 
it  is  not  by  any  means  so  easy  to  make  the  decomposition 
complete.  Tlie  tendency  of  hydrocarbons  treated  in  this 
manner  is  to  split  up  into  two  portions,  one  of  which  is  a 
fixed  gas  and  the  other  a  mixture^  of  hydrocarbons  more  dense 
than  the  original  body.  This  process  may  be  continued  to 
its  finality,  but  as  each  step  of  the  reaction  takes  place  the 
next  requires  the  us©  of  higher  temperatures  and  longer  time 
of  exposure  for  its  completion.  If  a>  sufficiently  high  tem- 
perature could  be  maintained  within  the  fuel  bed,  and  the 
hydrocarbon  gases  brought  to  this  higk  temperature  and 
held  there  for  a  sufficient  length  of  time,  the  production  of 
perfectly  tar-free  gas  from  these  hydrocarbons  could  be 
accomplished.  Generally,  however,  it  is  found  that  the- 
temperatures  required  and  the  time  of  contact  necessary  for 
such  a  complete  reduction  are  both  beyond  the  range  per- 
missible in  producer  practice. 

A  more  ideal  method  for  handling  these  hydrocarbons 
would  seem  to  be  offered  by  the  process  of  complete  com- 
bustion. The  hydrocarbon  vapours  given  off  by  distillation 
are  extremely  inflammable.  If  they  are  completely  burned 
with  air  to  their  elementary  products  of  combustion,  namely, 
C02  and  water  vapour,  all  elements  that  might  possibly 
contribute  to  tile  production  of  tar  or  lamp-black  would  be 
removed.  These  products  of  combustion  would  be  very 
highly  heated  by  their  combination  with  oxygen,  and  could 
easily  be  regenerated  into  combustible'  gas  by  being  passed 
down  through  the  fixed  carbon  remaining  from  the  destruc- 
tive distillation.  In  this  way  a  perfectly  clean  gas,  free 
from  either  tar  or  lamp-black  and  of  uniform  chemical  com- 
position, and  consequently  of  uniform  heat  value,  could  be 
produced. 

Many  producers  have  been  designed  in  an  effort  to  incor- 
porate this  principle  in  a  commercial  machine-  Two  funda- 
mental difficulties  are  encountered  which  are  independent 
of  any  question  of  design ,  and  which  have  a  very  material 
bearing  on  the  success  of  this  type  of  apparatus.  The  first 
of  these  is  the  difficulty  of  securing  sufficient  completeness 
in  the  coking  or  distillation  process.  The  thorough  coking, 
of  any  fuel  containing  a  considerable  quantity  of  bituminous 
matter  is  a  process  that  requires  not  only  high  temperature, 
but  considerable  time.  The  fuel  is  heated  from  without 
inward,  and  time  is  required  for  the  heat  to  penetrate  to 
the  interior  of  the  lump  of  ccal.  This  penetration  is  con- 
tinually hindered  by  tlie  current  of  volatile  matter  that  is 
passing  out  towards  the  surface  of  the  fuel  from  within. 
Driving  off  the  last  traces  of  volatile  matter  requires  a  very 
high  temperature,  and  the  combined  requirements  of  high 
temperature  and  long  time  of  exposure  make  a  difficult 
problem.  Of  course,  tlie  complete  distillation  of  hydro- 
carbons is  absolutely  essential  in  all  double-draught 
machines  ；  that  is  to  say,  in  machines  in  which  the  fixed 
carbon  is  gasified  up-draught  after  the  manner  of  the  ordi- 
nary up-draught  producer.  It  must  be  assumed,  in  machines 
of  this  type,  that  nothing  but  fixed  carbon  is  delivered  in 
the  up-draught  zone,  since  any  volatiles  proceeding  from 
this  part  of  the'  producer  would  pass  out  of  the  gas  outlet 
unfixed.  This  process  of  distillation  can  be  materially 
hastened  and  made  more  complete  if  a  portion  of  the  fixed 
carbon  is  consumed  during  the  process  of  distillation.  This 
not  only  materially  increases  the  available  heat,  but,  by 
reducing  the  size  of  the  lumps  of  fuel  by  removing  carbon 
from  the  surface,  it  favours  more  rapid  coking.  However, 
any  combustion  of  fixed  carbon  increases  the  second  difficulty, 
of  which  we  will  now  make  mention. 

It  is  evident  that  if  complete  reduction  of  the  hydro- 
(•arbon  vapours  without  formation  of  either  tar  or  lamp- 
black is  to  h&  attempted,  these  must  be  completely  burned 
to  their  ultimate  products  of  combustion ― carbonic  acid  and 
water  vapour.  It  is  therefore  pertinent  to  enquire  whether 
or  not  there  is  sufficient  fixed  carbon  in  the  fuel  to  reduce 


the  products  of  combustion  arising  from  the  complete  burn- 
ing of  the  volatile  hydrocarbons.  In  order  to  bring  tliis 
matter  clearly  to  mind,  the  writer  has  selected  four  more  or 
less  characteristic  American  coals.  The  chemical  analysis 
of  these  fuels  is  taken  from  the  U.S.  Geological  Survey 
report.  The  first  of  these  is  Pocahontas.  Chemical  analysis 
of  this  coal  shows  a  total  of  90  per  cent,  carbon,  of  whicli 
80  per  cent,  is  fixed  carbon  and  10  per  cent,  is  combined 
with  4*6  per  cent,  hydrogen  to  make  a  total  of  14'6  per  cent, 
volatile  matter.  To  completely  burn  this  volatile  matter 
would  require  for  the  carbon  27  parts  by  weight  of  oxygen 
to  form  C02  and  for  the  hydrogen  37  parts  by  weight  of 
oxygen  to  form  H^O.  These  products  of  combustion,  to  be 
completely  reduced  to  CO  and  H，  would  react  with  50  parts 
by  weight  of  fixed  carbon.  The  Pocahontas  coal,  however, 
contains  80  parts  by  weight  of  fixed  carbon,  so  that  there 
would  be,  with  this  fuel,  an  ample  supply  of  fixed  carbon  to 
reduce  completely  the  products  of  combustion  of  the  volatile 
matter,  and  with  a  sufficient  margin  to  cover  contingencies 
and  imperfections  in  the  process.  Considering  in  the  same 
way  a  West  Virginia  coal  from  the  Fairmont  District,  we 
have  63  per  cent,  fixed  carbon  and  28'6  per  cent,  volatile 
matter.  If  this  volatile  matter  is  completely  burned,  56 
parts  by  weight  of  fixed  carbon  would  be  required  to  reduce 
the  products  of  combustion.  This  coal  contains  63  per  cent, 
by  weight  of  fixed  carbon,  so  that  we  can  reasonably  expect 
this  process  to  be  practical  with  coal  of  this  quality  if  no 
fixed  carbon  is  burned  during  the  distillation  process.  If 
we  consider,  in  like  manner,  a  characteristic  Illinois  coal, 
we  find  it  to  contain  50  per  cent,  fixed  carbon  and  27  per 
cent,  volatile  matter.  To  completely  reduce  the  products  of 
combustion  of  this  volatile  matter,  57  per  c&nt.  of  fixed 
carbon  would  be  required.     With  this  grade  of  coal,  there- 
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fore,  it  would  seem  to  be  impossible  to  carry  out  this  sort  of 
producer  process  efficiently,  even  if  we  assume  that  the 
volatile  niatier  could  be  completely  driven  from  the  coal 
without  loss  of  fixed  carbon,  and  that  these  volatile  products 
could  be  completely  burned  without  excess  of  air.  Since 
neither  of  these  propositions  is  commercially  practical,  it  is 
seen  to  be  a  physical  impossibility  to  operate  a  producer  on 
Illinois  bituminous  coal  on  this  principle.  Considering  in 
the  same  way  a  characteristic  Indiana  coal,  we  find  the  fixed 
carbon  to  be  49  per  cent.,  the  volatile  combustible  31  per 
cent.,  and  the  fixed  carbon  required  to  reduce  completely 
the  products  of  combustion  resulting  from  the  volatile  com- 
bustible material  to  be  61  per  cent.  There  is  available  in 
this  coal,  however,  only  49  per  cent,  fixed  carbon.  It  is 
therefore  seen  that  this  coal  is  also  impracticable  for  this 
method  of  operation.  Of  the  four  coals  considered,  it  is 
plain,  if  any  reasonable  allowance  is  mad©  for  the  unavoid- 
able imperfections  of  the  process,  that  only  one,  namely,  the 
Pocahontas  coal,  possesses  the  necessary  characteristics  to 
permit  this  process  to  b©  successfully  carried  out.  The  great 
majority  of  bituminous  fuels  available,  in  this  country  at 
least,  are  not  amenable  to  this  process  of  treatment  owing 
to  inherent  defects  in  their  composition .  This  process  can- 
not be  applied  with  any  prospect  of  commercial  success  on 
fuels  containing  less  than  about  75  per  cent,  fixed  carbon . 
When  fuels  containing  less  fixed  carbon  than  this  are  used, 
the  process  must  be  more  or  less  incomplete  at  one  point  or 
another.  If  the  volatiles  are  completely  reduced  so  that 
neither  tar  nor  lamp-black  are  formed,  then  the  producer 
operation  must  necessarily  be  inefficient,  since  a  portion  of 
the  products  of  combustion  must  pass  forward  unreduced, 
and  stand  as  an  unavoidable  loss  in  the  gasification  process. 
If,  however,  the  combustion  of  the  volatile  matter  is  not 
complete,  that  is  to  say,  if  insufficient  air  is  supplied  to 
completely  burn  them,  then  the  production  of  tar  or  lamp- 
black is  unavoidable.    Neither  of  these  processes  is  carried 
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hard  steels  to  comparatively  soft  alloys.  The  laws  govern- 
ing the  resistance  to  indentation  are  experimentally  deduced 
for  spheres  of  different  size®  and  cones  of  different  degrees 
of  angular  opening.  The  effect  of  elastic  deformation  of  the 
sphere  upon  the  results  of  sphere  tests  is  determined  by 
means  of  a  method  which  involves  the  exact  measurement 
of  the  depth  of  indentation.  This  method  of  measurement 
is  also  applied  to  the  con©  tests.  The  study  of  the  individual 
methods  shows  (1)  the  possibility  of  obtaining  rational  hard- 
ness numerals  for  the  con©  and  sphere  teste,  and  (2)  that 
the  dynamic  tests  for  hardness  do  not  agree  in  general  with 
t\\e>  results  of  static  tests. 


Enquiry  into  the  Failure  of  a  Chain. ― The  adjourned  inquest 
on  the  four  victims  of  the  accident  at  the  Globe  Foundry,  of 
Messrs.  Towler  &  Co.，  Leeds,  was  held  on  the  29th  ult.  The 
accident,  as  mentioned  in  our  last  issue  (see  page  693),  was 
caused  by  the  breaking  of  a  chain  holding  a  ladle  containing 
three  and  a  half  tons  of  molten  metal.  The  ladle  upset,  and 
tli©  contents  were  scattered  upon  the  men  standing  by.  It 
was  stated  by  tlie  foreman  of  the  works  that  the  chain  had 
broken  before,  though  it  had  not  dropped  the  ladle.  This 
failure  had  not  been  reported  to  the  Factory  Inspector.  The 
jury  found  that  the  men  met  their  deaths  accidentally  by  the 
upsetting  of  the'  ladle,  due  to  a  defective  link.  They  recom- 
mended more  careful  supervision  after  the  repair  of  a  chain 
and  also  periodic  inspection  by  an  expert. 


out  completely  in  auy  form  of  connnercial  apparatus.  The 
ordinary  dowu-draught  producer  may  be  taken  as  represen- 
tative of  most  of  the  attempts  that  have  been  made  in  this 
direction.  In  this  the  distillation  process  is  materially  aided 
by  the  combustion  of  a  part  of  the  hxed  carbon.  The  volatile 
matter  is  partially  burned  in  contact  with  an  insufficient 
supply  of  air,  this  process  resulting  in  the  liberation  of 
lamp-black  from  the  hydrocarbons.  Those  hydrocarbons 
that  escape  combustion,  either  complete  or  partial,  are  to 
snmo  extent  broken  up  in  passing  through  the  incandescent 
carbon  in  the  lower  levels  of  the  producer  and  converted  by 
heat  into  fixed  gas  and  tar,  or,  if  the  fuel  bed  temperature 
be  sufficiently  high,  into  fixed  gas  and  coke.  No  producer 
yet  designed  for  bituminous  fuel  has  succeeded  in  producing 
a  gas  that  is  at  all  times  sufficiently  clean  to  make  the  u&& 
of  efficient  cleaning  unnecessary. 

The  materials  to  be  removed  from  gas  in  the  cleaning 
process  vary  with  the  fuel  from  wliich  the  gas  is  derived. 
With  blastfurnace  gas  the  impurities  to  be  removed  consist 
almost  entirely  of  inorganic  dust  arising  from  the  iron  ore 
and  limestone  fired  to  the  furnace.  In  gas  from  anthracite, 
the  principal  impurities  to  b©  removed,  aside  from  the  rela- 
tively small  amount  of  fine  asli  which  is  carried  over,  consist 
almost  entirely  of  sulphur  or  some  compound  of  sulphur 
in  a  finely-divided  state.  The  deposit  occurring  in  piping 
and  valves  from  anthracite  producers  always  contains  a 
large  percentage  of  sulphur,  if  this  substance  is  found  in 
any  considerable  quantity  in  the  coal.  It  is  probable  that 
this  sulphur  dust  originates  from  the  spontaneous  decom- 
position of  various  sulphur  compounds  in  the  gas,  many  of 
which  can  undergo  chemical  changes  at  ordinary  tempera- 
tures with  the  liberation  of  sulphur  dust.  Gas  fi  om  bitu- 
minous coal  will  require  purification  from  tar  or  lamp-black 
or  both,  depending  on  the  processes  used  in  treating  the 
hydrocarbons  in  the  coal.  In  connection  with  the  utilisation 
of  gas  from  bituminous  coal,  the  point  on  which  the  most 
serious  question  is  usually  raised  is  on  this  matter  of  gas 
cleanness,  and  particularly  on  freedom  from  tar. 

In  order  that  some  idea  may  be  gotten  of  the  problem 
involved  in  purifying  gas  from  bituminous  coal,  the  writer 
has  recently  conducted  some  investigations  that  will  enable 
him  to  present  to  you  a  few  figures  representing,  approxi- 
mately at  least,  the  characteristics  of  tar  in  producer  gas. 
In  raw  bituminous  producer  gas  the  tar  is  carried  in  the 
form  of  minute  particles,  or,  as  it  is  commonly  designated, 
as  tar  fog.  In  the  particular  case  investigated  by  the 
writer,  the  gas  carried  a  total  of  approximately  4  grains  of 
tar  per  cubic  foot.  The  tar  particles  were  found  to  vary  in 
size  from  about  0'00008in.  to  0*00015in.  diam.，  the  average 
size  being  in  the  neighbourhood  of  O'OOOlOin.  The  number 
of  tar  particles  was  found  to  be  somewhere  in  the  neighbour- 
hood of  20,000,000  per  cubic  inch.  These  particles  are  so 
small  and  their  ratio  of  surface  to  mass  so  great  that  tliey 
are  influenced  almost  -entirely  by  tlieir  surface  relations  with 
other  bodies  and  very  slightly  by  their  mass.  The  viscosity 
of  the  gas  is  so  great  that  the  tar  particles  move  through 
it  very  slowly-  The  surface  action  predominates  to  such  an 
extent  that  it  is  impossible  to  separate  the  tar  particles 
from  the  gas  by  centrifugal  force  alone,  even  though  the 
difference  in  density  between  the  gas  and  tar  fog  is  very 
gTeat.  It  might  be  remarked  here  that  the  so-called  centri- 
fugal tar  extractors  do  not  operate  by  the  action  of  cen- 
trifugal force  on  the  tar  particles,  but  in  an  entirely  different 
manner.  These  particles  are  so  minute  that  any  ordinary 
filtering  medium  will  not  trap  them .  The  particles  will  pass 
freely  through  the  meshes  of  almost  any  woven  fabric. 
When  passed  slowly  through  as  much  as  |in.  of  wood  felt, 
the  issuing  gas  still  contains  a  considerable  quantity  of  tlie 
tar  fog.  In  view  of  the  smallness,  the  elusive  property,  and 
enormous  number  of  these  particles,  the  results  that  can  be 
attained  in  cleaning  producer  gas  with  suitable  appliances 
are  certainly  remarkable.  Tlie  re  are  a  number  of  systems 
of  cleaning  producer  gas  that  are  more  than  99  per  cent, 
efficient  ；  that  is  to  say,  of  the  20,000,000  tar  particles  con- 
tained in  a  cubic  inch  of  raw  gas  it  is  comparatively  easy  to 
remove  19,800,000  by  suitable  processes.  When  the  quan- 
tity of  gas  required  in  a  power  plant  of  very  moderate 
dimensions  is  taken  into  consideration,  the  work  to  be  done 
by  a  scrubbing  plant  assumes  enormous  proportions.  A 
200  h.p.  plant,  for  example,  will  use  approximately  16,000 


cub.  ft.  of  gas  per  hour.  In  a  plant  of  this  size  tlio  cleaning 
apparatus  is  under  the  necessity  of  removing  from  the  gas 
140,000,000,000  tar  particles  per  second.  No  practical 
method  has  yet  been  devised  for  removing  absolutely  all  of 
the  tar  from  the  gas,  but  by  the  use  of  appliances  that  need 
not  be  at  all  complicated,  it  is  possible  to  bring  the  cleaning 
plant  to  a  very  high  degree  of  effectiveness.  It  is  at  present 
not  beyond  the  range  of  possibility  to  produce,  in  a  com- 
mercial way,  gas  containing  not  more  than  0*001  of  a  grain 
per  cubic  foot.  This  implies  a  scrubbing  efficiency  of  99' 99 
per  cent.  Gas  may  be  considered  sufficiently  clean  for  gas 
engine  use  under  any  ordinary  conditions  if  the  impurities 
are  reduced  to  less  than  0  03  of  a  grain  per  cubic  foot. 
From  this  it  would  seem  that  tlie  margin  between  the  neces- 
sary degree  of  gas  cleanness  and  the  possible  degree  of  gas 
cleanness  is  sufficient  to  constitute  an  ample  factor  of  safety. 


COMPARISON  OF  FIVE  METHODS  USED  TO  MEASURE 
HARDNESS. 

In  order  to  ascertain  th©  concordance  which  might  be 
expected  in  the  five  leading  instruments  for  testing  the  hard- 
ness of  metals,  an  investigation  was  made  at  the  United 
States  Bureau  of  Standards,  the  results  of  which  are  recorded 
by  Mr.  R.  P.  Devries  in  a  report  recently  issued.  The 
static  tests  of  liardness  studied  are  the  cone  and  Brinnell 
sphere.  The  dynamic  tests  are  the  Shore  scleroscope,  Brin- 
nell sphere,  and  Ballantine.  Thei  Bauer  drill  test  for 
measuring  the  workability  of  metals  is  also  included.  The 
tests  were  made  on  a  series  of  metals  which  ranged  from  very 

Hardness  Numerals  of  Different  Metals  by  Five  Methods  of 
•'  Test. 
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THE  USES  OF  PLATINUM. 

Tiu-:  application  of  platinum  in  the  arts  is  extremely  varied, 
； md  would  be  even  far  more  extended  if  it  were  not  for  the 
high  price  and  the  limited  supply  of  thet  metal.  A  paper  on 
the  subject  was  recently  presented  at  a  meeting  of  the 
Franklin  Institute  by  Mr.  H.  F.  Keller,  Ph.D.,  who  said 
that  platinum  had  not  inaptly  been  called  "white  gold." 
] ts  physical  and  chemical  properties  closely  resembled  those 
of  the  yellow  metal  with  which  it  was  generally  associated 
in  Nature.  But  in  addition  to  the  many  virtues  whicli  it 
shared  with  gold,  platinum  had  several  most  valuable  pro- 
perties of  its  own,  and  it  was  chiefly  to  these  that  it  owed 
its  many  uses  in  science  and  in  the  arts.  On  account  of  the 
great  difficulties  which  had  to  be  overcome  in  freeing 
platinum  from  the  other  metals  with  wliich  it  occurred  iu 
Nature,  it  was  many  years  after  the  discovery  of  the  metal 
before  it  found  any  practical  applications. 

Tlie  first  platinum  crucible  was  said  to  have  been  made  by 
Achard.  It  must  have  been  a  very  crude  affair.  The 
German  chemist's  process  of  rendering  platinum  malleable 
was  improved  by  the  Paris  goldsmith  Jeannetty,  who  enjoyed 
a  great  reputation  for  the  platinum  goods  he  turned  out. 
The  prototypes  of  the  meter  and  kilogram  were,  he  under- 
stood, made  by  his  process.  At  the  beginning  of  the  19th 
century  vessels  made  of  platinum  were  still  so  scarce  and 
costly  that  very  few  chemists  could  boast  of  possessing  such 
apparatus.  It  was  not  until  the'  London  firm  of  Johnson 
and  Matthey  and  the  chemist  Wollaston  developed  their 
method  of  rendering  platinum  workable'  that  wire,  foil, 
crucibles,  and  other  articles  made  of  the  metal  came  into 
more  general  use.  As  early  as  1809  Johnson  &  Mattliey 
manufactured  a  platinum  still  for  the'  concentration  of  sul- 
pliuric  acid  whicli  weighed  424ozs. 

It  would,  he  observed,  be  difficult  to  overestimate  tlie 
effects  which  the  use  of  platinum  apparatus  had  on  the 
progress  of  tlie  sciences  and  arts.  Writing  in  1844,  Liebig 
thus  characterised  the  part  which  platinum  played  in  the 
chemical  laboratory  :  Without  platinum  it  would  be  quite 
impossible  to  carry  out  a  mineral  analysis.  To  render  the 
sample  soluble,  it  must  first  be  fused  with  suitable  reagents. 
Glass  and  porcelain,  or  any  other  nan-metallic  subst/ance  of 
which  crucibles  were  made,  would  be  rapidly  destroyed  lu 
this  operation,  while  crucibles  made  of  gold  or  silver  would 
melt  at  tlie  liigk  temperatures  at  which  the  fusions  were 
made.  Platinum  was  cheaper  than  gold,  harder  and  more 
resistant  than  silver,  and  infusible  at  the  highest  tempera- 
tures of  our  furnaces  ；  it  combined  the  valuable  properties  of 
gold  with  those'  of  porcelain.  Without  the>  use  of  platinum 
tlie  composition  of  most  of  the  mineral  species  would  still  be 
unknown." 

Since  the  days  when  there  was  only  one  great  teaching 
laboratory  in  the  world,  wonderful  strides  had  been  made  in 
cliemical  experimentation  and  analysis,  and  tlie  demand  for 
platinum  apparatus  had  grown  enormously.  In  addition  to 
the  myriads  of  crucibles,  of  various  shapes  and  sizes,  chemists 
now  required  a  host  of  otlier  platinum  utensils,  such  as 
dishes  and  trays,  spatulas,  tubes,  distilling  apparatus,  elec- 
trodes, &c.  As  some  conspicuous  instances  of  successful 
experimentation  which  depended  on  the  use  of  platinum 
apparatus,  the  author  mentioned  Moissan's  great  work  on 
the  isolation  of  fluorine,  and  tlie  proof  by  Mme.  Curie  and 
Mile.  Gleditsch  that  the  action  of  radium  emanation  on 
copper  solutions  did  not  produce  any  lithium,  as  Rainsa)- 
had  supposed. 

While  platinum  was  less  in  evidence  in  the  equipment  of 
physical  laboratories,  it  entered  into  tire  construction  of  a 
great  number  of  apparatus  and  instruments  which  were 
employed  in  tlie  study  of  heat,  electricity,  spectroscopy  and 
1  lie  recently-discovered  radiations.  Much  of  this  apparatus 
was  made  of  glass,  and  in  providing  it  with  attachments  of 
platinum  wire  and  plates  advantage  was  taken  of  the  fact 
that  platinum  and  glass  expanded  and  contracted  at  the 
same  rate.  Tlie  coefficient  of  expansion  of  platinum  was 
also  utilised  in  the  Breguet  thermomefcer.  The  nozzles  of  the 
oxyli ydro^on  ； uhI  tlie  oxyacetyleiie  blowpipes  wliicli  were 
used  for  cutting  iron  and  steel,  as  well  as  for  fusing  platinum, 


quartz,  and  o titer  highly  refractory  materials,  were  often 
made1  of  plalinum. 

In  tho  manufacture)  of  sulphuric  acid,  both  by  the  leaden 
chamber  and  the  contact  processes,  th,、  metal  was  used  in 
very  large  quantities.  Since  Johnson  &  Matthey  oonsl  ruct ci 
their  first  platinum  still  in  1809，  this  old  !i  rm  ； mhI  otlier 
manufacturers  had  furnished  a  great  number  of  such  retorts, 
and  of  much  greater  capacity,  to  sulphuric  acid  works  in 
all  parts  of  the'  world.  In  the  newer  contact  process,  a:s 
well  as  in  other  cheniical  inun ufactures  wlii(*h  'lepended  on 
catalytic  action,  platinum  sponge  or  platinised  asbestos  u'(、n' 
largely  used  as  the  "  contact  materials. "  Enormous  quan- 
tities of  platinum  also  were  consumed  in  tlie  manufacture 
of  electrical  appliances,  especially  of  incandescent  lamps  and 
the  sparking  points  for  internal-combustion  engines.  But, 
impressive  as  were  the  quantities  of  ])latiuum  required  for 
the  purposes  mentioned,  they  were  equalled,  if  not  exceeded, 
by  those  wliich  were  absorbed  in  the  manufacture  of  dental 
supplies.  Tt  was  estimated  that  fully  50  per  cent,  of  the 
platinum  of  coiinnerce  was  consumed  in  the  production  of 
pins,  sockets,  and  other  attaclinients  of  artificial  teeth - 
For  many  years  parts  of  jewellery  had  been  made  of  platinum, 
on  account  of  the  pleasing  contrast  of  its  colour  with  the 
various  shades  of  gold  ；  but  it  was  only  in  recent  years  that 
the  beauty  of  the  metal  had  come  to  be  iully  appreciated. 
At  the  present  time  the  greater  part  of  'the  more  elaborate 
settings  of  diamonds  and  pearls,  as  well  as  a  great  number 
of  other  articles  of  jewellery,  were  made  of  this  material. 

Just  as  gold  and  silver  were  alloyed  with  copper  (and 
other  metals)  to  increase  tlieir  liardness  and  wearing  quali- 
ties, so  platinum  was  often  alloyed  with  iridium  to  increase 
its  resistance  to  abrasion  and  the  attack  of  chemicals.  Such 
an  alloy  was  termed  "  hard  "  platinum,  as  distinguished  from 
ordinary  platinum.  It  was  more  expensive  than  the  latter. 
Thus  most  of  the  vessels  used  by  chemists  contained  about 
2  per  cent,  of  iridium,  while  much  larger  proportions  of  the 
latter ― from  10  to  15  per  cent. ― were  added  to  the  platinum 
used  for  the  construction  of  standards  of  length  and  weight, 
for  electrodes  exposed  to  severe  chemical  attack,  for  sparking 
plugs,  and  the  points  of  fountain  pens.  For  special  pur- 
poses platinum  was  sometimes  alloyed  with  other  metals. 
An  alloy  with  rhodium  was  used  in  certain  electric  pyro- 
meters ；  and  various  alloys  with  copper,  nickel,  tungsten, 
and  manganese  served  as  substitutes  for  steel  in  the  con- 
struction of  non-magnetic  watches.  Of  the  compounds  of 
platinum,  only  a  few  had  found  application  in  analytical 
chemistry,  photography,  ami  physics.  The  most  important, 
platinum  chloride,  or  rather  chloro-platinic  acid,  was  an 
invaluable  reagent  ；  and  barium  platino- cyanide  was  used 
on  account  of  its  fluorescence,  which  converted  the  ultra- 
voilet  rays  and  X-rays  into  visible  radiations.  The  shadows 
made  by  X-rays  we're  best  projected  on  screens  coated  with 
this  salt. 

In  view  of  the  great  increase  in  the  price  of  platinum,  it 
was  but  natural  that  many  and  persistent  attempts  had  bsen 
made  to  find  substitutes  for  it.  In  a  few  instances  this  had 
been  partially,  or  even  wholly,  accomplished  ；  as  yet,  how- 
ever, the  introduction  of  such  substitutes  had  no  appre- 
ciable effect  upon  the  price  of  the  metal;  indeed,  it  might 
be  said  that  the  demand  for  platinum  had  steadily  increased 
in  spite  of  them.  Among  the  substitutes,  the  author  men- 
tioned platinum-clad  nickel  ste^l  wire,  which  was  beginning 
to  displace  the  solid  wire>  in  incandescent  electric  lamps  ； 
wires  of  nickel  alloys  which  v  ere  used  in  making  the  cheaper 
grades  of  artificial  teeth  ；  asbestos  threads  which  had  replaced 
platinum  wire'  in  the  Welsbach  mantles  ；  and  the  fused- 
quartz  wire,  now  so  extensively  employed  in  chemical 
laboratories  in  the  place  of  platinum  utensils. 


The  Oil  Motor  Vessel  "  Jutlandia." ― The  motor  vessel  "  Jut- 
landia,"  built  by  Messrs.  Barclay,  Curie,  &  Co.,  Whiteincli, 
for  the  East  Asiatic  Company,  of  Copenhagen,  has  recently 
completed  a  long  and  very  successful  voyage  from  Genoa  to 
Singapore  iti  25  days,  during  wliich  time  ihe  Diesel  motors 
worked  steadily  and  well,  and  propelled  the  ship  at  an 
average  s]>eed  of  11  knots.  Tlie  fuel  consumption,  including 
that  of  tlie  auxiliaries,  was  8*9  tons  of  oil  |>er  day,  as  coni- 
]>ared  with  the  38  tons  of  coal  per  day  which  would  have 
been  required  to  do  the  same  work  on  a  steam-driven  vessel. 
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THE  WEARING  QUALITIES  OF  BRONZES. 

In  a  paper  presented  before  the  sixth  congress  of  the  Interna- 
tional Association  for  Testing  Materials,  A.  Portevin  and  E. 
Nusbaumer  gave  the  results  of  an  investigation  conducted  to 
determine  the  influenc©  of  chemical  composition  on  the  wear 
of  bronzes.  Electrolytic  copper  and  commercially  pure  tin 
were  melted  and  alloyed  in  various  proportions  in  plumbago 
crucibles,  and  the  metal  was  cast  into  test  bars  in  sand  moulds, 
and  from  the  test  bars  specimens  were  taken  and  tested  by 
means  of  au  abrasive  mill.  The  principle  of  this  apparatus 
was  based  upon  the  determination  of  the  friction  between  the 
specimen  and  the  circumference  of  a  polished  wheel  revolving 
at  high  speed  in  an  oil  bath.  A  lever  bore  against  the  speci- 
men with  the  pressure  of  a  known  weight,  and  as  this  lever 
descended  in  accordance  with  the  wear  of  the  specimen,  the 
latter  factor  could  be  determined  with  the  aid  of  a  micrometer 
screw.  The  speed  of  the  wheel  of  the  machine  was  always 
3,200  revolutions  per  minute,  and  each  test  was  continued 
for  2,000,000  turns.  To  lubricate  the  friction  wheel  a  high 
grade  automobile  oil  was  used.  The  analyses  of  the  alloys 
tested  are  given  in  the  accompanying  table. 


Analysis  of  Alloys  Tested. 


Copper, 

Tin. 

Phospboms, 

Lead, 

Iron , 

Zinc. 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

jicr  cent. 

]icr  cent. 

91-12 

5-73 

0-12 

0.  l.'i 

2- 08 

88.31 

So 

trace 

0.31 

2.40 

84.45 

13-89 

0.23 

0.04 

1-22 

80.22 

19-16 

trace 

0-13 

0.43 

94.80 

5.08 

0.011 

89-54 

JU.02 

0-012 

0-05 

0.21 

85-4.5 

14-42 

0-015 

0-05 

truce 

80-11 

19.79 

0.020 

0.08 

trace 

The  results  of  the  tests  showed  that  the  bronzes  contain- 
ing no  phosphorus  improved  in  wearing  qualities  with  in- 
creased tin  percentages  up  to  10，  above  which  the  wear 
became  considerable,  the  influence  of  the  tin  being  particu- 
larly injurious  in  cases  where  strong  pressure  was  applied. 
The  introduction  of  phosphorus,  it  was  found,  produced  a 
rather  curious  effect.  While  the  phosphorised  bronzes  of  low 
tin  content  were  worn  rather  more  than  the  non-phosphorised 
bronzes  of  the  same  composition,  phosphorised  bronzes  con- 
taining more  than  10  per  cent,  tin  were  decidedly  less  subject 
to  abrasion  than  the  corresponding  non-phosphorised  bronzes. 

The  introduction  of  phosphorus,  therefore,  produced  an 
average  bronze  in  which  relatively  considerable  variations  in 
the  tin  content  were  not  accompanied  by  more  than  rather 
feeble  variations  in  the  corresponding  wear,  although  the 
wear  remained  proportionate  to  the  content  of  tin.  In  the 
course  of  the  experiments  a  very  interesting  phenomenon 
came  to  light  in  the  case  of  certain  of  the  bronzes.  It  was 
noted  that  the  wear  after  being  normal  at  first,  suddenly 
strikingly  diminished,  dropping  almost  to  zero  at  a  very 
rapid  rate,  and  the  experiment  being  carried  further  than 
usual,  after  three  or  four  million  turns,  the  specimen  would 
suddenly  give  way  and  wear  away  with  great  rapidity,  and 
after  considerable  investigation  the  cause  of  this  curious 
effect  was  found  to  consist  in  the  formation  of  a  skin  of  cold 
worked  bronze,  which  resisted  wear  until  it  was  cut  through 
when  the  wear  became  extremely  rapid. 


The  Increasing  Demand  for  Petrol. ― It  has  be«n  generally 
stated,  say?-'  "  The  Motor,"  that  the  price  of  petrol  will  rise 
even  higher  in  the  near  future,  and  this  for  no  other  reason 
than  tliat  the  demand  is  increasing.  This  will  be  a  serious 
thine  for  the  motor  industry.  The  Petrol  Committee  of  the 
R. A.C.  are  moving  in  the  direction  of  discovering  an  alterna- 
tive fuel,  but  ttieir  efforts  in  t.liis  direction  cannot  immediately 
affect  the  situation  if  they  do  so  at  all.  Tlie  matter  is  of  such 
vital  importance  as  to  call  for  more  immediate  results  than  tlie 
Petrol  Com  rn  it  tee  o(  the  R.  A.C.  seem  likely  to  evolve  from 
t  heir  protracted  sittings.  Government  intervention  lias  been 
suggested,  but  it  is  doubtful  if  the  magnates  would  be  even 
slightly  concerned  if  such  intervention  were  threatened. 
They  control  a  foreign  commodity,  and  they  say  they  can  get 
ilieir  price  elsewhere  if  not  liere.  Our  contem porai*y  suggests 
international  intervention,  a n (J  considers  that  the  Inter- 
national Union  of  Motor  Manufacturers  is  the  most  suitable 
hofly  to  uiulertake  tlie  work. 


MISCELLANEA. 

A  2'000-b.h.p.  Single-cylinder  Diesel  Engine. ― According  to 
our  contemporary,  The  Motor  Ship,"  a  complete  2,000  b.h.p. 
single-cylinrler  Diesel  engine  lias  recently  been  completed  at 
the  works  of  Messrs.  Krupp.  As  much  as  2,500  b.li.p  has, 
i!  is  stated,  been  developed  in  its  single  cylind-ir,  which  is  of 
the  two-cycle  double-acting  type. 

The  Melting  Point  of  Tantalum. 一  A  new  determination  of  the 
melting  point  of  tantalum  has  been  made  by  Pirani  and  Meyer 
and  reported  in  a  recent  cornniunication  to  the  Deutsche 
Physikalisch©  Gesellschaft.  The  value  found  is  2,850°  C'.， 
which  is  closer  to  the  previous  measurement  of  the  same 
experimenters  than  was  expected,  as  the  latter  was  supposed 
to  involve  serious  errors. 

The  New  British  Submarines. 一 The  two  vessels  of  the  E  class 
which  have  just  bean  launched  on  Uie  Med  way  are,  it  is 
stated,  four  times  the  size  and  have  four  times  the  propelling 
power  of  the  earlier  A's.  Their  surface  speed  is  four  knots 
faster,  and  their  submerged  speed  three  knots  faster.  Of  the 
F  class,  several  of  which  are  expected  to  be  completed  before 
March  31st,  it  is  said  that  their  propelling  engines  will  be  of 
5,000  h.t).，  which  will  give  them  a  surface  speed  of  20  knots 
and  a  submerged  speed  of  12  knots. 

New  North  British  Locomotives.—  Two  examples  of  a  new  type 
()i  express  passenger  bogie  locomotive  have  recently  been 
ccinpleted  in  the  North  British  Railway  Company's  work- 
shops. Superheating,  which  is  comparatively  new  in  its 
application  to  locomotives  in  tliis  country,  has  been  adopted. 
The  length  over  all  of  engine  and  tender  is  56ft.,  and  tlie 
weight  with  full  running  equipment  103^  tons.  The  engines 
are  intended  for  the  Waverley  route . 

Electricity  Supply. ― Mr.  8.  D.  Schofield,  in  his  address 
delivered  at  the  opening  meeting  of  the  new  session  of 
the  Leeds  Section  of  the  Institution  of  Electrical  Engineers, 
said  that  one  of  the  main  points  to  be  considered  in  the  future 
would  be  the  fixing  of  standard  pressures  and  periodicities, 
and  engineers  interested  in  the  manufacture  of  motors  or 
incandesce nt  lamps  well  knew  what  a  boon  this  would  be  to 
them.  The  day  of  small  supply  stations  was  passing  away, 
and  if  electrical  energy  was  to  be  universally  adopted  for 
industrial  purposes,  at  prices  which  would  be  profitable  alike 
for  the  producer  and  the  consumer,  it  could  only  be  done  witli 
large  generating  units  at  stations  where  fuel  could  be  obtained 
easily  and  cheaply,  and  where  an  abundant  supply  of  water 
for  condensing  purposes  was  available.  Generating  stations 
which  were  put  down  to  supply  direct  current,  and  for 
economic  reasons  were  necessarily  in  the  centre  of  a  given  area, 
would  be  dismantled  and  utilised  as  sub-stations,  taking 
current  in  bulk  from  a  large  central  station.  The  question  as 
to  whether  these  large  stations  would  be  controlled  by  com- 
panies or  by  groups  of  local  authorities  would  settle  itself  in 
the  future. 

M  Wireless  M  Compasses. ―  At  a  meeting  of  the  Institution 
of  Engineers  and  Shipbuilders  in  Scotland,  held  at  Glasgow, 
a  paper  on  The  Determination  of  a  Ship's  Position  at  Sea 
by  Wireless "  was  read  by  Mr.  J.  Erskine  Murray,  D.Sc. 
Dr.  Murray  referred  at  length  to  two  electrical  methods 
which  were  at  present  in  use.  The  Bellini-Tosi  wireless  com- 
pass, if  fitted  on  board  a  ship,  enabled  the  navigator,  he 
said,  to  determine  the  bearing  of  any  ordinary  station  on 
sea  or  land,  while  the  Telefunken  compass  made  possible  the 
detsviTiination  of  the  bearing  of  any  land  station  fitted  with 
the  special  apparatus,  even  though  the  ship  station  was  ,)f 
the  ordinary  type,  without  special  fittings.  In  the  latter 
case,  however,  the  ship  was  unable  to  determine  the  bearing 
of  an  ordinary  wireless  station.  There  were  advantages  in 
both  systems,  and  the  choice  of  one  or  the  other  would  be 
decided  largely  by  the  nature  of  the  apparatus  at  the  coast 
stations  with  which  the  ship  was  most  frequently  in  ('()" 卜 
unuiication .  Iti  tlie  Bellini-Tosi  compass  the  direction  of  tlie 
incoming  waves  from  the  distant  station  was  determined  bv 
observations  on  board  the  ship.  In  the  Telefunken  system 
a  series  of  signals  were  sent  out  from  the  shore  station,  follow- 
ing each  other  at  fixed  intervals  of  time,  and  in  directions 
wliich  corresponded  successively  to  each  point  of  tlie  compass. 
What  the  operator  on  board  ship  had  to  do  in  order  to  deter  - 
mine the  bearing  of  the  land  station  was  to  note  whioli 
signal  was  the  weakest.      Wireless  now  provided  a  simple 
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means  of  obiaining'  knowledge  of  bearings,  knowledge  which 
it  had  been  difficult ~ in  some  cases  impossible ― to  obtain  by 
the  navigational  methods  liitherto  used. 

North-cast  Coast  Institution  of  Engineers  and  Shipbuilders. ― The 

new  president  of  the  North-east  Coast  Institution  of  Engi- 
neers and  Shij^builders  (the  Hon.  Sir  C.  A.  Parsons,  K.C.B.) 
and  the  Hon.  Lady  Parsons  held  a  reception  at  Newcastle 
on  the  22nd  ult.  The  function  was  a  pleasing  social 
success.  A  feature  of  the  gathering  was  a  number 
of  interesting  models  which  were  on  view.  These 
included  what  is  perhaps  the  largest  and  most  expen- 
sive ship  model  in  the  world,  viz.,  that  of  the  Brazilian 
battle-slnp  "  Minas  Geraes,"  which  was  built  by  Sir  W.  G. 
Armstrong,  Whitworth,  &  Co.  at  Elswick  in  1908.  Then 
there  was  a  gyrostat  lent  by  Messrs.  Wm.  Denny  &  Bros., 
designed  and  invented  by  the  late  Mr.  Beauchamp  Tower  for 
the  purpose  of  obtaining  a  steady  platform  at  sea.  Demon- 
strations were  given  of  the  Frahm  tank  for  reducing  the 
rolling  of  ships,  which  is  owned  by  the  Parsons-  Foreign 
Patents  Company,  Ltd.  'The  model  shown  was  freely  sus- 
pended from  a  point  corresponding  to  the  metaoentre  of  the 
ship,  and  oscillated  similarly  to  a  pendulum.  The  action  of 
the  auto-rolling  device  was  seen  at  once  by  simply  opening 
or  closing  certain  air  valves.  This  auto-rolling  tank  has 
already  been  fitted  to  30  steamers,  of  a  total  displacement 
of  624,200  tons.  Another  device  for  reducing  the  rolling  of 
ships  was  the  Schlick  gyroscope,  which  is  designed  and  con- 
structed by  Messrs.  Swan,  Hunter,  &  Wigham  Richardson, 
Ltd.  A  propeller  working  in  water  illustrating  cavitation 
was  shown  by  the  Parsons  Marine  Steam  Turbine  Company, 
as  were  models  of  the  helical  gearing  as  adopted  in  geared 
turbine  installations,  the  turbine  machinery  of  H.M.S. 
" Viper/'  and  of  a  wheel  showing  turbine  blading. 

Scottish  Water  Power,—  In  the  course  of  his  inaugural 
address,  delivered  at  the  opening  meeting  of  the  Scottish 
Local  Section  of  the  Institution  of  Electrical  Engineers,  held 
in  Glasgow,  Mr.  William  M'Whirter  said  the  recent  coal 
strike  had  shown  the  possibilities  underlying  a  public  supply 
of  electrical  energy,  and  what  could  be  done  in  such 
emergencies  if  proper  precautions  were  taken,  and  if  a  suffi- 
cient supply  of  fuel  were  in  stock.  Towards  this  end  it  would 
be  necessary  to  give  increasing  consideration  to  the  sites  of 
power  stations,  and  it  would  he  found  expedient,  he  thought, 
to  locate  these  right  on  the  coalfields,  provided  condensing 
water  was  also  available  in  abundance.  It  would  be  cheaper 
to  transmit  the  electricity  than  to  carry  the  coal  to  the  power 
stations.  At  the  same  time,  they  were  faced  with  the  fact 
that  the  amount  of  available  coal  fuel  was  limited,  and  they 
would  require'  to  see  that  sources  of  power  were  tapped  which 
had  hitherto  been  neglected.  From  Fort  William  to  Fort 
Augustus  the  chain  of  lochs  forming  the  Caledonian  Canal 
might  be  utilised  in  order  to  give  a  supply  of  power  in  excess 
of  anything  at  present  known.  The  level  of  Loch  Lochy  was 
93ft.  above  the  sea.  The  loch  was  10  miks  long,  and  of  an 
average  breadth  of  one  mile.  Its  level  might  be  raised  to  a 
height  of  150ft.  ，  which  would  double  its  storage  capacity,  and 
also  connect  it  with  Loch  Arkaig.  With  the  present  know- 
ledge of  high-tension  electrical  power  distribution  it  would  be 
possible  to  bring  supplies  of  current  from  such  a  district  to 
Glasgow  and  the  West  of  Scotland,  the  distance  being  not 
more  than  100  miles,  and  the  route  nearly  all  through  country 
where  there  would  be  no  difficulty  in  obtaining  the  necessary 
wayleaves.  Mr.  M^Vhirter  referred  also  to  Loch  Ness  as 
being  available  for  similar  purposes. 

Porous  Metals  for  Bearings.  ― A  writer  in  "  Comptes  Rendus  n 
gives  a  metliod  of  making  porous  metals  which  can  be  used  for 
bearings,  packing,  or  accumulator  plates.  He  gives  a  case  of 
tliis  nature  in  which  lie  allowed  an  alloy  of  50  per  cent,  of 
antimony  and  50  per  cent,  of  lead  to  cool  to  below  450°  C.  At 
this  temperature  the  antimony  begins  to  crystallise  out.  .  The 
mass  was  then  subjected  to  centrifugal  motion  and  the  liquid 
eutectic,  which  does  not.  finally  solidify  until  a  temperature  of 
225。  is  reached,  and  which  then  contains  87  per  cent,  of  lead. 
A  tin  and  lead  alloy  was  mad©  and  treated  in  the  same 
manner.  The  alloy  contained  20  per  cent,  of  lead.  It  was 
su^.^'sl'-'l  t  ； mt  Ik.i-  ( h;il  such  iin'tals  iiiigiil  1"、  used  to 
form  semi-meiallic  alloys  by  filling  the  pores  with  fats,  resins, 
or  enamels;  while  by  the  inclusion  of  lead  oxide  in  the  case 
of  porous  lead,  accumulator  plates  could  be  produced. 


INDUSTRIAL  AND  TRADE  NOTES. 

Steel  Works  for  New  South  Wales.  ―  The  GovernnuMit  lias 
；) pproxed  of  the  iu)(l(irtakin^  to  reserve  an  area  of  land  and  a 
j)i  i\  ;ite  rnil\\  ;iy  and  to  <1  redge  a  portion  of  the  Hunter  River  to 
hu-ilitutc  tlic  esta l)lishnuint  by  the  Broken  Hill  Proprietary  Com- 
pany of  iion  aiul  st('"l  works  ； it  Newcastle.  The  works  will,  it 
is  said,  cost  about  two  millions  sterling. 

Midland  Iron  Trade. ― Further  evidence  of  the  iion  trade  boom 

is  afforded  hy  tlic  hi-monthly  return  for  September  and  October 
just  issued  hy  the  Midland  Iron  and  Steel  Wages  Board.  Accord- 
ing to  this  the  average  net  selling  price  of  manufactured  iron 
1ms  been  £7.  17s.  7d.,  or  an  improvement  of  7s.  3d.  upon  the 
preceding  return.  Wages  will  bo  advanced  o  per  cent.  The  total 
new  puddling  rate  becomes  10s.  9d. 

The  Use  of  Suction  Gas  Plants  in  South  Africa. ― The  "Agricul- 
tural Journal  of  the  Union  of  South  Africa  ，，  states,  in  a  recent 
issue,  that  although  suction  gas  plant  and  engines  are  at  present 
extensively  employed  by  farmers  in  South  Africa  for  pumping 
water  for  irrigation,  they  should  also,  on  account  of  the  low 
cost  of  working,  be  more  widely  used  for  other  purposes  such 
as  for  grinding  mealies,  cutting  chaff  and  ensilage,  ^c. 

Electrification  of  London  Railways.  一 The  London  and  South- 
western Railway  Company  will,  it  is  reported,  begin  the  elec- 
trification of  the  routes  near  London  early  next  year.  It  is  ex- 
pected that  the  work  will  take  ubout  two  years  to  complete.  The 
tirst  line  to  be  electrified  will  be  the  loop  line  from  Waterloo  to 
K ingstou  ii a d  back3  via  Wimbledon,  Riclimondj  and  Putney.  The 
Hounslow  loop  and  tlu>  Hhepperton  and  the  Hampton  Court  lineb 
will  be  electrified  afterwards. 

Australian  Turbine  Steamer. ― Messrs.  William  Denny  &  Bros -， 
Dumbarton,  launched  a  few  days  ago  the  turbine  steamer 
' ' W'alime, '  、vhi('h  they  have  built  tor  the  Union  Steamship 
Company  of  Now  Zealand.  The  vessel  is  designed  for  service 
between  Wellington  and  Lyttleton,  and  she  is  similar  generally 
to  the  "  Maori/'  which  was  built  at  Dumbarton  in  19U7.  The 
principal  dnneiisions  are :  Length,  374ft.  ；  breadth,  52tt.  ；  and 
depth,  2Tft.  (iin.  The  propelling  machinery  consists  of  three  sets 
of  turbines  supplied  with  steam  from  water-tub©  boilers  of  the 
Jia bcock  <fe  \V llcox  type. 

Trials  of  a   Diesel-engined  Steamer.  ―  The  Diesel  engine-driven 

ttmk-ship  "  Juuo/'  built  by  the  Nederlandsciie  Scheepsbouw 
Maatsclnipij,  of  Amsterdam,  v. nd  engined  by  the  Nederluudsche 
Faliriek  \an  Werktuigen  en  fSpooi'weg-Materieel,  also  of  Amster- 
dam, has  successfully  completed  her  trials  in  the  North  Sea. 
This  vessel,  which  has  been  built  to  the  order  o^  the  Anglo-Saxon 
Petroleum  Company,  of  London,  is  of  the  following  dimensions : 
^o8tt.  long  by  43tt.  beam,  with  20ft.  moulded  depth,  and  18tt. 
draught,  on  a  dead-weight  capacity  of  2,450  tons,  and  the  en- 
gines, which  are  of  the  \Verkspoor-Diesel  design,  of  1,100  b.h.p., 
are  of  the  four-stroke  cycle  type,  having  six  cylinders. 

Clyde  Shipbuilding.  ―  Clyde  shipbuilders  have  launched  29 
vessels,  aggregating  over  68,488  tons,  during  November,  bringing 
the  total  tor  the  eleven  months  up  to  588380ti  tons.  This  exceeds 
the  previous  highest  for  the  same  period  by  '50,000  tons.  Only 
on  three  occasions  has  this  total  been  exceeded  by  the  total  year's 
output,  so  that  a  record  for  the  year  seems  assured.  Included 
among  the  new  contracts  placed,  in  November  arc  three  battle- 
ships of  27^000  tons  eacli  for  the  British  Government,  a  large 
twin-screw  passenger  steamer  for  the  Cunard  Company,  three 
oil- engined  Atlantic  Transport  liners,  an  oil  tank  steamer  of 
IOjUUO  tons,  and  two  steamers  of  8,400  tons  carrying  capacity 
for  the  Clan  Line. 

Large  Direct-current  Generators.  ―  The     largest  direct-current 

generators  yet  designed  are  being  built  by  the  General  Electric 
Company,  of  Schenectady,  N.Y.，  for  the  plant  of  the  Southern 
Aluminium  Company  at  Whitney,  N.C.  Here  seven  vertical 
waterwheel  units  will  each  drive  a  5,000  kw.,  20,000  amp. 
250-volt,  170  revs,  per  minute  generator.  They  will  weigh  about 
1GU  tons ,  and  will  be  22ft.  in  diameter,  with  a  height  of  13ft. 
above  the  floor.  The  entire  rotating  element  of  the  generators 
will  bo  supported  from  an  overhead  bearing.  The  units  are 
dt'sigiiinl  for  safety  at  a  runaway  speed  7o  per  cent,  above  normal. 
Wheel  governors  will  be  provided  with  remote  electric  controls 
for  hand  and  automatic  operation. 

A  New  Alpine  Railway* ― The  Lotschberg  Alpine  Railway  is 
； »pi>roacliin^;  completion.  The  line,  which  is  48  miles  in  length, 
and  has  occupied  more  than  six  years  in  l)uilding,  starts  at  Spiez, 
on  the  l"ik(、  of  Tlum,  and  finishes  at  Brigue,  in  the  Rhone  Valley, 
whore  it  coiuKHts  with  the  Siuiplon.  The  line  forms  a  short 
cut  to  Italy,  and  will  enable  travellers  to  savo  from  one  to  five 
hours  on  the  journey,  the  wide  detour  formerly  necessary  in 
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onler  to  reach  the  Simplon  being  obviated.  Not  only  was  it 
necossary  to  pierce  the  Bernese  Alps  in  order  to  construct  this 
direct  route,  but  numeroufi  wide  ravines  had  to  bo  crossed  hy 
means  of  steel  bridges  and  granite  viaducts,  and  embankments 
to  be  constructed  along  the  edge  of  lofty  precipices.  Electric 
locomotives  of  large  power  have  beeu  specially  designed  and  con- 
structed tor  use  ou  the  new  line. 

Granting  of  Certificates  under  the  Coal  Mines  Act.  ―  The  Home 
Secretary  gives  notice  that  he  has  approved  the  following  insti- 
tutions tor  the  purpose  of  granting  certificates  under  his  Order, 
dated  February  27 th,  1912,  prescribing  the  qualifications  of  sur- 
veyors tor  the  purpose  ot  sections  20  and  '2 丄 of  the  Coal  Mines 
Act,  1911 :  City  and  Guilds  ot  London  Institute,  Royal  School  ot 
Minos,  Wigan  and  District  iUining  and  Technical  College,  Uni- 
versity ot  JBirmingbam,  University  College,  INottiiigham.  Ex- 
uiuiuations  for  surveyors'  certificates  are  also  held  Dy  the  Board 
lor  Mining  Examinations  in  May  and  November  in  each  year  at 
tlie  tollowing  centres :  Edinburgh3  Newcastle-on-Tyne,  Shettield, 
W  igan,  Cardiff,  and  Birmmgiiam.  All  application?  for  inforina- 
tiou  should  be  addressed  to  the  approved  institutions,  or，  in  the 
case  ot  the  Board  for  Miniug  JCx animations,  to  the  Secretary  of 
the  Board,  Home  Ollice,  Loudon,  S.W. 

Britisn  Trade  during  1911*  ―  Detailed  information  of  the  trade 
between  the  United  Kingdom  and  each  toi'eiga  country  and 
British  Possessions  dunug  1911  is  contained  in  a  Blue  Book  just 
published.  It  is  stated  that  of  the  total  imports  in  tlie  year, 
goods  to  the  value  of  i;508,b97,79(i  were  consigned  from  foreign 
couutries  uud  £171,259,731  from  British  Possessions  and  Pi*otec- 
torates.  Ot  our  total  exports,  £295/275,154  was  the  value  ot  con- 
signuieuts  to  toreign  countries  aud  丄 '_>8,844，144  of  coiisigiLinents 
to  other  parts  ot  tlie  Empire.  Comparative  tables  tor  the  years 
IWt  to 丄 y 丄 1  sho\Y  that,  as  compared  with  the  first-mentioned 
boom  year,  imports  troni  ioreign  countries  increased  by 
£20,033,952  (or  4  per  cent.),  and  itiose  trom  the  Empire  by 
£14,315,(333  {or  y  per  cent.).  Exports  to  toreign  countries  rose 
£8;tib8;2a8  (or  3  per  cent.)  and  to  the  Empire  ±;i935953977  (or 丄 4 
per  cent.).  Of  our  imports,  Germany  sent  £()-5/281),7^9  ；  Russia, 
±；43,1543411-  and  the  United  States,  £1^,(^48(3;  while  British 
ludia  was  represented  by  ^43,423》 丄 (j  unci  Australia  by 
£39,096,097,  Of  our  exports,  Germany  took  £29,283,083,  the 
Uuited  States  i;27，5 丄 9，3ob，  Australia    ^30,881,0^4,    and  India 

North  of  England  Iron  Trade. ―  The  account xnts  report  to  the 
JJoard  ot  Conciliation  in  the  northern  iron  trade  states  that  dur- 
ing September  and  October  the  output  of  rails,  plates  bars,  and 
angles  was  13,484  tons,  and  the  average  net  selling  price  £b. 
丄 Us.  7 *03d.  per  ton.  In  the  preceding  two  months  tlie  output 
was  12/229  tons,  and  the  ascertained  selling  price  £0. 丄 (3s.  6d., 
whereas  in  May  and  June  12,543  tons  were  produced,  and  the 
price  returned  at  £6.  13s.  0-84d.  Of  the  output  bars  torrn  83-37 
oi  the  whole,  the  tonnage  being  11:242  tons.  The  report  shows 
that  since  the  second  half  of  last  year  set  in  there  has  been 
better  trade  in  all  departments.  Tlie  output  is  the  largest  known 
for  some  time  past,  and  the  ascertained  price  is  the  best  since 
1W7j  which  itself  was  a  boom  year  in  the  iron  trade.  Already 
this  year  the  total  output  is  53^955  tons,  and  the  next  best  was 
11KJ7,  which  for  the  full  twelve  months  was  67,312  tons.  There 
is  every  reason  to  believe  that  the  present  improvement  will  con- 
tinue, for  the  ironmasters  on  all  hands  report  full  order  books. 
Ironworkers'  wages  are  ruled  by  a  sliding- scale  based  on  the 
return,  and  in  accordance  with  that  scale  there  will  be  an  ad- 
vance of  3d.  per  ton  on  puddling  and  2^  per  cent,  on  all  other 
forgo  and  mill  wages,  to  take  elt'ect  from  Monday  last. 

The  Trade  of  Russia. ― hi  his  report  on  the  toreign  commerce  of 
K ussiii  and  trade  of  the  Consular  district  of  St.  Petersburg  for 
the  year  l(Jll，  tho  British  Consul  remarks  that  the  prosperity 
oi  H ussia,  so  marked  in 】1)1化 continued  well  into  the  year  under 
review.  Tho  number  of  industrial  establishmentSj  registered  at 
J .7,721  in  tho  beginning  of  the  yvi\rs  showed  an  increase  of  (iw  per 
cent.,  as  conipa red  with  1(J1U，  and  tho  number  of  hands  employed 
had  grown  to  1/J'')2,00U，  or  an  ineroiiso  of  0-5  per  cent.  Tho  total 
\  oliuiic  oi  trade,  Uoth  exports  and  imports,  again  exceedtxl  that 
ot  tin;  i)r(— "'(ling  yoar,  thereby  ostul)lishing  a  new  record  in 
'J'lic  output  oi  co;il  i'，"l  ； iiithrjicito  increased  l>y  20  per  cent. 
J'rifrs  、、,"•（，  \ ery  firm  throughout  tho  year,  and,  of  courso,  rose 
coiisi(l(;r;il»ly  during  tlie  past  、vi"t(、r  owing  to  tho  strikes  in  tho 
United  Kingdom.  The  price  of  hard  fuel  was  also  greatly  in- 
iluonctKl  by  that  of  liquid  fuel,  which  was  high,  owing  to  the 
reduced  production  of  naphtha  in  the  Baku  regions,  estimated 
at  650, CXX)  tons  short  of  the  actual  requirements,  besides  wliich 
the  demand  for  liquid  fuel  is  increasing  owing  to  the  wide- 
spread use  of  internal-combustion  motors  for  industrial  and 
other  purposes.  It  is  estimated,  says  the  Consul,  that  tho  aggre- 
gate output  of  n;ip]iih;i  iii  1911  was  D，0T)0，000  ions,  or  some  4*0 
2ier  cent.  less  iliau  iu  1910. 


Large  Cargo  Turbine  Steamer.  ―  A  lar^o  cargo  turbine  fito;ini'  r， 
the  "  Cairnross,"  was  launched  from  Messrs.  D  ox  ford  <fe  Son  \s 
shipyard  at  Pallion  on  the  20th  uit.,  lor  the  Cairn  Line  of 
Steamships,  Ltd.  (Newcastle).  Tho  vessel  is  intended  to  carry 
about  7,800  tons  deadweight  on  about  24|f't.  draught. 
The  length  of  the  ship  between  perp (！ ndiculars  is  370tt., 
breadth  51ft.  ，  and  moulded  depth  27ft.  \)in.  Her 
estimated  speed  is  10  knots.  Tho  principal  point  of  in- 
terest in  the  ship  is  the  propelling  machinery,  which  is  to  be  on 
tho  geared  turbine  system.  She  is  the  first  purely  cargo  steamor 
actually  built  specially  to  take  macliinery  of  this  type.  I'lio 
system  has  already  been  tried  in  the  "  Vespasian,  whose  maclii 
uery  was  converted  by  Messrs.  Parsons  from  the  ordinary  triple - 
expansion  type  to  this  latest  development  of  Messrs.  Parsons' 
marine  practice.  The  "  Cairnross  ，，  "will  therefore  be  the  first 
ship  built  for  the  application  of  the  system  to  the  purpose  tor 
winch  it  was  really  designed,  viz.,  the  application  ot  high-«peed 
turbines  to  the  ordinary  medium-speed  and  low-speed  type  ot 
cargo  steamer.  The  installation  consists  of  one  liigh-pressuro  and 
one  low-pressure  turbine,  both  of  which  gear  by  means  of  double 
helical  steel  pinions  into  a  large  double-helicai  spur  wheel.  All 
the  gearing  is  machine  cut  by  special  machinery  at  Messrs.  Par 
sons'  works,  and  the  whole  forms  a  very  efficient  and  silent 
method  of  transmission.  This  system  permits  of  the  economy 
and  compactness  of  the  high-speed  turbine  being  taken  full  ad- 
vantage of.  The  results  ot  exact  trials  of  this  type  ot  machinery 
will  be  looked  forward  to  with  considerable  interest.  Tho  tur- 
bines and  gearing  have  been  constructed  by  Messrs.  Parsoiiis' 
iVLai'ine  Hteam  Turbine  Company,  Ltd.,  at  their  Walisend  works  ； 
whilst  the  boilers^  shafting,  and  propellers  have  been  constructed 
by  Messrs.  Wm.  Doxtord  do  Sons,  Ltd.,  the  builders  ot  tue  ship. 

The  Workmen's  Compensation  Act  and  its  Burden  on  Industry. ― The 
Home  Office  has  just  issued  in  the  form  of  a  Blue  book  the  statistics 
of  compensation  and  of  proceedings  under  the  Workmen's  Com- 
pensation Act  in  1911.  JSir  Kdward  Iroupj  tlie  permaneut  seci'e- 
tary  at  the  Home  Office,  states  that  returns  nave  again  been 
collected  from  ttie  seven  great  groups  of  industries ― mines, 
quarries,  railways,  factories,  harbours  and  docks,  construction" 
works,  and  shipping.  These  returns  t'urnisn  materials  tor  a 
general  】e/iew  ot  tne  working  of  tlie  Compensation  Act  of  190b 
in  relation  to  the  main  body  of  the  inaut>ti  les  of  the  United 
Kingdom.  丄 u  these  seven  groups  of  industries  the  number  ol 
employers  included  in  the  returns  was  139,881,  and  the  aggre- 
gate number  of  peisons  employed  coming  within  the  provisions 
ol  tlie  Act  was  over  7;000,000;  ot  whom  more  than  5，Ul)0，UlKJ  come 
under  the  heading  "  iactoues."  In  these  industries  in  the  year 
丄 911  compensation  was  paid  in  4;021  cases  of  death  and  in  4 丄 (J，U31 
cases  of  disablement.  rlhe  average  payment  in  case  of  death  w  as 
£154,  and  in  case  of  disablement  £5.  16s.  The  annual  charge 
for  compensation,  taking  the  seven  groups  of  industries  together, 
averaged  8s.  5d  per  person  employed,  it  was  lowest  iu  tlie  cat>o 
of  persons  employed  in  factories,  being  only  4s.  (3d.  per  person. 
In  the  case  of  railways  it  rose  to  10s.  9d.,  in  quarries  to  14s.  3d., 
and  to  13s.  5d.  in  constructional  work.  It  was  highest  iu  clocks, 
21s.  9d.，  and  in.  mines  23s.  8d.  It  is  noteworthy  in  the  coal- 
mining industry j  that  the  charge  arising  under  the  Act  works 
out  at  about  Is.  Id.  only  per  ton  of  ccal  raised.  Tho  total 
amount  of  compensation  paid  urder  the  Act  in  the  seven  group:i 
of  industries  during  the  year  Avas  £3,05G3404,  as  compared  、vit)i 
£2,700,325  in  the  previous  year.  When  to  this  is  added  the  costs 
of  management^  commission,  legal  and  medical  expenses,  &c,  the 
total  charge  borne  by  the  seven  industries  probablv  amounts  to 
more  than  £4,000,000. 


The  Manufacture  of  Fcrro  alloys.— With  regard  to  the  supply 
of  ferro-alloys  used  in  the  manufacture  of  high-grade  steels, 
the  "  Sheffield  Daily  Telegraph  •，  states  that  a  British  firm  who 
manufacture  ferro-tungsten  and  ferro-molybdenum  have  met 
with  so  much  support  that  they  are  putting  down  additional 
plant  to  increase  their  output  and  to  take  up  tlie  mauufacture 
of  other  alloys,  including  ferro-chrome.  This  English 
material  is  claimed  to  be  superior  in  every  respect  to  that  pro- 
duced abroad  and  even  preferred  in  many  works  on  the 
Contiiieut,  while  the  price  is  as  low  or  lower.  With  the  object 
of  coping  with  the  increased  business,  the  works  where  these 
alloys  are  being  made  are  being  acquired  by  a  new  limited 
company,  with  a  capital  of  £150,000.  In  the  course  of  the 
next  few  months,  this  company  claims  that  it  will  be  in  a 
position  to  meet  all  the  British  requirements  of  ferro- 
tungsten,  ferro-molybdenum,  ferro-chrome,  and  ferro- 
vanadiuin,  as  well  as  suck  other  alloys  as  may  be  required. 
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NEW  PATENTS, 

Specifications  of  the  following  are  now  published,  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  10(1.  Address 
a  Mechanical  Engineer^  53,  New  Bailey  Street,  Manchester. 

MECHANICAL,  1911. 

Method  of  prodiu  ii:g  heat,  heat-radiating   flume,   and  inflam- 
mable gases  by  fractionate  combustion  anrl  a pparatus  tli('r。 
tor.    Meeze.  2941. 

Chain  V-belts.    Roberts.  18087. 

Solidification  of  hydrocarbon  oils.    Armstrong  &  Mordan.  1S;3(HI. 
Packing  for  piston-rods.    Garratt      Barvin^cr.  1DG()0. 
Pneumatic  ore  stamps.      Fraser  <fc  Chalmers,  Ltd.,  and  IW'lir. 
22083. 

Derricks.    Farrantls.    24991 . 

Block-signalling  apparatus  for  railways,    liousfield.  2-l9(J.">, 

Aerial  machines.    Goldman.  25024. 

Steam  meters.    Woodroffe  &  Boultboo.  2-5112. 

Apparatus  for  measuring  and  delivering  measured  qu;i ntitif's  of 
liquid.    Holmes.  25115. 

Heating  of  railway  ca rria^os.  J .  Stone  <fe  Co.,  and  Darker.      1  \  I . 

Piston-traversed  ports  of  reciprocating  engines.  Wells  &  David- 
son. 252U4. 

Moans  for  propelling  ships.    Gounouilhou.  2.523(3. 
Aoroplane.    Wiles,  Ma('L(、od，  A:  WiU«s.  2.13G3. 

Controlling  the  supply  of  liquid  or  gaseous  im'l  and  air  to  l'm- 

naces.    Crosbie.  2o410. 
Annealing  of  metallic  sheets  and  applianocs  used  tliorcin.  Tliomas, 

Thomas,  &  Davies.  25o2'). 
Ship  construction.    Sir  W.  G.  Armstrong,  Wliitworth,  &  Co.,  ； 

Burgess.    2oo9-l . 
Aerial  machines.    Meugniot  &  Meugniot.  2o(){)~>. 
Centrifugal  pumps.    Kerr  &  iMcEwan.  *2o877. 
Hot-air  engines.    Stockmann.  26260. 
Grates  for  refuse  destructors.    Leask.  20474. 
Self-propelled  vehicles  or  motor  Avagons.    C1la\ ton  A:  Co.  (Hud- 

dersfield),  and  Clayton.  26570. 
Automatic  coupling  for  railway  vehicles.    Smith.  2(i(i90. 
Apparatus  for  indicating  the  depth  of  liquids  in  ； md  for  forcing 

liquids  out  from  ships'  holds.  Young  &  M;K'I)oiiakl.  2(ii)S!i. 
Axle-boxes.    Lassmanu.  28061. 

Process  for  producing  peat  fuel  or  coke,  and  apparatus  therefor. 

Priolean  &  Prioleau.  28145. 
Vices.    Vanes.  28530. 

Recording  devices  for  use  in  instruments    for    measuring  the 

volume  of  air  or  gases.  Arndt. 
Pumps.    British  Thomson-Houston  Company.  28738. 
Joints  or  couplings  for  pipes.    Dura nd.  28982. 
Operating  producer  gas  power  installations.    Hutcliins.  29'J'Ki. 

1912. 

Ilt^cording  mec-haiiism  for  meters.     Hall.  249. 

JJnilving  means  for  use  in  shunting  operations  on  railways.  Cliut- 

terton.  620. 
Gas-producing  apparatus.    Loehlein.  (373. 

Apparatus  for  filtering,  cleansing,  and  purifying  water,  oil,  or 

other  fluids.    Hamilton  &  AVheatley.  813. 
Tube  expanders.    Robinson.  997. 

Governors  for  centrifugal   air    compressors.      British  Thomson 

Houston  Conipany.  1496. 
Machines  for  making  spirally-wouncl  tubing.    Beadle.  2152. 
Lubricating  systems  for  internal-combustion  engines.  McCurd. 

2539. 

l'yrophorous  metal  alloys,    l^lektrjclienii.sr'lio  、Verke  Gcs.  33oD. 
Automatic  couplers  for  railway  carriages  a n d  w  agony.  AVillison. 
3740. 

(ica r-cutting  machines.    Fawcus.  4G94. 

Chucks  and  tool  sluuik.s  for  uso  thorow  ith.    Jonnin^s.  17(JU. 
Cut- off  valves  lor  steam  engines.    Tjccs  Sc  Lees.  0538. 
Mnnui'acture  of  silicon  sheet  stool .    Coiuiell.    7< HJo. 
V:，lvt、s  for  interna]-coml)Ustioii  engines.    Hoist.  7141. 

rolling  nuichi iH.'^y .    Schilling.  8o94. 
C\  tiiidficMl  <rr\ ndin<r  macliines.    Hovston.  87');.). 
B:il:m('ing  device  ior  f] yin^-niiichiiioy.    Comerse.  U47U. 
Tootlif'fl  ^cjirin^.     Dumont.    98- )2. 
A(iroj)I;mcs.    Sii(，U"'，  liootliliy,  <fc  Patorson . 
Aiitoniatic  c;i r  cotipiiii^.     Passi  A:  Pi"— 'oil a 
T，ir'>ii"'s.     Price.     1 1 400. 

Afljiistin^;   iiHM-lianism   for  gi'iiidhi;,   mills.    Spclhiian  iV' 
11458. 

"riving  lx»lts.       r;iy.     I  I 

，'，h、、il»l。  st;i  v  holts  lor  lioilcrs.  Si;i (loi'd .  I  I  (;',". 
CarljuroLicrs  lor  internal  comlMisli(Hi  ci'j/incs.  lJx'i 


Steam  boilers.    Babcoek  &  Wilcox,  Ltd.  12004. 

Governing  the  speed  of  water  turbines.    Hngiionin.  1245*2. 

Condensation  of  exhaust  fluid  in  steam  engines.  Schmidt.  12G99. 

Dust-excluding  and  oil-retainHg  devices  for  axle-boxes.  Lass- 
manu. 12943. 

Ball-thrust  bearings.    Bruhl.    13】 33. 

Turbo-pumps  or  fans.    Elling.  14668. 

Railway  and  tramway  points.  Meldini.  14823. 

Apparatus  for  determining  the  specific  gravity  of  gases.  Doscli. 
15787. 

Surface- griiuling  niachinos.  G(jn(、r;il  Composing  Company.  17.'i!J  I . 
Rotary  internal-foni1)iistion  motor.    Vallez.  18174. 
Chill  moulds.    Phillips.    21  "7(;. 

Two-stroko  cycle  intornal-combustion  ongines.     Royer.  242i3M. 
Gas  turbines.    Churchill-Shann.  23286. 

ELECTRICAL  19". 

Apparatus  lor  automatically  maii]t;iinin^;  a  innforni  load  on  tlio 
]»ri me  movor       an  alternating-current  yoncniti set. 
c;is1hi'c  J)\  n;imo  and  IVI otor  Company,  and  Siddolcy.        I  OH . 

Overlu^ad  systems  for  transmitting  electricity.    Paul.  2o.'i(il. 

Electric  resist :i  ii' Hirst  tfc  Brook.  27189. 

1912. 

Joint  for  the  m^tallif    ('(wrings    of    insulated   electric  wires. 

Whiting.  81. 
Inciuulescent  ('k'cti'ir  lamps.    LowdcMi.  1180. 
Indiictioii  furnaces.    Solomon.  1839. 

Electric  powor  transmission  apparatus.    Macfarlane  En^ijiceriii^ 

Comi>a]iy,  and  Macfail.uio.  2817. 
Kl(、rtric  con plin^s  or  ('omicctors.    Wilkie.  3772. 
Electric  search-liglits.    (k^).  Siemens  &  Co.  3812. 
Intercommunication  t>"('〗>limit>  systems.    "White  &  i'arsons.  ">( 
Brusli-holders    ior    inagm'to    mnchiiics     for     (、l(、ctri (；  :gnition. 

Bloxani.    54  46. 

Apparatus  for  the  electro-deposition  of  iron.  Tiscbonko.  dl* 
Ca  rhoii  eloctrodo  for  electric  i'urnacos.      】）lani:i、vcrke  Akt.-Gus. 

fur  Kohlenfabrikation.  14267. 
Kloftrical  contact  plugs  for  s\vitclil)oards.    Riclitor.  10144. 


METAL  QUOTATIONS. 

TUESDAY,  DECEMBER  3 no. 

Aluminium  ingot   90/-  per  cwt. 

"         wire,  according  to  sizes,  &c  from  1 12/-  ，， 

，，        sheets        ，，  ，，   ，  120/-  ，， 

Antimony  £39/-/-  to  £40/-/-  per  ton. 

Brass,  rolled    9Jd,  per  lb. 

，, tubes  (brazed)    Hid, 

"       ，，     (solid  drawn)   9|d. 

，，       ，，     wire   9Jd. 

Copper,  Standard   £76/15/-  per  ton. 

Iron,  Cleveland   67/3  ' ,, 

，， Scotch   73/3  ,, 

Lead,  English    £】8/10/-  ,， 

，， Foreign  (soft)    £18/2/6  " 

Mica  (in  original  cases),  small   6d.  to  3/ -  per  lb. 

,，  ，，  ，，       medium   3/6  to  6/- 

，，  ，，  ，，       large   7/6  to  11/- ，， 

Quicksilver   £7/12/6  per  bottle 

Silver  ..^   29^d.  per  oz. 

Spelter    £26/7/(3    per  ton. 

Tin,  block   £228/-/-  ，， 

Tin  plates   ，， 

Zinc  sheets  (Silesian)   £29/10/—  ,, 

，，  (Stettin  ；  Vieille  Montague)   £30/5/-  „ 


11371). 

Spt'lllllM 


The  Electrification  of  a  Small  Group  of  Collieries. ― At  the 

mojithly  meeting  of  the  West  of  Scotland  Branch  of  tlie 
Association  of  Mining  Electrical  Engineers,  held  at  Glasgow, 
Mr.  A.  Campbell  King  read  a  paper  on  the  above  subject, 
in  wliFch  he  embodied  ideas  gathered  from  his  experi- 
ence with  and  inspection  of  electrical  installatioiis 
both  in  Germany  and  Scotland.  The  author  said  it 
was  to  be  regretted  tliat  a  fair  proportion  of  electrical  acci- 
donts  happened  with  coal-cutters.  No  doubt  many  of  tliese 
accidents  were  due  to  the  lumian  element,  and  for  that 
reason  as  well  as  others  he  was  on©  of  those  who  thought 
that  compressed  air  was  the  ideal  motive  power  for  coal- 
cutting  machines.  Frankly,  he  did  not  think  that  a  coal- 
cutter was  an  ifleal  subject  for  electrification,  because  the 
conditions  under  which  tlie  motor  had  to  work  were  any- 
ihin^  but  satisfactory,  owing  to  vibration  and  (lust.  Next 
to  compressed  air,  liowever,  he  favoured  the  direct-current 
niMcliine  as  being  preferable  to  the  macliino  of  the  alternating 
type- 
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Profit  Sharing  and  Co  partnership. 

The  subject  of  profit  sharing  or  co-partnership  in  one  shape 
or  another  has  been  widely  discussed  during  the  last  few 
years.  Labour  discontent  and  the  disagreements  between 
workmen  and  employers  which  inevitably  spring  out  of  it  are 
largely  responsible  for  this,  and  are  usually  most  frequent  in 
times  of  prosperity.  This  is  perhaps  hardly  to  be  wondered 
at，  for  profits  at  such  periods  are  more  tangible  and  the  reap- 
ing of  them  by  employers  more  patent.  The  workman  forgets 
the  lean  years  during  which  profits  may  have  been  small  or 
even  non-existent  and  continuous  anxiety  perhaps  the  only 
" reward  ，，  the  employer  has  extracted  from  his  business, 
owing  to  his  inability  to  divide  more  than  a  small  proportion 
of  his  losses ― and  often  not  even  that ~ with  wages.  His 
anxiety  on  this  account  cannot  as  a  rule  be  revealed.  It  has 
to  b©  born©  silently,  and  with  such  patience  as  lie  can  muster. 
The  workman  being  unconscious  of  it  naturally  thinks  it  does 
not  exist,  and  str&nuously  resists  any  attempt'  to  make  him  a 
partner  of  it;  When  the  fat  years  come  round,  profits  do 
undoubtedly  tend  to  rise  more  rapidly  than  wages  and  the 
disparity  between  the  workmen's  and  the  employers'  share 
more  pronounced. 

Much  of  tlie  praise  of  co-partnership  aud  profit-sharing 
schemes  that  appears  in  the  Press  emanates  from  persons  who, 
whatever  their  reputation  for  philanthropy  and  public  spirit, 
have,  as  a  rule,  little  experience  of  the  economic  factors  which 
regulate  industrial  enterprise  and  011  which  success  depends. 
Evidence  of  this  was,  we:  think,  clearly  shown  at  a  meeting  of 
the  Consultative  Council  of  the  Labour  Co-partnership 
Association  held  a  few  weeks  ago.  Lords,  church  dignitaries, 
and  professors  figured  largely  amongst  the  speakers,  but 
of  influential  organi&ers  of  industry  there  was  but  a  thiu 
sprinkling,  and  these  were  associated  iu  nearly  every  case  with 
monopoly  industries  01*  businesses  in  which  the  economic  forces 
with  which  tlie  general  run  of  enterprises  have  to  contend  are 
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largely  absent.  We  have  sincere  respect  for  Earl  Grey  and 
Lord  Hubert  Cecil,  but  we  are  not  aware  that  either  of  them , 
apart  from  their  academic  interest  in  labour  questions,  have 
been  conspicuously  associated  with  the  establishmeni  or  work- 
ing of  business  concerns,  and,  wliile  syinpatliLsiu^  witli  their 
aspirations  for  liarrnonious  industrial  relationships,  we  may 
legitimately  question  their  ability  to  fully  realise  tlie  coni])lex 
nature  of  many  of  the  factors  entering  into  tliem.  Such  a 
coiisuinmation  as  they  wish  is  as  strongly  desired  by  the  whole 
of  the  industrial  community.  It'  co-part-nerHliij)  arrangements 
are  rare  it  is  mainly  because  employers  are  unable,  for 
economic  reasons,  to  make  them  sufficiently  attractive  to  the 
bulk  ol*  workmen  as  to  induce  the-in  t'o  give  up  the  freGclom  ol' 
t'mit  rad'  whicli  rests  on  l\\v>  ordinary  wage  basis  for  one  which 
requires  a  much  greater  permane'iic©  of  relationsliij)  and,  if  it 
is  to  l>e  of  any  value  at  all,  must  take  account  of  losses  as 
well  as  profits. 

Anyone  familiar  with  industrial  history  will  be  able  to 
recall  numerous  schemes  which,  begun  with  tlie  best  intentions 
and  under  tli©  most  favourable  auspices,  liave  ended  in  failure. 
There  are  a  few，  it  is  true,  working  satisfactorily,  but  the  firms 
in  these  cases  enjoy  better  trading  advantages  than  the  general 
run  of  concerns,  while  on  more'  than  one  occasion  offers  to 
introduce  them  have  been  rejected.  Lord  Furn'e>ss'  attempt  a 
year  or  two  ago  is  a  case  in  point,  and  it  will  be  remembered 
that  the  strongest  opponents  were  the  officials  of  trade  unions 
of  the  men  chiefly  concerned.  Tlie  ordinary  wage  contract  is 
partnersliip  of  a  sort  by  which  payment  is  definitely  assured, 
irrespective  of  the  profitablenoss  of  the  work  in  Iiand,  while  it 
leaves  to  the  workman  a  freedom  to  terminate  it  at 
leisure,  which  he  is  very  loathe  to  surrender.  It  may 
of  course  be  urged  that  the  employer  lias  equal  freedom,  but 
this  is  more  apparent  than  real,  as  the  trade  union  dictation 
and  strikes  against  non-union  labour  have  during  the  last  few 
years  only  too  amply  proved.  If  an  employer  commits  an 
illegal  breach  pecuniary  punishment  can  be  inflicted,  but  in 
how  many  cases  has  this  followed  tlie  "  down  tools  '"  strikes 
and  wholesale  breaking  of  agreements  of  tlie  last  few  years ？ 
There  is  much  misconcej)tioii  in  workmen's  minds 
res})e'cting  the  rewards  of  capital  and  tliosei  wlio  organise 
it.  The  workman  in  a  large  establishment  sees  perhaps 
an  employer  or  manager ^ oftenei'  than  not  it  is  the  latter,  in 
these  days  of  limited  companies,  and  lie  usually  has 
risen  from  the  ranks  ―  receiving  it  may  be  a  reward 
ten  times  greater  than  his  own,  and  perchance  is  filled 
with  envy.  What  ha  fails  to  j^roeivo  is  that  such  orgaiiisers 
are  comparatively  rare,  and  that  his  own  lot  would  be 
much  worse  without  them,  while  furtlier,  if  the  whole  of  the 
manager's  salary  was  divided  amongst  those  he  superintends, 
the  individual  increases  would  be  trivial.  Again,  capital  is 
not,  as  many  workmen  think,  a  mysterious  entity  outside  his 
reach  or  in  tlie  hands  of  a  few.  The  great  majority  of  even 
the  largest  enterprises  are  collectively  owned,  and  it  is  possible 
even  for  small  capitalists  to  participate.  There  is  nothing 
to  prevent  a  body  of  working  men  running  any  enterprise  they 
choose  if  they  so  desire  just  as  they  run  a  trade- union.  But  if 
those  who  complain  of  tlie  tyranny  of  capital  were  to  do  so  they 
would  find  it  is  not  so  free  from  responsibilities  as  they  think. 
Co-])art-ii€rslii]>,  to  b©  of  real  value,  must  partici])abe  in  the 
losses  and  anxieties  of  bad  trade,  as  well  as  in  the  profits  and 
advantages  of  good  trade.  It  is  impossible  ta  fix  up  an 
arraiigenieiit  worthy  of  tlie  name  on  any  other  terms. 

Much  wa«  said  at  the  meeting  we  refer  to  about  tlie 
iniluence  of  rnacliinery  and  the  factory  system .  We 
should  be  the  last  to  say  that  it  is  perfect,  but  we 
(Jciiy  t  hat  it  has  been  retrograde,  and  tlios©  who  speak  in  iliis 
alrain  know  least  about  it.   No  one-  who  can  look  back  50  years 


can  pretend  for  a  moinenl  iliat  workincu  are  not-  I'ar  Ik-I  t  ci'  off 
now  iii  every  way  ilian  they  were  then.  Tlie  State  has 
insisted  in  ore  and  】nore  on  better  coiulit  ions  of  cinployment, 
and  it  is  inucli  easier  to  secure  them  in  big  establishments 
t  han  small  ones.  Mucli  of  the  discout-eni  ohst'rv'vi  springs  not 
from  the  factory  systeni,  but  from  tlio  higher  standards  of 
living  now  ])i-t'\'n]fMi{ .  Hig  comrnnnit  ics  demand  light,  power, 
water,  transport,  and  sanitary  services  of  greater  efficiency 
than  contented  a  pa«t  generation,  and  these  advantages  imply 
higher  rates,  rents,  and  costs  of  commodities  wliich  are  ulti- 
ti lately  spread  more  or  less  aver  every  class  of  society.  These 
various  deinands  in  a  measure  have  outgrown  the  rate  of  pro- 
duction, notwitlistaiiding  that  improvements  in  rnacliinery 
have  tended  U>  neutralise1  tlietn,  though  it  may  here  be  pointed 
out  that  workmen  not  infrequently  offer  the  strongest  opposi- 
tion to  their  introduction,  and  wlien  to  this  they  oouplo 
demands  for  shori&r  hours  and  higher  wages  it  is  not  difficult 
to  tindc!  si  ;i  ik.I  why  expectations  are  not  realised.  Discontent 
is  not  a  thing  to  be  altogether  deplored.  It  does  at  anyrate 
tend  to  a  discussion  of  social  defects  and  so  helps  to  eliminate 
pernicious  fallacies.  We  cannot  lielp  fee-ling  that  much  of 
the  pre&ent  labour  dissatisfaction  with  capital  arises  from  lack 
of  appreciation  of  the  economical  principles  on  which  the  wel- 
fare of  both  depend ?  and  which  may  be  summed  up  in  the  trite 
adage  that  "  you  cannot  have  your  toffy  and  your  halfpenny 
too."  All  schemes  of  industrial  co-partnershi|>  that  we  liave 
seen  ignore  the*  fact  that  enterprise'  is  an  essential  feature  of 
progress  and  in  its  initial  stages  often  involves  serious  risk  and 
great  anxiety,  while  success  in  any  case  nearly  always  depends 
on  the  strenuous  efforts  of  a  few  individuals,  and  not  infre- 
quently never  arrives.  Profits  in  the  early  •stages  cannot  be 
discussed,  for  it  may  be  years  before  they  are  reaped  or  they 
may  never  cam©  at  all.  This  is  a  common  experience  in 
nearly  every  branch  of  industry  and  the  risks  involved  are 
only  too  palpably  reflected  in  any  share  list.  How,  in  such 
cases,  we  would  ask,  can  any  system  of  profit-sharing  or 
co-partnership  be  instituted  or  the  relationship  between 
employer  and  workman  be  more  than  an  ordinary  business 
contract  ？  An  interesting  light  o】i  this  aspect  of  profit-sharing 
schemes  is  afforded  by  a  report  on  Profit-Sharing  and 
Co-partnership  just  issued  by  the  Labour  Department  of  the 
Board  of  Trade,  and  an  abstract  of  which  will  be  found  on 
another  page.  From  this  it  appears  that  out  of  299  schemes 
of  this  kind  which  have  been  tried 5  no  fewer  than  163  were 
abandoned  after  trial,  and  in  more  than  half  of  these,  it  is 
stated,  "  the  cause  was  traceable  to  a  falling  off  in  business 
and  to  the  fact  that  there  were  no  profits  to  share." 


Death  of  Prof.  Jamieson. ― The  death  occurred  on  the  4th 
inst.  at  Glasgow,  of  Prof.  Andrew  Jamieson,  M.Inst.C.E.， 
P.R.S.E.,  who  was  well  known  as  the  author  of  a  large 
number  of  works  devoted  to  electrical  and  engineering  sub- 
jects. He  was  for  some  years  Principal  of  the  Glasgow 
College  of  Science  and  Art.  He  afterwards  carried  on  the 
business  of  a  consulting  engineer,  and  was  engaged  in  educa- 
tional work.  He  wrote  numerous  papers  upon  the  laying  of 
submarine  cables,  and  was  the  author  aud  joint  author  of  a 
number  of  works  relating  to  the  application  of  electricity. 

Birmingham  Association  of  Mechanical  Engineers.— The  annual 

meeting  of  the  Biniiingliam  Association  of  Mechanical  En^i- 
ne&rs  was  held  on  Saturday  last  at  the  Grand  Hotel,  Mr.  C. 
H.  Wall,  the  retiring  president,  in  the  cliair.  It  was  reported 
that  the  membership  was  about  400,  as  compared  with  360 
last  year.  Mr.  J.  W.  Hall  was  elected  president.  The  Coun- 
cil unaniniously  awarded  the  diploma  for  the  best  paper  read 
before  the  association  during  tlie  session  to  Mr.  E.  Cecil 
Poultney,  For  liis  contribution  on  "  Some  Coiusiderations  in 
Uie  Design  of  Mxpresy  Locomotivey,  with  Special  Reference  to 
British  Practice." 
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THE  GENERATION  AND  DISTRIBUTION  OF  PRODUCER  GAS 
IN  SOUTH  STAFFORDSHIRE.* 

BY  HERBERT  ALFRED  HL'MPHHEY,  M.INST.C.E. 

The  South  Staffordshire  Mond  Gas  (Power  and  Heating) 
Company  is  a  pioneer  undertaking,  since  it  is  the  first  example 
of  a  company  giving  under  parliamentary  powers  a  supply  of 
producer  gas  tor  public  purposes.  The  advantages  of  such  a 
supply  have  now  been  amply  demonstrated,  and,  in  view  of 
the  probability  of  other  schemes  of  a  like  nature  being  carried 
cut  in  the  future,  precise  information  and  data  should  prove  of 
intei est  to  the  members  of  the  Institution.  Tlie  Act  contains 
clauses  prohibiting  the  sale  of  gas  for  domestic  purpo&as  or  for 
illumination,  and  the  limit  of  carbon  monoxide  in  the  gas 
distributed  is  fixed  at  a  maximum  of  14  per  cent .  Tlie  area 
of  supply  comprises  123  square  miles,  within  which  there  are 
six  corporations,  16  urban  district  councils,  and  three  rural 
district  councils.  For  the  central  station  an  area  of  about 
40  acres  of  land,  adjacent  to  railway  and  canal,  was  secured  at 
Dudley  Port.  Tipton,  which  is  practically  the  centre  of  gravity 
of  the  whole  area.  The  designs  of  the  central  station  plant 
and  buildings,  and  the  distribution  system,  were  carried  out 
by  the  author,  as  consulting  engineer  to  the  company,  and  the 
contract  for  the  whole  of  the  work  was  let  to  The  Power  Gas 
Corporation,  Ltd. 

Generating  Station.  ― The  unit  of  plant  adopted  was  based 
on  a  capacity  for  gasifying  140  tons  of  coal  per  day,  and  con- 
sisted of  eight  Mond  gas  producers,  together  with  the  neces- 
sary gas-cooling,  cleaning,  and  compressing  plant  ；  plant  for 
the  recovery  of  sulphate  of  ammonia  and  tar  ；  and  the  machi- 
nery, comprising  steam  boilers,  circulating  pumps,  electric 
generating  plant,  motors,  fans,  &c.  The  first  unit  erected  was 
started  in  operation  in  February,  1905，  and  at  the  present 
time  additions  are  being  made  which  will  increase  the  output 
by  about  80  per  cent.  A  plant  furnishing  a  public  supply 
of  gas  has  to  run  day  and  night  all  the  year  round  without  any 
stoppages,  and  in  describing  in  detail  the  parts  of  the  plant  the 
author  has  mentioned  tlie  various  arrangements  adopted  to 
ensure  such  a  continuous  supply.  The  first  supply  to  the 
public  was  commenced  in  May,  1905,  and  up  to  the  present 
date  there  has  not  been  a  single  stoppage  of  the  gas  supply 
1'roin  the  station,  the  pressure  being  maintained  in  the  trunk 
mains  throughout  tlie  whole1  period. 

The  steam  boilers  are  adapted  to  be  either  coal  fired  or 
gas  fired,  or  to  be  firecl  simultaneously  by  both  means,  and  the 
social  devices  employed  for  this  purpose  ai*e  described.  Th& 
blowers  are  steam  driven,  and,  as  therei  is  no  storage  capacity 
for  gas,  the  speed  of  the  blowers  has  to  be  varied  to  keep  pace 
with  the  demand.  Of  tlie  eight  Mond  producers  one  is  a 
spare,  and  each  producer  is  rated  at  20  tons  of  coal  per 
24  hours,  but  in  meeting  the  peak  of  tlie  load  the  producers 
have  been  worked  at  50  per  cent,  above  their  rated  capacity. 
The  gas  from  the  procliu^ers  passes  tii rough  a  mechanical 
washer  for  removing  the  dust  and  for  cooling  and  saturating 
the  gas，  and  tlien  through  an  acid  tower  in  which  a  count&r- 
current  of  acid  liquor  absorbs  the  ammonia  from  the  gas,  so 
that  when  the  liquor  is  subsequently  evaporated  solid  sulphate 
of  ammonia  is  obtained.  The  gas  then  passes  through  gas- 
cooling  towers,  in  the  first'  of  which  hot  water  is  obtained 
and  is  used  for  heating  and  saturating  the  blast  during  the 
passage  of  the  water  through  an  air-heating  tower.  The 
various  circulating  systems  of  water  are  described  in  the  paper, 
as  also  are  the  further  means  of  cleaning  the  gas  before  it 
leaves  the  plant. 

The  gas  i&  measured  tluough  rotary  meters,  and  the  Act 
authorises  the  use  of  such  meters  in  the  sale  of  gas  to 
customers.  The  clean  measured  gas  passes  to  tlie  gas  com- 
pressors, which  are  of  the  Riedler  type,  and  are  steam  driven. 
Each  compressor  is  capable  of  compressing  9,400  cub.  ft,  of 
gas  per  minute  up  to  a  pressure  of  lOlbs.  per  square  inch, 
which  requires  430  i.li.p.  The  initial  pressure  cliosen  for 
distributing  the  gas  is  71bs.  per  square  inch,  but  only  51bs.  per 
square  inch  is  required  at  present,  since  the  trunk  mains  are 
not  working  to  their  full  capacity.  All  the  exhaust  steam 
from  the  gas  compressors,  pumps,  and  other  steam-driven 
machinery  is  utilised  in  heating  and  saturating  the  producer 
blast.    There  are  a  number  of  electric  motors  for  driving  diffe- 

*  Abstract  of  paper  read  before  the  Institution  of  Civil  Knyineers,  December 
10th,  1912. 


rent  sections  of  the  plant,  and  the  current  for  these  and  for 
lighting  the  works  is  obtained  from  West inghouse  gas  engines. 

The  periods  for  cleaning  the  different  parts  of  the  plant 
are  given,  and  show  that  the  majority  of  the  machinery  runs 
about  six  weeks  continuously  day  and  night  before  being 
stopped  for  examination.  The  acid  towers  run  for  two  years 
continuously,  and  during  the  seven  years  of  operation  it  has 
not  been  found  necessary  to  change  over  tlie  gas-cooling  and 
air-iieating  towers.  Metliotls  of  jMvpiiriiig  t  lie  sulphate  of 
amm onia  and  tar  for  sale  are  described. 

The  control  of  tlie  pressures  ilirou^hout  the  plant,  and  the 
safety  d&vioes  employed,  are  dealt  with,  and  tlie  three  points 
at  which  automatic  control  has  been  introduced  are : (】) At, 
the  blowers,  to  maintain  a  constant  plus  pressure  on  the  inlet 
to  the  purification  fans.  (2)  At  a  by-pass  between  i  lie 
delivery  and  suction  sides  of  the  compressors,  to  prevent  the 
formation  of  a  vacuum  on  the  suction  side.  (3)  At  the  com- 
pressors, by  utilising  a  pressure  gov&rnor  so  that  the  sp&ed  of 
the  compressors  is  maintained  to  k&&p  constant  the  gas  pres- 
sure in  the  delivery  mains. 

Operating  Records  and  other  Data.  ―  Typical  analyses  of  the 
fuel  u&ed  are  given,  and  the  methods  of  handling  the  fuel  and 
ashes  are  described.  Curves  have  been  plotted  showing  the 
coal  gasified,  sulphate  of  ammonia  made,  and  the  tar  sold  per 
month  for  the  30  months  from  January,  1910，  to  June,  1912. 
Other  curves  give  the'  total  gas  made  and  the  total  gas  sold  for 
a  period  of  18  months,  and,  in  order  to  show  the  fluctuations 
of  the  gas  supply  from  hour  to  hour,  th&  meter  readings  at  the 
central  station  are  plotted  in  the  form  of  a  curve  covering  a 
p&riod  of  on©  week.  At  the  peak  of  the  load  an  output  of 
1.  million  cubic  feet  per  hour  has  now  been  reached,  and  the 
plant,  which  was  designed  for  gasifying  140  tons  per  day,  has 
reached  the  rat&  of  200  tons'  per  day.  Curves  showing  the 
principal  temperatures  and  pressures  throughout  the  plant 
have  b&en  plotted,  and  tables  showing  the  calorific  value  of 
the  gas  over  long  and  short  periods  are  given.  The  Mond 
producer  gas  distributed  averages  over  150  B.Th.U.  per  cubic 
foot,  and  the  regularity  of  the  calorific  value  is  remarkable. 

Distribution  of  Gas. —— Owing  io  th©  fact  that  considerable 
portions  of  the  area  of  supply  are  subject  to  subsidence,  due  to 
the  presence  of  disused  coal  mines,  and  f  or  other  reasons,  such 
as  cost,  number  of  joints,  &c.，  ste&l  mains  were  adopted  in 
preference  to  cast  iron.  The  author  mentions  his  experience 
on  this  subject.  Special  attention  is  paid  to  the  coating  of  tlie 
steel  mains  laid  underground,  to  prevent  attack  due  to  the  acid 
water  which  is  prevalent  in  the  district.  All  mains  between 
36in.  and  21in.  diam.,  inclusive,  are  of  th&  locking-bar  type, 
particulars  of  which,  and  of  the  method  of  jointing  are  given. 
For  th-e  smaller  mains,  welded  steel  pipes  with  screwed  joints 
are  employed.  Uj>  to  September,  1912,  there  were  laid 
22,666  yards  of  locking-bar  pipes  with  lead  joints,  and 
29,181  yards  of  ste&l  pipes  with  screwed  joints,  making  a  total 
of  29*45  miles.  Additional  mains  are  now  being  laid.  Draw- 
ings showing  the  types  of  pipes,  joints,  &c.，  are  also  given,  and 
the  special  precautions  taken  to  ensure  a  continuous  supply 
are  mentioned. 

Calculations  for  Flow  of  the  Gas. ― The  method  of  calculat- 
ing the  size  of  mains  required  and  the  formulas  used  are  set 
out  in  an  appendix,  and  an  account  is  given  of  some  important 
experiments  carried  out  by  the  author  to  ascertain  the  loss  by 
friction  in  a  long  length  of  trunk  mains.  For  this  purpose 
the  trunk  main  between  the  o&ntral  station  and  Bilston,  con- 
sisting of  10,254  yards  of  pipes  ranging  in  size  from  36in.  to 
27in.  diam.,  was  used,  and  air  was  blown  through  these  pipes 
in  varying  quantities  and  at  various  pressures.  The  results 
obtained  are  given  in  tabular  form  and  show  the  extent  to 
wliich  tlie  presence  of  a  large  number  of  branches,  crosses, 
valves,  and  other  specials  serves  to  increase  the  /rictional 
losses.  Plans  of  all  the  mains  laid  up  bo  date  are  given,  and 
the  more  important  features  of  the  distribution  system  are 
discussed. 

Uses  of  Gas. ― The  gas  supplied  to  the  consumers  is  used 
for  two  purposes,  namely,  for  the  production  of  power  in 
gas  engines  and  for  various  forms  of  heating  in  furnaces,  ic. 
There  are  at  present  over  150  gas  engines  connected  with  the 
company's  mains,  and  it  is  a  significant  fact  that  practically 
©very  suction  producer  situated  near  the  mains  has  been  shut 
down,  the  owner  finding  it  more  advantageous  to  take  a  supply 
from  the  Mond  gas  mains.    From  this  cause  45  gas  producer 
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1 山" its  Iiave  been  thrown  idle,  20  of  these  being  suction  plants, 
and  '25  pressure  producer  plants. 

A  schedule  of  prices  under  which  gas  is  supplied  is  given  in 
au  appendix,  the  price  varying,  according  to  the  quantity 
ta kon,  from  1  Id.  to  2^d.,  and  the  present  costs  of  production 
ami  distribution  of  the'  gas  are  compared  with  t'lie  estimates 
given  when  the  Bill  was  before  Parliament.  These  figures 
show  that  the  estimated  costs  of  production  based  on  a  much 
larger  plant  have-  been  practically  realis&d  in  oonnection  with 
tlie  first  unit  installed.  The  average  price  received  from  con- 
sumers was,  in  June,  1912，  about  l'75d.  per  1,000  cub.  it.,  and 
this  is  equivalent,  having  regard  to  its  calorific  value,  to 
lighting  gas  at  7d.  per  1,000  cub.  ft.,  so  that  the  benefits 
derived  by  the  consumers  are  obvious.  They  are  furtlier  illus- 
trated by  &om&  actual  exairiples  of  saving  duo  to  th©  use  of 
t  Ire  gas. 

A  list  of  the  heating  operations  for  which  ilie  gas  is  used  is 
given,  and  additional  uses  for  the  gas  are  constantly  being 
fouiul.  Temperatures  up  to  1，600°  C.  are  being  regularly 
inainlained,  and  tli©  us©  of  gas  for  heating  operations  has 
proved  very  satisfactory,  the  constancy  in  the  calorific  value 
of  the  gas  enabling  results  to  be  repeated  witli  certainty. 
Also,  there  being  no  stand-by  losses  and  no  fuel  and  aslies  to 
be  dealt  with,  there  is  realised  additional  economy  and 
cleanliness. 

It  is  probable  that  the  success  which  has  attended  the 
supply  of  a  cheap  fuel  gas  iu  South  Staffordshire  will  direct 
attention  to  this  important  subject  and  will  serve  to  denion- 
strat©  the  advantages  which  could  be  derived  by  other 
industrial  areas  from  a  similar  supply.  The  subject  has  been 
removed  from  tlie  experimental  stage,  and  th©  safety  and 
convenience  of  sucli  a  supply  lias  been  amply  proved.  For 
t  \w  ycjir  1 9 1  1  t  lun*o  was  a  gross  trading  profit  of  £8,856,  and 
it'  is  expected  that  when  the  new  plant,  now  in  course  of 
erection,  is  brought  into  use,  the  financial  results  will  be 
greatly  improved. 


CONDENSER  FOR  STEAM-PROPELLED  VEHICLES. 

In  steam  engin-es  of  the  type  used  for  vehicles  tlie  exhaust 
steam  is  usually  passed  to  a  condenser  in  which  it  is  oond-eused 
by  contact  with  air-cooled  surfaces.  The  cooling  surfaces  of 
such  condensers  become  rapidly  coated  by  an  oily  deposit  from 
the  oil  contained  in  the  exhaust  steam,  and  in  consequence 
the  efficiency  of  the  condenser  is  reduced.  As  these  surfaces 
require  to  be  of  very  largo  area  owing  to  the  inefficient 
transmission  of  heat  from  steam  to  air,  and  as  in  order  to 
economise  space  these,  surfaces  must  be  arranged  in  the 
smallest  possible  bulk,  cleaning  of  the  surfaces  is  for  this 
reason  rendered  difficult. 

To  obviate  this  disadvantage  Dr.  Wilhelra  Schmidt,  2， 
Rolandstrasse,  Casse>l-AVilhelmshohe,  Germany,  lias  designed 
and  patented  the  arraugement  illustrated,  in  which  the 
exhaust  from  the  eugiue  evaporates  water  through  h'eat- 
trausmitting  surfaces,  such  as  tubes,  the  evaporated  fluid 
being  thereafter  condensed  in  an  air-coaled  device  and 
returned  to  be  re^evapprated.  The  condens&r-evaporator, 
which  receives  its  heat  from  the  exhaust  is  of  comparatively 
small  dimensions,  as  heat  may  be  efficiently  transmitted  from 
steam  to  boiling  water.  Further,  any  oil  deposited  by  the 
exhaust  steam  on  the  heating  surfaces  of  this  generator  may 
be  easily  removed .  Cleaning  of  the  complicated  air-cooling 
device  is  also  no  longer  necessary,  as  the  surfaces  of  tb©  same 
are  now  in  contact  only  with  the  substantially  chemically  pure 
steam  from  the  condenser-evaporator.  The  conden&ed 
exhaust  steam  may  also  be  used  as  feed  water  for  the  main 
generator,  which  supplies  th©  working  fluid  for  th-e  engine. 
Since  this  condensed  water  is  at  boiling  temperature  when  it 
is  used  as  feed  water  for  the  main  generator,  a  large  part  of 
the  lieat  of  tho  liquid  is  recovered,  while  the  amount  of  water 
required  by  the  condenser-generator  is  exceptionally  small  and 
only  requires  to  be  renewed  at  long  intervals,  thus  rendering 
the  arrangement  especially  suitable  for  steam  engines,  for 
vehicles,  and  airships.  It  is  also  suitable  for  engines  used  for 
other  purposes  and  may  b©  employed  in  localities  where  water 
is  scarce. 

It  is  preferable  to  maintain  a  pressure  of  one  atmosphere 
in  the  condenser-generator,  in  which  case  th©  engine  must 
then  work  with  a  back  pressure  of  more  than  ono  atmosphere 
and  will  thus  be  attended  by  a  certain  loss  in  power.  The 


arrangement  is  thus  adapted  mainly  for  use  with  engines  in 
whicli  the  power  will  not  be  appreciably  affected  by  the  liigh 
back  pressure,  i.e.,  engines  operated  with  steam  of  very 
liigh  pressure,  say,  20  atmospheres  and  above .  If  a  pressure 
of  less  than  on©  atmosphere  is  maintained  in  the  condenser- 
generator,  ill  ere  will  be  substantially  no  increa&ed  back 
pressure  in  the  engine. 

Kef  erring  to  the  illusiraiioiis,  tliero  is  provided  a  oon- 
(Icuser-generator  A,  and  an  air-cooling  apparatus  B，  in  opei'a- 
tive  relationslii})  therewith.      The  conde'iiser-generaior  A  ia 
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constructed  as  a  tubular  boiler  and  is  provided  at  its  ends  with 
chambers  C  and  D  for  guiding  the  exhaust  steam  through  the 
tubes.  The  end  of  the  chamber  D  is  adapted  to  be  easily 
renif)ved  in  order  to  enable  the  heating  tubes  to  be  cleaned - 
Between  the  condenser-generator  A  and  the  cooling  apparatus 
B  a  partition  J  is  arranged,  having  two  】arge  central  openings 
E  and  numerous  small  lateral  openings  F.  The  oxbaust 
steam  from  the  engine  enters  into  the  chamber  C,  through  the 
pipe  connection  G,  and  flows  along  the  path  indicated  by  the 
arrows,  being  thereafter  discharged  as  oondensod  water 
through  the  pipe  H.  The  steam  generated  in  the  condenser- 
generator  A  rises  through  the  opsnings  E  and  is  condensed  on 
the  surfaces  of  the  air-cooling  apparatus  B，  after  which  it 
returns  as  wat&r  through  th©  openings  F  to  tlie  condenser- 
generator. 


INSTITUTE  OF  MARINE  ENGINEERS. 

At  the  Institute  of  Marine  Engineers,  Stratford,  London,  E., 
on  Monday,  December  2nd,  Mr.  A.  E.  Battle  gave  the  conclud- 
ing part  of  bis  lecture  on  "  Wave  Motion  and  Modem  Develop- 
ments in  High-frequency  Electricity."  The  principal  part  of 
the  evening  was  occupied  with  demonstrations  and  experiments 
illustrating  the  lecture  given  by  Mr.  Battle  at  the  Non-ferrous 
Metals  Exhibition  iu  June.  In  alluding  to  wave  formation  in 
water,  he  pointed  out  that  the  speed  of  such  waves  increased 
with  an  increase  in  depth,  also  that  they  could  be  reflected  and 
refracted  in  a  manner  similar  to  light  waves.  Converging 
waves  neutralised  each  other,  and  no  wave  effect  resulted. 
Wave  motion  in  ether,  he  said,  obeyed  similar  laws.  With 
two  closed  circuits ― one  connected  to  a  battery  of  Leydeu  jars 
charged  from  an  induction  coil,  and  the  other  fitted  with  a 
glow  lamp 一 the  lecturer  showed  that  when  electrical  oscilla- 
tions were  produced  in  the  primary  circuit,  parallel  oscillations 
were  produced  in  the  secondary  circuit  of  sufficient  strength  to 
light  the  glow  lamp.  To  obtain  the  best  effects  from  all  such 
conditions  it  was  necessary  that  tlie  two  circuits  should  be 
synchronised  or  tuned  to  each  other,  and  it  was  in  this  direc- 
tion that  researches  were  made,  resulting  in  the  perfecting  of 
wireless  telegraphy  apparatus.  The  existence  of  ether  waves 
was  shown  by  means  of  a  Hertz  oscillator  and  resonator. 
Wave  formation  iu  wires  was  also  demonstrated  means  of 
a  long  coil  of  insulated  wire  connected  up  to  an  induction  coil, 
together  with  a  capacity  and  inductance.  By  a  little  adjust- 
ment the  nodes  aud  antinodes  of  potential  could  be  traced  by 
means  of  a  vacuum  tube.  A  demonstration  of  wireless  tele- 
graphy was  given,  and  other  demonstrations  included  tlie  dissi- 
pation of  smoke  by  electrical  means,  Rontgen  rays,  the  effects 
of  discharging  high-frequency  currents  into  a  vacuum,  &c. 
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THE  MODERN  GAS  ENGINE.* 

BY  A.  VENNELL  COSTER. 

We  are  here  to-night  to  consider  the  modern  gas  or 
internal-combustion  engine,  and  the  developments  which 
have  led  up  to  its  present  state  as  a  piece  of  perfect 
mechanism  comparable  with  the  steam  engine.  It  will  be 
interesting  also  to  examine  many  fuels,  ordinary  and  extra- 
ordinary, some  of  them  waste  materials,  which,  in  the  gas 
engine,  are  turned  to  useful  account  ；  as  well  as  the  thermal, 
mechanical  and  running1  efficiencies  which  have  made  the  gas 
engine  equal  to  all  duties  imposed  upon  it  in  every  industry 
and  manufacture  throughout  thei  world.  In  the  short  time 
at  our  disposal,  we  can  only  make  a  general  survey  of  its 
extended  field  of  action,  but  concerning  important  and  re- 
cent developments  in  its  construction,  we  may  with  advan- 
tage make  a  more  leisurely  and  minute  examination.  By 
this  means,  we  may  hope  to  obtain  a  clear  conception  of 
some  of  the  reasons  that  have  led  to  its  almost  universal 
adoption.  Having  the  honour  to  represent  the  great  firm 
that  first  introduced  the  commercial  Otto  cycle'  gas  engine 
in  this  country,  you  must  pardon  me,  if,  speaking  of  the 
things  b^st  known  to  me,  I  dwell  too  closely  upon  the 
" Crossley  ，，  engine.  We  are  compelled,  in  order  to  attempt 
perfection,  all  of  us,  to  specialise  in  our  particular  profession 
or  business,  and  in  my  desire  to  give  you  of  my  best  to-night, 
naturally  it  must  be  derived  from  the  source  best  known  to 
me  by  long  and  daily  experience,  both  in  the  experimental 
and  finished  stages  of  gas  engine  manufacture. 

In  the  first  place,  attention  may  be  concentrated  on  the 
internal  problems  of  heat  and  work  within  the  gas  engine 
cylinder,  and  see  how  modern  scientists  have  advanced  to- 
wards fuller  knowledge  of  the  possibilities  of  this  prime 
mover.  Owing  to  the  far-reaching  investigations  carried 
out  by  many  modern  and  learned  scientists  and  chemists,  we 
possess  a  much  clearer  grasp  of  the  laws  of  combustion,  and 
the  processes  by  which  lieat  is  turned  into  work  within  the 
internal-combustion  engine  cylinder.  Many  of  these  inves- 
tigations are  now  published,  and  in  a  very  remarkable 
degree  corroborate  tlie  deductions  arrived  at  by  gas  engine 
manufacturers,  who  are  familiar  with  the  facts  of  gas  engine 
operations.  Many  complex  conditions,  the  result  of  combus- 
tion and  heat  transmission,  still  awaits  solution.  But  we  do 
know  something  of  the  wonderful  phenomena  hidden  within 
the  cylinder,  and  I  will  deal  briefly  with  a  few  of  their  most 
interesting  phases.  The  extraordinary  thermal  advantage 
of  the  gas  engine  over  the  steam  engine  lies  in  the  fact  that 
the  fuel  combustion  actually  takes  place  within  the  engine 
cylinder.  High  temperatures  are  evolved  instantaneously 
by  which  the  power  charge  under  compression  is  raised  to 
high  pressures,  and  then  expands  during  tlie  power  stroke. 
Of  necessity,  a  certain  percentage  of  the  heat  is  lost  through 
tlie  cylinder  walls,  and  therefore  it  is  the  constant  aim  of 
the  engineer  that  its  cycle  should  be  performed  in  such  a 
manner  as  to  expose  its  working  fluid  to  the  least  possible 
cooling  surface,  and  that  the  exposure  should  be  for  the 
shortest  time  possible,  and  also  that  the  mean  temperature 
during  exposure  should  be  as  low  as  possible. 

Experience  has  definitely  taught  >\s  that  it  is  practically 
impossible  to  maintain  in  the  gas  engine  the  theoretical  and 
ideal  spherical  form  of  combustion  chamber,  comprising  a 
hemispherical  compression  space  and  concave  piston  body, 
because  the  most  economical  ratio  between  cylinder  dia- 
meter and  piston  stroke  precludes  this  form  ；  but  the  wanton 
increase  of  cooling  surface  resulting  in  excessively  long  or 
irregular  pockets  or  recesses  to  accommodate  th©  necessary 
valves  and  ignition  gear,  which  has  been  adopted  by  some 
makers,  is,  in  my  opinion,  an  unnecessary  sacrifice  of 
economy,  and  an  exhibition  of  laxity  in  the  first  principles 
of  design.  Then  also,  a  time  limit  must  be  imposed  upon 
inflammation  and  expansion  of  the  gases.  A  rapidly  moving 
piston  assists  in  creating  eddying  currents  throughout  the 
burning  gases,  thereby  intensifying  not  only  a  through 
mixing  of  the  gases  and  rapidity  of  combustion,  but  reduc- 
ing the  relative  importance  of  conduction  losses  through  the 
cylinder  walls,  and  assisting  in  maintaining  a  higher  pres- 
sure throughout  the  power  stroke.    Although  high  compres- 
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sion  tends  to  a  better  combustion  of  tlie  explosive  charge,  in 
practice  ifc  is  not  advisable  to  approach  within  the  region  of 
temperatures  in  which  spontaneous  explosion  might  result. 

It  is  well  known  thafc  the  curve  of  expansion  lies  above 
the  adiabatic  curve,  which  proves  that,  although  the  ignition 
may  appear  instantaneous,  after-burning  invariably  takes 
place  and  the  causes  of  this  after-burning  are  now  being  care- 
fully investigated.  The  fact  that  on  the  opening  of  tlie  ex- 
haust valve  flames  are  projected  into  the  exhaust  pipe  (and 
this  any  investigator  can  very  readily  see  for  himself),  shows 
that  although  the  combustion  and  ignition  of  the  power 
charge  may  be  as  perfect  as  it  can  b&,  sti-11  the  fact  remains 
that  instantaneous  combustion  does  not  take  place,  but  that 
through  the  wliole  course  of  the  power  stroke  the  gases  are 
sull  burning  to  some  extent  and  creating  additional  heat, 
nising  the-  expansion  curve  on  the  indicator  diagram,  atul 
continuing  to  burn  after  th©  opening  of  the  exhaust  valve. 
This  after-burning,  therefore,  adds  to  tlie  loss  of  thermal 
efficiency. 

The  question  may  be  asked,  Is  it  not  possible  for  com- 
plete combustion  to  take  place?  Possibly  one  of  the  diffi- 
culties to  be  faced  is  tliat  the  specific  heati  of  the  combus- 
tible gases  varies  with  their  compression  and  expansion,  and 
that  at  high  pressures  and  temperatures  the  gases  are 
restrained  to  some  extent  from  perfect  combustion  until  the 
lower  stagie  of  pressure  and  temperature  is  reached.  This 
may  account  for  some  portion  *oi  the  after-burning  difficulty. 
Anoth-er  reason  may  b©  due  to  the  comparative  coolness  of 
the  cylinder  walls.  The  higher  the  temperature  of  the  cylin- 
der walls,  so  the  thermal  efficiency  of  tlie  engine  increases. 
It  in  ay,  therefore,  be  assumed  that  the  coolness  of  the  cylin- 
der walls  prevents  the  instantaneous  ignition  of  the  gases  in 
their  proximity,  but  as  the  pressure  in  the  cylinder  decreases 
during  the  power  stroke,  this  envelope  of  unburnt  gases  ex- 
pands and  extends  into  the  main  volume  of  the  incandescent 
gases  and  thereby  gets  away  from  the  influence-  of  the  cylin- 
der walls,  and  takes  its  share  in  the  combustion  that  is  in 
progress,  thus  adding  to  tlie  power  area  shown  on  the  indi- 
cator card.  Now  this  delay  in  the  burning  of  the  gases 
adjacent  to  the  cylinder  walls  may  be  considered  as  of  value 
in  preseving  the  oil  film  necessary  for  the  lubrication  of  the 
piston.  You  are  no  doubt  aware,  that  the  initial  teinpera- 
tur©  of  the  explosion  may  be  about  3,000°  Fab.,  dropping  to 
about  1,600°  Fall,  at  the  opening  of  tlie  exhaust  valve,  and 
that  no  lubricant  can  possibly  withstand  these  high  tempera- 
tures. Carbonisation  of  the  oil  usually  takes  place  at  a 
temperature  of,  say,  500°  Fah.,  so  that  some  extraordinary 
conditions  must  exist  to  pres&rve  the  oil  film,  and  we  think 
we  are  justified  in  assuming  that  the  coolness  of  the  cylinder 
walls,  due  to  the  water  jacket,  and  the  gas  next  to  the  walls 
being  restrained  from  active  combustion,  together  assist  in 
maintaining  efficient  lubrication. 

It  has  already  been  demonstrated  that  a  point  can  be 
readied  in  compression  at  which  gases  will  ignite  spontane- 
ously, due  to  their  high  temperatures.  This  point  is  about 
2001bs.  pressure  per  square  inch  for  producer  gas  and  1901bs. 
pressure  for  town  s  gas,  and  it  is  therefore  wise  to  keep  well 
below  th^ee  figures,  so  as  to  ensure  reliable  and  steady 
running.  One  more  point  before  leaving  the  problem  of 
thermal  efficiency.  The  losses  due  to  after-burning,  with  its 
subsequent  loss  down  the  exhaust  pipe,  may  sometimes  be 
utilised  for  external  purposes  where  hot  water  or  steam  may 
he  required .  Special  boilers  can  be  obtained  for  hot  water 
or  steam  raising,  the  hot  exhaust  gases,  as  a  rule,  being 
made  to  pass  through  tubes  within  a  boiler.  Assuming  3,000 
to  3,600  B.T.U.  per  brake  horse-power,  developed  by  the 
engine  where  available  for  the  production  of  steam,  an  out- 
put of  about  21bs.  of  steam  at  701bs.  to  801bs.  pressure  per 
square  inch  per  brake  horse-power  developed,  could  be 
obtained  as  a  maximum  with  the  engine  on  a  full  load  factor. 
Added  to  this  "651b.  of  steam  per  brake  horse-power  hour 
can  be  obtained  from  the  heat  given  into  the  engine  jacket 
water  which  should  be  arranged  to  feed  the  boiler,  which 
should  be  fixed  as  near  as  possible  to  the  engine  to  prevent 
intermediate  conduction  losses.  Such  a  boiler  also  acts  as 
a  very  efficient  exhaust  silencer. 

Now,  the  modern  gas  engine  is  the  culmination  of  over 
35  years'  experience  ；  splendid  work  has  been  accomplished 
in  translating  into  practical  shape  the  theoretical  cycle  em- 
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bodied  in  the  early  Otto  patents  and  from  them  the  gradual 
development  of  the  commercial  gas  engine.  This  develop 
meat  also  was  being  simultaneously  carried  out  in  Germany 
by  the  Otto  Deutz  Company,  under  tlie  same  patent  rights. 
Since  the  original  patents  lapsed,  dozens  of  firms  have 
sprung  into  existence,  all  competing  more  or  less  with  the 
founders   of  the  industry.      Competition  has,  as  is  usual, 


the  wisdom  of  its  design.  The  publication  referred  to,  then 
goes  on  to  show  and  criticise  a  faultily-designed  explosion 
chamber  with  tlie  charge  admission  valve  arranged  behind 
tlie  exhaust  valve,  necessitating  an  excessively  long  chamber, 
which  prejudices  not  only  the  rapid  propagation  of  the  flame, 
but  also  greatly  increases  the  cooling  sui*fao©  of  the  chamber. 
Such  an  arrangement  also  complicates  the  design  when  deal- 
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cheapened  the  engine,  and  although  improvements  in  detail 
and  design  mark  the  passing  years,  the  mere  cheapening  of 
the  engine'  in  order  to  obtain1  a  reduced  first  cost  is  not  in 
the  direction  of  true  "economy  or  efficiency. 

In  the  modern  gas  engine  we  should  not  aim  at  cheap- 
ness, but  rather  at  producing  an  engine  that  combines  a 
graceful  exterior  with  a  powerful  slructure,  an  economical 
coixsumptiou  of  fuel  at  all  loads,  with  steady  reliable  running 
and  wearing  qualities,  and  a  long  life  ；  all  materials  should 
be  of  the  very  best  obtainable  quality  and  suitability  for  the 
particular  work  th-ey  have  to  perform,  and  prepared  for 
their  work  by  the  most  up-to-date  processes  so  as  to  ensure 
absolute  accuracy  as  well  as  interchangeability.  Where 
heavy  frictional  loads  occur,  special  material  with  hardened 
surfaces  must  be  supplied  and  tlie  whole  mechanism  supple- 
mented with  a  perfect  system  of  lubrication. 

Figs.  1  and  2  show  sectional  views  of  a  Crossley  gas 
engine,  an  examination  of  which  shows  at  once  the  beauty 
and  strength  of  the  proportions  of  the  modern  engine.  In 
passing,  it  will  interest  you  to  know  that  our  chief  engineer, 
Mr.  Wilfred  Webb,  who  is  responsible  for  this  design,  was 
one©  a  student  at  your  college  under  Professor  Robinson. 

Of  the  whole  engine,  the  breech  end  requires  the  greatest 
skill  both  in  design  and  manufacture,  and  the  design  shown 
is  held  in  high  reputation  by  leading  insurano©  companies 
for  its  absence  from  fractures  and  reliability  under  the  most 
exacting  conditions.  Th©  combustion  chamber  within  the 
breech  end  is  of  symmetrical  shape,  and  having  the  least 
possible  amount  of  cooling  surface,  ensures  a  maximum  of  the 
heat  of  the  fuel  being  converted  into  work.  The  design 
allows  for  free  expansion  of  all  parts  with  as  few  joints  as 
possible.  All  the  valves,  namely,  gas,  air  and  exhaust,  are 
vertical. 

Quoting  from  a  recent  publication,  "  The  Construction 
and  Working  of  Internal-combustion  Engines/'  by  a  well- 
known  continental  engineer,  he  says  that  "  tlie  influence 
of  the  shape  of  the  explosion  chamber  upon  the  efficiency  of 
an  engine  is  manifest.  The  enclosure  within  which  the  com- 
bustion at  high  t&mperature  occurs  from  a  thermal  stand- 
point should  prevent  a  minimum  of  cooling  surface.  Ex- 
plosion chambers  should  be  short  and  regularly  shaped  and 
arranged  as  an  extension  of  the  cylinder.  Moreover,  for  ease 
of  construction  and  rational  disposition  of  valve  mechanism, 
the  valves,  as  far  as  possible,  should  be  arranged  vertically 
and  in  the  same  axis." 

The  breech  end  of  the  gas  engine  illustrated  conforms  to 
these  important  characteristics.     Long  experience  justifies 


ing  with  the  valves,  examination  covers'  and  the  passages  for 
gas,  air,  exhaust  and  ignition,  and,  last  but  not  least,  the  en- 
veloping water  jacket.  There  is  also  always  the  danger  of  p re- 
ignition  troubles  due  to  the  overheating  of  the  unwatered 
valve  covers . 

When  the  best  has  been  made  of  such  a  design  there  is 
practically  no  alternative1  open  in  order  to  make  a  satisfac- 
tory piece'  of  nveclianism,  but  to  split  it  up  into  a  n umber  of 
parts,  involving  extra  cost  in  machining,  jointing  and  bolt- 
ing, in  order  to  construct  the  complete  breech  end.  It  does 
not  need  much  demonstration  to  show  the  serious  disadvan- 
tages already  stated,  and  the  risks  which  are  involved  in  the 
lmmber  of  joints  and  the  losses  incurred  in  the  irregular  shape 
of  the  combustion  chamber  and  the  excessive-  cooling  surface 
exposed  to  the  flame.  In  some  designs  of  this  type  of  breech 
end  as  many  as  eight  joints  are  required  to  make  up  the 
breech-end,  some  of  them  double  joints,  leaded  on  one  side 
by  the  explosion  pressure  and  on  the  other  by  water  pressure. 
These  double  joints  particularly  require  very  careful  hand- 
ling to  ensure  that  when  one  is  tight  tlie  other  is  equally 


Fig.  2.— Crossley  Gas  Engine.    Cross  Section. 

tight.  In  my  opinion,  these  joints  must  be  always  a  great 
source  of  trouble  and  unreliability.  It  may  interest  you  to 
know  that  this  type  of  breech  end  was  discarded  many  years 
ago  by  continental  makers,  and  is  now  quite  obsolete. 

In  contra  distinction  to  this  "  faulty  designed  ，，  breech 
end,  we  return  once  more  to  the  engine'  we  are  now  consider- 
ing.   You  will  notice  from  the  section  that  onljr  one  joint 
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is  exposed  to  the  explosion  pressure,  ； uul  that,  by  inter- 
locking of  the  circumferetitial  flange  'of  the  linor  with  tlie 
water  jacket,  water  pressure  is  prevented  from  attacking  the 
packing  in  the  joint.  Other  practical  advantages  in  tliis 
design  are  as  follows  ： ― 

(1)  There  are  no  fixing  studs  or  bolts  in  the  water-jacket 
space,  where  they  would  be  liable  to  corrosion  ；  many  con- 
sulting engineers  will  not  accept  bolts  or  studs  passing 
through  the  water  space  for  this  reason,  but  always  prefer 
the  bolts  to  be  outside  where  they  are  in  sight  and  get-at-able 
for  examination  and  adjustment,  which  can  be  easily  done, 
if  necessary,  when  the  engine'  is  at  work . 

(2)  There  are  no  unwatered  valve  covers,  the  admission 
valve  block  forming  the  cover  for  the  exhaust  valve. 

(3)  The  exhaust  valve  head  is  thoroughly  cooled  by  tlie 
incoming  charge  admitted  from  the  super-imposed  admission 
valve.  Under  such  conditions  it  is  not  necessary  to  water- 
cool  the  exhaust  valve. 

(4)  A  blow-off  valve  is  arranged  to  drain  any  accumula- 
tions within  the  compression  space. 

(5)  Au  economical  and  simple  form  of  combustion 
chamber  is  obtained  in  one  casting. 

(6)  As  the  quality  of  the  combustible'  charge  is  always 
constant,  it  is  not  necessary  to  fit  double  electric  ignition, 
which  is  a  necessity  in  the  case  of  the  "  faultily-designed  、 
breech  end  just  referred  to. 

(7)  The  extended  bedplate,  supported  for  its  whole  length 
upon  the  concrete  foundation,  is  not  only  rigid  and  sub- 
stantial, but  eliminates  vibration  and  noise  ；  also,  there  is 
an  oil  channel  provided  all  round  the  sides  and  front  of  the 
bedplate  in  order  to  prevent  wast 3  of  oil  and  deterioration 
of  the  foundation. 

(8)  The  old  form  of  conical  plug  cock  for  the  regulation 
of  producer  gas  is  replaced  by  a  screw-down  valve.  This  is 
not  liable  to  stick  fast,  however  dirty  the  gas  may  be,  due 
to  imperfect  cleaning,  for  this  valve  has  greatly  reduced 
contact  surfaces.  Also  smaller  gas  cocks  for  town's  gas  are 
arranged  so  that  the  conical  plug  can  be  removed  for 
examination  and  cleaning  without  disturbing  the  gas  pipes. 

(9)  The  valve  gear  for  operating  the  air,  gas,  admission, 
governing,  and  exhaust  mechanism  is  controlled  by  two  cams 
only.  These  cams,  together  with  the  rollers  and  pins,  are 
manufactured  of  special  steel,  hardened  and  ground  to  limit 
gauges. 

(10)  The  materials  of  construction  are  subject  to  very 
severe  physical  and  chemical  tests,  and,  after  manufacture, 
all  parts  are  carefully  inspected  as  to  correctness  to  limit 
gauges  and  to  hardness  and  general  suitability,  thus  -ensuring 
tlie  highest  possible  perfection  in  the  finislied  engine. 

We  now  come  to  the  consideration  of  gas  engine  govern- 
ing, whicli  is  of  the  higliest  importance  in  an  impulse- 
governe<l  engine  deriving  its  power  from  a  succession  of 
explosions.  It  is  not  long  since  the  well-known  hit-and-miss 
governing  system  was  a  standard  type,  and  some  may  ask 
why  so  simple  a  method  of  governing  has  been  discarded. 
It  is  well  known  that  the  system  of  throttle  governing  in  a 
variety  of  forms  has  been  almost  universally  adopted  by  all 
tlie  best  makers.  "What  is  it,  then,  that  makes  the  throttle 
superior  to  the  hit-and-miss  gear ？  The  superiority  of 
throttle  governing  is  proved  from  the  fact  that  it  meets  the 
modern  conditions  requiring  greater  steadiness  and  regu- 
larity, and  also  that  the  engine  runs  more  quietly,  smoothly, 
and  regularly  at  all  loads,  and,  in  oontra-distinction  to  the 
hit-and-mias,  as  the  load  is  reduced  the  regularity  of  running 
increases,  so  that  at  about  half -load  the  regularity  is  about 
twice  as  good  as  in  an  engine  fitted  witli  hit-and-miss 
governing.  The  life  of  the  engine  is  also  greatly  prolonged, 
owing  to  the  reduced  temperatures  and  pressures  at  which 
it  works,  on  average  loads.  These  advantages  naturally  react 
upon  all  the  d riving  machinery,  comprising  ropes,  belts, 
friction  coupling  or  clutohes,  &c.，  all  of  which,  because  of  tlie 
smoother  and  more  regular  running  of  the  prime  mover,  are 
subject  to  less  straining  and  therefore  require  less  attention, 
upkfvep  and  replacement. 

On  the  contrary,  the  regularity  of  engines  governed  on 
tlie  "  hit-and-miss  ，，  system  decreases  as  the  load  decreases, 
witli  tlie  result  that  at  about  quarter-load  the  irregularity  of 
running  is  about  four  times  worse  than  with  a  tlirottlo 
governing  engine  under  similar  conditions  of  load -  Again, 


iii  I  l'C  "  liii,,'u"l-miss  "  engine  tlie  cjualiiy  and  quantity  of  tlie 
power  charges  following  the  idle  strokes  are  up&et  owiug  to 
tlie  cliange  of  conditions  within  the  cylinder.  These  condi- 
tions may  result  in  cither  a  too  weak  or  loo  heavy  explosion  ； 
usually  it  is  too  heavy  and  thef  shock  of  it  acts  detrimentally 
upon  all  the  working  parts  and  introduces  mischievous  cycli- 
cal irregularities,  which  are  clearly  seen  in  the  fluctuations 
of  the  driving  ropes  or  belts  when  the  engine  is  running  at 
or  below  half-load.  In  order  fco  overcome  these  disturbances 
the  usual  practice  was  to  increase  the  weight  of  the  flywlieels, 
which  would  still  further  limit  the  serviceableness  of  the  en- 
gine by  adding  to  the  loads  and  strains  imposed  uf)on  ils 
shaft  and  bearings. 

Further,  it  is  now  generally  admitted  that  a  well-designed 
tlirottle  governor  gear  can  -obtain  as  good  a  gas  consuni[)t  ion 
as  tlie  11  liit-and-miss n  gear.  Re<-ently  Messrs.  Cross  ley 
Bros,  tested  the  two  systems  upon  an  engine  which  was  first 
fitted  with  the  "  hit-and-miss  "  and  then  afterwards  with  the 
" throttle  "  gear,  all  other  conditions  remaining  constant,  and 
tlie  mean  results  clearly  proved  that  from  full  to  half-load 
the  lowest  fuel  consumption  was  obtained  witli  the  throttle 
gear.  Below  quarter-load  the  "  hit-and-miss  ，'  had  a  sli^iitly 
better  economy,  but  with  all  the'  other  disadvantages  already 
enumerat/ed.  The  average  consumption,  however,  was  better 
with  tli©  throttle  governed  engine,  because  the  better  economy 
was  obtained  at  the  higher  loads  when  more  gas  per  hour  was 
being  used.    The  chief  consideration  must  always  be  in  t li^ 


Fig.  3.— Patent  Admission  Valve ,  Governor,  and  Governing  Gear. 

direction  of  the  reduction  of  running  costs,  and  in  this  the 
tlirottle  governed  engine  proved  to  b©  easily  first. 

The  throttle  governing  gear  best  suited  for  general  re- 
quirements and  wliich  should  be  fitted  to  the'  modern  gas  en- 
gine can  he  of  the  simplest  description,  comprising  few  work- 
ing parts  ；  or  it  may  be  elaborated  and  complicated  so  that 
its  mechanism  is  neither  easily  understood,  nor  maintained 
at  its  best  efficiency.  There  are  a  great  variety  of  throttle 
governing  gears,  patented  and  unpatented,  upon  the  market 
The  earliest  form  for  gas  engines  was  introduced  by  Mr.  John 
Fielding,  of  Gloucester,  which  consisted,  I  believe,  of  separate 
butte-rfly  throttle  valves  placed  in  tlie  gas  and  air  pipes.  One 
of  tlie  outstanding  features  of  the  Crossley  engine  is  the 
patent  throttle  governing  gear,  which  is  both  simple  and 
efficient. 

As  already  mentioned,  tliere  are  other  governor  gears 
which  attempt-  to  gain  a  similar  efficiency,  but  have  many 
more  parts,  requiring  additional  adjustment,  wliich  are 
liable  to  greater  wear  and  tear,  and  eventually  cause  imper- 
fect governing,  irregular  working,  and  uneconomical  results. 
The  mechanism  of  th©  Crossley  gear,  shown  in  Fig.  3,  has 
only  two  essential  parts,  namely>  a  movable  fulcrum  and  a 
radius  lever.  This  gear  has  now  a  world-wide  reputation, 
and  in  referring  to  it,  Mr.  Mathot,  a  well-known  gas  engine 
authority,  says :  "From  the  long  period  which  elapsed  from 
the  time  of  the  application  to  the  time  of  granting  the  patent, 
it  is  obvious  that  the  Patent  Office  has  thoroughly  investi- 
gated tlie  matter  and  carefully  examined  the  different 
anticipations  which  might  have  been  alleged.    If  after  this 
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examination  .the  patent  has  been  granted,  this  constitutes 
a  recognition  of  the  rights  of  th©  owners  to  benefit  by  this 
invention,  and  to  preTOnt  any  other  constructor  from  mak- 
ing use  of  gear  employing  similar  principles." 

Again  quoting  Mathot,  he  says :  "  This  gear  is  considered 
amongst  the  best.  It  is  simple,  rational,  and  neat,  and 化 
has  been  proved  in  practical  use  that  its  working  is  excel- 
lent." 

Let  us  examine  carefully  the  characteristics  of  this  gear, 
which  has  now  baen  fitted  on  some  thousands  of  engines.  In  the 
first  place,  the  most  important  feature  is  its  extraordinary 
simplicity.  The  variation  in  the  lift  of  the  inlet  valve  is 
effected  by  simply  moving  the'  fulcrum  of  the  inl©t  valve 
le-ver.  Another  item  of  importance  is  that  the  gear  being 
always  in  full  view,  the  attendant  knows  exactly  the  power 
and  regularity  at  which  the  engine  is  working  by  simply  not- 
ing the  position  of  the  movable  fulcrum.  This  system  of 
"quantity"  regulation,  in  wliich  the  main  inlet  valve  itself 
becomes  the  throttle  valve,  is  unquestionably  the  best  of  all 
systems  for  controlling  the  gas  engine,  because  the  impulses 
are  not  only  given  on  each  working  stroke,  but  they  are 
reliable  at  any  position  of  the  governor,  wliich  is  not  the 
case*  when  engines  are  working  witli  what  is  known  as 
" quality  "  regulation.  Also,  the  consumption  of  fuel  is- 
better  with  this  system  of  regulation  when  the  engine  is 
working  on  reduced  loads,  owing  to  the  greater  expansion 
of  the  initial  charge.  For  instance,  when  running  at  no 
load  the  ignited  charge  expands  to  more  than  twice  its 
volume  with  "throttle"  or  "quantity  }}  governing,  but  only  to 
its  original  volume  witli  '.quality  ，'  or  "  hit-and-miss " 
governing. 

Another  highly  important  characteristic  of  "  throttle ,} 
governing  is  that  when  the  engine  is  working  on  lighter 
loads,  the  compression  and  explosion  pressures  are  reduced, 
thereby  reducing  the  strains  and  friction  on  all  working 
parts  in  proportion  to  the  power,  and  thus  giving  the  engine 
a  much  longer  life.  In  order  to  illustrate  this  clearly,  tlie 
five  indicator  diagrams  (Fig.  4  to  8)，  taken  from  an  engine 
working  at  different  loads,  show  the  reduction  in  the  com- 
pression pressure  and  in  the  explosion  and  mean  pressures, 
while  at  tlie^  same  time  retaining  a  high  fuel  efficiency.  This 
system  of  governing  by  varying  the  streaagth  of  the  impulses 
will  be  ©specially  appreciated  in  the  cas&  of  electrical,  weav- 
ing, spinning,  and  otlier  work,  and  especially  for  alternating- 
current  electrical  machines  requiring  an  extremely  even  turn- 
ing moment,  because  the'  steadiness  of  running  increases  as 
the  load  decreases.  The  centrifugal  governor  controlling  the 
variable  admission  gear  is  of  a  heavy,  powerful  type，  with 
all  its  working  parts  enclosed  in  a  stationary  oil-tight  casing 
and  its  gear  wheels  immersed  in  an  oil  bath. 

Tho  main  feature  in  this  system  of  governing  is  the  fact 
that  tho  admission  valve  is  itself  the  throttle  valve,  and 
directly  controls  the  admission  of  the  air  and  gas  mixture, 
and  also  the  amount  of  suction  that  acts  within  the  passages 
behind  the  valve.  By  this  means  the  suction  on  the  gas 
valve  behind  the  admission  valve  is  decreased  as  the'  power 
charge  is  reduced  to.  suit  the  load,  and  the  consumption  of 
gas  is  thereby  reduced  automatically  as  the  load  is  reduced. 
Therefore,  it  follows  that  whether  town  gas  or  producer 
gas  is  used,  whon  once  the  mixture  has  been  adjusted,  it 
remains  practically  constant,  so  that  a  maximum  of  effi- 
ciency is  obtained  at  all  loads. 

Now  there  are  several  designs  in  which  the  throttling 
is  effected  by  two  ^auxiliary  valves  of  the  mitre  or  wing  type 
behind  the  admission  valve.  In  this  case  the  admission 
valve  opens  wide  at  all  loads,  and  therefore'  th©  suction  on 
the  gas  valve  behind  it  increases  as  the  load  is  reduced. 
Under  these  conditions,  if  the  engine  is  arranged  to  work 
on  producer  gas,  and  the  quality  of  the  gas  changes,  there 
is  a  considerable  waste  of  gas,  particularly  at  the  light  loads, 
greatly  increasing  the  running  costs.  This  is  because  the 
full  sud  ion  acts  directly  on  tho  gas  throttle  valve.  How 
much  more  difficult,  then,  must  it  b©  when  the  engine  for 
some  reason  has  to  be  changed  to  a  much  richer  gas,  such 
as  town  gas,  where  the  consumption  of  town  gas  per  hour 
at  no  load  may  increase  to  such  an  enormous  extent  as  to 
be  even  greater  than  at  full  load.  Herein  lies  the  reason 
why  some  makers  do  not  recommend  throttle  governing  with 
engines  to  run  on  town  gas,  as  the  consumption  of  gas  be- 


comes prohibitive  at  reduced  loads.  Witli  the  gear  used  on 
the  Crossley  engine,  when  the  -engine  has  been  running  on 
suction  gas  and  requires  to  b©  changed  over  to  town  gas  or 
gas  of  a  different  calorific  value,  all  that  noeds  to  be  done 
is  to  close  th©  producer  gas  cock  and  open  the  town  gas 
cock,  the  engine  continuing  to  run  perfectly  on  full  or  vary- 
ing loads  with  either  fuel,  as  may  be  required,  and  at  a  high 
fuel  efficiency  for  all  loads,  the  average  efficiency  being  even 
better  than  on  engines  governed  on  th-e  hit-and-miss  system 
and  far  better  than  with  "  quality  "  governing.  Therefore, 
with  th©  Crossley  gear,  control  is  maintained  over  both  tho 
speed  and  the  gas  consumption,  but  in  the  other  gear  it  is 
maintained  over  the  speed  only,  as  thei  governor  can  abso- 
lutely lose  all  control  over  the  fuel  consumption. 

Even  with  an  engine  of  well-designed  proportions  tliore 
always  remains  the  possibility  of  trouble  if  tlie  lubrifat ion  of 
the  working  parts  is  not'  effectually  and  coniinuously  main- 
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Fig.  8.— No  Load. 


tained.  Lubrication  of  the  internal-combustion  engine  is 
a  matter  of  the  very  highest  importance.  It  is  not  sufficient 
to  have  the  lubricant  in  the  lubricators,  but  th©  arrange- 
ments must  be  so  designed  that  the  lubricant  reaches  the 
surface  requiring  it  with  absolute  certainty.  The  oil  must 
therefore  be  of  the  correct  quality,  must  be  puro,  and  the 
passages  themselves  must  be  made  wind  and  dust  proof,  so 
that,  as  far  as  it  is  practicable,  nothing  can  be  drawn  into 
the  system  that  may  tend  to  clog  the'  oil  pipes  and  increase 
the  friction  "between  th©  wearing  surfaces  of  tho  bearings. 
In  tho  modem  gas  engine  the  cylinder,  and  in  larger  engines 
the  piston  pin,  crank  pin,  and  exhaust  valve,  are  all  lubri- 
cated by  means  of  force  pumps  placed  in  a  dust-proof  central 
lubricator.  This  is  usually  mounted  in  a  convenient  posi- 
tion on  the  engine  frame,  and  the  pumps  are  worked  by  an 
eccentric  on  the  engine  side  shaft.  Also  the  amount  of  oil 
delivered  to  each  of  these  parts  is  adjustable,  and  each  drop 
passes  through  a  sight-glass,  so  that  the  attendant  can  at  all 
times  see  tliat  each  part  is  properly  lubricated.  After  the 
cylinder  and  crank  sliaft  bearings,  the  large  and  small  ends 
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of  the  connecting  rods  are  perhaps  those  needing  extra  care 
in  treatment.  There  are  many  designs  of  lubricating 
arrangements  to  the  crank  pin  which  allow  dust  or  dirt  being 
readily  drawn  in  along  with  the  lubricating  oil  because  the 
design  of  wiper  or  ring  oiler  is  not  dust  proof.  In  tlie 
Crossley  engine  a  dust-proof  ring  is  provided  for  collecting 
the  oil,  which  then  is  continuously  carried  io  the  wearing 
surfaces  by  centrifugal  force.  Dust-proof  arrangements  are 
also  provided  for  the  crank-shaft  bearings  and  side  shaft 
bearings ~ all  are  lubricated  by  enclosed  oil  rings  revolving 
on  the  shafts,  the  lojver  half  of  the  rings  bsing  immsrssd  in 
oil  baths  supplied  with  sight  gauges  As  an  additional  safe- 
guard two  oil  rings  are  provided  for  each  bearing,  both  on 
the  crank  shaft  and  side  shaft,  to  ensure  a  continuance  of 
lubrication  in  the  event  of  one  ring  ceasing  to  revolve, 
which  is  a  very  rare  occurrence  indeed.  All  these  provi- 
sions, as  can  be  well  understood,  allow  for  continuous  night 
and  day  running.  The  gear  wheels  also  run  in  oil  baths,  and 
where  necessary,  oil-retaining  grooves,  rings,  or  trays  are 
provided  to  prevent  oil  being  thrown  about.  This  conduces 
to  economy  and  ensures  the  engine-house  being  kept  clean. 
The  consumption  of  oil  for  lubricating  purposes  averages 
0'003  pint  per  brake  horss-power  per  hour,  but  there  are 
many  instances  of  engines,  in  the  hands  of  careful  and  experi- 
enced men,  running  satisfactorily  down  to  nearly  half  this 
amount.  For  instance,  in  the  works  of  the  United  Alkali 
Company,  there  is  an  engine  of  over  100  h.p.  which  has  for 
over  six  years  been  running  165  hours  per  week  continuously 
on  an  oil  consumption  of  4  galls,  per  week.  This  works  out 
to  0*00149  pint  per  brake  horse-power  per  hour  at  full  load. 

The  final  consideration  is  the  variety  of  fuels  that  can 
be  utilised  in  the  gas  engine.  At  the  present  time  there 
are  many  gas-engine  installations  at  work  utilising  fuels  that 
would  be  quite  unsuitable  for  the  raising  of  steam  power. 
Generally  speaking,  anthracite  coke  or  ordinary  coal  slack 
are  the  fuels  used  in  gas  plants,  but  special  plants  are  con- 
structed which  deal  successfully  with  wood  and  bark  refuse, 
varying  in  size  from  comparatively  large  pieces  down  to 
shavings,  and  from  matchwood  refuse  to  fine  sawdust. 
Plants  are  also  running  satisfactorily  on  charcoa1 ,  cotton 
seed,  and  tan  refuse .  In  the  case  of  tan-refuse  plants,  this 
method  of  disposal  is  very  convenient  and  economical,  and 
obviates  any  necessity  to  purchase-  fuel  from  outside,  thus 
mahing  the  user  independent  of  the  rise  in  the  price  of 
coal.  Plants  can  also  successfully  use  olive  refuse,  coffee 
husks,  cocoa  husks,  cocoanut  fibre  and  shells,  smokebox  char, 
coke  breeze,  sugar-cane  refuse,  sewage  sludge  caks  with  coal 
dust  pressed  into  it,  cotton  pod  husks,  and  even  recently  a 
firm  sought  to  utilise  red  currant  and  blackberry  jam  refuse. 
There  is  no  objection  to  this,  providing  the  quantity  is  suffi- 
cient to  justify  a  gas  plant,  and  the  necessary  conditions  as  to 
percentage  of  moisture  are  covered . 

Recently,  extremely  successful  results  have  besn  secured 
when  using  sue! elite,  or  sudd  of  the  Nile,  as  fuel.  This  is 
composed  of  the  stalks  of  certain  tropical  plants  which  grow 
and  abound  in  the  waters  of  tli&  Nile  to  a  height  of  several 
feet,  and  form  a  serious  obstacle  to  navigation.  By  a  new 
process  they  are  now  cut  down  and  turned  into  pulp.  This 
is  afterwards  pressed  into  briquettes,  and  has  been  used  with 
complete  success,  as  also  the  dry  stalks  themselves  without 
any  briquetting,  so  that  the  formerly  useless  waste  product 
of  the  Nile  has  b&en  rendered  available  as  a  valuable  fuel 
in  a  region  where  ordinary  fuels  are  extremely  scarce. 

An  independent  test  of  an  installation  using  wood  waste 
was  recently  undertaken  by  Mr.  R.  E.  Matliot,  of  Brussels, 
at  Molenbe€k,  in  Belgium.  His  test  took  place  in  July  of 
this  year.  His  report  is  as  follows :  The  engine  is  a  hori 
zontal  two-cylinder  type,  developing  a  maximum  b.h.p.  on 
producar  gas  of  about  80,  and  is  fitted  with  valve  gear  on 
the  "  variable  admission  '，  principle,  which  changes  the 
The  ignition  is  effected  by  low-tension  magneto  and  "  make 
and  break  ，，  spark  box,  the  spark  being  within  the  cylinder, 
and  brake  "  spark  box,  the  spark  being  within  the  cylinder. 
Tlie  main  dimensions  are :  Diameter  of  piston,  12in.  ；  stroke, 
21in.  ；  speed,  210  revs,  per  minute.  The  Crossley  gas  plant 
used  is  composed  of  a  generator  gasifying  wood  chippin^s, 
sliavings  and  sawdust,  a  tar  separator,  and  a  coke  scrubber 
The  tar  extractor  is  of  the  Crossley  centrifugal  type,  whereby 
gas  is  induced  from  the  centre  of  the  inlet  to  the  impeller, 
passing  to  the  periphery  and  returning  to  the  centre  of  the 


impeller.  The  particles  of  tar  in  the  gas  are  saparat  :'d  out 
by  centrifugal  fore©  and  thrown  against  the  casing.  Tli'， 
gas  is  submitted  to  a  double-beating  action,  and  the  kind  i'- 
energy  imparted  to  tlis  incoming  gas  is  given  out  on  tlie 
return  flow  of  gas  to  blades  on  the  outlet  side  of  the  impeller. 
A  stream  of  water  is  fed  to  the  centre  of  each  side  of  the 
impeller. 

The  object  of  the  tests  was  to  verify  power  consumption, 
and  the  general  working  conditions  of  the  installations. 
Prof.  Mathot  states  that  during  the  first  day  he  verified 
the  general  working  conditions,  the  working  of  the  various 
apparatus  and  the  accuracy  of  the  instruments.  TIh* 
second  day  was  exclusively  taken  up  by  the  test  proper.  Tlie 
engine  was  loaded  by  means  of  the  "  Mathot  Prony  brake," 
the  latter  being  water  cooled.  Ths  arm  of  the  brake  having 
a  length  of  166  metres  tested  directly  on  the  scale,  which 
had  been  previously  balanced.  Indicators,  the  springs  c f 
which  were  tested  both  before  and  after  the  tests,  were 
fitted  to  each  cylinder,  and  a  speed  counter  to  one  of  the 
sideshafts  registering  the  speeds  of  the  engine.  During  the 
tests  and  concurrently  with  the  mechanical  analysis  of  the 
gas,  about  20  calorimetric  tests  were  made  by  means  of  a 
Junker's  calorimeter.  The  pas  required  for  these  tests  was 
taken  from  the  plant  immediately  behind  the  tar  separator. 
For  determining  the>  indicated  power  and  to  check  the 
g&neral  behaviour  of  the  engine,  diagrams  were  taken  every 
quarter  of  an  hour.  The  quantity  of  water  required  for 
cooling  the  engine  was  checked  by  measuring  during  a 
given  time  tlie  quantity  of  water  leaving  the  cylinders.  The 
measurement  of  consumption  was  effected  by  weighing  all 
the  wood  waste  put  into  the  gas  plant  during  the  whole 
psriocl  of  tlie  tests.  The  fuel  was  composed  of  mixed  beech 
and  oak  chippings  just  as  they  were  collected  from  the  wood- 
working machines  without  having  been  previously  dried  or 
freed  from  dust.  The  engine  was  loaded  up  for  the  first 
time  at  7-15  a.m.  with  a  load  of  385，8091bs.  on  the  scale  ； 
this  load  was  sustained  for  a  quarter  of  an  hour  at  a  mean 
sps'ed  of  208  revs,  per  minute,  and  corresponds  with 
81  063  b.h.p.  At  7-30  the  seal©  was  loaded  with  330，7381bs.， 
a  load  which  was  sustained  during  the  whole  of  the  test, 
making  a  total  length  of  9〗  hours  continuous  run,  during 
which  the  work  absorbed  by  the  brake  was  72-25  b.h.p.  The 
mean  number  of  revolutions  was  210*1  per  minute.  To  the 
power  of  the  engine,  full  and  normal,  an  overload  should  be 
added,  12*861  b.h.p.  absorbed  by  the  high  speed  shafting 
from  which  was  driven  a  water  circulating  pump  and  the 
tar  s&parator,  as  well  as  the  pulley  of  the  air  compressor. 
This  power  was  determined  from  diagrams  taken  when  tlie 
brake  was  released.  Under  these  conditions  the  total  work 
at  full  load  was  81*06  +  12*86 -94*92  effective  h.p.  The 
power  at  normal  load  was  72'25  +  12*86  =  85*  11  effective  h.p. 
During  the  whole  of  the  trials  the  engine  and  gas  plant 
worked  perfectly  regularly,  and  not-  the  slightest  trouble 
was  noticed.  It  is  worthy  of  note  that  the  installation  was 
sold  for  75  b.h.p.  normal  load,  sustained  85' 11  b.h.p.,  having 
an  overload  of  almost  15  psr  cent  .  The  consumption,  namely, 
2'64lbs.  of  wood  refus&  per  effective  horse-power,  is  remark- 
ably low. 

The  installation  does  not  require  any  special  care,  and 
from  Ui&  point  of  view  of  low  consumption  and  facilities  for 
driving,  is  a  form  of  power  to  be  highly  recommended  iu 
sawmills  and  large  works  producing  chippings,  shavings,  and 
other  wood  refuss.  The  latter  fuel  can  be  used  without  the 
addition  of  any  other  kind  of  combustible,  the  expense  of 
which  will  be  practically  nil.  In  addition,  the  tar  produced 
is  of  excellent  quality,  and  averages  about  one  bucketful 
per  day  with  an  installation  such  as  we  have  tested.  This 
tar  forms  a  marketable  by-product. 

There  are  almost  numberless  intaussly  interesting  fea- 
tures and  possibilities  associated  with  the  modern  gas  engine 
which  cannot  adequately  dealt  with  at  this  time ~ perhaps 
at  some  future  date  items  similar  to  the  following  might 
most  profitably  form  the  subject  matter  for  consideration, 
viz. : —— 

Increase  in  power  units  of  horizontal,  vertical,  and 
inverted  vertical  multi-cylinder  types. 

Gas  engine  suitability  for  continuous  running  and  steadi- 
ness for  alternator  driving  in  parallel. 

The  easy  and  reliable  starting  of  gas  engines  by  means 
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of  compressed  air,  and,  wlien  necessary,  against  a  full  load 
factor. 

The  comparison  of  thermal  and  inecluuiical  efficiencies  uf 
various  types  of  internal -combuslioi]  cii^iiics  with  st 11: 
reciprocating  and  turbine  engines,  am],  l'iimll、'，  ill©  possihili- 
I  ies  of  gas  tui'bine  construction . 

Bui  with  all  ilie  unavoidable  liinila.i  ions  ； iss('ri;ti  <"l  wit  h 
t.liis  lecture,  I  shall  feel  well  repaid  if  you  agrea  with  im> 
t,liat  the'  Britisli-inade  gas  engine  on  t\\v  lim's  "mim'm"、<l  is 
still  pre-eminent  in  the  markets  of  the  world. 

THE  NORTON  CYLINDRICAL  GRINDING  MACHINE. 

We  illustrate  herewith  a  cylindrical  grinding  liiadmi"  ()「  th" 
type  in  which  tlie  grinding  wlieel  is  moved  bodily  toward  and 
from  t'lie'  work3  eithor  by  hand  or  by  power.  Tii  1  liis  m;"'liiiie， 
wliicli  has  recently  been  pa  ten  ted  hy  the  Norton  Grinding 
( 'ornpauy,  Worcester,  Massachusetts,  U.S.A.,  1-lic  whe&l  can 
be  operated  by  hand  and  hy  power  at  will,  while  the  liand- 
ope'rated  mechanism  can  bo  discomiected  very  rt';"lil  v  from  t  ho 
wheel-operating  mechanism  when  it  is  to  bo  operated  hy 
power.  Means  are  also  provided  wliereby  when  the  wlieel 
has  been  brought  up  by  power  to  the  limiting  position  it 
cannot  b©  moved  farther  in  that  direction  by  power  until  tlie 
machine  is  reset,  so  that  danger  of 
bringing  it  too  far  up  after  truing 
the  wheel  or  replacing  it  is 
avoided . 

Fig.  1  is  an  elevation  of  a 
wheel  case  showing  the  wheel  in 
contact  with  the  work.  Fig.  2  is  a 
transverse  sectional  view  through 
the  wUe©l-o}>e  rating  shaft  and 
connected  parts  ；  and  Fig.  3  is  an 
elevation  of  the  same  partly  in 
section.  Ordinarily  the  wheel 
and  wheel  casing  are  moved  very 
slowly  toward  aud  from  the'  work 
by  an  arrangement  comprising  a 
rotary  handle  1，  a  long-faoed 
pinion  B，  and  a  gear  C  on  a  shaft 
D，  which  carries  a  worm  E  for 
moving  the  casing  A  back  and 
forth.  The  power  -  operating 
means  for  moving  the  casing  A 
comprises  a  handle'  2  on  an  oscil- 
latabl©  shaft  F  which  is  provided 
with  a  lever  connected  with  a 
reciprocable  rod  G  carrying 
springs  and  au  operating  member 
for  operating  a  double-faoed 
clutch  H.  This  dutch  is  designed 
to  connect  tb©  feed  drive  shaft  J 
with  a  shaft  K  through  a  set  of 
bevel  gears  for  the  purpose  of 
rotating  the  shaft  K  in  either 
direction   from   the  feed  drive 

shaft.  This  shaft  K  is  connected  by  gearing  with  the  shaft  D. 
It  will  bo  seen,  therefore,  that  the>  shaft  D  can  be  rotated  in 
either  direction  by  power  or  by  hand,  independently  of 
each  other. 

The  shaft  D  is  connected  with  tho  wheel  C  by  a  hub  L 
keyed  to  the  shaft  and  having  rotatably  mounted  thereon  a 
bushing  for  the  hub  of  tho  gear  and  provided  witli  a  pair  of 
circumferential  grooves  M.  Kadial  pins'  N  in  the  hub  of  the 
gear  C  are  pressed  inwardly  by  a  circumferential  spring  so 
as  to  engage  in  either  one  of  these  grooves.  The  gear  is  pro- 
vided with  a  projecting  flange  3  adapted  to  be  grasped  by 
the  hand  for  the  purpose  of  moving  tlie  gear  back  and  forth 
8(j  as  to  bring  it  into  either  of  its  two  positions  on  the'  bushing. 
I"  the  position  shown  in  the  drawings,  teeth  O  on  the  hub  of 
the  gear  engage  between  te&tli  P  on  the  hub  L,  and  conse- 
quently the  rotation  of  the  pinion  B  is  transmitted  positively 
to  the  shaft  D  or  vice  versa.  But  when  tlie  flange  3  is  pulled 
back,  so  that  the  pins  N  engage  in  the  other  groove  M，  there 
is  no  engagement  between  these  te&ih  aud  consequently  tlie 
shaft  D  can  operate  without  spinning  the  rotary  handle  1 
around. 

On  the  hub  L  is  arranged  a  bushing  on  which  is  carried  a 


Q.  This  pinion  ineslies  with  two  gears  R  and  S,  One 
of  these  gears  R  is  fixed  with  respect  to  a  bearing  on  the  frame 
in  whicli  tlie  shaft  D  rotates.  The  othoi*  gear  S  is  rolai;il)lc 
on  t  liis  bearing  and  carries  with  it  a  larger  gear  T.  Tire  two 
gears  11  and  S  ； ire  oi'  the  same  size,  so  that  they  can  botli  mesh 
with  tlie  pinion  Q,  but  tliey  are  provided  with  different 
numbers  of  teeth,  one  of  them  having  one  more  tooth  than 
the  other.  The  gear  T  meshes  with  a  gear  U  which  is 
mounted  to  rotate  freely  on  a  bearing  on  the  frame,  this  bear- 
ing being  concentric  with  the  gear  B.  This  gear  U  is  pro- 
vided with  a  conical  friction  surface  which  is  engaged  by  a 
similar  surface'  on  a  wheel  V,  also  free  to  rotate  on  the  hub  of 
the  gear  U.  This  hub  is  provided  with  screw  threads  on  which 
is  a  pilot  wh&el  4  adapted  to  screw  up  on  the  threads  and  force 
the  wheel  V  inwardly,  so  as  to  cause'  th-e  two  friction  surfaces 
t-o  engage  ea,cli  ot  her  firmly  and  cause  the  gear  U  and  wheel  V 
to  rotate  together.  On  the  wheel  V  is  a  block  W  which,  wlicn 
in  [>osit  ion ,  cngagBS  a  sliding  rod  X  mounted  in  a  bearing 
on,  tlie  frame  and  moves  it  into  a  ]>osition  in  which  it  will 
engage  a  j)roject  ion  Y  on  the  sliaft  F  and  prevent  tlie  move- 
ment of  this  sliall  beyond  tlie  centre  of  its  oscillation.  Tliat 
is,  it  will  prevent,  tli'e  handle  2  being  turned  to  a  position  to 
(•oiimvt  1  lie  clutcli  II  with  the  shaft  J  to  rotate  th©  shaft  D  in 


Fig. 


Fig.  2. 

Norton  Cylindiucal  Grinding  Machikk. 


Fig.  3. 


one  direction,  that  is,  tlie  direction  to  move  tlie  wheel  toward 
.the  work.  On  both  tlie'  wheel  V  and  a  concentric  surface  of 
the  frame  are  permanent  marks.  Now  when  tho  grinding 
wheel  has  been  brought  up  to  position  toward  the  work,  and 
has  to  be  withdrawn  for  truing  up  or  any  other  purpose,  it  is 
obvious  that  it  will  be.  necessary  to  bring  the  wheel  back 
exactly  to  the  same  point.  Consequently,  the  operator  loos&ns 
the  pilot  wheel  4  and  turns  the  wheel  V  until  the  marks  just 
referred  to  register.  Then  the  block  W  comes  into  the  posi- 
tion shown  in  Fig.  3.  Tho  pilot  wheel  isi  then  tightened  up. 
This  having  been  doue'，  it  will  be'  obvious  first,  that  the  grind- 
ing wheel  cannot  be  moved  any  further  toward  the  work  by 
power,  and  second,  that  when  it  has  been  moved  away  from 
the  work  and  then  brought  up  again,  the  block  W  will  always 
come  hack  to  this  position  when  the  whoel  comes  back  to  its 
original  exti-eme  position.  In  this  way  it  will  bo  seen  that 
after  the  machine  is  onoe'  &&t  there  is  no  danger  of  the  operator 
bringing  tire  grindiug  wheel  up  too  far  by  power  or  of  stopping 
short  of  tlie  proper  position  to  comfhenoe  to  finish  the  work. 
As  has  been  stated ,  when  reciprocating  the  grinding  wheel  by 
power,  the  spinning  around  of  the  rotary  can  be  prevented 
simply  by  pulling  out  the  hub  3. 
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DEVELOPMENTS  IN  OPEN-HEARTH  STEEL  PRACTICE.* 

BY  X.  E.  MACCALLUM. 

Almost  half  a  century  has  passed  since  the  Siemens  brothers, 
after  tedious  and  costly  experiments,  finally  began  the  manu- 
facture of  open-hearth  steel.  The  furnace  of  that  time  was 
very  small,  having  a  hearth  capacity  of  from  3  to  4  tons,  and 
we  can  appreciate  the  wonderful  development  that  has  taken 
place  hi  those  50  years  by  the  knowledge  that  to-day  furnaces 
of  50  times  the  original  capacity  are  in  operation.  As  the 
new  steel  process  assumed  importance,  and  furnaces  began 
to  grow  in  number  and  iu  size,  a  question  arose,  to  which  no 
satisfactory  answer  has  ever  been  given,  and  that  was  :  "  What 
is  the  safe  and  economical  limit  of  the  open-hearth  furnace  ?M 
Various  stopping  places  have  been  suggested,  and  20,  30，  40， 
and  50  tons  have  each  been  advocated,  but  all  such  arbitrary 
restrictions  have  been  passed,  and  60  tons  would  probably 
represent  the  average  furnace,  although  iu  a  few  instances 
from  70  to  80  tons  are  regularly  tapped  into  one  ladle.  The 
furnaces  which  are  the  subject  of  the  present  paper  have 
gone  far  beyond  even  these  limits,  and  since,  in  my  opinion, 
they  mark  another  step  in  the  progress  of  open-hearth  steel, 
they  will  be  considered  fairly  and  frankly,  in  order  that 
those  to  whom  the  matter  may  be  of  interest  may  be  able  to 
judge  and  form  their  own  conclusions. 

These  furnaces  are  operated  by  the  Phoenix  Iron  Com- 
pany, Phoeuixville,  Pa.，  and  their  distinctive  and  important 
feature  is  that  they  charge  to  twice  the  ； 
capacity  of  oue  ladle,  and  tap  simultane- 
ously into  two  ladles,  with  a  device  for 
controlling  the  flow  into  either.  In  this 
way  the  capacity  of  the  furnace  is  not 
limited,  as  formerly,  but  heats  of  any  size 
within  the  capacity  of  two  ladles  may  be 
charged.  The  ultimate  reason  for  charg- 
ing furnaces  beyond  the  normal  amount  is 
not  that  large  heats  may  be  made,  but 
because  by  making  large  heats  a  material 
increase  of  product  is  obtained. 

A  plan  of  the  divided  spout,  pits,  and 
ladles  is  shown  in  Fig.  1.  In  order  to 
make  the  branches  of  ttie  spout  as  short 
as  possible,  oue  ladle  is  placed  slightly  in 
advance  of  the  other;  which  also  enables 
the  trunnions  to  clear.  Fig.  2  is  a  plan 
and  a  front  elevation  and  Fig.  3  a  side 
elevation  of  the  device  for  controlling  the 
flow  of  steel  into  either  ladle.  Its  purpose 
is  not  to  stop,  but  merely  to  check,  the 
flow.  The  levers  by  which  it  is  operated 
are  placed  from  20ft.  to  30ft.  from  the 
centre  of  the  furnace,  and  the  controlling 
rod  is  protected  by  firebrick,  much  the  same  as  the  ladle  rod. 

The  first  of  these  furnaces,  here  designated  A，  B,  and  C， 
was  completed  early  in  1909.  The  area  of  the  hearth  was 
32ft.  by  14ft.,  and  was  a  fair  average  of  furnaces  charging 
from  50  to  55  tons  of  materials.  At  that  time  no  thought 
had  been  entertained  of  breaking  away  from  the'  established 
practice,  but,  on  comparing  the  capacity  of  this  hearth  with 
those  of  our  smaller  furnaces,  it  proved  to  be  so  much  in 
excess  that  the  question  was  raised  as  to  the  advantage  of  a 
large  hearth  if  it  could  not  be  fully  utilised.  Various  experi- 
ments were  then  undertaken  to  determine  the  feasibility  of 
using  two  ladles,  and  the  best  means  of  controlling  the  flow 
into  either  ladle,  which  resulted  in  our  present  practice. 

Furnace  B,  completed  in  September,  1909,  was  the  same 
in  all  respects  as  furnace  A，  except  that  the  hearth  was 
lengthened  4  feet,  making  it  36ft.  by  14ft.  in  area.  Furnace 
C  was  built  in  1911，  the  size  of  the  hearth  being  increased 
to  42ft.  by  15ft.  The  size  of  the  regenerator  chambers  was 
also  increased.  These  chambers  were  designed  to  meet  exist- 
ing conditions.  The  air  chambers  of  furnaces  A  and  B  are 
9ft.  wide,  and  the  gas  chambers  6ffc.  wide.  For  furnace  C 
the  air  chambers  are  12ft.  wide  and  the  gas  chambers  8ft. 
wide.    The  length  of  chambers  and  depth  of  checker  work 
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are  uniform  for  all  the  furnaces,  18ft.  and  7ft.  respectively. 
If  these  furnaces  are  rated  as  115  tons,  130  tons,  an<l  165  ions 
capacity,  which  is  the  usual  weiglil  ingots  tapped  from 
each,  it  will  be  noted  that  the  checker  space  on  each  end  of 
the  furnace  is  only  equal  to  about  】5cub.  ft.  per  ton  of  hearth 
capacity  ；  or,  one-sixtli  of  the  amount  generally  allowed  and 
recommended  by  prominent  metallurgisi s.  Tiiis  statement 
is  not  made  from  any  desire  to  criticise  or  detract  from  the 
prevailing  views  and  practice;  but  it,  niiglit  be  worth  while 
to  note  that,  had  this  practice  been  followed,  the  depth  of 
checker  space  in  furnaces  A，  B,  and  C  would  have  been  46ft. 
instead  of  7ft.  Or,  to  state  the  same  tiling  in  another  way, 
the  rated  capacity  of  the  furnaces,  based  o>i  checker  space, 
would  be  19  tons  for  furnaces  A  and  B  and  25  tons  for  fur- 
nace C，  instead  of  115，  130，  and  ]  65  tons.  It  may  therefore 
be  safely  assumed  that  any  particular  merit  which  this  prac- 
tice possesses  must  be  attributed  to  causes  other  than  the 
chambers. 

The  areas  of  the  hearths  of  furnaces  A  and  B  were  prac- 
tically the  same  as  those  of  ordinary  furnaces  rated  at  from 
50  to  55  tons  capacity,  and  that  of  furnace  C,  42ft.  by  15ft. ， 
giving  an  area  of  630  sq.  ft.,  is  almost  an  exact  duplicate  of 
the  area  of  a  number  of  furnaces  recently  completed  and 
rated  at  60  tons.  The  hearths  are  of  the  usual  depth,  and 
measure  from  pan-plate  to  top  of  foreplate  5ft.  0'5in.  The 
pan  is  covered  with  18in.  of  brick  and  from  lOin.  to  12in.  of 
magnesite  in  front  of  the  tap  hole.  If,  therefore,  the  hearths 
are  of  the  same  size,  and  the  chambers   are   much  smaller 
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than  those  of  many  other  furnaces,  it  is  apparent  that  the 
large>  tonnage  must  be  due  to  other  reasons,  which  we  shall 
endeavour  to  show  lie  not  in  the  furnace,  but  in  the  practice. 

On  one  occasion,  in  discussing  】iietliods  of  operation  with 
the  superintendent  of  a  large  steel  concern,  I  asked  if  he 
reduced  the  size  of  open-hearth  heats  at  the  week-end,  and 
the  reply  was  that  he  did  not,  as  it  had  been  found  that  a 
large  heat  could  be  made  almost  as  quickly  as  a  small  one. 
That  was  the  open-hearth  man's  way  of  broadly  stating  a 
truth,  which  was  not  intended  to  be  accepted  too  literally. 
It  is  not  true,  of  course,  that  a  large  heat  can  be  made  as 
quickly  as  a  small  heat,  but  it  is  true  that  steel  is  made  faster 
in  a  large  unit  than  in  a  small  one.  This  seems  an  obvious 
fact,  yet  it  is  one  that  receives  but  little  attention,  and  is 
rarely  considered  in  comparing  the  work  of  one  furnace  with 
another.  In  most  works,  the  number  of  heats  which  each 
furnace  makes  weekly  constitutes  the  basis  of  comparison  : 
but  it  is  evident  that  for  furnaces  of  different  capacities  it 
would  be  of  little  value,  since  the  small  furnace  might  make 
more  heats  and  yet  not  equal  the  tonnage  of  a  larger  furnace, 
or,  in  furnaces  of  similar  capacities,  one  might  be  delayed 
with  repairs  to  hearth  or  otherwise  and  show  a  decreased 
tonnage,  although  it  might  be  a  faster  working  furnace. 
For  a  number  of  years  I  have  used,  as  a  basis  of  coin- 
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parison,  the  time  from  beginning  the  charging  until  the  tap 
hole  is  open,  divided  by  the  product,  which  gives,  in  minutes 
per  ton,  the  rate  at  which  steel  is  being  made.  This  gives  a 
reliable  means  of  determining  the  speed  with  which  any  fur- 
nace is  capable  of  making  st&&l ,  and  also  its  ability  to 
compete  with  other  furnaces.  Using  this  】iiethod  of  com- 
parison, Table  I.  has  been  compiled  from  furnace  records  of 
the  Phoenix  Iron  Company.  In  every  case  the  record  covers 
a  period  of  not  less  than  six  months,  and  should  be  fairly- 
representative  of  the  work  done  by  each  furnace.  The  smaller 
furnaces  are  of  the  older  type  with  regenerators  underneath 
the  hearth,  but  did  efficient  work  and  compared  well  with 
other  furnaces  of  similar  construction.  Furnace  C  was  built 
on  the  site  formerly  occupied  by  two  of  the  smaller  furnaces, 
Nos.  5  and  6，  and  it  is  interesting  to  note  th at  furnace  C  is 
making  steel  ； just  a  little  more  than  three  times  as  fast  as 
No.  5  formerly  did. 

Table  I. ― Data  of  Furnace  Practice. 


Furnace. 

Hearth  area. 

Weight  of  ingots, 
tons. 

Time  per  ton. 
minute?. 

N'、.  3   

17-5  x  12ft. 

30 

卜 

No.  5   

20ft.  3-5in.  x  12 -5ft. 

40 

26-48 

No.  1   

24ft.  x  12 -5ft. 

50 

!<>•(>(> 

A  

32  x  14ft. 

115 

1 1-50 

B  

36  x  14ft, 

130 

10-50 

C  

42  x  15ft, 

165 

8-08 

A  study  of  Table  I.  will  reveal  two  significant  facts :  One, 
that  the  economical  limit,  so  far,  at  least,  as  time  is  con- 


Fig,  2.— Plan  of   Stream  Controller  for  Twin  Runner  Spout  and  Front  Elevation 

Opex-hearth  Furnace. 

cerned,  has  not  been  passed,  since  furnace  C  is  shown  to  be 
making  21  per  cent,  faster  than  furnace  B.  The  other,  the 
striking  decrease  in  minutes  per  ton  as  the  hearth  area  and 
unit  of  steel  increase,  and  it  is  on  this  fact  that  the  practice 
of  the  Phoenix  Iron  Company  is  based.  The  extent  to  which 
any  furnace  may  add  to  its  product  will  be  proportional  to 
the  excess  charged  over  the  normal  one-ladle  heat,  but  from 
the  experience  of  the  Phoenix  Iron  Company,  it  may  be 
affirmed  that  by  doubling  the  normal  charge  the  product  of 
any  furnace  can  be  increased  by  from  one-fourth  to  one-third  ； 
tliat  is,  if  a  furnace  charging  single-ladle  heats  can  produce, 
say,  600  tons  weekly,  it  will,  by  charging  dcuble-ladle  heats, 
produce  from  750  to  800  tons.  This  can  be  demonstrated 
rapidly  by  operating  any  furnace  alternately  on  single-ladle 
heats  and  half-ladle  heats,  and  comparing  the  number  of 
minutes  required  in  each  case  to  make  a  ton  of  steel. 

Why  should  steel  be  made  faster  in  large  units  than  in 
small  ？  No  particular  reason  can  be  assigned,  but  there  are 
several  probable  causes  which  contribute  to  that  result.  The 
first  and  most  important  is  the  economy  in  time  ；  that  is,  in 


a  given  time  more  steel  will  be  produced,  or  the  same  amount 
of  steel  will  be  produced  in  less  time.  This  can  be  better 
understood  by  dividing  into  two  periods  the  time  required 
to  make  a  heat  of  steel,  the  first  period  being  the  time  required 
to  charge  the  melt  and  the  second  period  from  the  time  when 
the  lime  floats  to  the  surface  of  the  bath  until  the  heat  is 
ready  to  be  tapped,  known  as  the  working  of  the  heat.  In 
the  first  period  the  double-ladle  heat  will  not  show  much 
gain  over  the  single-ladle  heat,  as  it  will  take  almost  twice  as 
long  to  charge  and  melt,  but  in  the  second  period,  when  spar, 
ore,  and  other  additions  are  made,  the  double-ladle  heat 
gains  a  decided  advantage,  since  it  takes  but  Httle  longer  to 
work  a  large  heat  than  a  small  one.  At  various  times  during 
the  past  three  years  single-ladle  heats  have  occasionally  been 
made  on  furnaces  A,  B,  and  C，  and  a  careful  scrutiny  of  the 
records  shows  that  the  average  time  required  to  make  a  ton 
of  steel  on  those  heats  was  12'2  minutes,  while  the  average 
time  at  which  furnaces  were  running  on  double-ladle  heats 
was  9*7  minutes,  showing  that  it  required  25  7  per  cent, 
more  time  to  make  a  ton  of  steel  on  a  single-ladle  heat  than 
on  a  double-ladle  heat. 

As  a  second  cause,  it  is  evident  that  twice  as  many  single- 
ladle  heats  will  be  required  to  produce  the  same  tonnage  as 
that  from  double-ladle  heats,  therefore  one-ha]f  the  time 
which  would  be  required  to  make  repairs  to  the  hearth  in  the 
former  case  will  b©  available  for  making  st&el  in  the  latter. 
Then  again,  each  heat  of  steel  that  is  made,  whether  large  or 
small,  entails  two  extremes  of  temperature,  the  cooling  of 
the  hearth  and  furnace  when  cold  stock  is  introduced,  and 
the  maxim um  temperature  necessary  to  tap,  at  which  time 
the  hearth  and  furnace  must  be  rai&ed  to 
at  least  the  same  temperature  as  the  steel. 
It  will  therefore  take  twice  as  many  heat- 
units  to  raise  the  furnace  and  hearth  to 
this  temperature  to  make  two  single-ladle 
heats  as  would  be  required  to  make  one 
double-ladle  heat,  just  as  in  heating  water 
or  other  substance  in  a  refractory  vessel, 
less  time  will  be  required  to  heat  a  oertain 
amount  in  one  portion  than  to  divide  that 
amount  into  two  portions  and  heat  each 
separately,  the  difference  in  time  being 
that  required  to  heat  the  container  a 
second  time. 

A  third  cause  is  radiation.  Campbell, 
in  reference  to  heat-distribution  in  an 
open-hearth  furnace,  says :  "  Roughly 
speaking,  about  one-half  of  all  the  heat 
supplied  to  an  open-hearth  furnace  is  lost 
by  radiation  and  conduction."  That 
statement  concerns  the  present  paper  only 
to  the  extent  that  the  more  frequently  a 
furnace  is  raised  to  a  tapping  temperature 
the  greater  will  bei  the  loss  by  radiation, 
as  the  latter  increases  with  each  degree  of 
increase  in  temperature,  so  that  the 
smaller  number  of  heats  that  are  made  in 
proportion  to  the  tonnage,  the  less  fre- 
quently will  the  furnace  be  rais&d  to  a  tapping  temperature, 
and  the  less  will  be  the  loss  by  radiation. 

These  views  have  been  advanced  with  some  hesitancy,  but 
they  appear  to  offer  a  reasonable  explanation  why  steel  is 
made  faster  in  large  units  than  in  small  ones.  To  confirm 
these  arguments  further,  a  statement  of  the  actual  tonnage 
which  each  'furnace  has  made  is  given  in  Table  II.  -  All  the 
stock  is  charged  cold,  and  the  fuel  used  is  producer  gas. 
Furnace  C  has  still  five  weeks  in  which  to  complete  the  year 
and  should  run  well  over  50,000  tons,  which  is  probably  the 
largest  tonnage  that  has  ever  been  produced  from  any  f  urn  are 
using  all  cold  raw  material. 

The  saving  in  cost,  which  will  be  proportionately  increased 
as  the  tonnage  increases,  depends  upon  labour,  fuel,  and 
repairs.  The  number  of  men  necessary  to  operate  a  furnace 
on  a  double-ladle  heat  is  the  same  as  on  a  single-ladle  heat, 
and  if  tlie  product  is  increased  one-third,  it  is  apparent  that 
the  labour  will  be  reduced  one-fourth,  including  all  furnace 
labour  except  that  of  the  stock-loaders.  The  fuel  (gas  coal), 
covering  a  period  of  several  months,  will  not  vary  much 
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whether  the  furnace  is  making  large  or  small  heats,  and,  as 
is  the  case  with  the  labour,  should  show  a  saving  of  one- 
fourth.  Furnaces  A  and  B  are  on  the  same  gas  line  as  the 
blooming-niill  soaking  pits,  and,  consequently,  it  is  difficult 
to  get  accurate  data.    Furnace  C，  however,  is  supplied  from 


Fig.  3.— Side  Elevation  of  Sturam  Coktroller. 


an  independent  line,  and  the  figures  used  are  based  on  the 
actual  amount  of  coal  received  iu  the  cars. 


Table  11,— Tonnage  of  Steel  Produced. 


Fastest  time 

Time  per 

for  one 

Largest 

Fur- 

Period of  time. 

Output. 

ton  of 

ton  of 

heat. 

nace. 

output. 

output. 

Gross  tons 

Grot's  tons 

Minutes. 

Minuter. 

A 

41,436 

11-45 

8-27 

130-04 

Second  year  • … 

39,910 

11-54 

B 

43,900 

10-38 

146-32 

Second  year  • .  •  • 

43,615 

10-44 

7-49 

C 

47,200 

8-68 

6-92 

卜 

L、 

On  a  run  of  22  consecutive  weeks,  including  the  entire 
time  from  commencing  the  first  heat  until  shut  down  for 
repairs,  the  average  amount  of  coal  used  per  ton  of  steel  was 
547Ibs.  Just  whether  this  represents  a  saving  of  one-fourth 
is  uncertain,  but  we  can  estimate  what  the  amount  of  coal 
would  have  been  had  the  furnace  been  operated  on  single- 
ladle  heats,  in  which  case  the  product  would  have  been 
reduced  one-fourth  and  the  amount  of  coal  increased  one- 
third.  Furnace  C  averages  slightly  more  than  1,000  tons 
of  product  weekly,  so  the  product  would  have  been  750  tons, 
and  the  cdal  increased  one-third  would  have  been  7291bs.  per 
ton  of  steel.  That  is,  instead  of  1,000  tons  of  steel,  with 
a  coal  consumption  of  5471bs"  on  double-ladle  heats,  we 
should  have  750  tons  of  steel,  with  a  coal  consumption  of 
7291bs.  on  single-ladle  heats. 

Bearing  in  mind  the  arguments  that  were  advanced  in 
explanation  of  the  increased  product  of  large  heats,  the  use 
of  pig  iron  with  an  average  content  of  0'70  per  cent,  phos- 
phorus and  0'70  per  cent,  silicon,  with  considerable  quan- 
tities of  lower-grade  iron  as  cheapeners,  together  with  the 
miscellaneous  scrap  that  the  market  affords,  7291bs.  of  coal 
cannot  be  considered  excessive  for  eastern  practice,  particu- 
larly covering  a  period  of  22  weeks,  so  that  it  is  probable  a 
saving  of  one-fourth  is  not  far  wide  of  the  mark.  With 
larger  regenerators  it  is  likely  a  still  further  saving  might  be 
effected. 

What  has  been  said  in  regard  to  labour  and  fuel  should 
also  apply  to  repairs.  That  is,  in  a  given  period  the  wear 
and  tear  will  be  about  the  same,  regardless  of  the  size  of  the 
heat  or  of  product.  In  the  run  of  22  weeks,  the  total  product 
from  furnace  C  was  24,298  gross  tons,  and  the  repairs  that 


followed,  including  roof,  linings,  checkers,  cost  of  brick, 
bricklaying  and  common  labour,  was  a  fraction  less  tliau  6(1. 
per  ton. 

Having  discussed  the  increased  product  and  economies 
resulting  from  th&  twoladle  practice,  what  are  the  objections 
likely  to  be  raised  against  this  inethorl  of  steel-making  ？ 
Probably  the  first  would  be  the  risk  of  handling  such  large 
quantities  of  steel  and  the  possible  consequences  in  case  of 
accident.  In  reply,  it  may  be  said  that  in  modern  open- 
hearth  practice,  when  linings  have  been  increased  in  tliick- 
ness,  partly  to  overcome  excessive  radiation  and  partly  to 
prevent  accidents,  break-outs  rarely  occur,  and  as  double-ladle 
practice  requires  only  one-half  the  usual  number  of  heats  to 
produce  the  same  tonnage,  it  is  evident  that  that  risk,  what- 
ever it  is,  has  been  cut  in  half.  It  may  be  imagined  that 
serious  trouble  might  result  from  the  chilling  of  a  heat  in  the 
furnace,  as  occasionally  happens  when  the  roof  falls  in.  I 
confess  that  the  first  instance  of  this  kind  was  viewed  with 
some  apprehension.  It  occurred  on  furnace  B，  when  a 
charge  of  335，0001bs.  was  melted  ；  the  roof  from  hip  to  hip 
fell  in.  This  happened  at  8  a.m.  on  a  Saturday,  and  during 
the  next  day  the  roof  and  lining  were  replaced.  Gas  was 
turned  in  at  5-30  a.m.  Monday,  and  the  heat  was  tapped  at 
10  p.m.  Tuesday,  yielding  139  gross  tons  of  ingots.  A  similar 
experience  occurred  another  time,  but  in  neither  case  were 
any  difficulties  presented  other  than  would  be  encountered 
in  smaller  heats.  The  divided  spout  and  controller  have  at 
all  times  worked  satisfactorily,  and  no  trouble  has  been 
experienced  in  dividing  the  steel,  although  occasionally  one 
ladle  may  receive  more  than  the  other,  but  generally  both 
ladles  are  evenly  filled. 

Another  objection  that  might  be  raised  is  the  difficulty 
the  mills  may  have  in  taking  care  of  the  product  in  large 
units,  but  a  little  consideration  will  show  that  when  mills 
are  provided  with  sufficient  soaking  pit  capacity,  it  makes 
but  little  difference.  If  the  product  is  supplied  from  large 
furnaces  there  will  be  fewer  heats,  whereas  if  supplied  from 
smaller  furnaces  there  must,  necessarily,  be  more  furnaces, 
and  a  largely  increased  number  of  heats,  frequently  causing 
what  millmen  call  bunching  of  heats,  that  is,  when  several 
tap  together  or  in  close  succession.  That  the  large  beats  are 
not  objectionable  to  the  millmen  is  evidenced  by  the  interest 
with  which  the  tapping  hours  of  the  large  furnaces  are 
followed. 

As  to  the  quality  of  the  steel,  it  may  be  said  very  positively 
that  there  is  no  apparent  difference  from  that  made  in  smaller 
amounts.  The  chemical  analysis,  the  physical  tests,  and 
fabrication  of  hundreds  of  thousands  of  tons  would  surely 
have  detected  any  difference  had  such  existed. 


Uranium.  ― The  metal  uranium  is  obtained  principally  in 
the  mineral  pitchblende,  which  consists  almost  entirely  of 
oxygen  and  uranium.  Although  from  the  time  of  its  dis- 
covery the  metal  has,  says  the  Journal  of  the  Royal  Society 
of  Arts,"  always  commanded  a  high  price,  yet,  owing  to  the 
comparatively  small  field  in  which  it  could  be  employed,  the 
output  of  uranium  ores  was  necessarily  limited  in  order  to 
maintain  the  market.  The  sources  also  of  its  supply  have  not 
been  plentiful,  but  now  search  is  being  made  in  different  parts 
of  the  world,  particularly  in  Cornwall,  for  pitchblende,  which, 
in  order  to  procure  radium,  must  be  had  at  whatever  cost. 
The  manufacture  of  radium  from  pitchblende  does  not  inter- 
fere with  the  simultaneous  production  of  uranium  oxide,  and, 
having  regard  to  the  large  quantity  of  pitchblende  necessary 
to  produce  a  very  small  quantity  of  radium,  it  should  follow 
that  the  supply  of  uranium  will  be  greatly  increased.  This 
increase  in  the  supply  will  tend  to  reduce  the  market  price、 
and  by  so  doing  would  encourage  a  demand  for  its  practical 
employment.  As  an  illustration,  it  may  be  stated  that 
uranium  is  one  of  the  best-known  conductors  of  electricity 
extant,  and  a  reduction  in  price  would  inevitably  increase  its 
use  in  electrical  construction.  Uranium  mixed  with  steel  is 
said  to  form  an  alloy  of  high  quality,  so  that  when  its  supply 
can  be  maintained  in  regular  quantities,  it  would  obviously  be 
utilised  in  the  manufacture  of  ordnance,  for  fine  sword  steel, 
and  for  other  purposes  of  a  similar  character. 
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MILL  SCALE  AS  A  CAUSE  OF  THE  PITTING  OF  STEEL 
PIPES* 

BY  GEORGE  C.  WHIPPLE  AND  MELVILLE  C.  WHIPPLE. 

Steel  seems  destined  to  come  more  and  more  into  us©  as  a 
material  for  th&  construction  of  water  conduits  of  certain  size. 
For  small  pipe's,  say  up  to  a  diameter  of  about  3ft.  ，  cast  iron 
has  proved  most  satisfactory  and  economical.  As  the  size 
increases  above  this  point,  cast  iron  meets  a  formidable  com- 
petitor in  sty&el,  for  although  this  metal  costs  more  than  cast 
iron,  it  is  stronger  and  the  pipe  may  b©  thinner.  The  use  of 
sb&el  is  increasing  and  it  would  increase'  more  rapidly  if 
enginesrs  did  not  fear  that  oorrosion  would  limit  the  life  and 
perhaps  cause  the  failure  of  the  pipei  line.  Cast  iron  has  been 
iri&d  for  many  years  and  experieno©  has  shown  tliat  it  has  a 
long  useful  life,  that  may  be  dep ended  upon .  Some'  w rough t- 
iron  pipes  also  have  lasted  well.  Steel  pipes  have  been  used 
for  a  shorter  period.  In  general  they  too  have  retained  their 
useful  life,  although  in  some  cases,  where  they  have  been 
exposed  to  exceptionally  severe  conditions,  they  have  given 
trouble. 

A  numbeir  of  ste&l  pipe  lines  have  developed  leaks,  due  to 
the  corrosion  of  the  metal  in  spots,  that  is,  to  pitting.  In 
this  respect  steel  appears  to  differ  from  wrought  iron,  over  the 
surface  of  which  the'  rusting  is  more  uniform.  In  fact  it  is 
this  iendieucy  ta  pit  that  engineers  chiefly  fear.  Steel  pipes 
almost  never  fail  completely  by  breakage,  as  cast-iron  pipes 
sometimes  do;  they  merely  leak  through  the  small  holes  or 
pits  produced  by  corrosion,  so  that  failure  would  com-e  about 
as  a  gradual  process.  Nevertheless,  leaks  are  always  undesir- 
able, and  many  leaks,  or  a  large  leak,  may  be  serious. 

The  general  subject  of  the  corrosion  of  ste&l  has  b&dn  care- 
fully considered  during  the  last  few  years  and  the  relative 
advantages  of  different  grades  of  steel  and  iron  have  been 
much  discussed  by  engineers,  chemists,  and  manufacturers. 
Some  have1  claimed  that  wrought  iron  and  steel  were  equally- 
durable  ； some  have  claimed  decided  advantages  for  that  form 
of  mild  steel  known  as  American  ingot  iron,  on  account  of  its 
low  manganese  confc&nt  and  the  general  resemblance  of  its 
chemical  analysis  to  that  of  wrought  iron  ；  while  some  have 
claimed  that  the  presencei  of  small  amounts  of  copper  in  steel 
tended  to  make  it  resist  corrosion. 

In  these  discussions  tlie  importance  of  one  factor  has  been 
very  largely  overlooked,  namely,  that  of  the  mill  scale,  and  as 
far  as  the  use  of  st&el  for  pipe  lines  is  concerned,  attention  has 
been  diverted  from  an  important  element  of  the  problem. 
Although  it  is  generally  accepted  by  text  book  writers  that 
pitting  is  closely  connect&d  with  the  presence  of  mill  seal' &  and 
that  steel  from  which  mill  scale  has  been  removed  does  not  pit, 
the  salesmen  of  the  steel  companies  and  even  th©  chemists 
themselves  have  much  to  say  about  the  absence  of  manganese 
and  the  presence  of  copper,  and  very  little  to  say  about  the 
nature  of  the  mill  scale  or  whether  this  scale  is  or  is  not 
affected  by  the  purity  of  the  metal.  It  is  to  call  attention  to 
this  neglected  phase  of  the  subject  that  the  present  paper  has 
been  prepared. 

In  November,  1911,  E.  A.  Fisher,  City  Engineer  of 
Rochester,  N.Y.,  requested  on©  of  us  to  undertake  an  investi- 
gation to  ascertain  the  relative  merits  of  steel,  American  ingot 
iron  and  wrought  iron,  for  th©  construction  of  a  66in.  sewer 
outlet  9,000ft.  long  into  Lake  Ontario.  This  pipe  is  to  carry 
the  effluent  from  sedimentation  tanks  through  wliicli  the 
sewage  of  the  city  is  to  be  passed  before  being  discharged  into 
the  lake  at  a  point  7,000ffc.  from  the  sliore.  Samples  of  steel, 
wrought  iron,  and  ingot  iron  w&ro  secured,  as  well  as  samples 
of  steel  containing  known  amounts  of  copper. 

At  the  beginning  a  few  simple-  imm&rsion  tests  were  made. 
Samples  of  the  steel  and  iron  were  placed  in  jars  of  distilled 
water,  tap  water,  salt  solutions,  solutions  of  cliloride  of  lime, 
dilute  acids,  strong  acids,  &c.，  and  observations  and  analyses 
made  to  determine  the  relative  amounts  of  corrosion  of  ths 
difTerent  samples.  The  results  were  of  some  interest,  as  noted 
below,  but  practically  speaking  it  was  found  that  tlaey  could 
not  be  relied  upon  to  tell  which  metal  would  act  best  when  sub- 
mitted to  tho  conditions  expected.  The  immersion  tests  in 
tap  water  and  dilute  solutions  progressed  too  slowly,  while 
the  use  of  strong  solutions  failed  to  reproduce  in  the  laboratory 
the  conditions  that  would  be  met  in  actual  practice.  Diffi- 

*  Abstract  of  paj  ev  read  before  Ui(，  Internutional  Chemical  Congress, 


culties  also  arose  in  controlling  the  oxidation  of  the  iron  in  the 
solutions  after  it  had  been  dissolved  in  the  ferrous  condition. 
This  was  influenced  by  the  volume  of  the  solution  used,  the 
ratio  of  the  volume  to  tlie  surface  of  water  exposed  to  the  air, 
and  several  other  factors,  as  Friend  has  well  shown  in  his 
recent  book  on  ((  The  Corrosion  of  Iron  and  Steel," 

Finding  that  the  ordinary  accelerated  tests,  using  strong 
acids,  were  un reliable  so  far  as  the  problem  at  hand  was  con- 
cerned , a  difFerent  kind  of  accelerated  test  was  tried,  namely, 
one  in  wliich  corrosion  was  stimulated  by  a  current  of 
electricity  ；  that  is,  an  electrolysis  test.  This  was  not 
employed  for  the  purpose  of  observing  those  phenomena  of 
corrosion  that  ordinarily  occur  when  stray  currents  from  】iigh 
voltage  electric  lines  find  their  way  to  a  pip©  line  or  other  steel 
structure.  On  the  other  hand,  the  currents  employed  were 
much  stronger  than  would  be  set  up  in  a  pipe  line  by  galvanic 
action,  and  so  did  not  reproducei  the  actual  conditions  of 
service,  but  they  enabled  corrosion  to  take  place  in  natural 
water  and  weak  dissociated  solutions  under  conditions  similar 
to  those  that  would  be  found  in  the  pipe  line  carrying  sewage. 
It  was  thouglit  that  this  test  would  also  show  the  manner  of 
corrosion,  as  distinguished  from  tlie  total  amount  of  corrosion, 
better  than  the  acid  tests,  and  inasmuch  as  the  real  question 
at  issue  was  one  of  pitting,  and  not  one  of  general  resting,  the 
electrolysis  best  seemed  to  be  a  more  reliable  one  for  the  case 
at  hand. 

The  results  of  the  application  of  this  test  to  various 
samples  of  steel  showed  clearly  that  mill  scale  has  a  marked 
influence  on  the  uniformity  of  corrosion  and  the  formation  of 
pits.  This  suggested  possible  differences  in  the  electrical  con- 
dition of  tlie  mill  scale  on  the  different  samples  of  steel  sub- 
mitted to  us,  and  an  investigation  of  this  feature  was  also 
undertaken. 

In  the  first  ©xperiment  strips  of  sieel  A，  ingot  iron  B,  and 
wrought  iron  C,  as  received,  were  put  in  separate  beakers  con- 
taining distilled  water  and  allowed  to  stand  at  room  tempe- 
rature (70°  Fall.).  The  distilled  water  contained  3*5  parts 
per  million  of  C02  and  was  saturated  with  oxygen .  After 
24  hours  the  water  in  tlie  beaker  that  contained  the  ingot  iron 
liad  less  colour  tlian  the  other  two  and  analysis  showed  that  it 
contained  less  iron. 


Ingot 

VVroujrht. 

8tccl. 

iron. 

iron. 

A 

B 

C 

Area  of  metal  wetted,  sq.  cm. 

23 

22 

22 

370 

375 

395 

Iron  in  water,  mg.  per  litre   . . 

45 

14 

36 

Samples  of  steel  A，  ingot  iron  B,  and  wrought  iron  C  were 
next  placed  in  beakers  containing  distilled  water  and  tap 
water,  and  allowed  to  stand  for  various  periods  of  time,  during 
which  the  appearance  of  the  plates  was  noted  and  analyses 
of  the  wat&r  mad©  to  determine  the  amount  of  iron  present 
in  tli©  ferrous  and  ferric  condition.  Variations  in  the  condi- 
tions were  secured  by  u&ing  hot  and  oold  wat&r  and  by  com- 
paring strips  of  steel  from  which  the  mill  scale-  had  been 
removed  with  similar  strips  with  the  mill  scale  left  on  except 
at  the  edges. 

Detailed  records  of  these  experiments  were  kept,  but  the 
results  do  not  warrant  publication,  as  they  were  so  erratic 
that  it  was  evident  that  all  of  the  necessary  conditions  of  the 
experiment  had  not  been  properly  controlled.  Suffice  it  to 
say  that  all  1 1 1 re '&  inetals  rusted  badly  in  all  of  th-e  experi- 
ments, and  that  sucli  difference®  as  were  noted  between  the 
different  metals  were  due  more  to  experimental  errors  than  to 
the  character  of  the  metals  themselves. 

Generally  speaking,  the  rusting  was  slightly  greater  in  the 
case  of  the  metals  from  which  the  mill  scale  had  been  removed , 
than  in  the  cases  of  th&  metals  on  which  the  scale  had  .-been 
left,  but  in  this  comparison  the  difference®  were  somewhat  less 
with  the  wrought  iron  than  with  the  steel  or  ingot  iron.  At 
the  start,  the  mill  scale  on  the  steels  appeared  to  exert  a 
slight  protective  action,  but  after  a  few  days  this  disappeared. 
On  the  whole,  the  ingot  iron  showed  so  mew  ]i  at  smaller  losses 
of  iron  than  th&  other  metals,  bub  this  was  not  true  in  all  of 
the-  experiments,  and  the1  differences  were  never  large. 

When  two  plates  of  iron  are  immersed  in  water  and  con- 
nected with  a  batt&ry  in  circuit,  a  current  of  electricity  will 
pass  througli  tlie  water  from  one  plat©  (the  anode)  to  the  other 


December  13,  1912]  THE    MECHANICAL  ENGINEER. 


7  13 


(the  cathode),  and  iron  will  be  dissolved  from  the  anode;  in 
other  words,  the  anode  will  corrode.  If  the  plate  forming  the 
anode  is  uniform  in  composition,  the  corrosion  will  bo  uniform 
over  its  surface,  and  the  loss  in  weight  will  be  proportional  to 
the  current  density.  If  the  anode  is  not  homogeneous  in 
character,  the  density  of  the  current  will  not  be  uniform  over 
the  plate,  and  the  corrosion  will  be  greater  at  some  spots  than 
at  others .  Thus  no  corrosion  at  all  will  occur  over  areas 
where  some  such  insulating  material  as  coal  tar  has  been 
spread,  but  will  occur  in  greatest  degree  where  the  raw  metal 
is  exposed. 

The  mill  scale  that  is  formed  upon  the  surface  in  tlie  manu- 
facture of  steel  differs  in  chemical  composition  from  tlie  metal 
beneath  it,  being  composed  largely  of  iron  oxides,  tog-etlier 
with  some  slag,  and  it  is  to  be  expected  that  its  electrical 
resistance  would  be  different.  Moreover,  the  mill  scale  com- 
monly occurs,  nob  as  a  sheet  of  uniform  composition  and  thick- 
ness, but  as  a  series  of  flakes  or  scales  (hence  its  name),  some- 
times overlapping  and  varying  greatly  in  thickness.  This  is 
often  evident  to  the  eye,  but  may  be  better  observed  l)y  the  use 
of  a  lens.  Hence,  when  a  sheet  of  steel  covered  witli  mill 
scale  is  used  as  the  anode,  it  might  be  naturally  expected  that 
the  current  density  would  vary  and  tliat  the  corrosion  of  the 
raetal  would  occur,  not  uniformly,  but  in  spots.  Conversely, 
if  the  corrosion  produced  by  passing  a  current  of  electricity 
between  electrodes  is  irregular,  it  may  b©  inferred  tliat  tlie 
scale  is  not  homogeneous  in  thickness  or  quality  ；  and, 
further,  that  if  different  plates  act  differently  when  submitted 
to  such  a  test,  th-e  inequality  of  the  character  of  tlie  scale  will 
be  measured  by  the  irregularity  of  corrosion . 

The  electrolysis  test  sAves  to  indicate  the  manner  in  which 
plates  corrode  rather  than  the  amouut  of  tlie  corrosion. 
Inasmuch  as  it  is  the  pitting  with  which  the  water-works 
engineer  is  chiefly  concerned,  this  form  of  accelerated  test 
appears  to  have-  some  advantage  over  immersion  tests  in  wliicli 
strong  corrosive  acids  are  used .  In  these  strong  acids  the 
action  is  essentially  a  chemical  one,  but  in  the  dilute  solutions 
used  with  the  electrolytic  test,  the  strict  chemical  action  is 
subordinated  to  the  electrolytic  form  of  corrosion.  This  test, 
therefore,  more  nearly  approaches  the  conditions  of  natural 
corrosion  in  water. 

It  has  frequently  been  observed  that  with  the  ordinary 
acid  tests  tlie  purer  forms  of  metal  show  the  smaller  losses. 
This  is  a  strict  chemical  action  in  which  the  mill  scale,  as  well 
as  the  iron,  is  dissolved  away.  With  the  electrolysis  test, 
however,  the  purity  of  the  metal  itself  exerts  less  influence, 
and  tlie  scale  remains  for  a  longer  period  of  time  to  become  an 
important  factor,  as  it  does  in  actual  service. 

According  to  the  electrolytic  theory  of  corrosion,  the  solu- 
tion of  the  iron  is  brought  about  by  th&  action  of  currents  that 
are  set  up  between  different  particles  of  the  metal  that  have- 
different  electrical  potentials,  as  for  example,  between  the 
pure  metallic  iron  and  various  impurities  such  as  carbon, 
manganese,  slag,  Ac.  This  has  been  illustrated  by  Walker, 
Cushman,  and  others  by  the  use  of  the  ferroxyl  indicator. 
Purity  and  homogeneity,  therefore,  tend  to  diminish  corro- 
sion. It  is  believed  that  pits  in  steel  occur  afc  points  where 
for  some  reason  or  other  there  are  particles  that  have  greater 
differences  of  potential  from  that  of  the  metallic  iron  or  the 
mill  scale  than  are  found  elsewlier©  on  the  sheet.  Possibly 
this  may  result  from  segregation  of  the  impurities  during  the 
cooling  of  the  ingot  ；  possibly  it  is  due-  to  the  effect  of  rolling, 
cooling,  and  other  treatment  tlie  mill  scale  undergoes.  It  is 
known,  at  any  rate,  that  differences  of  potential  exist  between 
iron  and  its  oxides,  and  it  seems  reasonable  to  believe  that  this 
is  a  very  important  cause  of  pitting,  perhaps  the  most 
important  factor  of  all. 

It  seemed  to  us,  therefore,  that  a  study  of  the  potential 
differences  between  the  mill  scale  at  different  points  and  tlie 
raw  metal  beneath  might  throw  light  on  the  relative  liability 
to  pitting  of  the  various  metals  submitted  to  us  for  study .  On 
account  of  tlie  difficulty  of  making  the  necessary  measurements 
with  tlie  samples  immersed  in  water,  the  simple  method  was 
adopted  of  connecting  the  raw  metal  of  a  sample  with  its  mill 
scale  by  means  of  wires,  and  placing  a  very  sensitive  galvano- 
meter in  the  circuit,  the  two  contact  poles  being  tlie  rounded 
ends  of  No.  18  copper  wire.  The  galvanometer  used  was 
s&nsitive  to  less  than  one  ten-millionth  of  an  ampere.  It  was 
found  that  when  both  poles  were  put  in  contact  with  raw 


ni-etal,  no  current  could  be  detected,  hut  that  wlie'i  one  pole 
touched  the  raw  metal  ami  the  other  pole  touched  the  scale  on 
a  piece  of  steel  plate,  a  noticeable  current  was  set  up,  which  in 
some  cases  amounted  to  nearly  one-millionth  of  an  ampere. 
Usually  the  current  in  the  galvanometer  circuit  was  from  the 
scale  to  tlie  metal,  and  in  the  sample  from  the  metal  to  the 
scale,  that  is,  in  the  direction  which  would  tend  to  make  the 
iron  dissolve.  Occasionally,  however,  the  current  was  in  the 
other  direction.  On  the  steel  plates  the  currents  sometimes 
clifrered  greatly  at  points  only  one  millimetre  apart  ；  more 
ofien,  however,  there  were  areas  where  the  current  was 
relatively  higli,  and  others  where  it  was  relatively  low. 
Very  slight  currents  found  in  the  case  of  wrouglil  iron 
and  cast  iron  indicat/ed  a  great  hoinogeneiiy  of  the  scale, 
or  less  difference  of  potential  J)et,ween  it  and  tlie  metal.  On 
th-e  whole,  it  irwiy  he  said  thai-  t  lie  index  of  rorrosioii 
uniforrnity  as  determined  l)y  the  galvanic  survey  of  the  scale, 
apjyears  io  give  a  fair  measure  of  the  probable  liability  of  ihe 
surface  of  \  \  ie  metal  to  corrode  in  an  irregular  manner,  that 
is,  to  pit. 

That  inanganese,  sulphur,  and  some  other  impurities  likolv 
to  be  found  in  st&el  stimulate1  it's  corrosion  is  th&  oonclu.sion  of 
a  mi r ii her  of  o))servers.  Tins  is  particularly  true  if  these 
impurities  are  irregularly  distributed  throughout  the  mass  of 
the  metal .  It  is  unnecessary  to  review  the  tlieoretical  reasons 
advanced  for  tliis  belief  further  than  to  say  that  they  are 
based  on  the  electrolytic  theory  of  corrosion,  and  deal  with  tlie 
changes  in  conductivity  and  resistance  produced  withi"  t  he 
metal  by  tliese  impurities.  It  has  been  claimed  that  some 
other  metallic  elements  wlien  present  in  small  quantities,  have 
an  opposite  effect  upon  corrosion  ；  that  is,  that  they  retard 
action.  Chief  among  the&o  is  copper.  Campbell*  says  that 
copper  occurs  as  an  impurity  in  many  steels,  particularly  that 
made  by  the  Bessemer  process,  and  may  be  present  to  the 
extent  of  0'3  to  0*5  per  cent. 

Opinion  seems  to  be  divided  in  regard  to  tlie  effect  of 
copper  in  retarding  corrosion.  There  is  evidence  to  show  that 
it  materially  decreases  the  solubility  of  steel  in  sulphuric  acid, 
but  the  question  arises  as  to  its  effect  upon  the  electrical  pro- 
perties of  the  steel.  Sangf  staies  that  the  depolarising  effect 
of  tlie  electro-negative  metals,  sucli  as  copper  and  lead ,  might 
be  expecied  to  hasten  the^  rusting  of  iron  or  steel.  If  copper 
protects,  and  if  steel  ordinarily  contains  as  much  copper  as 
Campbell  has  stated,  then  it  is  rather  surprising  that  tlie 
copper  st-eels  have  not  given  better  service.  The  samples 
tested  (J,  K,  and  L)  contained  0，  0,23  per  cent,  and  0'53  per 
cent,  of  copper,  respectively. 

The  us&  of  copper  steel  having  been  suggested  for  the 
Rochester  pipe,  some'  experiments  were  undertaken  to  deter- 
mine its  advantages,  if  any,  for  this  service.  These  included 
immersion  tests,  electrolysis  tests,  and  galvanic  surveys. 
St  rips  of  the  metal  2^in.  by  8in.  were  buffed  and  cleaned  of  dirt 
and  grease,  weighed  and  placed  in  glass  trays,  supported  upon 
four  |in.  pieces  of  the  same  metal  ；  450  cc.  of  25  per  cent . 
sulphuric  acid,  enough  to  completely  immerse  the  strips,  was 
then  poured  into  th©  tray.  Twice  during  a  period  of  24  hours 
this  acid  was  renewed  and  the  solution  was  stirred  occa- 
sionally. At  the  end  of  24  hours  the  plates  were  removed, 
washed,  dried,  and  weighed .  In  the  case  of  sample  J，  which 
contained  no  copper,  the  action  had  been  violent,  as  evidenced 
by  the  evolution  of  hydrogen  and  the  bright  etched  surface  of 
th©  plate.  Sample  L，  which  contained  the  most  copper, 
showed  tlie  least  action,  as  far  as  surface  appearance  indicated. 
The  following  losses  in  weight  were  obtained.  The  loss  in 
weight  is  seen  to  be  much  greater  in  tlie  steel  that  contained 
no  copper  than  in  tlie  other  two. 


Immersion  Test  with  25  per  cent.  Sulphuric  Acid, 


Sam  ])!(>. 

Per  cent. 

of 
copper. 

Loss  of 
weight  in 
grams. 

Area 
exposed 
in  Sq. 
Cm. 

Loss  of 
weight  in 
grams  per 
Sq.  Cm. 

.1   

0 

27-0 

307 

0-0880 

K   

0-23 

5-4 

270 

0-0200 

L  

0-53 

51 

258 

0-0198 

" Metallurgy  of  Iron  and  Steel,"  p.  358. 
t  Sanrf,  '*  Corrosion  of  Steel,"  p.  37. 
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The  effect  of  a  dilute  sulphuric  acid  solution  was  also  tried. 
For  this  purpose  an  N ― 50  solution  of  acid  (J  j' • ,  about  01  per 
cent.)  was  u&ed,  th&  cleaned  plat&&  being  placed  in  2-quart 
glass  jars  and  covered  with  the  acid.  After  26  days  the  fol- 
lowing losses  of  weight  were  found  ： ― 

Immersion  Test  with  ^  Sulphur  re  Acid. 


Sample. 

Per  cent, 
of 
copper. 

in 
Grams. 

Area  ex- 
posed in 
Sq.  Cm. 

Loss  in 
"rams  per 
Sq.  Cm. 

J  

0 

300 

234 

00128 

K  

0-23 

2-90 

247 

0-0117 

L  

0-53 

3- 15 

231 

0-013(i 

These  results  were  in  marked  contrast  to  tho&e  in  which  the 
stronger  acid  was  used,  as  they  showed  only  slight  differences 
between  the  loss&s  from  metals  containing  different  amounts 
of  copper. 

Imm&rsion  tests  were  also  made  using  sodium  chloride 
solutions  of  two  strengths,  namely,  0*3  per  cent,  and  3  per 
cent.,  the  latter  having  a  salinity  about  equal  to  that  of  &ea 
water.    The  losses  in  weight  after  26  days  were  as  follows  ： ― 

Immersion  Tests  with  Salt  Solutions. 


Sample. 

Per  cent, 
of 
copper. 

Lost  of  weight  in  grams 
per  Sq.  Cm. 

3%  solution. 

0-3%  solution. 

J   

0 

0*23 
0-53 

(►•0015 
00019 

o  o  c; 
coo 

K   

L   

The  general  results  of  the  immersion  tests  go  to  show  that 
where  the  action  is  emphatically  a  ch&mical  one,  as  in  the  case 
of  tlie  strong  acid  test,  the  pressncei  of  copper  tends  to  reduce 
the  action  ；  but  where,  as  in  th'&  tests  with  weak  dissociated 
acids  and  salt,  the  electrolytic  form  of  corrosion  predominates, 
copper  does  not  reduce  corrosion,  but  on  th&  other  hand,  tends 
slightly  to  stimulate  it. 

From  the  tests  made'  it  was  concluded  that  the  presence  of 
small  amounts  of  copper  in  stsel,  while  they  may  retard  corro- 
sion by  strong  acids,  do  not  &s'rv&  to  protect  the  steel  against 
corrosion  in  weak  acid  solutions  or  in  ordinary  water.  The 
presence  of  copper  does  not  materially  alter  the  electrical  con- 
ditions of  the  scale,  and  do&&  not,  therefore,  protect  the  metal 
against  pitting. 

The  samples  of  American  ingot-iron  plates  tested  were 
found  to  have  an  index  of  corrosion  uniformity  somewhat 
higher  than  that  of  ordinary  steel  plat&s,  with  or  without 
copper,  but  lower  than  that  of  wrought  iron.  So  far  as 
failure  by  pitting  is  to  be  feared,  therefor &，  the  ingot  iron  may 
be  regarded  as  somewhat  bett&r  than  st&sl  ；  but  probably  not 
enough  better  to  justify  any  great  difference  in  cost.  Exposed 
to  severe  acid  corrosion,  ingot  iron  is  probably  more  service- 
able than  steel,  but  under  ordinary  conditions  of  corrosion  in 
soil  or  water,  it  has  only  a  slight  advantage  over  steel - 

Wrought  iron  has  a  very  much  higher  index  of  corrosion 
uniformity  than  steel  or  ingot  iron  and  is  mucli  less  likely  to 
pit.  This  & asms  to  be  in  accord  with  experience.  Under  con- 
ditions of  severe  chemical  corrosion,  sufficient  to  remove  the 
mill  scale  and  silicates,  or  under  conditions  of  atmospheric 
corrosion,  wh&n  the  electrolytic  form  of  corrosion  does  not 
predominate,  there  is  probably  little  difference  betw&en  the 
two  metals . 

A  partial  removal  of  the  mill  scale  tends  to  increase  corro- 
sion as  it  gives  opportunity  for  electrolytic  action  betwesn  the 
scale  and  the  raw  metal.  Scale  becomes  chipped  off  in 
handling  and  in  fabrication.  The  complete  removal  of  the 
mill  scale  from  steel  plates  increases  its  index  of  corrosion 
uniformly  from  about  50  to  nearly  100  and  this  reduces  mate- 
rially the  danger  of  pitting.  The  electrolysis  tests  made  with 
steel  plates,  from  which  the  mill  scale  was  removed,  did  not 
show  pitting  in  a  single  instance.  Scale  removal  appears, 
therefore,  to  be  a  secure  method  of  protection  against  pitting. 
To  some  extent  it  has  been  practised,  the  mill  scale  being 
removed  by  pickling  in  acid,  by  sand  blasting,  &c.  These 


processes  unfortuuaie-ly  are  expensive,  but  may  be  justified 
under  some  conditions.  St&el  of  ordinary  quality  with  the 
mill  scale  removed  will  probably  withstand  pitting  better  than 
the  more  expensive  ingot  iron  and  copper  steels,  and  just  as 
well  as  wrought  iron  itself. 

It  is  possible  that  some  method  may  b©  found  to  modify 
the  mill  scale'  during  manufacture  so  as  to  make  it  more 
uniform  or  improve  its  electrical  condition,  or  make  it  more 
easily  removable.  It  certainly  seems  as  if  the:  next  step  in 
advance  in  steel  inaimfacture  lies  in  securing  a  better  control 
of  the  character  of  the  mill  scale.  An  extended  study  and 
series  of  experiments  on  the'  formation,  composition,  and 
electrical  properties  of  scales  produced  at  different  tempe- 
ratures might  determine  the  conditions  that  must  be  con- 
trolled to  produce  a  satisfactory  scale.  If  a  satisfactory  scale 
cannot  be  obtained,  the  onl^  apparent  remedy  for  pitting  is 
scale  removal . 

It  is  the  opinion  of  th&  authors  tliat  the  experiments  and 
observations  outlined  warrant  tlie  following  general  conclu- 
sions relative  to  short  time  tests  for  corrosion,  and  to  the  part 
played  in  corrosion  by  mill  scale. 

(1)  Accelerated  corrosion  tests  of  iron  and  st&el  plates 
mado  by  inmiersion  in  strong  acid  solutions  are  of  little  value 
as  indicating  the'  probable  corrosion  of  the  metals  in  water 
under  conditions  of  actual  service. 

(2)  Accelerated  tests  made  in  running  water  by  the  use  of 
a  current  of  electricity  give  results  that  indicate  th©  manner 
in  which  the  plates  will  probably  corrode  in  service  ；  that  is, 
whether  by  pitting  or  by  general  corrosion . 

(3)  When  st3&l  pipe  lines  fail,  they  do  so  by  the  formation 
of  numerous  pits  thai'  ultimately  form  holes  and  cause-  leaks. 
An  important  factor  in  the  formation  of  pits,  commonly 
recognised  but  by  no  m&ans  fully  appreciated,  is  the  mill  scale. 

(4)  Steel  plates  that  pit  badly  under  the'  electrolysis  test 
when  the  scale  is  left  on  do  not  pit  after  the  scale  has  been 
removed . 

(5)  A  galvanic  survey  of  the  mill  scale',  made  by  deter- 
mining the  current  that  will  pass  through  a  sensitive'  galvano- 
meter placed  in  the  circuit  of  wires  that  connect  the  mill  scale 
with  the  metal  beneath,  gives  results  that  differ  materially  for 
wrought  iron  and  st&el，  and  from  which  an  index  of  the 
uniformity  of  corrosion  may  be  calculated  that  bears  a  general 
relation  to  the  liability  of  the  metals  to  form  pits. 

(6)  The  electrolysis  tests  and  the  galvanic  survey  show  that 
wrought  iron  has  a  less  tendency  to  pit  than  steel,  and  that 
American  ingot  iron  is  intermediate  between  the  two,  but 
ressmbles  ste&l  more  nearly  than  it  does  wrought  iron. 

(7)  Steels  containing  copper  differ  but  slightly  among 
themselves  and  from  steel  that  contains  no  copper,  in  their 
tsndeney  to  form  pits. 

(8)  To  protect  st&el  or  ingot  iron  against  failure  by  pitting, 
the  best  remedy  is  th©  removal  of  the  mill  scale.  Efforts 
should  be  mad©  to  reduce  the  expense  of  doing  this,  or  to 
modify  the  character  of  the  scale'  during  its  manufacture. 
This  appears  to  be  the  direction  in  which  future  improvements 
in  th&  manufacture  of  steel  plates  for  pipe  lines  should  lie. 


Furnace  for  Electric  Smelting  of  Nickel. ― Experiments  with  a 
new  type  of  nickel  refining  furnace  have,  we  learn,  been  in 
progress  for  the  last  four  months  at  the  Technical  High  School 
at  Trondhjem,  and  are  now  completed.  They  were  mad©  with 
tiie  object  of  finding  a  satisfactory  type  of  furnace  for  the 
reduction  of  garnerit&s  (£t  garneriter  ")  from  Egypt  and  New 
Caledonia,  which  are  difficult  to  smelt,  and  th©  results  are 
stated  to  have  proved  satisfactory. 

New  Express  Goods  Engines  for  the  Great  Northern.— There  are  now 
under  construction  at  the  works  of  the  Great  Northern  Rail- 
way 10  express  goods  locomotives  of  the  2-6-0  type.'  These 
engines,  which  have  been  designed  by  Mr.  H.  N.  Gresley, 
locomotive  engineer  to  the  company,  will  be  fitted  with  super- 
heaters, and  will  have  outside  cylinders  20in.  by  26in.,  and 
coupled  wheels  5ft.  8in.  diam.  The  valves  will  be  operated 
by  Walschaerts  valve  gear.  Of  the  total  heating  surface  of 
1,420  sq.  ft"  981  sq.  ft.  will  be  furnished  by  the  tubes, 
137  sq.  ft.  by  the  firebox,  and  302  sq.  ft.  by  the  superheater. 
The  grate  area  will  be  24^  sq.  ft.,  and  thei  working  pressure 
1701bs.  per  square  inch.  The  maximum  weight  in  working 
order  will  be  61  tons  14  cwts.，  of  which  51  tons  14  cwts.  will 
be  on  the  coupled  wheels. 


December  13,  1912] 


THE   MECHANICAL  ENGINEER. 


745 


THE  CENTRIFUGAL  BLOWER  FOR  HIGH  PRESSURES, 


liV   HENRY   F.  SCHMIDT. 


In  presenting  the  following  notes,  the  writer  does  not  claim 
originality,  but  offers  the  material  simply  as  a  collection  of 
the  essential  elements  of  blower  design  in  convenient  form 
for  reference.  The  centrifugal  blower  for  high  pressures  has 
suffered  through  the  same  lack  of  knowledge  in  regard  to  its 
possibilities  as  that  which  affected  the  introduction  of  the 
centrifugal  pump  for  high  pressures  and  high  shaft  speeds.  A 
general  impression  was  created  among  engineers  from  early 
experiments  that  centrifugal  pumps  and  blowers  were  adapted 
for  handling  only  large  volumes  against  low  heads,  and  with 
comparatively  low  efficiency.  This,  however,  has  been  shown 
to  be  an  incorrect  statement  in 
the  case  of  centrifugal  pumps,  and 
it  is  also  untrue  in  respect  to  cen- 
trifugal blowers.  With  proper 
methods  of  construction  of  the 
rotating  parts  and  due  regard  to 
the  theory  involved,  it  is  possible 
to  build  blowers  for  practically 
any  capacity  and  pressure  with 
efficiencies  ranging  from  65  per 
^ent.  to  80  per  cent,  or  more,  the 
higher  efficiency,  of  course,  being 
for  the  larger  volumes  handled. 

Before  an  intelligent  conception  of  the  characteristics  of 
centrifugal  blowers  can  be  obtained  it  is  necessary  to  examine 
the  theory,  which  is  not  only  simple  but  extremely  interesting. 
The  first  problem  to  be  considered  is  the  pressure  created 
within  the  impeller  due  to  the  centrifugal  force  acting  on 
the  volume  of  air  between  the  blades  of  the  fan.  This  can  be 
done  as  follows  ：  In  Fig.  1，  imagine  a  tube  extending  radially 
from  the  shaft  to  the  cirrumference,  and  assume  the  area  of 
this  tube  to  be  A  square  feet.  If  an  infinitely  thin  lamina 
of  this  tube  be  taken,  the  weight  of  the  air  contained  in  it 
will  be  p  A  dr  where  p  is  the  density  of  tlie  air  at  that  point  . 
If  this  lamina  is  taken  at  radius  /■，  then  the  centrifugal  force 
acting  ou  this  small  mass  of  air  will  be 


-Pakssuue  wuniN 
the  Impeller. 


dF  = 


pAdrfi'    pA  (27r)hN2dr 


0r  (J 

in  which  3'  =  revolutions  per  second.  If  the  compression  in 
the  blades  is  adiabatic,  the  volume  of  a  pound  of  air  at  any 
point  is  found  from  the  relation  p vy  =  PiV^  or 


(i) 


But  since  the  density  is  inversely  proportional  to  the  volume 

Now  also  dP  must  equal  the  difference  in  pressure  between 
the  two  sides  of  the  lamina  (<//•)  or  rIF  =  Ar/p.  Hence,  substi- 
tuting the  value  of  (IF  and  p 

1 


dF=Mp 


Pi  (^)  ~yA  (27r)Wrdr 


Transposing  pi  (，)  y 


Pj  yp    ydj) -- 


(iirfN'rdr 
9 


Integrating  between  y  ---  0  and  y~Ry  and  p1  and  p2， 
1  fi>i 

2 

wliich  gives 


v,/),  7J  J  7  dp  =    rdr 


7 


7—1  7-1 


(•-') 


But  the  first  term  of  this  equation  is  the  work  done  in 
adiabatic  compression  or  expansion,  and  the   second  term 

equals  ^-,  hence  the  work  done  in  the  impeller  is  equal  to 

that  required  to  accelerate  tlie  air  from  rest  to  the  velocity 
of  the  blade  tips.  Since,  however,  if  the  radial  velocity  is 
very  small,  the  final  tangential  velocity  of  the  air  is  it  is 
evident  that  one-half  of  the  total  work  done  on  the  air  by 
the  blades  will  be  expended  in  accelerating  it  to  a  velocity 
equal  to  that  of  the  blade  tips,  and  the  other  half  in  compres- 
sing it  to  a  pressure  1\.  Hence  unless  the  final  velocity  of  the 
air  is  reduced  by  converting  the  kinetic  into  potential  energy, 
the  maximum  efficiency  of  a  centrifugal  compressor,  neglect- 
ing all  losses,  can  be  but  50  per  cent.  It  is  evident,  therefore, 
that  some  efficient  means  must  be  provided  to  convert  the 
kinetic  energy  represented  by  the  final  velocity  into  potential 
energy  represented  by  an  increase  in  pressure.  This  can  be 
done  in  one  of  three  ways  ：  (1)  By  means  of  diflusion  vanes 
placed  around  the  periphery  of  the  impeller  ；  (2)  by  the  use 
of  a  volute  of  proper  design  ；  (3)  by'  a  diffusion  tube  or 
inverted  nozzle  attached  to  the  outlet  of  the  compressor. 

The  first  of  these:  methods  is  probably  the  most  efficient  at 
approximately  the  designed  capacity  if  properly  constructed, 
but  is  inefficient  at  large  and  small  discharge  rates.  The  addi- 
tional cost  of  construction  is  also  one  of  its  disadvantages. 
Theoretically  and  practically,  the  second  method  is  the  most 
efficient  over  a  wide  range  of  loads,  and  has,  if  well  designed, 
an  efficiency  of  65  per  cent,  to  90  per  cent.  It  is,  however, 
more  costly  to  construct  than  the  third  method.  Diffusion 
tubas  attached  to  the  discharge,  though  the  cheapest  to  con- 
struct, have  only  cheapness  and  compactness  to  recommend 
them,  and  cannot  be  used  on  the  intermediate  stages  of  multi- 
stage compressors.  The  reason  for  the  inefficiency  of  diffusion 
tubes  is  that  serious  eddies  are  formed  in  them  due  to  the 
varying  pressures  at  different  sections  of  the  discharge  open- 
ing. The  latter  results  from  the  fact  that  the  air  farthest 
from  the  shaft  is  compressed  the  most  and  has  a  higher  velo- 
city, which  causes  eddies. 

From  an  examination  of  equation  (2)  representing  the 
increase  of  pressure  or  work  in  foot-pounds  per  pound  of  air 
in  the  impeller,  it  is  evident  that  the  most  peculiar  charac- 
teristic of  the  centrifugal  blower  is  that  for  a  fixed  number 
of  revolutions  per  minute,  or  tip  speed  of  the  impeller,  the 
work  don©  remains  constant  so  long  as  the  volume  entering 
the  blower  remains  constant.  It  will  be  noted  that  in  this 
respect  a  centrifugal  blower  departs  entirely  from  the  piston 
compressor  in  that  the  volume  discharged  depends  upon  the 
pressure  against  which  the  blower  is  working,  whereas  in  the 
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Volume 

Fig.  2.— Phessube  and  Efficiency  Curves,  CKNTRiFt  OAi.  Blower. 

piston  blower  for  a  fixed  number  of  revolutions  per  minute 
the  volume  remains  practically  constant,  the  pressure  of  dis- 
charge varying  according  to  the  resistance  placed  in  the 
discharge. 

It  will  be  noted  that  the  work  done  in  a  centrifugal 
blower  varies  directly  as  the  square  of  the  tip  speed,  or  if  the 
diameter  of  the  impellers  is  fixed  directly  as  the  number  of 
revolutions  per  minute,  and  the  capacity  almost  directly  as 
the  number  of  revolutions  per  minute.    The  result  is  that  the 
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pressure  and  efficiency  curves  for  a  change  in  the  number  of 
revolutions  per  minute  vary  somewhat  from  the  manner 
shown  diagrammatically  in  Fig.  2.  The  point  to  be  noted 
particularly  in  regard  to  Fig.  2  is  ihat  the  maximum  effi- 
ciency obtained  is  practically  independent  of  the  number  of 
revolutions  per  minute,  since  all  the  losses  in  the  blower  vary 
directly  as  the  cube  of  the  number  of  revolutions  per  minute, 
as  does  also  the  total  work  done  per  pound  of  air.  Conse- 
quently, the  losses  bear  the  same  relation  to  the!  tot^l  input  at 
a  small  number  of  revolutions  or  at  a  low  pressure  discharged 


Atmosphere 


Voluir^ 


Fig.  3.— Diagram  op  Work  Done  by  Two  Impkllkrs  in  Series, 

against,  as  they  do  for  a  higher  number  of  revolutions  and 
higher  pressure.  For  this  reason  the  efficiency  curve  charac- 
teristic remains  the  same  for  changes  of  speed ,  but  the  point 
of  maximum  efficiency  shifts  to  a  smaller  volume  with  decrease 
in  the  number  of  revolutions  per  minute. 

As  the  work  done  per  pound  of  air  is  independent  of 
everything  except  the  tip  sp&ed  and  the  volume  of  the  air 
entering  the  impeller,  it  is  evident  that  the  air  discharged 
from  on©  impeller  may  be  supplied  to  a  second  impeller, 
which  will  add  the  same  number  of  foot-pounds  of  work  per 
pouncj  of  air  to  it,  thus  increasing  the  pressure  by  adding 
that  created  by  the  first  impeller  to  that  created  by  the  second. 
The  effect  of  this  will  be  seen  by  examining  Fig.  3,  in  which 
the  area  BADC  represents  the  work  done  by  an  impeller  com- 
pressing from  atmospheric  pressure  to  a  pressure  D.  Where 
1  he  air  is  discharged  into  a  second  impeller  doing  the  same 
amount  of  work  or  the  area  as  represented  by  the  area  (f I)KFy 
which  is  equal  to  the  area  BA  DC,  it  should  be  noted  that, 
owing  to  the  decrease'  of  volume  with  increase  of  pressure, 
the  actual  difference  of  pressure  created  in  the  second  impeller 
is-  greater  than  that  in  the  first,  so  that  high  pressures  can 


Discharge 


Intake 


Fig.  4.— Gt^de  Vane  Blower.  Fig.  5- ― Volute  Blower. 

b&  attained  with  a  comparatively  small  number  of  impellers 
or  stages  in  series.  The  efficiency  of  such  a  combination  of 
impellers  placed  in  series  is  exactly  the  same  as  though  each 
impeller  wexe  an  independent  unit,  the  total  efficiency  being 
the  same  as  that  of  the  individual  stages. 

Figs.  4,  5,  6，  and  7  show  diagrammatically  the  construc- 
tion and  characteristics  respectively  of  the  guide  vane  and 
volute  types  of  blower.  As  will  be  noted  by  examining  Fig. 
4，  the  guide  vanes  consist  of  a  number  of  curved  vanes  sur- 
rounding the  impeller  or  rotor  and  pointing  in  the  direction 
of  rotation.    Since  the  air  discharged  from  t\\B  impeller  enters 
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the  diffusion  vanes  at  the  narrowest  portion  at  a  high  velo- 
city, and  leaves  at  the  point  of  greatest  cross-s&ction  with  a 
greatly  reduced  velocity,  the  difference  in  kinetic  energy 
between  the  point  of  entrance  and  exit  is  partly  utilised  in 
increasing  the  pressure<  of  the  air  and  partly  in  eddies  and 
friction,  the  latter  part  reappearing  in  the  form  of  heat.  The 
characteristic  of  this  type  of  blower  is  seen  in  Fig.  6，  which 
shows  that  the  pressure  at  first  increases  as  the  volume  of 
discharge  increases,  until  it  reaches  a  maximum,  after  which 
the  pressure  again  falls  off,  and  it  will  also  be  noted  that  at 
constant  discharge  (and  constant  revolutions  per  minuie)  the 
pressure  does  not  remain  constant,  but  is  continually  fluc- 
tuating between  limits,  as  shown  by  the  shaded;  lines,  which 
usually  represent  about  10  to 】5  per  cent,  of  the  total  pres- 
sure created .  The  reason  for  this  will  be  understood  by 
examining  Fig.  8. 

For  the  sake  of  illustration,  instead  of  assuming  the  air  to 
leave  the  impeller,  imagine  it  to  issue  from  a  nozzle  through 
which  the  air  is  supplied  at  a  pressure  l\  and  expands  to  a 
pressure  P2  such  that  the  velocity  at  the  mouth  of  the  nozzle 
is  exactly  equal  to  the  velocity  with  which  it  leaves  the  tips 
of  the  impeller  blades  and  enters  the  guide  vanes.  Further, 
in  place  of  the  guide  vanes,  assume  a  straight  diffusion  tube 
discharging  into  a  receiver  R.  The  pressure  in  it  is  controlled 
by  means  of  a  valve  or  other  device.  Hence,  from  the  assump- 
tions made,  the  diffusion  tube,  when  supplied  with  air  as 
stated,  is  an  exact  equivalent  of  the  guide  vanes  in  the  blower 
shown  in  Fig.  4.  Now,  since  the  area  of  the  diffusion  tube 
increases,  the  velocity  of  the  air  must  decrease,  with  the 
result,  as  previously  mentioned,  that  the  kinetic  energy  is 
partly  converted  into  pressure,  as  indicated  by  the  diagram 
beneath  the  diffusion  tube.    The  line  Ax  is  tbe  final  pressure 


Volume  Volume 

Fig.  6.— Guide  Vane  Blower  Fig.  7.— Volute  Blower 

Charactetiistics.  Characteristics. 


resulting  from  the  velocity  attained  by  the  air  in  expanding 
in  nozzle  from  pressure  1\  at  A  to  the  back  pressure  P2>  and 
the  line  B2  represents  the  final  pressure  of  the  air  when  ex- 
panded from  the  initial  pressure  B  to  the  final  pressure  P2. 
Now  it  will  be  evident  from  the  method  in  which  this  velocity 
conversion  takes  place  that  there  can  be  but  one  pressure  of 
equilibrium  for  any  given  velocity  with  which  the  air  enters 
the  diffuser.  Furthermore,  if  the  pressure  Ps  in  the  receiver 
R  is  built  up  to  the  point  where  air  can  no  longer  enter  the 
inlet  of  the  diffuser,  the  pressure  in  the  receiver  must  break 
down,  for  with  no  air  entering  the  diffus'er  the  velocity 
becomes  zero,  and  velocity  conversion  is  no  longer  possible. 
The  result  of  this  condition  is  that  in  a  centrifugal  blower 
fitted  with  guide  vanes,  under  certain  conditions  the  pressure 
may  break  down  to  the  point  where  the  only  pressure  avail- 
able at  the  discharge  is  that  due  to  the  impeller  alone,  and 
even  with  normal  rates  of  discharge  there  is  also  a  tendency 
for  the  diffuser  vanes  to  build  up  a  pressure  higher  than  that 
in  the  receiver  It,  resulting  in  a  constant  building  up  and 
breaking  down  of  the  pressure,  as  shown  in  Fig.  9. 

The  rapidity  with  which  these  variations  occur  depends 
upon  the  volume  of  the  receiver  space  and  pipe  line  into 
which  the  blower  is  discharging.  The  smaller  the  receiver 
volume  the  more  rapid  the  fluctuations  and  the  smaller  their 
extent.  With  very  large  receiver  volumes,  and  especially 
with  a  number  of  such  blowers  operating  in  parallel,  fluctua- 
tions may  occur  in  which  the  pressure  breaks  down  to  that 
of  the  impeller  alone.  To  obviate  this,  it  is  customary  to 
throttle  such  blowers  at  the  intake  so  as  always  to  operate 
them  below  the  lower  pressure  line  in  Fig.  6,  thus  avoiding 
the  fluctuations  of  pressure. 
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of  approach  and  final  pressure,  as  indicated 
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Fig.  10.— Chabactekistics  of  Two  Blowers  under  Different 
Efficiency  Curves. 


The  fact  that  no  pressure  is  created  by  the  diffuser  tube 
when  no  air  is  being  delivered  is  the  reason  for  the  increase 
of  pressure  with  increase  of  volume  delivered  up  to  a  certain 
point,  beyond  which  the  diffusion  tubes  are  no  longer  of  suffi- 
cient exit  areas  to  reduce  the  final  velocity  to  the  necessary 
point,  which  in  addition  to  the  increased  friction  at  the  higher 
velocities  causes  a  dropping  off  of  the  pressure  line,  as  shown 
ia  Fig.  6.    The  result  of  this  is  that  the  efficiency  curve  rises 


Fig.  8.— Pressure  Variations,  Nozzle  and  Diffusion  Tube. 

very  slowly  at  first  and  becomes  a  maximum  over  a  compara- 
tively very  short  range,  when  it  immediately  begins  to  drop 
off  very  rapidly. 

The  above  actious  will  be  better  understood  by  examining 
the  theory  of  diffusion  vanes,  in  connection  with  Fig.  8，  as 
follows :  Let  the  area  of  the  smaller  or  entrance  end  of  the 
diffuser  be  A2  and  the  exit  area  be  A  }  :  also  assume  that  no 
heat  is  received  by  or  given  up  by  the  diffusion  tube,  in  which 
case  the  compression  will  be  adiabatic  (though  in  practice  not 
necessarily  isentropic)  and  the  relation  between  pressure  and 
volume  at  any  point  will  be  determined  by  the  equation 


7U, 


In  Fig.  8  consider  an  infinitely  thin  section  of  the  tube  <Lr 
and  assume  that  the  pressure  at  the  point  the  section  is  taken 
is  yy  and  the  velocity  on  one  side  of  the  section  is  V,  and 
that  the  velocity  on  the  other  side  is  V  —  /IV.  Also  assume 
that  the  mass  of  air  within  the  section  considered  meets  with 


Time 


Fig.  9.— I'ltEssuHE  Variations,  Guide  Fig.  It.— Pressure  Diagkamtn  a  Volute 
Vane  blower.  Bloweb,  with  a  fuke  vortex. 

such  a  resistance  as  will  be  produced  by  the  force  (IF  =  Ad'p, 
A  being  the  area  of  the  tube  at  the  section  taken . 

Now  the  mass  of  the  air  in  the  section  will  obviously  be 
(hr  =  PA  dr.  But  force  is  equal  to  mass  times  acceleration , 
hence, 


'IF 


pAdx  v  —  dv 


pAdx  d2x 
(J  di- 


and  also 


dF^Adp 

】lence  equating  these  two  expressions  for  dF 


formula,  the  theoretical  velocity  conversion  efficiency  of  a 
diffusion  tube  is  unity,  and  constant  delivery  is  likewise  theo- 
retically possible. 

Returning  now  to  the  volute  blower  shown  in  Fig.  5， 
which  is  not  fitted  with  guide  vanes,  an  entirely  different 
characteristic  is  obtained,  the  theoretical  characteristic  of  this 
blower  being  a  perfectly  straight  line,  that  is,  constant  pres- 
sure for  any  delivery,  neglecting,  of  course,  the  energy  put 
into  the  air  in  order  to  move  it  through  the  blower.  In  this 
type  of  blower,  as  there  is  no  velocity  conversion  in  the  volute, 
the  pressure  remains  the  same  at  all  rates  of  delivery  except 
for  the  increased  frictional  resistance  with  higher  velocities 
and  larger  discharge  l  ates,  which  results  in  a  gradual  decrease 
of  the  pressure  as  shown  in  Fig.  7. 

However,  the  most  remarkable  point  in  this  design  of 
blower  is  the  rapidity  with  which  the  efficiency  curve  rises 
with  increase  of  discharge  rate,  and  the  wide  range  over  which 
it  remains  practically  constant.  Though  not  plotted  to  scale, 
the  pressure  characteristics  and  efficiency  characteristics 
shown  in  Fig.  7  are  relatively  exact,  as  found  in  the  two  types 
of  blower,  the  maximum  efficiency  obtainable  in  both  the 
volute  and  guide  vane  being  for  both  purposes  identical,  pro- 


bufc 


heiu-e 


7  dp  —d2£ 


whicli  may  be  integrated  between 
and  will  give 


\  and  V 2  and  p2  and  pl 


r  -i 


'2(jf-iRT^(f)~ll  ]=  -  [Vr-vf\     .  (3) 

that  is,  since  kinetic  energy  has  disappeared  into  potential 
energy  the  sign  is  negative.  The  most  interesting  part  of  this 
equation  is  that  an  examination  shows  that  the  kinetic  energy 
lost  in  changing  from  a  velocity  V }  to  velocity  F2  is  exactly 
the  same  as  that  given  up  in  adiabatic  expansion  from  tlie 
pressure  1\  to  the  pressure  ]?.、.  In  other  words,  neglecting 
friction  eddies  and  shock,  for  some  fixed  relation  between  the 
velocity  of  approach  and  final  pressure,  as  indicated  by  the 
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vided,  of  course,  that  both  are  properly  designed;  but  the 
|>('int'  which  should  be  noted  particularly  is  that  in  commer- 
cial operation  the  value  of  a  blower  operating  on  fluctuating 
load  depends  not  upon  the  maximum  efficiency  obtained,  but 
u])oii  the  area  under  the  efficiency  curve  since  this  is  a  true 
measure  of  the  average  efficiency  over  a  range  of  load.  The 
results  from  two  blowers  on  actual  test  are  given  in  Fig.  10， 
which  clearly  show  the  difference  in  the  characteristics  and 
the  area  under  the  two  efficiency  curves. 

】ii  order  to  find  the  pressure  created  in  a  free  vortex, 
assume  a  tube  extending  from  7^,  to  7?3,  Fig.  11，  of  area  A  , 


Fig.  ll2.— Stream  Links,      Fig.  13.— Stueam  Links,     】'，icj.  11.— Buildin( 

AIH  HITTlN(i  13LAJ)KS  AT  A  IK  HITTING  BLADES  AT  AlR  BANK,  A1H  H 
UIOIIT  ANGLES.  45°.  ULADKS  AT  AN  ANCL 


and  take  a  lamina  of  this  tube  of  thickness  dr  at  any  radiuw  r. 
Then  the  centrifugal  force  acting  on  this  small  mass  of  air 
will  be 

dF  =  Adp  =  or  vdp  = ― 

But  a  is  inversely  proportional  to  the  radius,  hence  the  velo- 
city  [k  at  any  point  will  be        1  where  /xl  is  the  tip  velocity 

of  impeller.    Substituting  the  value  of  fx, 
vdp  -       R{)  ^ 

and  integrating  between  the  limits  p2  and  y.s  and  r  =  Biy 
and  r  =  oo 

which  shows  that  for  a  100  per  cent,  conversion  efficiency  the 
volute  must  be  of  infinite  diameter.  For  any  given  radius  of 
volute  E3  the  work  done  by  the  velocity  conversion  in  foot- 
pounds will  be 

or  the  velocity  conversion  efficiency  is 


Now  the  reason  for  the  statement  that  the  pressure  remains 
practically  constant  in  a  blower  having  a  free  vortex  will  be 
evident  from  the  preceding  mathematical  demonstration, 
since  it  follows  that  asi  the  pressure  created  in  the  vortex  is 
due  to  the  centrifugal  force  acting  on  the  fluid  in  the  vortex, 
neglecting  friction  and  eddies,  the  pressure  created  must  be 
independent  of  the  volume  delivered.  This  must  be  true  for 
the  further  reason  that  the  volume  delivered  does  not  enter 
into  the  mathematical  analysis  as  a  function  of  the  work  done, 
whereas,  in  the  mathematical  deduction  of  the  equation  of 
How  (or  work  done)  in  a  diffusion  tube,  the  volume  enters  the 
equation  in  the  expression  (T^2  -  F22). 

As  previously  stated,  neglecting  friction,  the  eaiergy  traus- 
i'ormation  taking  place  in  a  free  vortex  remains  constant 
regardless  of  the-  volume  delivered,  even  though  the  delivery 
is  reduced  to  zero,  and  likewise  the  efficiency  is  for  the  same 
reasons  constant,  independent  of  the  volume  delivered.  This 
explains  the  much  higher  efficiency  of  the  free  vortex  blower 
at  partial  rating  than  is  obtained  in  a  blower  fitted  with  guide 
vanes.  Further,  when  the  element  of  friction  is  considered, 
tlie  free  vortex  blower  has  a  considerable  advantage  over  the 
difTusion  vane  blower  because  the  surface  exposed  to  friction 
is  very  much  smaller.  , . 

The  preceding  remarks  are  not  based  on  theory  alone,  since 
the  writer  has  made  a  large  number  of  tests  with  pitot  tubes 
and  thus  verified  the  above  stateinents.    These  test*  showed 


Volume  per  "Minute 

Fig.  16.— Pressure  and  Efficiencv 
house  design.  curves,  centbifuciai-  li  lower. 

in  the  form  of  a  volute  and  forced  vortex  as  shown  in  Fig.  15， 
thus  causing  the  air  to  rotate  in  the  same  direction  as  the 
impeller  before  entering  the  impeller,  and  the  proportions  of 
this  volute  are  so  made  that  at  normal  load  the  air  enters 
the  impeller  blades  tangentially  without  any  shock  loss  what- 
ever. 

Since  centrifugal  blowers  for  all  except  the  v^ry  lowest 
pressures  must  run  at  comparatively  high  tip  speeds,  it 
becomes  imperative  that  the  rotor  construction  shall  be  of  the 


that,  when  properly  constructed,  theory  and  practice  agree 
to  a  surprising  extent.  In  a  discussion  before  the  society  some 
time  ago  the  design  of  the  impellers  used  by  the  Westinghouse 
Machine  Company  was  criticised  as  inefficient  because  the 
blades  are  radial  and  have  no  curvature  at  their  inlet  ends 
for  picking  up  the  incoming  air  without  shock  losses.  It,  lias 
been  shown  that  if  the  blades  of  an  impeller  extend  all  tlie 
way  into  the  centre  of  the  shaft,  the  work  done  by  compres- 
sion in  the  rotor  is  just  one-half  of  the  total  work  done  on 
the  air,  the  other  half  being  represented  by  the  kinetic  energy 
in  the  air  leaving  the  impeller  with  the  velocity  of  the  blade 

tips,  tli at  is,  energy  represented  by       per  pound. 

In  actual  practice  tlie  inner  diameter  of  tlie  blades,  or 
" eyes,"  is  usually  about  one-half  the  diameter  of  the  impeller, 
or,  say,  just  one-half,  then  the  velocity  of  the  entrance  edges 
of  tlie  blades  is  omvliaH'  fliet'ip  velocity,  that  is     ： 丄〃.'.  But 

the  l/oial  energy  put  into  the  air  is  2  per  pound,  atnl 

since  tlie  velocity  at  the  blade  entrance  is  ^/xl  the  maximum 
loss  from  shock,  if  the  air  hits  the  blades  at  right  angles,  as 

in  Fig.  12，  would  be  and   the  percentage  loss  of  the 

total  energy  put  into  the  blower  would  cons-equently  be 

1 00  — ^  =12  5 

The  preceding  is  on  the  assumption  that  all  the  velocity 
of  the  air  relative  to  the  blade  is  destroyed,  which,  however, 
is  far  from  the  truth. 

Since  it  is  necessary  for  the  air  to  have  a  radial  velocity  in 
order  to  pass  through  the  impeller  (usually  the  radial  velo- 
city of  the  air  is  about  one-quarter  of  the  tip  velocity,  or  one- 
half  of  the  velocity  of  the  entrance  of  the  blades),  instead  of 
striking  the  blades  at  right  angles,  it  enters  the  blades  about 
as  shown  in  Fig.  13  at  an  angle  of  45°.  Hence,  if  a  total  loss 
by  shock  of  the  velocity  component  perpendicular  to  the  blade 
is  still  assumed,  the  loss  at  the  entrance  is  reduced  from 
0125  of  the  total  energy  to  about  0*06  of  the  total  energy 
put  into  it.  However,  it  is  known  that  when  air  strikes  a 
surface  at  an  angle,  there  is  a  tendency  to  build  up!  a  bank 
of  air,  as  shown  in  Fig.  14,  and  since  the  flow  is  continuous, 
all  the  energy  is  not  lost  by  shock.  Henoe,  it  is  very  conser- 
vative to  estimate  the  loss  at  the  entrance  with  radial  blades 
as  not  exceeding  1  or  2  per  cent.  This  is  also  verified  by  the 
tests  which  have  been  made,  as  it  was  impossible  to  find  the 
loss  at  the  entrance  because  of  its  being  so  small  compared 
with  the  total  energy  put  into  the  air. 

Another  reason  why  the  loss  is  practically  nothing  in  the 

"； le  inlet  of  the  blowers  is  made 
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very  best  design  possible,  and  all  the  stresses  in  the  blades 
must  be  radial.  Hence  a  straight  radial  blade  is  the  only 
one  which  can  be  used  except  at  the  very  lowest  speeds. 

No  riveted  or  built-up  construction  can  be  satisfactory, 
and  ouly  an  impeller  of  the  double-flow  type  milled  out  of 
the  solid  should  be  tolerated.  Milling  the  rotor  in  halves 
and  riveting  them  together  is  also  a  very  poor  construction, 
and  has  only  cheapness  to  recommend  it.  The  disc  should  be 
of  such  section  as  to  give  uniform  stress  throughout,  and 
there  should  be  no  hub  or  bole  for  the  shaft. 

(To  be  continued.) 


LOCOMOTIVE  VALVE  GEARS. 

A  short  paper  on  this  subject  was  recently  read  by  Mr. 
W.  S.  Salter  before  the  Northampton  Polytechnic  Institute 
Engineering  Society.  Valve  gears  in  locomotive  practice 
required,  he  said,  careful  cousideration,  because  of  the  con- 
fined space  iu  which  they  had  to  operate  and  the  high  speeds 
at  which  they  were  run.  Almost  universally  the  D  and 
piston  slide  valves  were  used.  Reversing  was  obtained  by 
altering  the  position  of  the  valve  relative  to  the  ports,  and 
by  altering  the  point  of  cutoff  steam  might  be  economised. 
To  cause  this  reversing  and  alteration  of  cut-off  many  gears 
had  been  designed,  but  only  three  had  survived  in  general 
use.  In  early  engines  a  single  shifting  eccentric  was  used, 
the  driver  having  to  move  the  eccentric  over  by  hand.  Single 
eccentric  gears  worked  from  the  footplate  wore  used  in  1830. 
In  1837  double  eccentric  gears  came  into  use.  These  were 
of  the  "  gab  "  type,  i.e"  a  crocodile  shaped  jaw  was  attached 
to  each  of  the  eccentric  rods  and  by  engaging  the  pin  on  the 
valve  spindle  in  either  backward  or  forward  gab,  reversing 
was  accomplished.  At  this  stage  the  engine  could  only  be 
reversed  when  at  a  standstill  and,  of  course,  no  expansion 
oould  be  used. 

Stephenson's  link  motion  had  been  the  means  of  bringing 
the  locomotive  to  its  present  efficiency.  The  motion  consisted 
essentially  of  two  eccentrics,  one  for  forward  and  the  other 
for  backward  running.  The  eccentric  rods  were  connected  to 
the  top  and  bottom  of  a  curved  link.  A  block  moved  in 
this  curved  link,  and  was  attached  to  the  valve  rod.  By 
raising  or  lowering  the  curved  link  the  valve  rod  was  brought 
under  the  control  of  the  backward  or  forward  eccentric,  thus 
causing  a  reversal  in  the  direction  of  running.  The  links 
were  raised  either  by  hand  or  power.  The  alteration  of  load 
in  the  Stephenson's  gear  beinsr  thought  unsuitable,  Goodie's 
gear  was  designed  to  have  a  constant  lead.  The  curved  link 
was  turned  round  opposite  to  that  of  Stephenson's,  and  was 
equal  to  the  radius  of  the  valve  rod  that  was  raised  and 
lowered  to  give  the  change  of  cutnoff，  the  curved  link  being 
permanently  suspended  from  a  freed  point.  Allen's  link 
motion  was  also  designed  for  a  constant  lead  using  a  straight 
link.  The  link  and  the  valve  rod  both  moved  in  opposite 
directions  to  produce  the  reversal  of  running.  Walschaert's 
gear,  the  invention  of  a  Belgian,  had  not  been  much  used 
in  England,  but  was  making  headway.  It  had  been  used 
extensively  on  the  Continent  and  in  America .  It  was  well 
adapted  to  outside  cylinder  engines.  Tlie  motion  it  gave  to 
the  valve  was  a  combination  of  two  movements,  one  derive^l 
from  the  crosshead  and  the  other  from  an  eccentric.  The 
motion  from  the  eccentric  was  transmitted  through  a  curved 
link  in  which  was  placed  a  block,  the  raising  or  lowering  of 
which  caused  the  reversing  or  expansion.  Joy's  gear  also 
used  a  combination  of  movements  to  give  the  required  travel 
to  the  valve.  No , eccentrics  were  used.  Motion  was  taken 
from  the  connecting  rod,  and  by  an  oscillating  link  was  trans- 
mi  tied  to  the  valve.  The  point  about  which  the  link  oscil- 
lated had  an  up-and-down  motion,  which  was  compounded 
with  that  from  the  connecting"  rod  by  a  curved  guide,  thus 
giving  the  valve  its  necessary  travel.  Reversing  or  notching 
up  was  then  obtained  by  altering  the  inclination  of  the  curved 
guide. 


The  Physical  Society's  Annual  Exhibition. ― This  Exhibition, 
which  is  to  be  held  on  Tuesday,  the  17th  inst.，  at  the  Imperial 
College  of  Science,  South  Kensington,  will  be  open  both  in  the 
afternoon  from  3  to  6  p.m.,  and  in  the  evening  from  7  to 
10  p.m. 


PROFIT-SHARING  AND  LABOUR  CO  PARTNERSHIP. 

The  Labour  Department  of  the  Board  of  Trade  has  issued  a 
report  on  Profit-Sharing  and  Labour  Co-partnership  in  the 
United  Kingdom.  In  presenting  the  report,  Mr.  George  S. 
Barnes  says  that  profit-sharing  was  understood  to  involve  an 
agreement  between  an  employer  and  his  workpeople,  under 
which  the  latter  received,  in  addition  to  their  wages,  a  share 
(fixed  beforehand)  in  the  profits  of  the  undertaking.  A  grant 
or  bonus,  therefore,  mad©  at  the  absolute  discretion  of  an 
employer  and  not  upon  any  prearranged  basis  was  not  a  case 
of  profit-sharing  for  the  present  purpose.  It  would  be  diffi- 
cult to  determine  in  the  less  well-organi&ed  trades,  in  which 
many  of  the  profit-sharing  schemes  had  been  started,  whether 
the  wages  paid  were  the  full  current  district  rates.  Labour 
co-partnership  was  an  extension  of  profit-sharing,  enabling  the 
worker  to  accumulate  his  share  of  profit  in  the  capital  of  the 
business  employing  him,  thus  gaining  the  riglits  and  responsi- 
bilities of  a  shareholder.  A  still  further  stage  was  found  in 
some  co-partnership  schemes  which  provided  for  a  direct  share 
in  the  management  as  well  as  a  share  in  the  profits,  one  or 
more  seats  on  the  board  of  directors  being  reserved  for  repre- 
sentatives of  the  workers.  The  number  of  profit-sharing 
schemes  in  private  firms  and  companies  which  were  now  in 
operation  was  133，  the  number  of  workpeople  employed 
by  the  firms  having  such  schemes  being  about 
106,000.  The  present  schemes  were  the  survivors  of  nearly 
300  profit-sharing  arrangements,  of  which  163  had  been 
abandoned .  The  accompanying  table  gives  particulars  of  the 
trades  in  which  profit-sharing  schemes  have  been  adopted . 


Total 
number 

Number 
of 

Schemes  existing 
August  1st,  1912. 

Nature  of  business. 

of 

schemes 

Number 

Number 

.schemes. 

aban- 

of busi- 

of em- 

doned. 

nesses. 

])loyps. 

12 

9 

3 

151 

6 

6 

Metal,  engineering  and  shipbuild- 

ing trades  ： 一 

«.) 

.s 

10：{ 

Engineering  and  .shipbuilding 

21 

17 

4 

I7.33(i 

14 

4,951 

li) 

12 

5 

J,<i37 

3 

2 

1 

173 

18 

12 

6 

737 

Printing,  paper,  and  allied  trades  •• 

5 

1 

794 

Printing,  bookbinding,  &c. . . 

36 

25 

11 

3,389 

Woodworking    and  furnishing 

10 

7 

：! 

169 

Chemical,  glass,  pottery,  &c.    . . 
Food  and  tobacco  

22 

8 

U 

15,649 

31 

18 

13 

6,760 

34 

1 

33 

28,240 

2 

2 

414 

57 

30 

26 

25,620 

299 

163 

133 

106,189 

The  number  of  workers  who  were  entitled  to  share  in 
profits  at  the  end  of  1911  (or  in  1912  in  the  ca&e  of  schemes 
started  since  1911)  was  57'3  per  cent,  of  the  total  number  of 
workers  in  the  firms  where  those  schemes  were  in  force.  The 
average  bonus  or  share  in  profits  represented  an  addition  to 
the  wages  of  participants  of  5'5  per  ceut.  There  was  a  great 
diversity  in  the  schemes  as  regarded  the  form  of  bouus  to 
workers.  In  about  three- fifths  of  the  schemes  the  bonus  was 
paid  iu  cash  ；  in  others  it  was  paid  to  a  provident  fund,  or  it 
was  partly  paid  in  cash  and  the  remainder  paid  to  a  provident 
fund.  A  more  common  type  of  scheme,  however,  was  that  in 
which  the  whole  or  part  of  the  bonus  was  retained  for  invest- 
ment in  the  capital  of  the  undertaking,  the  other  part  (where 
all  was  not  invested)  being  paid  out  iu  cash  or  retained  on 
deposit  with  the  employers  for  provident  purposes.  Many 
industrial  undertakings  were  not  capable  of  absorbing  annual 
additions  to  capital,  and  success  was  iu  some  cases  ouly 
attained  by  keeping  the  capital  account  as  low  as  possible. 
In  fliore  than  half  of  the  abandoned  schenies  the  cause  was 
traceable  to  a  falling  off  in  business  and  to  the  fact  that  there 
were  no  profits  to  share.  The  success  or  failure  of  profit- 
sharing  doubtless  depended  largely  on  the  type  of  scheme 
introduced,  on  its  applicability  to  the  particular  business  of 
the  employer,  and  on  the  spirit  in  which  it  was  worked  by  the 
two  parties  to  the  agreement.  A  section  of  the  report  deals 
briefly  with  profitrsharing  and  labour  co-partnership  in 
co-operative  societies. 
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THE  CORROSION  OF  BOILERS  AND  OF  PIPING  ON 
SHIPBOARD.- 

BY  LIEUTENANT  COMMANDER  FKANK  LYON,  U.S.  NAVY. 
The  writer's  attention  was  drawn  to  this  subject  by  ex- 
perience in  the  U.S.S.  "  Oregon  "  and  U.S.S.  "  New  Jersey,*' 
experience  which  convinced  him  that  the  prescribed  methods 
of  preventing  corrosion  were  neither  certain  nor  adequate. 
From  July,  1896,  to  August,  1899,  as  an  assistant  engineer, 
he  served  in  the  "Oregon,"  and  for  the  greater  part  of  this 
time  was  in  direct  charge  of  her  boilers.  She  had  five  tubu- 
lar boilers.  The  feed  water  was  kept  hot  in  practically 
an  open  tank  and  was  at  all  times  kept  so  strongly  alkaline 
as  to  render  it  unfit  for  ordinary  purposes.  In  this  vessel 
corrosion  of  boilers  or  of  piping  was  almost  unknown. 

He  served  from  May,  1906，  to  May,  1909，  as  the  senior 
engineer  officer  of  the  U.S.S.  "  New  Jersey."  Troubles  from 
corrosion  began  immediately  and  continued  throughout  the 
three  years.  In  two  months  from  the  time  the  ship  was 
commissioned  tlie  copper  suction  and  discharge  piping  to  tlie 
circulating  pumps  of  the  dynamo  condenser  and  ice  machine 
corroded  through  in  places.  As  these  pipes  are  in  the 
dynamo  rooms  this  rapid  action  was,  as  usual,  attributed  to 
electrolysis  from  stray  currents.  The  electrical  installation 
had  many  grounds  especially  in  wet  weather,  as  most  of  the 
porcelain  fittings  were*  porous.  Within  a  year  the  main  and 
auxiliary  injection  and  discharge  piping  in  the  engine-rooms 
had  corroded  through  in  many  places.  This  could  not  be 
attributed  to  the  galvanic  action  of  stray  currents  with  the 
same  apparent  certainty  as  that  in  the  dynamo  rooms, 
especially  as  the  electric  installation  had,  in  the  meantime, 
been  made  reasonably  tight.  The  main  injection  and  dis 
charge  piping  was  removed,  holes  were  filled,  and  the  inside 
of  pipes  given  a  wash  with  soft  solder.  No  more  troubles 
were  experienced  with  them. 

Within  one  year  and  a  half  the  flushing  system  around 
the  pumps  and  distillers  was  renewed  in  many  places  ；  the 
ice  machine  and  dynamo  conden ser  suction  and  discharge 
pipes  to  circulating  pumps  had  corroded  through  again.  An 
examination  of  all  of  the  corroded  pipes  showed  the  troubles 
almost  invariably  t'o  take  place  in  bends  and  at  or  near 
flanges,  the  places  where  the  copper  pipes  had  been  worked 
most.  The  corrosion  was  most  noticeable  in  the  piping  in 
which  the  water  is  heated  more  or  less  between  its  entrance 
to  and  exit  from  the  system.  As  no  troubles  were  ever 
experienced  with  the  discharge  from  the  air  pumps  (main, 
auxiliary,  or  dynamo),  or  in  tlie  fire-room  piping,  there  was 
a  grave  doubt  cast  on  the  stray-current  galvanic-action 
theory. 

The  "New  Jersey  11  had  Babcock  &  Wilcox  boilers.  The 
feed  tanks  were  placed  under  the  main  condensers  with  filter 
tanks  at  tlie  top  of  one  end.  The  dynamos  were  of  the' 
enclosed  crank-case  type  using  splash  feed,  with  cylinders 
just  above  the  crank  case,  and  parts  of  the  valve  and  pistou 
rods  entered  both  the  st&am  and  oil  spaces.  Originally 
there  was  no  grease  extracter  between  the  dynamo  air-pump 
discharge  and  the  filter  tank.  Most  of  the  lubricating  oil 
used  in  the  dynamos  found  its  way  into  the  feed  tanks  and 
boilers.  The  water  in  the  boil&rs  was  kept  slightly  alkaline 
or  neutral,  using  soda  for  the  first  year  and  lime  aft>er  that 
time,  as  it  wa^s  found  that  lime  floated  tlie  oil  to  the  surface 
better  than  soda  Due  to  fear  of  priming  in  these  small 
drum  boilers,  the  water  was  never  kept  as  alkaline  as  that 
in  the  "  Oregon's  ，'  boilers.  Subsequently  grease  extractors 
were  installed  and  the  dynamo  cylinders  were  raised  so  that 
no  part  of  the  rods  entered  both  the  steam  and  oil  spaces, 
and  the  oil  thereafter  was  kept  out  of  the  boilers.  Up  to  this 
time  practically  no  corrosion  had  taken  place  in  the  boilers 
and  no  damage  to  them  had  been  caused  by  the  oil. 

In  De<-ember,  1907，  the  screws  holding  together  the  ends 
of  the  composition  packing  rings  in  the  water  ends  of  three 
main  feed  pumps  broke  within  a  period  of  four  days.  These 
sharp  ends  shaved  up  the  composition  liners  of  the  pumps 
and  pumped  them  into  the  feed  syst&m -  Later  some  of 
these  chips  or  shavings  were  found  in  the  boilers.  Boiler 
corrosion  began,  and  as  it  was  practically  coincident  with  the 
pump  troubles,  it  was  attributed  to  the  ground-up  liners 
tli at  had  gotten  into  the  boilers  through  tlie  feed  system  and 
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to  sea  water  from  leaks  in  the  condensers  which  developed 
from  time  to  time.  Zincs,  the  supposed  palliatives  of  all 
corrosion  troubles,  were  added  in  greater  numbers.  The 
zincs  corroded  rapidly,  and  so  did  the  boilers.  Tubes  pitted 
througli,  hand-hole  gasket  seats  corroded,  and  cross  and  side 
boxes  and  uprights  suffered.  In  on©  period  of  two  weeks, 
twelve  clianges  of  boilers  for  renewing  pitted  tubes  were 
made.  Most  of  the  corrosion  had  taken  place  in  the  form 
of  pitting  and  it  was  attributed  to  galvanic  action  from  par- 
ticles of  composition,  ground  into  the  sides  of  the  steel  tubes 
by  the  turbine  cleaners.  When  replacing  hand-holes  a 
liberal  use  of  graphite  on  tlie  gaskets  had  always  been  allowed. 

It  was  felt  that  every  effort  to  prevent  corrosion  and  to 
keep  the  boilers  clean  had  been  made,  yet  destructive  local 
corrosion  was  going  on  and  increasing  in  effect  in  spite  of 
the  zincs,  non-acidity  of  the  water,  cleaning,  and  other 
efforts  to  stop  it.  The  Navy  regulations  had  been  followed, 
expsrimeuts  had  been  made,  yet  the  writer  had  failed  in 
every  particular  to  stop  corrosion  on  metals  with  their  sur- 
faces in  contact  with  water.  He  was  detached  from  that 
duty,  and  left  ii,  knowing  that  there  was  something  woefully 
wrong  in  the  methods  he  had  pursued  and  with  the  general 
methods  of  treating  corrosion  on  shipboard. 

Wfth  this  excellent  grounding  in  a  knowledge  of  the 
effects  of  corrosion,  the  writer  has  been  engaged  for  the  past 
three  years,  at  the  naval  engineering  experiment  station, 
in  an  experimental  investigation  of  the  problem  of  prevent- 
ing- corrosion.  Naturally  much  of  the  work  has  followed 
lines  suggested  by  other  investigators.  The  purpose  of  this 
paper  is  to  pres&nt  soma  of  the  results  of  this  investigation, 
and  with  tliem,  to  explain  wiiy  in  the  "  Oregon  "  corrosion 
was  prevented,  while  in  the  "  New  Jersey  "  it  was  induced  by 
the  methods  employed. 

Investigations  were  taken  up,  using  the  ferroxyl  mount 
of  Cushman  and  Walter.  In  this  method  the  metals  under 
examination  are  covered  with  a  clear  neutral  jelly  while  the 
jelly  is  hot.  The  jelly  contains  two  indicators ~ (1)  ferro 
cyanide  of  potassium  which  combines  with  the  metal  at  the 
points  where  it  is  dissolving  into  solution  (the  electropositive 
spots),  giving  a  colour  reaction  characteristic  of  the  metal 
with  which  it  combines  ；  and  (2)  phenolphtlialein ,  which 
combines  with  the  hydroxyl  (OH)  where'  the  current  is  enter- 
ing the  metal  from  the  liquid  (the  electronegative  spots), 
giving  the  characteristic  reaction  of  phenolphtlialein  in 
alkaline  solutions.  The  same  effect  can  be  produced  in  a 
metal  immersed  in  water  if  the  water  is  not  shaken  enough 
to  diffuse  the  colours.  The  mount  in  jelly  can  be  preserved 
almost  indefinitely  if  the  surface  of  the  jelly  is  kept  covered 
with  alcohol.  By  means  of  these  mounts  it  may  be  seen 
that : — 

On  a  good  piece  of  steel  or  iron  the  potentials  at  different 
points  in  the  surface  are  continually  changing,  while  on  a 
piece  containing  slag  and  segregated  impurities  or  areas  over 
which  the  molecule  stresses  are  different,  the  potentials  are 
more  or  less  permanent.  On  steel  this  mount  gives  a  blue 
compound  at  points  where  corrosion  is  going  on. 

A  piece  of  scale  from  an  old  zinc  removed  from  a  boiler 
is  electronegative  to  boiler  stesl  and  will  cause  it  to  corrode . 

A  new  zinc-st&el  couple  in  the  water  mount  shows  the 
zinc  adequately  io  protect  the  steel  for  about  four  days,  then 
gradually  to  lose  its  effect  until  at  from  the  fourteenth  to 
the  sixteenth  day  tlie  protective  action  is  entirely  lost.  The 
zinc  then  corrodes  locally,  while  the  steel  corrodes  over  its 
entire  surface. 

Zinc  scale  from  old  zincs  was  seen  to  be  electronegative 
to  three  grades  of  boiler  steel,  three  grades  of  nearly  pure 
irons,  to  four  grades  of  cast  iron  ；  and  to  Admiralty  con- 
denser tubes,  Muntz  metal,  tobin,  phosphor,  and  manganese 
bronzes,  and  to  naval  composition.  It  was  electropositive 
to  monel  metal,  sheet  copper,  and  to  elephant  bronzes. 

Zincs  that  had  just  been  cleaned  and  polished  were  at 
first  entirely  electropositive  to  steel  boiler  plate  ；  after  five 
days'  immersion  they  were  electropositive  in  some  spots  and 
negative  in  others  to  steel,  electronegative  to  greater  areas 
of  the'  sb&el  after  ten  days,  and  to  the  entire  surface  of  the  steel 
after  twenty  days. 

Steel  boiler  tubes  that  had  been  properly  expanded  into 
tho  tub©  sheet,  that  is,  evenly  over  the  entire  thickness  of 
the  tube  slieet,  were  shown  to  be  in  about  the  same  condition 
as  that  of  the  unexpand^d  tube.    With  tubes  in  which  the 
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metal  was  stretched  in  expanding,  due  to  improper  placing 
of  the  expander  rolls,  pronounced  permanent  electropositive 
spots  were  produced  throughout  the  thickness  of  the  tube 
at  the  places  where  the  metal  was  deformed  over  the  edges 
of  the  tube  or  header  sheet  and  also  when  the  surface  of  the 
tube  was  cut  by  the  expander  rolls. 

Specimens  that  had  been  broken  in  the  testing  machine 
showed  themselves  to  be  strongly  electropositive  in  the 
breaks,  and  where  the  grips  had  squeezed  or  cut  the  metal, 
as  compared  with  parts  where  the  skin  had  not  been  broken  - 

In  a  machine  steel  rod  that  had  been  broken  in  a  torsion 
machine  the  neutral  axis  could  be  followed  for  some  dis- 
tance from  the  break  by  its  being  electronegative  to  the 
outer  or  badly-twisted  sections. 

Some  grades  of  irons  and  steels  were  s&en  to  be  electro- 
positive to  others  and  these  results  were  confirmed  by 
measurements  on  the  potentiometer. 

Graphite  placed  on  steel  surfaces  showed  it  to  be  electro- 
negative to  the  steel. 

The  difference  of  potential  and  current  flawing  was 
roughly  measured  on  a  potentiometer  between  a  blue  and  a 
red  area  on  the  same  plate  of  steel.  The  method  indicated 
that  the  points  were  of  different  potential,  but  did  not  indi- 
cate the  relative  amounts  of  such  differences  or  any  means 
of  accurately  measuring  them . 

Acid  Corrosion  Test. ― The  relative  corrosions  of  irons  and 
steels  were  tried  in  distilled  water  and  in  acid  solutions  as 
follows  :  American  ingot  iron,  wrought  iron,  steel  bailer 
plate,  and  cast-iron  specimens  were  corroded  in  distilled 
water  and  a  rate  of  loss  per  unit  of  area  per  unit  of  time 
established  for  each.  They  were  then  removed  and  placed 
in  the  same  concentration  of  sulphuric  acid  in  exactly  the 
same  way  and  the  rates  similarly  established.  When  these 
rates  were  compared  there  was  no  relation  whatever  between 
them.  Some  specimens  that  had  corroded  at  about  the  same 
rates  in  distilled  water  corroded  quite  differently  in  the  acid 
solution.  As  this  was  not  the  test  wanted  it  was  discarded. 
The  acid  corrosion  test  may  be  of  value  for  certain  specific 
uses  but  it  certainly  cannot  be  generalised  from  as  an  accele- 
rated test. 

Corrosion  of  Iron,  Steel,  and  Some  Non-ferrous  Metals 
in  Distilled  and  in  Sea  Waters. ~ These  tests  were  mad©  in 
glass  jars,  some  sealed  for  a  year,  then  left  open  until  water 
was  all  evaporated  and  the  pieces  were  dry,  and  others  were 
left  open  and  loss  from  evaporation  made  up  from  time  to 
time  by  addition  of  water  from  the  same  source.  The  units 
are  losses  in  milligrams  per  square  inch  of  area  in  times  as 
designated 

Polished  boiler-plate  steel  in  distilled  water,  jars  open  :  ~ 

First  30  days    12'1     First  year    I86  0 

Fifth  30  days    17*0     Second  year    158-5 

The  products  of  corrosion  were  left  in  the  jars  and  losses 
from  evaporation  were  made  up  when  surface  of  water  was 
lin.  above  the  upper  surface  of  the  steel.  This  indicates  that 
the  presence  of  the  products  of  corrosion  does  not  accelerate 
corrosion,  but  rather  that  corrosion  is  retarded  thereby. 

Steel  from  the  same  plate  and  under  the  same  conditions 
as  the  foregoing,  with  mill  scale  on  top  and  bottom,  the 
sides  and  ends  being  planed  ： ― 

First  30  days    12'1     First  year    2O7'0 

11th  and  12th  30  days    19  9     Second  year    182*4 

At  the  end  of  the  second  year  the  mill  scale  had  almost 
all  been  changed  to  ordinary  rust  and  the  appearances  of 
pieces  in  this  and  the  preceding  tests  were  very  much  the 
same.  The  rates  of  loss  for  the  last  three  periods  of  the 
second  year  were  very  nearly  the  same,  ll'O  and  12*9  respec- 
tively. The  pieces  were  turned  over  after  each  weighing,  as 
the  bottoms  of  the  pieces  next  the  glass  did  not  lose  their 
polish,  or  mill  scale,  and  the  attack  was  principally  on  the 
top,  sides,  and  ends.  On  a  polished  piece,  with  the  same 
area  always  kept  on  the  bottom,  most  of  the  polish  remains 
after  two  years.  This  may  be  due  to  the  light  being  kept 
away  from  the  bottom  of  the  specimen,  or  to  the  fact  that 
the  products  of  corrosion  cannot  diffuse  away  and  be  oxi- 
dised, and,  therefore,  that  the  potential  of  the  solution  is 
raised  to  that  of  the  steel  with  which  it  is  in  contact  before 
sufficient  metal  has  been  dissolved  away  to  become  notice- 
able.   Tlie  latter  is  the  writer's  belief. 


Polished  steel,  same  conditions  as  the  forogoing,  except 
placed  under  and  in  contact  witli  a  sheet  of  ropper  of  similni* 
dimensions : — 

First  30  days    17  9     First  year    194*4 

Third  30  days    18*7     Second  year    192  0 

11th  and  12th  30  days  '  14' 7 

The  tops  in  contact  with  copper  and  the  bottoms  in  con- 
tact with  glass  have  much  of  the  polish  remaining,  most  of 
the  attack  having  taken  place  on  sides  and  ends. 

Sbe&l  with  mill  scale  on  tops  and  bottoms,  with  sides  and 
ends  planed,  placed  under  copper  ： ― 

First  30  days    26-0     First  year    218*2 

11th  and  12th  30  days    14'8     Second  year    180.0 

Nearly  all  of  the  mill  scale  remained  on  tops  and 
bottoms. 

With  the  same  steel  under  sheet  brass,  instead  of  uikUm- 
copper,  very  similar  results  were  obtained. 
Steel  with  mill  scale  under  Muntz  metal  ： ― 

First  30  days    28*4     First  year   ,  283'G 

Second  30  days    29*5     Second  vear    236-4 

11th  and  12th  30  days  21*7 

Same  as  the  foregoing  except  under  Tobin  bronze  ： ― 

First  30  days    21*5     First  year    238'0 

Second  30  days    26*0     Second  year    222*0 

11th  and  12th  30  days  17*5 

Similar  specimens  under  rolled  Monel  metal,  with  rolling 
finish  on  tops,  bottoms,  and  ends  of  Monel  ：  ―  • 

First  30  days    16  9     First  year    233*4 

8th  and  5th  30  days..    23'8     Second  year    235'2 

11th  and  12th  30  days  19*2 

From  an  analysis  of  the  above  conditions  it  will  be  seen 
that  corrosion  has  decreased  with  time  in  nearly  every  case 
on  steel  immersed  in  its  own  corrosion  products  ；  that  tlie 
surfaces  of  steel  in  contact  with  some  other  surface  does  not 
corrode  in  tlx©  same  way  as  on  surfaces  exposed  to  water  alone, 
even  when  the  metal  in  contact  with  it  is  much  lower  in 
potential  than  itself  ；  that  the  surfaces  exposed  to  water  alone 
are  more  severely  attacked  when  the  sp&cimen  is  in  contact 
with  a  metal  of  lower  potential  ；  and  that  the  attack  depends 
upon  the  perfection  of  contact  with  the  metal  of  lower  poten- 
tial. This  was  indicated  in  the  tests  with  rolled  Monel, 
Muntz  metal,  and  Tobin  bronze,  which  specimens  were  much 
thicker  and,  accordingly,  heavier  than  tli©  copper  and  brass 
plates;  the  pressure  was  greater  and,  therefore,  tb©  contact 
was  better. 

The  following  steels  and  irons  in  distilled  water  alone 
corroded  in  milligrams  per  square  inch  per  thirty  days'  in- 
ternals as  given.  All  pieces  were  planed  all  over,  jars  were 
sealed  for  first  year,  then  left  open  until  pieces  were  dry. 


First 
year. 


Subsequently, 
while  evaporating 
to  dryness, 
jars  open. 

21-9 
22*9 
21-9 
26-4 
27*5 
26-8 
27*5 
28-4 


Class  A  steel  boiler  plate    15*3 

B  steel  boiler  plat&    14*1 

(j  steel  boiler  plate-    13  7 

American  ingot  iron    13'8 

Cast  iron,  Navy  specifications     . . .  16*2 

ammonia  fittings    17*6 

machinery  castings  ...  15*9 

grate  bars    16*1 

This  is  given  to  show  tlie  efiFect  of  increased  air  or  oxygen . 
With  tlie  jars  sealed  there  is  not  enough  oxygen  passed  into 
the  water  to  oxidise  the  dissolved  products  as  fast  as  they 
can  go  into  solution.  The  potential  of  the  water  is  raised 
by  the  dissolved  and  unoxidised  particles  of  iron  in  it.  The 
difference  of  potential  between  the  metal  and  the  metal  water 
solution  is  decreased  and  the  rate  of  corrosion  is  decreased. 
With  tlie  jars  op3n,  oxygen  is  admitted,  and  the  rate  of  cor- 
rosion is  increased.  Au  increase  in  the  area  of  the  water 
in  contact  with  air  up  t-o  a  certain  limit  will  increase  the  rate 
of  corrosion  of  the  metal. 

The  irons  and  steels  that  have  shown  themselves  to  be 
permanently  of  higher  potentials  than  other  irons  and  steels 
by  the  potentiort.eter  measurements,  ferroxyl  mount,  and 
by  an  alkaline  concentration  test,  to  be  explained  later, 
always  have  their  rates  of  corrosion  increased  and  that  of 
the  metal  of  lower  potential  decreased  when  they  are  con- 
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noctefl  ]>y  a  metallic  contact,  in  distilled,  brackish,  or  sea 
water.  This  doe^  not  mean  that  tlie  metal  of  lower  poten- 
tial does  not  corrode,  but  tliat  its  rate  of  corrosion  is  de- 
creased. Parasitic  corrosion  is  going  on  over  its  surface  at 
the  same  time  that  it  is  acting  to  increase  the  rate  of  cor- 
rosion on  the;  piece  of  higher  potential. 

In  no  ca&ei  has  a  piece  of  iron  or  ste'el,  connected  by 
metallic  contact  to  new  zinc  of  the  same  size,  corroded  less 
in  a  period  of  thirty  days  than  a  piece  of  the  same  ste'el 
placed  near  it  in  tlie  same  water  and  not  connected  by  metal- 
lic contact  to  the'  zinc. 

When  three  grades  of  nearly  pure  irons,  four  grades  of 
cast  irons,  and  two  grades  of  boiler  steel  were  all  connected 
to  one  grade'  of  class  B  steel  boiler  plate',  only  two  grades  of 
cast  irons  reduced  the  rate  on  the  steel  below  that  obtained 
wlien  pieces  of  the  same  steel  we're  connected  in  pairs. 

With  the  nick-el  bronzes  tlie  rate  of  corrosion  on  steel 
connected  by  metallic  conductors  to  tliem  was  generally 
less  than  that  on  tlie  same  ste'el  connected  to  the  zinc-oopper 
and  tin-copper  allays.  Also,  similarly,  the  greater  the  |xji- 
centage  of  nickel  in  the  alloy,  the  less  the  rate  of  corrosion 
on  steel  similarly  connected  thereto.  Pure  nickel  is  less 
corrosive  to  steel  than  is  nearly  pur©  copper  under  the  same 
circumstances. 

Taking  the  rate  of  corrosion  of  boiler-plate  steel  in  sea 
water  when  jars  wore  closed  as  100，  the  same  rat©  with  jars 
open  was  122'6.  The  rates  in  wrought  iron,  and  nearly  pure 
iron  under  similar  i;ircumstances  were  73*4  to  107'7  and 
87"7  to  137*5  respectively.  With  the'  same  three  metals  placed 
under  and  in  contact  with  manganese  bronze  the  rates  were 
112'3  to  135'9，  111-8  to  13S"0,  and  108*2  to  140*5  respectively. 
With  the'  same  steel  under  manganese  and  phosphor  bronzes 
and  composition  G,  the  rates  wore  112.3  to  135*9，  109.2  to  1277, 
and  109*2  to  131'3  respectively.  These  differences  are  no  greater 
than  will  be  found  between  specimens  of  tlie  same  plate*  im- 
mersed alone  in  distilled  water.  In  analysing  the  foregoing 
it  is  seen  that  wrought  iron  and  nearly  pure  iron  are  acted 
upon  very  differently  from  steel  by  a  reduction  of  the  oxygen 
supply,  that  under  the  same  manganese  bronze  they  are 
corroded  to  nearly  the  same  amount,  and  with  the  one  steel 
similarly  placed  under  different  bronzes  its  rat©  of  corrosion 
is  very  nearly  tho  same  It  is  well  to  note  her©  that  the  two 
metals  must  be  in  metallic  contact,  otherwise  each  metal 
will  corrode  as  if  alone  in  the'  water  even  when  they  are  very 
close  together.  The'  effect  one  metal  will  have  upon  another 
depends  more  upon  the  perfection  of  the  contact  than  upon 
any  other  one  thing.  Copper  in  surface  contact  with  steel 
in  distilled  water  increases  the  corrosion  of  steel  from  8  to  12 
per  cent.,  while  with  the  two  metals  screwed  on  to  the  ends 
of  an  iron  wire,  the  rate  is  increased  from  79  to  80  per  cent. 

With  non-ferrous  metals  and  cast  irons  alone  in  s&a  water 
the  rates  of  the  losses  with  jars  s&aled  and  open,  respectively, 
in  milligrams  per  square  inch,  for  30-day  periods,  w&r©  as 
follows : — 


Copper   

Victor  silver   

Phosphor  bronze   

Composition  G   

Muntz  metal   

Manganese  bronze   

Rolled  Monel  bar   

Cast  iron,  naval  specifications  

ammonia  fittings 

machinery  castings.  • . 

grate  bars   

Noie-  the  great  rate  of  corrosion  on  the  phosphor  bronze 
in  comparison  with  the  others.  It  is  almost  half  as  corrodible 
as  <-ast-  iron  with  jars  sealed,  and  more  than  half  with  them 
open .  With  boiler-plate  steel  in  distilled  and  in  sea  waters 
cont aining  graphite,  pieces  covered  with  graphite  lost  from 
3  to  4  times  as  mucli  per  square'  inch  of  area  exposed  as  did 
similar  pieces  placed  in  the  same  water  without  graphite. 
The  increased  rate  of  corrosion  depended  to'  quite  a  large 
extent  upon  tho  p&rcentag©  of  area  covered  and  also  upon 
the  purity  of  tlie  graphite.  With  pieces  of  steel  immersed 
in  water  condensed  from  exhaust'  steam  from  an  enginei  using 
difToront  kinds  of  cylinder  lubricants  (the  engine  using  both 


Jars  sealed, 
12  periods. 

1-5 

Jars  open. 
3  periods. 

3-0 

plus    1'5    minus  3'6 

9-9 

15-1 

38 

4-8 

1-3 

4-0 

T7 

2-2 

1-7 

1-0 

20-9 

25-0 

18-4 

22-7 

21-3 

25-9 

20-7 

22-1 

satu rated  and  600°  Fall,  superlioated  steam  at  3001  bs.  gau^o 
pressure),  there  was  practically  no  difference  during  a  'JO 
ino"t,lis，  teat  in  tlie  rate  of  corrosion  as  compared  with  that, 
obtained  in  steam  condensed  under  similar  conditions  exr (屮 t 
free  from  oil. 

The  Cause  of  the  Corrosion  of  the  "New  Jersey's "  Boilers. 一 

While  carrying  out  thes©  teste  it  occurred  to  the  writer  to 
calculate  the  approximate  concentration  of  limo  that  had 
been  kept  in  tlie  "New  Jersey's  "  boilers.  This  was  found 
to  have  been  at  about  the  critical  concentration  for  boiler 
steel,  so  that  in  trying  to  stop-  corrosion  by  the  use  of  lime, 
zincs,  and  other  methods,  local  corrosion  or  pitting  iiad  heew 
induced.  Had  twice  as  much  lime  been  used,  no  local  cor- 
rosion would  liav©  occurred  even  with  the  composition  liners 
and  air.  To  prove  tliis,  th©  small  st&el  boiler,  with  coj)j>er 
tubes,  was  run  for  fifteen  days  at  a  saturation  of  2,000 
grains  of  chlorine  per  gallon,  keeping  the  water  at  a  con- 
centration of  3  per  cent,  normal  with  soda.  Steam  pressure 
carried  was  1801bs.  gauge.  At  the  end  of  tliat  time  five 
test  pieces  plarerl  as  follows  showed  no  signs  of  corrosion,  and 
no  loss  of  weight :  One.  at  bottom  of  shell  at  smoke-pipe  end  ； 
one  at  bottom  of  furnace  end  ；  one  on  top  of  crown  sheet  ； 
one  laid  across  copper  tubes  at  middle  of  their  height;  and 
one  laid  across  copper  tubes  near  the  water  level.  The 
boiler  was  fed  with  brackish  water  from  the  Severn  river, 
and  was  given  a  blow-down  when  the  chlorine  content  was 
found  above  2,200'. 

It  thus  was  demonstrated  why  the  boilers  of  the  "Oregon" 
showed  no  signs  of  corrosion  in  three  years,  and  why  those 
of  the  "  New  Jersey  '，  w&re  considerably  corroded  in  the  same 
time'.  In  the  one  case  corrosion  had  been  provonted  by  keep- 
ing the  water  strongly  alkaline,  in  the  other  it  had  been 
materially  aided  by  an  insufficient  degree  of  alkalinity. 

In  calculating  the  percentage1  of  soda  concentration  kept 
in  the  boilers  of  the  "  New  Jersey  "  it  was  seen  that  it  was 
slightly  lower  than  was  critical,  but  still  a  dangerous  one  to 
use'.  The  reason  why  there  was  no  corrosion  before  tli-e 
dynamos  of  tlie  "  New  Jersey  ，，  were  raised  was  that  there 
was  always  a  film  of  oil  between  the  metal  and  the  water,  so 
no  bad  effects  from  corrosion  could  occur.  Oil  on  thei  sur- 
face of  water  passes  oxygen  to  it,  and  thereby  aids  the  cor- 
rosion by  removing  tlie  dissolved  particles  of  iron  from  solu- 
tion, but  oil  on  the'  surface  of  the  metal  prevents  water  from 
getting  to  it,  and  thereby  prevents  corrosion,  so  long  as  the 
skin  of  oil  is  intact.  As  soon  as  the  access  of  oil  to  the 
boilers  was  presented,  the  tubes  began  to  pit  and  corrosion 
began.  It  was  only  partly  due  to  any  particles  of  composi- 
tion, partly  to  the  graphite  from  tlie  gaskets,  but  princi- 
pally to  the  water  conditions  and  to  zinc  scale.  Had  the 
water  been  kept  properly  alkaline  the  other  three  conditions 
would  have  had  no  effect. 

The  writer  has  no  hesitancy  in  saying  that  any  boiler 
using  any  water  can  be  kept  from  corroding  for  any  length 
of  time,  if  treated  with  soda,  and  if  its  concentration  is 
maintained  at  or  above  3  per  cent,  normal  alkaline  strength. 
If  the  water  i?  not  to  be  kept  sufficiently  alkaline,  it  had 
bett&r  be  kept  neutral. 

Summary.—  From  practical  experience,  study,  and  much 
experimental  work,  the  writer's  conception  of  corrosion  is  as 
follows  : - — 

1.  All  metals  dissolve  in  water  or  in  water  solutions  if. 
the  electric  potential  of  the  metal  at  any  point  is  higher 
tlian  that  of  th&  water  or  solution . 

2.  Corrosion  products  or  rust  result  from  the-  oxidation 
of  the  dissolved  particles  of  metal  held  in  solution. 

3.  The  solution  pressure  of  a  metal  in  any  liquid  is  the 
increase  in  electrical  potential  of  the-  metal  over  that  of  the 
liquid. 

4.  If  the  potential  of  the  metal  in  contact  with  water 
is  higher  all  over  its  surface  than  that  of  the  water  it  will 
corrode-  evenly  or  nearly  so.  If  the  potential  of  only  one 
point  in  the  surface  of  the  metal  is  higher  than  that  of  the 
water  it  will  pit  or  oorrode  locally  at  that  spot.  Metals  do 
not  pit  or  groove  noticeably  in  distilled  water,  acid  solutions, 
or  when  in  contact  with  a  metal  of  lower  electrical  potential 
in  water. 

5.  Local  corrosion  on  bare  iron  or  steel  only  takes  place 
in  water  the  potential  of  which  has  been  raised  until  it  is; 
nigher  than  that  of  certain  areas  of  the  metal , 
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6.  Oxygen  and  carbonic  acid  do  uot  cause  corrosion.  If 
the  metal  can  dissolve  they  do  increase  its  rate  by  removing 
the  particles  of  it  from  the  liquid,  and  thereby  preventing 
an  increase  in  the  potential  of  the  liquid. 

7.  When  iron  is  placed  in  perfectly  pure  water  into  which 
no  oxygen  can  dissolve,  the  iron  first  tends  to  dissolve,  due 
to  its  higher  potential.  Each  particle  of  iron  dissolved  raises 
the  potential  of  the  water  and  exposes  a  new  particle  of  iron. 
Eventually  the  potential  of  the  water  will  he  equal  to  that  of 
the  metal  at  every  point,  dissolving  will  stop,  and  the 
solution  will  be  saturated.  Now  if  oxygeu  is  present  in  the 
water,  as  the  iron  is  dissolved  it  will  be  oxidised,  the  poten- 
tial of  the  liquid  will  be  raised  only  to  the  point  where  there 
is  equilibrium  between  the  rate  of  solution  of  the  iron  and 
that  of  the  oxygen,  and  corrosion  of  the  iron  will  continue. 

8.  Metals  corrode  in  sea  water  at  a  greater  rate  than  in 
distilled  water,  due  to  tlie  higher  conductivity  of  the  former. 
Tlie  metal  particles  get  away  from  the 

metal  and  iu  contact  with  oxygen  or 
CO。  more  freely  and  the  potential  of 
the  water  is  kept  from  rising.  The 
natural  potential  of  sea  water  is  not 
raised  to  any  appreciable  extent  by  the 
metallic  salts  it  contains,  because  the 
higli  potential  metals  of  those  salts  are 
mostly  combined  with  strong  acid 
radicals  such  as  chlorides  and  sul- 
phates. 

9.  Hydrogen  and  all  elements  lower 
in  the  electromotive  series  than 
hydrogen  decrease  the  potential  of 
water  in  which  they  are  in  solution. 
All  elements  electropositive  to  hydro- 
gen increase  the  potential  of  the  water 
when  they  are  in  solution. 

10.  The  alkalies  are  the  highest  in 
the  electromotive  series,  and  are,  there- 
fore, the  most  soluble  in  water.  They 
raise  the  potential  of  water  in  wliicli 
they  are  in  solution. 

11.  The  sodium  salts  of  weak  acids 
increase  the  potential  of  water  at  a 
greater  rate  than  do  the  same  salts  of 
strong  acids. 

12.  The  potential  of  a  solution  con- 
taining a  metal  higher  in  the  electro- 
motive series  than  another  metal 
immersed  in  it  will  increase  faster  witli 
a  rise  in  temperature  than  that  of  tlie 
immersed  metal. 


the  cut-oflf  takes  place.  This  variation  is  effected  by  the 
governing  mechanism  altering  the  position  of  tlie  T-shaped 
lever  C.  An  increase  in  the  speed  of  the  engine  causes  the 
lever  C  to  be  rotated  in  a  counter-clockwise  direction  and  tlie 
valves  M  and  N  to  be  moved  further  away  from  each  other, 
thus  causing  an  earlier  cut-off  of  the  steam  and  a  decrease  in 
the  speed  of  tlie  engine.  If  the  speed  of  the  engine  be 
decreased,  the  lever  C  moves  in  a  clockwise  direction,  the 
valves  M  and  N  are  brought  nearer  together,  causing  a  later 
cut-off  and  an  increase  in  the  speed  of  the  engine. 


A  COLUMN  TESTING  MACHINE. 

A  paper  describing  a  column  testing  macliine  was  recently 
read  by  Prof.  E.  G.  Coker,  before  the  Physical  Society.  The 
conditions  of  fixture  of  the  ends  of  columns,  and  the  large  influ- 
once  tliis  liad  upon  their  strength,  generally  made  it  necessary 


CUT-OFF  VALVES  FOR  STEAM  ENGINES. 

An  arrangement  for  varying  the  cut-off  of  the  steam  in  the 
cylinders  of  steam  engines  when  working  expansively,  the 
invention  of  Messrs.  R.  &  W.  Lees,  Park  Foundry,  Hollin- 
wood，  near  Oldham,  is  shown  in  the  accompanying  illustra- 
tion. The  main  valve  G  is  of  the  liollow  piston  type  and  the 
cut-off  valves  M  N  are  also  hollow  pistons  working  within  the 
main  valve  G.  The  main  valve  lias  separate  end  pieces  O  with 
projecting  lugs  P，  by  means  of  which  the  valve  is  secured  to 
the  main  valve  spindle  F.  The  valve  spindle  is  connected  to 
the  slide  E  working  in  the  valve  spindle  bracket  J  and  receiv- 
ing its  motion  from  the  main  eccentric  rod  D.  The  cut>off 
valves  M  N  have  an  axial  motion  relative  to  the  main  valve  G. 
The  cut-off  valves  are  worked  by  separate  valve  spindles  K  L, 
the  spindle  K  of  the  valve  M  passing  through  the  interior  of 
the  valve  N.  The  spindles  K  L  are  attached  to  the  valve  rod 
blocks  Q，  these  blocks  being  connected  to  the  double  arm  of  a 
T-shaped  lever  C  by  means  of  rods  H.  These  rods  are  con- 
nected to  lever  C  by  means  of  pin  joints  and  are  flattened  at 
the  opposite  ends  to  form  a  flexible  connection  with  the  valve 
rod  blocks  Q.  The  T-shaped  lever  C  is  suspended  between  the 
arms  of  the  forked-end  eccentric  rod  B，  the-  single  arm  of  the 
lever  being  connected  to  the  governing  mechanism  by  means 
vertical  link.      The  variation  in  the  point  of  cut>off  is 


Cut-off  Valvks  for  Steam  Engin*kk. 

to  use  special  besting  machines  for  these  members,  in  which  the 
end  plates  applying  the  load  were  accurately  parallel,  and 
remained  so  during  a  test.  If  only  rough  measurements  of 
the  load  were  required  this  offered  no  serious  difficulty,  but- 
accurate  measurement  involved  elaborate  mechanical  devices, 
some  of  which  were  briefly  referred  to  in  the  paper.  This 
difficulty  was,  he  said,  overcome  in  a  simple  manner  by  sup- 
porting one  pressure  plate  by  two  or  more  annular  diaphragms 
spaced  at  considerable  intervals,  and  clamped  at  their  outer 
edges  to  a  fixed  casing  in  such  a  manner  that  only  one  degree 
of  freedom  was  possible.  This  construction  was  carried  out  in 
the  machine  described  in  the  paper.  The  total  load  on  the 
pressure  plate  supported  in  this  way  could  be  measured  by  a 
leaded  lever  system,  or  other  suitable  means.  The  other  pres- 
sure plate  might  be  carried  on  guides,  and  the  load  applied 
by  screws,  hydraulic  pressure,  or  other  suitable  means. 
Rectangular  plates  or  wires  might  also  be  used  in  place  of 
annular  diaphragms,  and  a  model  showing  an  application  to 
a  compression  machine  was  described.  Photographs  of  cellu- 
loid columns  were  shown  under  stress,  and  the  colours  pro- 
duced by  temporary  double  refraction  indicated  that  the  loads 
were  satisfactorily  applied  in  a  machine  of  this  type. 


of  a 


effected  by  varying  the  distance  apart  of  the  cut-off  valves  M 
and  N;  the  further  apart  the  valves  are  situated,  the  earlier 


Millwall  Dock  Boiler  Explosion. ― The  formal  investigation 
ordered  by  the  Board  of  Trade  to  be  held  in  regard  to  the 
boiler  explosion  at  Millwall  Dock  is  fixed  for  hearing  iu  the 
Council  Chamber,  Council  Offices,  High  Street,  Poplar,  E.,  on 
Tuesday,  the  17th  inst.,  at  11  a.m. 
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WASTE  HEAT  UTILISATION. 

The  subject  of  "  Waste  Heat  Utilisation  ，，  was  dealt  with  in 
a  paper  by  Mr.  I.  V.  Robinson,  M.I.Mech.E.,  read  before 
the  Cleveland  Institution  of  Engineers  on  December  2nd. 
Waste  lieat  was,  he  said,  now  being  used  in  many  forms,  i.e. : 
(1)  Exhaust  sfc&am  :  (a)  steady  supply  from  non-condensing 
blowing  engines,  &c. ;  (b)  intermittent  supply  from  winding 
engines.  (2)  Waste  gases :  (a)  blastfurnace  gas  ；  (b)  coke- 
oven  gas. 

The  utilisation  of  low-pressure  steam  in  a  turbine  was  first 
carried  out  by  Sir  C.  A.  Parsons  in  1893，  but  no  great 
development  of  this  idea  occurred  till  Prof.  Raieau  intro- 
duced means  for  the  economical  utilisation  of  an  intermittent 
supply  of  steam.  The  steady  supply  of  steam  was  usually 
obtained  from  the  exhaust  of  blowing,  pumping,  and  air- 
compresser  engines.  Incidentally  the  author  mentioned  that 
the  chief  example  of  low-pressure  turbines1  using  a  steady 
supply  of  steam  was  provided  by  large  liners  having  high- 
pressure  reciprocating  engines  and  low-pressure  turbines. 
Bofore  deciding  to  install  a  low-pressure  turbine,  the  condi- 
tion and  probable  economical  life  of  the  engines  should  be 
considered,  as  nndoubteclly,  in  many  cases,  low-pressure  tur- 
bines had  been  installed  in  connection  with  engines  which 
cost  too  much  for  maintenance,  and  the  end  of  whose  econo- 
mical life  was  rapidly  approaching.  It  might  then  be  desired 
to  install  other  type  of  plant,  such  as  a  turbo-blower,  but 
tho  use  of  a  reciprocating  engine  was  obligatory  owing  to  the 
existence  of  a  low-pressure  turbine.  It  would  always  be 
better  to-  install  a  medium-pressure  turbine  so  that  a  reason- 
able efficiency  could  be  obtained  should  it  be  decided  to  in- 
stall other  types  of  prime  movers  when  the  existing  ones 
were  scrapped.    A  pure  low-pressure  was  rarely  justified. 

The  economy  and  price'  were,  he  observed,  intimately  con- 
nected in  a  turbine,  particularly  in  a  medium-pressure  im- 
pulse turbine.  By  increasing  the  number  of  stages  the  cost 
was  increased,  and  the  economy  improved  and  vice  versa.  In 
cases  where  there  was  an  ample  amount  of  steam  for  the 
power  required,  a  clieap  turbine'  would  be  satisfactory.  In  a 
power  company's  waste-heat  station,  where  a  purchaser  could 
}>©  found  for  all  power  that  was  generated,  a  more  expensive 
turbine  would  be  justified  on  account  of  its  improved 
economy  and  correspondingly  greater  output  from  the  avail- 
able exhaust  steam.  A  point  to  be  considered  was  the  main- 
tenance of  economy  over  a  long  period.  The  steam  consump- 
tion of  some  turbines  increased  rapidly  with  time,  owing  to 
tlio  use  of  too  high  steam  and  blade  velocities. 

With  medium-pressure  turbines  the  condensing  plant  was, 
he  said,  most  important,  as  the  improvement  due  to  a  higher 
vacuum  was  greater  with  medium-pressure  than  with  high- 
p 廳 sure  turbines.  The  condensing  plant  deserved  very  special 
consideration  in  order  to  obtain  the  maximum  vacuum.  It 
might  be  of  either  the  surface'  or  jet  type,  the  former  always 
with  bad  and  the  latter  only  with  good  circulating  water. 
The  surface  condenser  was  generally  to  be  preferred,  but  it 
was  the  more  expensive  of  the  two.  Jet  condensers  were 
now  made  that  would  give  vacua  as  high  as  was  required, 
but  their  drawback  was  that  they  were  likely  to  lose  the 
vacua  if  a  sudden  rush  of  steam  or  air  entered  the  con- 
denser. This  caused  the  water  to  rise  in  the  condenser,  and 
although  this  was  guarded  against  by  vacuum  breakers 
operated  by  the  rise  of  water  level,  the  water  might  rise  into 
the  turbine  and  damage  the  blades.  Jet  condensers  were 
divided  into  two  main  classes,  those  with  and  those  without 
air  pumps,  the  latter  being  termed  "  ejector  condensers." 
Tliese  were  only  to  be  recommended  for  a  turbine  which  would 
generally  be  working  at  full  load,  as  at  low  loads  the  vacuum 
was  unstable,  and  the  power  consumption  was  higher  than 
with  jet  or  surfao©  condensers. 

In  the  majority  of  installations  now,  rotary  air  pumps 
were,  he  said,  being  adopted.  There  were  three  well- 
known  pumps  on  the  market,  the  Leblanc,  the 
Kinetic,  and  the  Rees-Roturbo.  They  were  brought 
out  in  the  order  given.  Tlie  Leblanc  pump  was 
made  in  units  up  to  5,000  kw.  each.  The  Kinetic  had 
been  adopted  for  the  largest  turbines  built  in  this  country, 
namely,  the  25,000  kw.  set  by  Messrs.  C.  A.  Parsons  and 
Co.,  for  Chicago,  and  the  15,000  kw.  set  by  Messrs.  James 
Howden  &  Co"  for  Manchest-er.  The  Rees-Roturbo  air  pump 
had  up  to  now  only  been  used  in  plants  up  to  about 


] ,500  kw.  each.  Rotary  air  pumps  wore  reliable,  and  more 
suitable  for  obtaining  the  highest  vacua  than  reciprocating 
air  pumps.  Up  to  the  present  time,  the  power  absorbed  by 
them  was  greater  than  that  required  by  a  reciprocating 
pump  for  equal  power,  but  there  were  signs  that  this  dif- 
ference would  be  reduced  and  probably  eliminated.  Rotary 
air  pumps  might  be  compared  by  noting  the  vacuum  that 
each  would  maintain  when  exhausting  a  vessel  into  which 
air  was  admitted  through  a  nozzle  of  known  dimensions.  With 
equal  power  absorbed  it  would  probably  be  found  that  one 
piunp  was  capable  of  dealing  with  the  air  admitted  through 
a  larger  nozzle,  thus  having  a  larger  margin  to  deal  with 
abnormal  air  leakages. 

For  mixed-pressure  turbines  some  means  of  equalising  the 
supply  of  intermittent  low-pressure  steam  were  necessary.  In 
some  cases  where  economy  was  not  essential,  old  boiler  shells 
were  used  as  receivers,  but  in  tho  majority  of  cases  an  accu- 
mulator was  required.  The  essential  requirements  in  an 
accumulator  were  :  (1)  Capacity  to  absorb  steam  at  a  high 
rate,  possibly  four  or  five  times  the-  evaporative  rate.  (2) 
Small  drop  of  pressure  through  the  apparatus.  (3)  Economy 
in  steam .  Under  normal  conditions  and  with  a  properly 
designed  accumulator  the  safety  valve  should  not  lift  unless 
tho  steam  available  was  in  excess  of  the  steam  required  to 
carry  the  load.  It  was  often  difficult  to  get  beforehand 
accurate  data  regarding  the  peak  rate  of  flow.  The  accumu- 
lator should  be  designed  so  as  to  bring  all  tlx©  water  into 
rapid  circulation,  thus  ensuring  a  high  absorption  rate. 

In  tli©  case  of  winding  engines,  where  the  exhaust  con- 
tained oil,  oil  separators  had  to  be  provided,  but  in  addition 
to  these  there  was  in  the  Rateau-Morison  accumulator  an  oil- 
scumming  device  which  caused  all  the  surface  float  oil  to  be 
collected  at  on©  end  of  the  accumulator.  This  object  was 
achieved  by  allowing  the  steam  escaping  from  the  nozzle 
under  water  level  to  emerge  in  one  direction  only,  thus  causr 
ing  a  decided  water  surface  motion  carrying  the  oily  scum 
with  it.  It-  was  concentrated  and  discharged  to  atmosphere 
by  a  scumming  cock. 

THERMOMAGNETIC  STUDY  OF  STEEL 

In  a  paper  on  this  subject  recently  read  before  the  Physical 
Society  of  London,  Dr.  S.  W.  J.  Smith  said  that  thermo- 
magnetic  measurements  made  it  increasingly  evident  that  the 
magnetic  properties  of  steels  were  frequently  those  of  mixtures 
of  magnetic  substances,  each  possessing  characteristic  proper- 
ties, which  contributed  in  a  comparatively  definite  way  to  the 
properties  of  the  material  as  a  whole.  In  the  case  of  a  simple 
ferromagnetic  substance,  magnetising  fields  could  generally 
be  found  in  which  the  permeability  variation  with  tempera- 
ture was  comparatively  small  except  in  the  neighbourhood  of 
the  critical  temperature.  In  such  fields  there  was  a  very 
clearly  marked  peak  in  the  permeability  temperature  curve 
for  the  substance.  The  explanation  of  this  peak,  which  the 
molecular  theory  afforded,  was  well  known,  and  suggested  that 
the  phenomenon  should  be  found  common  to  all  ferromagnetic 
substances.  The  immediate  object  of  the  present  paper  was 
to  show  that  it  was  exhibited  by  the  carbide  of  iron  (oemen- 
tite),  which  exi&ted  in  annealed  carbon  steels.  For  this  pur- 
pose it  was  not  necessary  to  isolate  the  carbida  because  the 
phenomenon  was  quite  clearly  discernible  in  the  permeability 
temperature  curves  for  the  steel.  The  particular  steel 
examined  contained  0*85  per  cent,  of  carbon.  It  was  found 
that  the  fields  necessary,  to  evoke  the  comparatively  sudden 
variations  in  the  permeability  of  the  carbide  above  described 
were  small,  and  such  that  the  permeability  variation  of  the 
iron;  present  along  with  the  carbide  was  slight  in  the  neigh- 
bourhood of  the  critical  temperature  of  the  latter.  The 
sudden  gain  and  loss  of  permeability  by  the  carbide  as  the 
temperature  altered  would  be  roughly  equivalent  to  sudden 
removal  and  replacement  of  gaps  in  the  magnetic  circuit 
through  the  steel.  They  should  therefore  be  attended  by 
correspondingly  sudden  rise  and  fall  of  the  apparent  permea- 
bility of  the  material  as  a  whole.  This  was  found  to  be  the 
case.  There  was  a  sharply-marked  peak  near  210°  C.  upon 
the  permeability  temperature  curve  for  the  steel.  In  the 
absence  of  measurements  between  200。  C.  and  220°  C.  the 
peak  would  escape  notice,  and  it  was  for  this  reason,  probably, 
that  it  had  not  been  recorded  before.  It  could  scarcely  be 
found  by  accident. 
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HAULAGE  CLIPS.* 

BY  W.  G.  SALT  AND  A.  L.  LOVATT. 

The  advent  of  the  mechanical  clip  for  use  in  mines  was 
simultaneous  with  the  introduction  of  the  endless-ropo  system 
of  haulage,  and  since  its  adoption  innumerable  forms  and 
types  of  clips  for  attaching  and  detaching  the  pit  tubs  to  and 
from  the  haulage  ropes  have  been  brought  before  the  notice 
of- colliery  officials.  A  small  percentage  of  the  early  designs 
survived  the  severe  tests  to  which  they  were  subjected,  and 
are  uow  in  use  to  some  considerable  extent  in  modified  form, 
but  the  remainder  failed  hopelessly  to  comply  with  the  re- 
quirements even  of  the  most  reasonable  and  least  difficult 
forms  of  endless  haulage,  and  became  obsolete  almost  im- 
mediately after  their  introduction.  However,  one  by  one 
the  difficulties  have  been  dealt  with  until  now  there  are  a 
number  of  clips  that  can  be  said  to  be  satisfactory,  but  to  the 
writers'  knowledge  there  is  no  single  clip  on  the'  market  at 
the  present  day  that  will  successfully  negotiate  all  the  con- 
ditions that  are  often  to  be  found  at  a  mine.  The  object  of 
the  paper  is  to  specify  as  far  as  possible  the  types  and 
makes  of  clips  suited  to  the  various  conditions  of  haulage  to 
be  found  in  the  North  Staffordshire  district.  Tlie  essential 
qualities  of  a  good  clip  are  ： ― 

(1)  A  clip  must  be  made  sufficiently  strong,  with  a  margin 
of  safety,  to  do  the  work  that  is  required  and  to  withstand 
rough  usage.  If,  however,  the  design  of  the  clip  is  over 
liberal,  the  desired  results  would  not  be  obtained,  for  if  the 
tub  or  tubs  became  derailed,  serious  damage  might  be  caused 
to  the  rope  or  hauling  macliinery  if  the  clip  did  not  act 
in  the  nature  of  a  safety  valve. 

(2)  Its  design  and  construction  should  be  such  as  to  allow 
of  its  gaining  and  retaining  a  firm  grip  ou  the  rope  the 
moment  it  is  attached . 

(3)  The  jaws  of  the  clip  should  have  a  good  bearing  on 
the  rope  of  at  least  70  per  cent,  of  the  circumference  of  the 
rope,  and  should  embrace  all  the  strands  of  the  rope  with  a 
minimum  length  of  clip  jaw. 

(4)  A  good  margin  for  wear  should  be  arranged,  and  easy 
adjustment  by  the  person  using  the  clip  should  also  be 
allowed  for. 

(5)  The  design  and  construction  should  be  as  simple  as 
possible  ；  the  fewer  parts  the  better,  and  such  as  to  allow 
of  its  being  easily  attached  and  detached  from  the  rope,  the 
detachment  being  clean  and  certain. 

(6)  The  gripping  surfaces  should  be  so  arranged  as  not  to 
kink  the  rope  when  under  working  conditions.  If  the  kink- 
ing effect  is  reduced  to  a  minimum,  the  wear  on  the  rope 
will  also  be  reduced,  and  consequently  the  life  increased. 

(7)  A  clip  should  be  capable  of  being  automatically  de- 
tached from  the  rop &，  and  ideally  should  be  of  such  a  design 
as  to  work  satisfactorily  under  any  one  or  all  of  the  condi- 
tions prevailing  at  a  mine. 

The  following  controlling  factors  must  be  taken  into 
account  in  the  adoption  of  a  clip  ：  ~ - 

(1)  Inclination.  ―  When  the  inclination  of  a  road  is  great, 
a  strong  clip  with  attachments  mad©  of  the  best  materials 
should  be  adopted,  preferably  of  the  lever  type-,  so  as  to  adapt 
itself  to  the  varying  diameters  of  the  rope.  The  clips  suit- 
able for  tliese  conditions  are  as  follows  ：  Sylvester  &  Weaver 
and  Stubbs,  &c.，  for  under-rope,  and  Aspinall  for  over-rope  ； 
but  when  the  inclination  is  less,  other  clips  may  b&  used  with 
good  results,  such  as  the  Smallman,  and  Craven  k  Bradley. 

(2)  Undulating  or  Varying  Gradients. ― When  the  road  is 
dipping  first  in  one  direction  and  then  in  another,  the  clip 
is  then  required  to  act  in  a  pulling  position  or  in  a  holding- 
back  position.  Only  a  few  clips  are  used  with  a  oertain 
amount  of  success  under  tliese  conditions ― such  as  the  Stubbs, 
Srnallman,  "and  Craven  h  Bradley. 

(.'>)  Level  Roads. ―  Various  types  of  clip  are  in  use  under 
such  conditions,  which  is  the  easiest  metliod  of  applying 
haulage  clips.  Those  which  may  be  used  under  these  condi- 
tions are  the  Stubbs,  Smallman,  "  Drop-down  "  clip,  Elswick, 
and  Craven  &  Bradley,  &c. 

( 1)  Direction  of  Road  (when  the  road  is  not  straight). — 
Ujider  these  conditions  a  number  of  clips  are  successfully 
u»ed  to  advantage,  but  are  not  absolutely  infallible,  as  there 

*  Abstract  of  pjipor  read  before  the  Nortli  Stui'fordshirc  In«titutc  ot  Mining 
und  Mechanical  Engineers. 


is  a  tendency  when  a  clip  is  attached  to  a  rope  and  is  coming 
round  a  bend  for  the  rope  to  slip  out  of  the  groove  of  a 
j) ul ley.  Should  this  happen  there  would  be  damage  caused 
both  to  the  clip  and  the  rope.  Under  tliese  conditions  thore 
is  a  large  amount  of  wear  on  the  clip  and  rope.  A  number 
of  clips  may  be  used  under  these  conditions,  such  as  the 
Stubbs,  Smallman,  and  tlie  Craven  <fe  Bradley. 

(■>)  Under  and  Over  Rope. —— To  tiie  writers'  knowlfMioc, 
no  clip  is  suitable  for  the  two  conditions  unless  certain 
alterations  are  made,  and  even  then  tliese  alterations  can 
only  be  accomplished  in  the  case  of  a  few  clips.  For  the 
over-rope  haulage,  lashing  cliains  are  used,  but  latterly  have 
been  superseded  by  the  Swan  clip  or  preferably  the  Aspinall 
clip. 

Clips  may  be  divided  into  three  classes,  namely,  the  lever 
type,  screw  type,  and  wedge  type.  Examples  of  the  lever  type 
are  as  follows :  Stubbs,  Sylvester  &  Weaver,  Smallman,  Bull- 
dog, and  Aspinall.  Examples  of  the  wedge  type  are  the 
Stubbs  and  the  Smallman.  Examples  of  the  screw  type  are 
the  Craven  &  Bradley  and  the  Elswick.  There  are  many 
other  types  of  clips  owing  to  the  fact  that  most  collieries  have 
designs  of  their  own3  and  each  particular  type  is  assumed  to 
bo  tli©  best  for  the  syst&m  of  haulage  in  use.  Examples : 
" Drop-down  "  clip  and  Swan  clip. 

The  lashing  chain  is  extensively  used  at  some  collieries, 
and  -  although  not  a  clip,  it  is  used  for  the  same  purpose. 
The  chaiu  is  about  10ft.  long,  having  a  hook  at  one  end 
which  is  attached  to  the  draw-bar  of  the  tub.  The  other  end 
is  coiled  a  few  times  round  the  rope  and  hooked  into  the 
chain  near  the  rope.  Wlien  the  road  is  undulating,  it  is 
necessary  to  us©  two  chains,  one  attached  to  the  front  end 
for  pulling,  and  tiie  other  attached  to  the  back  end  for  hold- 
ing back. 

The  lever  type  of  clip  is  mostly  adapted  for  inclines,  as 
it  adjusts  itself  to  the  varying  diameter  of  the  rope  caused 
by  the  weight  on  the  rope.  It  is  a  well-known  fact  that  there 
is  a  difference  in  the  diameter  of  a  rope,  working  on  an 
incline  plane,  between  the  top  and  bottom.  The  writers 
have  carried  out  experiments  on  a  rope  l^in.  diam.，  which 
had  worn  down  to  1  ^in.  Taking  several  parts  of  the  rope, 
they  found  a  difference  of  -j^in.  diam.  ou  tli©  same  point  of 
the  rope  between  the  top  and  bottom  of  an  incline  800  yards 
long,  varying  from  13°  to  20°.  These  tests  were  made  when 
tliere  was  less  than  half  the  working  load  on  the  rope.  The 
authors  liav©  no  doubt  this  variation  would  be  more  notice- 
able with  tlie  rope  working  on  full  load,  and  especially  so  in 
the  case  of  a  new  rope,  when  the  hempen  core  is  large  and 
the  strands  not  prop&rly  bedded  in  their  places. 

The  screw  type  of  clip  does  not  adjust  itself  to  the  vary- 
ing diameter  of  the  rape,  so  that  it  is  not  suitable  for  heavy 
haulage  on  a  steep  gradient.  The  writers  know  of  a  case 
where  a  youtli  was  stationed  at  a  point  in  a  dip  to  tighten 
the  grip  of  the  clip  on  the  haulage  rope. 

As  to  the  advantages  of  the  various  types,  the  Bull-dog, 
which  is  of  the  lever  type,  has  given  a  certain  amount  of 
satisfaction,  but  its  disadvantages  far  outweigh  its  advan- 
tages. It  can  be  adopted  when  the  load  is  against  the 
gradient,  as  it  is  dependent  on  the  load  for  its  grip  on  the 
rope,  and  it  adjusts  itself  to  the  varying  diameter  of  the  rope. 

As  to  the  Sylvester  &  Weaver,  which  is  of  the  cam  and 
lever  type',  its  advantages  over  those  of  tlie  Bull-dog  type  are 
that  it  lias  a  guard  to  prevent  the  cam  from  splitting  or 
opening  the  rope  ；  also  that  it  is  a  very  strong  clip,  and  will 
work  on  a  steep  incline  with  safety,  and  will  adjust  itself 
to  the  varying  diameter  of  the  rope.  At  collieries  in  the 
district  the  clip  is  working  satisfactorily.  At  Norton  Col- 
liery tliis  clip  draws  two  loads  up  an  incline  of  1  in  3，  each 
weighing  15  cwts.  At  one  time  the  pivot  was  a  weak  point 
in  tlie  clips  and  occasionally  broke.  Experiments  were  made 
with  several  qualities  of  steel  pivots  subjected  to  a  dead 
shearing  strain  with  the  following  results  ： ― 

Tons.  Cwts. 

Bessemer  steel-  pivot   14  10 

Mild      "        ，，       (case-hardened)    17  7 

Silver     ，，       ，，       (not  hardened)    21  12 

Nickel    ，，       ,，       (not  hardened)    22  10 

The  coiuiecting  rod  was  also  tested  at  tlie  same  time,  the  hook 
of  wliich  straightened  out  with  a  dead  load  of  oue  ton. 

The  Stubbs  clip  is  constructed  on  the  new  wedge  priuciple, 
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introducing  tlie  wedge  frame.  It  is  automatically  detachable 
and  attachable',  and  does  not  kink  the  rope  when  working 
ia  a  forward  position.  It  adjusts  it,se】f  to  the  varying 
diameter  of  tlie  rope,  and  will  work  on  either  sieep  gradients, 
undulating  or  level  roads.  Tlie  Sinallman  clip  lias  been  used 
with  success,  not  only  on  level  roads,  but  on  undulating  roads 
and  round  bends  in  the  road.  The  Craven  &  Bra3ley  (a 
screw  clip)  is  giving-  satisfaction  in  the  district,  and  each  clip 
is  capable  of  drawing  up  an  incline  of  1  in  3  a  run  of  three 
tubs,  weighing'  Wo  tons,  at  a  speed  of  two  miles  per  hour. 
Its  advantages  are  that  it  can  be  used  on  level  and  undulat- 
ing roads.  The  Elswick  is  also  a  screw  clip.  The  jaws  of 
this  clip,  by  which  the  rope  is  gripped,  act  almost  like  a 
clamp.  It  may  be  used  on  undulating  roads.  The  clip 
known  among  miners  by  the-  name  of  "Collar"  clip,  very 
much  resembles  a  pair  of  blacksmith's  tongs.  It  is  cheaply 
])iocluoed  and  very  easily  repaired .  The  Light  Haulage 
clip  belongs  to  the  lever  wedge'  type  ；  it  is  very  useful  and 
simple.  Its  advantages  are  that  it  is  cheap  and  liglit,  and 
is  adapted  to  undulating  and  level  roads.  It  is  automati'  :'ilv 
detachable.  The  Aspinall  clip  is  used  for  over-rope  haulage. 
At  a  local  colliery  this  clip  is  drawing  one  tub  weighing 
10  cwts.  up  an  incline  of  30。.  It  adjusts  itself  to  the  vary- 
ing diameter  of  the  rope.  The  heavier  the  load,  the  better 
is  the  grip. 


THE  USE  OF  CHILLS  TO  OVERCOME  LIQUID  CONTRACTION. 

A  paper  on  "  The  use'  of  ('lulls  to  Overcome  Liquid  Contrar- 
t ion,"  illustrated  by  lantern  slides,  was  read  by  Mr.  R. 
C1arrick,  of  Shipley,  at  a  meeting  of  the'  Lancashire  brand) 
of  tlie  British  Foundrymen's  Association  on  Saturday  last. 
Of  the  many  difficulties  that  every  day  beset  the  path  of  the 
foundryinan,  thero  was,  hei  observed,  probably  none  that  was 
the  source  of  so  much  trouble,  or  produced  so  many  wasters, 
as  liquid  contraction.  The  term  "  liquid  contraction  "  was 
of  comparatively  reoent  origin,  and  one  that  had  been 
objected  to  in  different'  quarters.  The  term  more  generally 
used  and  understood  was  "  shrinkage,"  and  yet  this  had  so 
frequently  been  used  as  synonymous  with  contraction 
(especially  by  patternmakers  aud  others  outside  the  foundry) 
that,  it  was  very  essential  tliat'  sot  tie  distiiu'tion  be  made  ；  aud, 
to  the  author's  mind,  the  term  "  liquid  contraction,"  or, 
perhaps,  better  still,  "  liquid  shrinkage,"  admirably  met  the 
case.  Longmuir  and  McWilliam  state  in  tlieir  book3  "liquid 
shrinking  refers  to  the  gradual  lessening  in  volume  of  fluid 
metal  as  it  approaches  the  solidification  point,"  and  although 
tlie  cause  of  liquid  and  solid  contraction  was  exactly  the 
same,  the  effect  was  entirely  different.  It  was  well  known 
that  different  brands  of  iron  varied  considerably  in  the 
amount  of  liquid  contraction,  and  that  it  was  quite  possible 
by  judicious  mixing  to  reduce  it  to  a  minimum.  But  having 
done  our  utmost  in  this  respect>  and  having  consulted  the 
chemisi,  metallurgist,  and  foundry  expert,  we  still  found  our- 
selves with  numerous  problems  of  leakages,  porosity,  and 
spongy  places  due  to  liquid  contraction. 

The  use  of  the  feeding  rod  in  the  hands  of  a  competent 
mail  might  do  a  great  deal  towards  getting  a  casting  sound, 
but  there  were,  lie  said,  scores  of  cases  where  it  was  impos- 
sible to  get  absolute  solidity,  even  with  the  feeding  rod,  and 
there  were  still  more  cases  where  it  was  impossible 
to  get  near  the  heavy  section  with  a  feeding  rod  at  all, 
rind  consequently  other  methods  must  be  adopted,  or  else  the 
castings  must  bo  left  in  an  unsound  condition  at  that  point. 

The  author  next  referred  to  some  well-known  cases,  viz" 
hubs  of  spur  wheels,  blank  wheels,  flywheels,  pulleys,  &c. 
The  majority  of  these  were  very  similar  in  design,  and  were 
jobs  that  frequently  gave  trouble,  owing  to  not  being  sound 
in  tlie  hub.  Almost  without  exception  these  had  a  large 
fillet  at  the  point  where  they  connected  witk  th©  arms  or  web, 
and  it  was  at  this  point  where  porosity  occurred .  A  chill 
cast  in  the  centre  insbead  of  a  core  was  likely  to  be  much 
more  effective  than  the  feeding  rod.  Further,  there  was  the 
lime  saved  in  feeding,  not  to  mention  the  energy  and  vitality 
of  the  moulder.    But  ifc  Jiot  infrequently  happened  that  when 

moulder  had  done  his  utmost  witli  the  feeding  rod,  and 
had  fed  it  very  thoroughly  (in  the  case  of  fairly  heavy  hubs) 
there  might  still  be  porosity  or  spanginess.  This  might  not 
be  entirely  due  to  liquid  shrinkage,  but  was  probably  due 
to  the  carbon  separating  out  in  the-  form  of  graphite,  owing 


to  the  slower  rate  of  cooling  at  the  thickest  section  of 
the  casting.  This  was  very  clearly  brought  home  to  the 
author  in  the  case  of  lathe'  face-plates,  which  prior  to  tl"' 
use  of  cliills  had  been  a  real  source  of  trouble  in  the  shop. 
The  hole  would  appear  to  bo  fairly  sound  when  it  was  bored, 
the  plate  would  then  be  turned  up,  but  when  the  thread 
came  to  be  cut  it  would  often  crumb  and  fall  away  right 
in  the  centre  of  the  hole  at  the  root  of  the  thread,  the  cast- 
ing being  consequently  scrapped.  A'  chill  effectively  cured 
this,  and  scores  liad  since  been  made  without  a  single  failure; 
moreover,  a  much  better  wearing  thread  was  obtained. 

Steai"-，  gas -，  and  oil-engine  cylinders,  valves,  engine  beds, 
centrifugal  pumps,  tee  pipes,  lathe  turrets,  and  many  others, 
were  castings  that  could  be  greatly  improved  by  the  us©  of 
？ hills.       IIo  emphasized  that  it  was  not  advisable  to  use 
inferior  iron  for  the  ca-stings  mentioned.    On  the  other  hand 
it  was  of  the  utmost  importance  to  use  tlie  very  best  iron 
suitable  for  the  various  classes  of  work  referred  to.    But  ifc 
was  well  to  remember  that  even  with  tlie  best  mixtures, 
where  a  very  slow  rate  of  cooling  was  got,  one  was  liable  to 
get  an  open,  porous,  and  weak  body  of  metal  at  that  point. 
If,  however,  a  chill  of  the  correct  design  and  thickness  could 
be  got  fco  the  thick  section,  and  solidification  thereby  accele- 
rated, all  danger  of  porosity  or  sponginess  in  that  casting 
was  likely  to  be  eliminated.      It  should  be  clearly  under- 
stood tliat  although  these  were  referred  to  as  chills,  the  en  a 
iii  view  was  to  avoid  chilling  in  the  ordinary  sense  of  the 
word,  and  simply  accelerate  solidification,  and  thereby  give 
the  carbon  less  time  to  separate  out  in  the  form  of  free  or 
graphitic  carbon,  but  more  in  the  combined  form,  and  there- 
by give  a  closer,  stronger,  and  more  solid  section  than  would 
otlierwise  be  obtained.    In  reality  the  term  "chill,"  as  here 
used,  and  as  it  was  being  frequently  used  every  day,  was 
a  misnomer,  and  unfortunately  not  only  did    it   convey  a 
wrong  impression  generally,  but  it  created  a  feeling  of  sus- 
picion in  the  mind  of  the  employer  and  the  foreman  machi- 
nist.   They  naturally  associated  the  term  "  chill  "  with  ex- 
treme hardness,  end  were  immediately  on  tlie  look  out  for 
trouble  ；  even  if  they  did  not  always  find  it,  they  had  a  ready 
excuse  for  excess  time  in  machining.    As  foundrymen  fchey 
could  liardly  be  blamed,  for  they  were  simply  interpreting 
tlie  word  in  its  real  sense.    The  remedy  for  this  lay  with 
ou rselves  ；    i.e.,  change  the  term.      Mr.  F.  J.  Cook,  of  Bir- 
mingham, had  suggested  the  use  of  the  terms  "  Grey  Chill  " 
and  "White  Chill,"  but  while  this  might  meet  the  case  with 
foundrymen,  it  would  be  liardly  likely  to  get  over  the  pre- 
judice in  the  machine  shop.    The  author  suggested  that  this 
question  be  dealt  with  by  the  British  Foundrymen's  Asso- 
ciation Council  at  their  next  meeting,  and  a  committ/ee  be 
appointed  to  devise  a  suitable  term  that  would  convey  to 
all  associated  with  the  foundry  the  correct  idea. 

In  certain  oases  it  was  usual  for  the  chill  to  be  removed 
as  soon  as  the  casting  had  solidified.  The  writer  had  also 
expressly  stated  that  the  object  of  the  chill  was  to  cause 
the  casting  to  solidify  more  rapidly  than  it  would  under 
ordinary  conditions  When  the  casting  had  solidified  the 
object  of  the  chill  was  accomplished,  and  to  leave  it  on  was 
simply  to  make  the  casting  harder  than  was  necessary,  and 
thereby  cause  increased  cost  in  machining.  If  removed, 
however,  and  the  casting  allowed  to  cool  under  normal  condi- 
tions ther&  would  be  little  foar  of  any  complaints  about  ex- 
treme hardness.  The  author  mentioned  that  he  was  using 
hundreds  of  chills  every  day,  and  seldom'  had  a  complaint 
concerning  hardness. 

Regarding  the  removal  of  the  chillSj  it  was  not  general  prac- 
tice to  take  all  of  them  away  immediately  the  casting  had 
solidified,  but  only  in  cases  where  they  were  deemed  likely 
to  cause  extreme  hardness  if  left  until  the  casting  became  cold. 
It  would  hardly  be  possible  to  enumerate  the  various  cases 
w】iere  it  was  necessary  to  remove  the  chills  ；  this  was  a 
matter  for  individual  observation  and  experience,  and 
judicious  handling  of  the  chills  along  these  lines  was  very 
vital.  Tlie  author  did  not  wish  the  previous  sentence  to 
convey  the  idea  that  there  were  cases  where  it  was  necessary 
to  leave  the  chill  until  th©  casting  was  cold  ；  in  all  cases 
wliere  th©  only  object  was  to  prevent  segregation  by  causing 
quick  solidification  (and  it  was  from  this  standpoint  alone:  that 
the  question  was  now  being  dealt  with)  it  was  advisable  to 
remove  the'  chill  as  soon    as   possible   after  solidification, 
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although  this  was  not  always  done.  The  great  trouble  about 
east  iron  was  not  so  much  fclie  amount  of  metalloids  as  that 
with  very  slow  cooling  segregation  took  place  and  destroyed 
the  homogeneity  of  the  metal.  It.  was  not  possible  to  pre- 
vent segregation  altogether  in  the  case  of  very  heavy  sections 
and  get  a  perfectly  hoiuogeueous  structure  throughout,  but 
it  was  possible  to  greatly  improve  large  quantities  of  castings 
that  were  being  turned  out  to-day,  solely  by  studying  the 
heat  treatment  of  the  cast  iron  after  it  had  entered  the 
mould.  Incidentally,  the  author  stated  that  he  believed 
it  was  along  these  lines  that  the>  uexb  great  develop- 
ment in  the  foundry  industry  would  move,  i.e.,  the  use 
of  iron  or  permanent  moulds,  the  object  of  which  would  not 
on】y  be  to  cheapen  production,  but  to  get  greatly  improved 
castings  by  preventing  segregation. 

He  .did  not  recommend  the  us&  of  chills  as  the  great 
panacea  for  all  a  foundryman's  troubles,  for  all  practical 
foundr}rmen  knew  that  there  were  precautions  that  must  be 
taken  when  using  them.  They  must  be  free  from  moisture 
and  rust,  also  of  correct  form  and  thickness,  and  care  must 
be  taken  that  the  runner  did  not  impinge'  on  them  when 
pouring,  <fec.  They  might,  he  said,  easily  become  an  addi- 
tion to  the  fouiidryman，s  already  numerous  troubles,  but  it 
might  again  be  emphasized  that  carefully  employed  they 
became  a  very  effective  factor  in  preventing  liquid  contrac- 
tion, segregation,  and  frequently  in  helping  to  overcome  diffi- 
culties that  might  arise  in  grading  the  iron,  owing  to  the 
great  variations  in  the  thickness  of  numbers  of  small  cast- 
ings in  one  heat. 

Referring  finally  to  the  coating  of  the  chills,  he  did  not 
think  that  there  was  any  special  virtue  in  any  of  the  numerous 
coatings  that  were  recommended.  For  chills  that  were  -en- 
tirely surrounded  by  metal  ordinary  clay-wash  and  composi- 
tion blacking  could  be  used,  and  in  cases  where  only  one  face 
was  exposed  bo  the  metal,  a  mixture  of  oil  and  plumbago. 
So  far,  these  had  answered  the  purpose  better  than  any  of 
the  patent  mixings  often  recommended.  The  success  of  the 
chill  did  not  depend  so  much  on  the  coating  as  on  other 
tilings,  i.e.,  getting  them  at  the  right  point  and  of  the  cor- 
rect shape,  and  removing  them  at  the  proper  time.  These 
were  the  things  that  required  the  most  consideration  ；  coating 
was  more  a  matter  of  detail  and  taste. 


Manchester  Association  of  Engineers,— On  Friday  evening, 
the  6th  inst. ,  over  200  members  of  the  above  association  had 
the  privilege  of  inspecting  the  extensive  motor-car  works  of 
Messrs.  The  Belsize  Motors,  Ltd.,  Clayton,  on  arrival  being 
received  by  the  managing  director,  Mr.  Jas.  Hoylo  Smith. 
At  the  present  time  the  works  cover  an  area  of  over  7  acres 
and  are  employing  approximately  over  1,500  men,  all  of  whom 
are  engaged  in  the  production  of  touring  and  pleasure  cars, 
together  with  taxis,  fire  engine,  and  commercial  vehicles,  a 
business  which  in  this  district  is  growing  enormously  from 
year  to  year.  On  the  conclusion  of  the  visit,  the  thanks  of 
the  members  for  the  privilege  afforded,  in  the  absence  of  the 
President  (Mr.  Charles  Day)，  were  conveyed  to  Mr.  Hoyle 
Smith  by  Mr.  Wm.  Fox  (ex-president)  and  Mr.  Joseph  H. 
Stubbs  (past-president) .  • 

Steam  Friction  in  Turbine  Wheels. ―  At  a  meeting  of  the 
Scientific  Society  of  the  Royal  Technical  College, 
Glasgow,  held  on  Saturday  last,  Mr.  "William  Kerr 
read  a  paper  on  "Steam  Friction  in  Turbine  Wheels. " 
The  lecturer  divided  steam  friction  into  two  classes, 
disc  friction  and  vane  friction,  which  was  commonly 
called  "  ventilation  friction,"  and  described  the  experiments  of 
Odell,  Stodola,  Lasche,  and  Lewick-e,  giving  the  results  deter- 
mined in  their  experiments.  Mr.  Kerr  discussed  the  results 
of  his  own  investigations  on  the  college  turbine  plant  as  Beilby 
Research  Scholar.  After  describing  the  plant  in  detail ,  the 
lecturer  dealt  fully  with  his  methods  of  experimenting,  and 
showed  the  results  obtained  in  a  series  of  three- ordinate 
graphs,  showing  the  variation  of  friction  effects  with  speed  and 
steam  density.  The  latter  part  of  the  lecture  showed  the 
relationship  f)etween  the  various  ex p eri m enters'  results.  In 
the  course  of  the  discussion  Prof.  Mellanby  referred  to  the 
generosity  of  a  local  gentleman  who  had  presented  sufficient 
money  for  the  installation  in  the  Royal  Technical  College  of 
turbine  plant  of  a  sufficient  size  to  enable  research  work  to  be 
carried  on. 


THE  CASTING  OF  GERMAN  SILVER, 

HY  C.  P.  KARK. 

German  silver  is  a  composition  of  nickel,  copper,  and  ziuc?  in 
varying  proportions.  Its  value  in  th©  arts  depends  upon  its 
colour,  lustre,  hardness,  tenacity,  tougluiess,  malleability, 
ductility,  its  machining  qualities,  its  resistance  to  alkalies  and 
acids.  Generally  speaking,  it  is  manufactured  in  three  diffe- 
rent ways,  Gorman,  English,  and  American. 

In  the  German  method  the  three  constituent  metals, 
nickel,  copper,  and  zinc,  are  carefully  weighed.  A  graphite 
crucible  is  used  for  the  melting  ；  in  its  bottom  is  placed  first  a 
layer  of  copper,  then  a  layer  of  zinc,  and  then  a  layer  of  nickel, 
and  this  arrangement  is  continued  until  all  of  the  copper  is 
charged  into  the  pot.  One-third  part  each  of  the  nickel  and 
zinc  is  withheld  until  the  contents  of  the  pot  are  melted.  The 
covering  consists  of  charcoal.  When  the  first  charge  is  com- 
pletely melted,  the  molten  metal  is  thoroughly  stirred  with  an 
iron  rod,  then  th-e  zinc  and  nickel  are  gradually  added  as  fast 
as  the  fluid  charge  will  absorb  them,  well  stirred,  and  allowed 
to  come  to  a  pouring  heat.  A  small  excess  of  zinc  is  then 
added  to  replace  the  loss  by  volatilisation.  For  a  rolled  metal 
the  charge  is  kept  for  some  little  time  in  a  molten  condition 
aud  then  poured. 

The  English  method  is  to  melt  all  the  nickel  and  copper 
and  zinc  at  on©  fusion.  The  coveriug  is  coal  dust.  When 
molted,  a  small  quantity  of  a  previously  prepared  alloy  of  one 
part  of  zinc  and  one-half  part  of  copper  by  weight  is  added, 
and  finally  about  one-fifth  by  weight  of  the  previous  charge  of 
zinc  is  added.  The  mass  is  then  strongly  heated  until  the 
proper  fluidity  is  reached. 

The  American  method  consists  in  melting  a  previously- 
prepared  alloy  of  copper  and  nickel  of  the  required  propor- 
tions. The  covering  is  charcoal .  Then  this  alloy  is  remelt'ed 
and  the  proper  amount  of  zinc  is  added  piece  by  piece,  care 
being  taken  to  preheat  the  zinc  and  to  add  it  in  such  manner 
as  to  not  chill  th©  molten  bath,  or  to  molt  the  zinc  in  another 
pot  at  just  melting  heat  and  pour  th©  molten  zinc  into  the 
molten  alloy  of  copper  and  nickel,  stirring  vigorously  during 
the  entire  operation.  Various  modifications  of  tlio  American 
method,  as  described,  are  iu  vogue  in  various  large  works  where 
German  silver  is  made  on  a  large  scale.  For  example,  the 
nickel,  granulated,  is  melted  first,  and  brass ― rolled  or  rod 
brass  is  best ~ which  contains  the  requisite  amount  of  copper, 
is  added  to  the  molten  nickel,  and  if  such  brass  does  not  add  a 
sufficient  quantity  of  zinc,  the  required  amount  is  calculated 
and  added  subsequently.  Another  method  is  to  use  Monel 
metal  as  a  base  containing  the  requisite  quantity  of  nickel , 
then  the  deficient  copper  is  added,  and  finally  the  zinc,  or  a 
good  rolled  or  rod  brass  may  be  added  to  the  Monel  metal  to 
supply  either  all  or  a  portion  of  the  copper  and  zinc  that  may 
be  lacking. 

In  the  English  method  the  alloy  is  tested  by  withdrawing 
a  small  ladleful  from  the  molten  bath,  and  if  found  porous,  a 
fireclay  pip©  containing  pitch  is  pushed  down  into  the  molten 
bath  to  deoxide  tlio  metal  and  restore  it  to  a  sound  condition. 

One  of  the  great  difficulties  found  in  the  preparation  of 
German  silver  is  to  so  unite  its  coustitueuts  as  to  avoid  porosity 
and  produce  a  homogeneous  alloy.  The  high  temperature 
required  to  melt  nickel  alone,  accompanied  by  its  affinity  for 
carbon  and  nitrogen  at  a  high  temperature  and  its  proj>erty 
of  occluding  both  liydrogen  and  nitrogen  within  its  pores  has 
well  nigh  driven  many  ambitious  founders  into  a  state  of 
despair.  A  good  protection  against  these  ills  is  to  prevent  tlie 
access  of  these  gases  to  the  metal  by  a  protective  covering  and 
a  deoxidising  flux.  Charcoal  should  not  be>  used  alone  as  a 
covering  ；  broken  glass  accompanied  by  a  small  proportion 
of  soda  ash  or  calcined  borax  are  muck  better.  A  good 
deoxidising  flux  is  the  proper  use  of  zinc  itself  in  the  making 
of  the  alloy  and  in  also  adding  a  small  amount  of  dry  chloride 
of  zinc  just  after  skimming  the  pot  preparatory  to  pouring, 
and  this  flux  should  be  carefully  stirred  through  the  very 
hot  mass. 

Perfect  castings  have  been  secured  by  adding  four  ounces 
of  cupro-nickel-vanadium  to  the  molten  bath,  about  five 
minutes  before  the  heat  is  ready  to  pour.  The  best  procedure 
is  to  have  the  cupro-nickol-vanadium  either  in  a  granulated 
form  or  broken  into  small  pieces,  wrapped  in  a  piece  of  paper 

*  Paper  read  before  tbo  American  Institute  of  Metals. 
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so  as  to  keep  the  mass  together,  allow  the  little  heap  to  become 
bright  cherry  red,  and  then  push  it  down  below  the  surface, 
and  hold  it  there,  with  an  inverted  cupped  disc,  tho  handle 
to  which  is  about  4ft.  long.  The  mass  is  held  down  near  the 
bottom  of  the  pot  until  it  is  completely  absorbed  by  the 
cliarge.  Then  gently  stir  with  a  pumping  motion,  and  allow 
1  lie  charge  to  remain  quietly  for  about  five  minutes,  so  as  to 
give  the  vanadium  a  proper  chance  to  perform  its  scouring  and 
[)urifying  action .  The  vanadium  exerts  no  delerious  action 
upon  the  texture  of  the  crucible.  When  the  metal  reaches  a 
clear,  limpid  state,  as  evidenced  by  its  greater  mobility,  the 
heat  is  ready  to  pour.  Lambent  flames  of  zinc  oxide  flare  up 
at  the  sides  when  the  metal  is  in  a  perfect  condition. 

After  th©  alloy  is  made  the  founder's  chief  trouble  begins. 
Any  alloy  containing  uickel  chills  with  surprising  rapidity, 
thickens  by  rapid  oxidation ;  and  its  shrinkage,  when  reaching 
its  freezing  point,  is  beyond  all  precedent.  To  overcome  its 
tendency  to  chill,  its  melting  poiut  must  be  materially  reduced 
by  the  us©  of  some  alloy  that  will  promote  its  fluidity  ；  this 
may  bo  done  by  the  introduction  of  a  small  proportion  of  a 
previously  prepared  aluminium  zinc  alloy  aud  is  advisable 
where  the  castings  do  not  have  to  sustain  a  hydraulic  test. 
Where  a  hydraulic  test  must  be  borne,  a  previously  prepared, 
calcium-zinc  alloy  may  be  used  with  good  results.  To  over- 
come its  tendency  to  rapid  oxidation  on  the  surface  of  the 
bath,  chloride  of  zinc  in  a  perfectly  dry  state  is  almost  a 
specific. 

To  overcome  its  excessive  shrinkage,  the  runner  on  the 
gate  must  never  be  less  than  the  maximum  thickness  or  area 
of  the  maximum  area  of  the  shell  of  the  casting.  Sometimes 
in  solid  work  the  sprue  head  must  weigh  as  much  as  the  cast- 
ing. While  chloride  of  zinc  as  a  flux  will  preserve  the  metal 
from  surface  oxidation,  it  will  not  protect  the  body  of  the 
molten  charge  from  the  absorption  of  such  gases  as  oxygen, 
nitrogen,  and  sulphur  ；  th©  only  reagent  which  will  reach 
these  products  is  one  that  will  either  be  decomposed  by  them 
when  in  a  nascent  state  so  as  to  act  as  a  carrier  for  them  and 
bring  tbem  to  the  surface  to  b©  absorbed  in  the  slag,  or  some 
element  which  has  a  greater  affinity  for  them  than  the  basic 
m&tals  in  the  pot.  There  are  three  elements  which  have  a 
greater  affinity  for  such  gases  than  copper,  nickel,  or  zinc, 
and  these  -elements  are  zirconium,  boron,  and  titanium  and 
one  element  which  acts  both  as  a  carrier  of  oxygen  and  has 
a  strong  affinity  for  nitrogen  and  sulphur,  and  that  element 
is  vanadium.  At  this  point,  however,  I  wish  to  emphasize 
the  importance  of  using  a  pure  product  of  cupro-vanadium  ； 
one  having  any  aluminium',  however  small  the  quantity,  is 
not  to  be  recommended  for  valve  work  or  other  castings 
requiring  a  severe  hydraulic  test. 

Having  secured  a  perfect  composition  and  skilful  treat- 
ment at  the  melter's  hands,  th©  fouudryman  is  still  far  from 
ultimate  success.  First  tlx©  body  of  his  mould  must  be  an 
open  sand,  his  facing  must  be  of  some  fine  moulding  ，sand， 
which  must  be  skin  dried,  and  then  the  moulds  must  be 
smokted  by  a  torch  ；  where  a  heavy  casting  is  to  be  made, 
even  these  precautions  will  not  lead  to  success;  his  sprue 
head  and  main  feed  gate  must  be  brushed  down  with  graphite 
and  smoothed  down  with  a  slicking  tool.  Now  all  of  this 
will  be  of  no  avail  unless  the  moulder  has  been  careful  to 
vent  his  mould  properly,  at  all  places  wliere  it  is  possible  for 
the  gas  to  become  trapped  or  pocketed  ；  furthermore,  the 
cores  should  be  made  of  white  lake  sand  mixed  with  some 
approved  cor©  compound,  the  whole  mass  being  skin-hardened 
by  stale  beer.  In  many  cases  even  the  core  has  to  be  vented . 
With  all  of  tli'e&e  precautions  the  casting  may  prove  worth- 
less if  the  metal  is  not  properly  skimmed  before  pouring,  and 
tlien  poured  with  a  uniformly  steady  stream  and  at  such 
a  rate  as  to  keep  the  descending  column  full,  so  as  to  avoid 
y]>elter  marks  and  cold  sliuts.  To  conclude,  I  would  say  that 
i  lie  art  of  making  sound  German  silver  castings  is  one  that 
is  accompanied  by  infinite  precautions,  painstaking  details, 
and  a  devotion  to  thoroughness  that  knows  no  limitations. 


The  Concrete  Institute.  — At  a  recent  meeting  of  this  insti- 
tute, Mr.  J.  M.  Theobald  read  a  paper  on  "  Bills  of  Quantities 
for  Reinforced  Concrete,"  in  which  lie  reviewed  the  difFerent 
forms  of  contract  under  which  reinforced-concrete  construction 
was  carried  out,  and  dealt  with  the  details  of  the  work,  its 
nieasurement,  and  its-  pricing. 


INDUSTRIAL  AND  TRADE  NOTES. 

The  Use  of  Oil  as  Fuel  in  the  United  States.— Nearly  62,000,000 
bai'i'ds  of  oil  were,  it  is  estimated,  consumed  as  Uw\  in  11)1  I  in 
the  United  States,  as  compared  with  61,000,000  barrels  in  1910. 

Trade  Circulars— We  have  received  from  The  (Viisr  Siiprrl" 、； a('r 

Company,  the  P;irsmmw,  Blackt'riar.s,  Manchester,  :m  illustrated 
circular  showing  the  arrangement  of  their  patent  superheater,  with 
particulars  of  i  test  made  by  the  testing  staff  of  The  British  En- 
gine,  Boiler  and  Electrical  Insurance  Company.  From  the  LoikIoii 
Emery  Wheel  Company  Perfection  Works,  Tottenham,  London,  N.,  w (； 
have  received  a  circular  describing  and  illustrating  the  Buess  oil- 
fired  crucible  melting  furnace. 

Orders  for  Oil-cngincd  Ships.— Messrs.  Siimuel,  of  London,  li;m'， 
u'，  l(':mi，  plnccd  ； in  order  for  ； i  lar^e  oil  tank  steamer  with  Messrs, 
Swan,  Hunter,  &  Wighani  Hicliardson,  Ltd.,  Wallsend,  to  be 
fitted  with  Diesel  oiigim's,  u  liich  will  be  made  at  the  I^eptim'' 
works  of  the  firm,  Low  Walker.  The  same  owners  have  also 
ordered  a  similar  ship  from  Messrs.  Armstrong,  Whitworth.  This 
、 "ssH  will  Ik>.  Ituilt  at  Low  Walker,  and  her  Diesel  engines  will 
constructed  by  the  Wallsend  Slipway  Company. 

Wages  Advanced  in  the  Tube  Trade. ― At  a  meeting  of  the  Wages 
Board  of  the  Staffordshire  and  Midlands  iron  tube  trade,  liold  on 
the  6th  inst.，  to  consider  a  notice  of  advance  served  by ■  the  opera- 
tives, it  was  resolved  to  concede  an  immediate  wages  advance  of 
2^  per  cent,  on  gas,  water,  and  steam  tubes  from  Jin.  up  to  6in. 
sizes,  and  a  further  per  cent,  at  the  beginning  of  February. 
The  employes  promised  to  hold  ； i  further  conference  before  CI  iris  t- 
mas  to  consider  a  wages  advance  also  on  fin.  tubes  and  fittings. 

Electrification  of  a  London  Railway. ― Tho  Ijoruloii  and  South-wes- 
tern Railway  Conipany  have  decided  to  】nake  a  commencement 
with  the  (！ ltM^trificatioii  oi  their  London  suburban  lines  by  con- 
verting 73  miles  of  single  track  on  the  circular  route  from  Water- 
loo via  Wiml 山' （Ion,  Kingston,  Twickenham,  and  Richmond,  back 
to  Waterloo.  The  conversion  of  a  further  100  miles  of  single  track 
will  follow  in  due  course,  but  owing  to  the  magnitude  of  the 
work  it  will  be  some  little  time  before  these  further  extensions 
can  be  put  in  hand.  The  company  will  adopt  the  direct- current 
third-rail  system,  and  will  have  their  own  poAver-house,  with  sub- 
stations. 

Marine  Oil  Engines. ― The  Burmeister  &  Wain  (Diesel  System)  Oil 
Engine  Company  are  to  commence  the  manufacture  of  oil  engines 
at  their  works  in  Glasgow  in  February  of  next  year.  The  com- 
pany have  at  present  orders  for  their  Glasgow  works  to  supply  oil 
engines  for  six  vessels.  They  have  entered  into  ix  contract  with 
the  East  Asiatic  Company  of  Copenhagen  to  manufacture  engines 
of  2^250  h.p.  for  the  two  twin-screw  vessels  which  are  to  be  built 
by  Messrs.  Harland  &  Wolff,  and  also  to  replace  the  present 
engines  of  three  steamers  of  the  company's  fleet  by  motors  of 
1,600  h.p.  In  addition,  they  are  to  provide  engines  of  3,200  li.p. 
for  the  Atlantic  transport  liner  which  is  to  be  built  at  Gov  an  by 
Messrs.  Harlancl  &  Wolff. 

Diesel'engined  Oil  Tankers. ― Messrs.  Krupp  recently  launched  at 
Kiel  the  first  of  the  three  oil  tankers  which  they  are  building  for 
the  Genua n-A merican  Petroleum  Company.  Tho  vessel  is  driven 
by  two  sets  of  6-cylinder  Krupp- Diesel  engines  of  2，300  h.p.  The 
scavenging  pumps  are  worked  off  the  middle  crossheads,  but  the 
high-pressure  air  for  injection  and  manauivring  is  supplied  hy 
independent  compressors  driven  by  separate  Diesel  engines.  The 
problem  of  the  auxiliary  machinery  has  been  attacked  in  such  a 
manner  that  experience  will  be  obtained  with  compressed  air 
engines,  steam  engines,  and  electric  sets3  examples  of  each  of 
these  being  incorporated  in  the  design.  At  sea  the  exhaust  gas 
is  employed  to  heat  the  Water  for  the  heating  of  the  ship.  The 
vessel,  which  is  of  7,700  tons  carrying  capacity,  measures  400ft. 
between  perpendicularSj  53ft.  in  extreme  breadth,  and  32ft.  4in- 
to  the  upper  deck.    The  draught  is  25ft.  3in. 

North-eastern    Electric    Railway    Extensions.  ―  With    a    view  to 

aflFording  improved  facilities  for  the  development  of  the  residen- 
tial area  of  the  Northumberland  coast,  served  by  their  Newcastlo 
； nul  Tyneniouth  electrified  lines,  the  No r th -ea stor i i  R a i  1  w ny  Com- 
paiiy  are  embarking  upon  a  large  scheme  of  alterations  at  Monk- 
s:':itmi，  and  also  tht、  construction  of  a  new  stretch  of  railw  ;iy  from 
^lonkseaton  to  Seat 311  Sluice  on  tlie  Nortluimberlancl  coast.  Tho 
existing  Avenue  branch  line,  Avhirh  runs  from  Monkseatoa  to 
BIythj  is  to  be  diverted  into  a  new  station  to  be  built  at  Mo  11k- 
senton  and  doubled  for  about  half  a  mile,  from  whicli  northward 
point  a  new  railway,  two  miles  in  length,  having  intermediate 
stations  at  Bi'iarch""'  ； uul  Hoi Iv we II  Bay,  a\  ill  extend  coastwise  to 
Sr;i ion  Sluice1.  A  coiimHMH'C'niont  will  .sliortly  ho  in;ulo  with  tlip 
work,  w  liicli,  it  is  ostiinatocl,  will  cost  about  £30,<K)0.  It  is 
cxjx'cled  that  these  oxtctisions  will  be  rca<l v  for  use  l>y  Kuster, 
1914. 
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Motors  in  Fishing  Boats. ― Captain  J. 丄 L  M'l':\v—m,  ni;u  m(、  super 
inteiulent  to  the  Fishery  Board  for  Scotland,  has  presented  an 
interesting  report  to  the  Board  regarding  a  visit  he  paid  to  tho 
Scandinavian  Fislierios  aiul  I  ntornatioiial  Marim、  Motor  Kxliil)i- 
tions  w hi cli  were  held  in  Copenliag^H  in  July  and  August.  In 
his  general  remarks  he  states  tliat  homo  of  the  metlimis  sliow  n 
for  transmitting  motor  power  to  trawl  winch  or  iiot-hiiulin^  cap- 
stan  would,  in  his  opinion,  prove  satisfactory  on  boa rd  largo 
trawlers  or  drifters.  The  general  position  sec  mod  to  be  that  for 
small  and  moderate-sized  fishing  boats,  or  as  an  auxiliary  in  the 
large  East  Coast  sailing  boats,  motor  pou  cr  w  as  lii^lily  desirabli1, 
and  for  this  purpose  a  great  variety  of  serviceable  and  suit;ib】t' 
motor  engines  was  available,  but  that  it  w  as  extremely  (loul)ti'ul 
whether  steam  could  be  successfully  ooinp<»t(^d  witli  l>v  oil  motors 
in  full-poweretl  drifters  and  deep-sea  trawlers.  This  positioJi 
was  produced  partly  by  the  present  uncertainty  of  future  prices 
for  oil  fuel  and  a】so  partly  hy  the  fact  that  it  would  1)p  difficult 
for  some  time  at  least  to  get  men  、、.li()  、v"iv  competent  to  rim  ;i 
Diesel  engine  to  go  to  .soa  in  a  fishing  boat. 

Agreements  in  the  Shipbuilding  Industry.— At  nircting  oi  tlie  Jnrlus 
trial  Council,  held  in  London  on  the  4th  inst.'  Mr.  I.  1).  Hebron, 
of  the  United  Patternmakers'  Society  ,  and  secretary  of  the  Boa  id 
of  Conciliation  for  the  patterninakin^  industry  of  the  North-east 
Coast,  expressed  the  opinion  that  it  was  desirable  that  an  agree- 
ment in  the  shipbuilding  industry  on  wa^es  and  hours  should 
extend  to  the  whole  of  the  industry  in  a  local  area.  He  certainly 
thought  that  on  all  questions  of  wages  and  hours  sectional  agree- 
ments should  not  exist.  In  the  past  the  men  in  his  society  (com- 
paratively small  in  number)  had  suffered  through  being  thrown 
idle  by  the  action  of  another  section  of  the  shipbuilding  industry. 
There  was  therefore  tlie  possil)i!ity  of  a  small  body  of  men  taking 
action  \vhich  would  dislocato  a  whole  industry  Avith  grave  results. 
Witness  said  his  society  had  rules  for  the  restriction  of  overtinu\ 
and  those  rules  had  been  proved  to  have  a  beneficial  effect.  AVitli 
regard  to  agreements;  he  was  not  in  favour  of  tlieir  containing: 
any  penal  clause.  He  、v:is  in  favom*  of  ;i  federation  of  the  sec- 
tions of  the  engineering  trades  to  deal  witli  the  questions  of 
hours  and  wa^es  ； ind  general  qii(\stioiis.  As  to  the  agreement 
、vliich  existed  l">t、veen  his  society  and  the  einpK)ycrs,  the  right 
to  strike  had  been  virtually  abandoried,  iiiasnmch  as  the  agree- 
ment provided  for  six  months'  notice  to  bo  given  for  tho  terniiMa- 
tion  of  the  board  which  existed  uiulor  tho  ； i^riHMnent. 

Mining  Methods  in  India. ― An  iiitt'i'cstiiig  ； ircoimt  of  milling 
roiiclitions  in  India  was  given  by  Mr.  J.  11.  R.  Wilson,  H.M. 
Inspector  of  Mines,  Liverpool^  in  a  paper  read  before  the  York- 
shire branch  of  the  National  Association  of  Colliery  Maiiagei's. 
In  India  the  miner  liad  to  deal  witli  seams  of  coal  ranging  from 
5ft.  to  50ft.  and  8Qft.  in  thickness.  Despite  the  maintenance  of 
primitive  methods  in  many  mines,  the  output  of  coal  had  now 
reached  12  million  tons  a  year.  Progress  was  now  being  made, 
he  said',  in  English  mining  methods.  In  many  places  they  still 
saw  coal  being  carried  in  baskets  and  dumped  into  railway 
wagons,  whilst  almost  next  door  the  most  up-to-date  electrically 
controlled  screening  plant  was  in  operation.  At  many  Indian 
mines  the  coal  was  still  carried  up  fairly  Ioiik  inclines  to  the 
surface  upon  the  heads  of  women  and  gii'ls.  The  males  got  the 
<oa!  and  tfie  feuialos  carriod  it.  The  wohkmi  would  carry  for  long 
distances  a  weight  of  801 1 >s.  iipmi  tlieir  heads.  1  n  the  K;uiig:m.j 
cf>alfi«'Id  24-hours  shifts  were  quite  c-oniinoii,  tliou^h,  of  course, 
the  iiicn  wci c  not  working  all  tilt*  time,  hut  ate  and  sh^pt  and 
worked  at  will.  Tli(?  system  prolyl  I  >ly  a  rase  from  the  l';t('t  that 
'mmhers  of  tliein  li'.ptl  a  long  way  off  and  could  not  vvvy  well 
t;ik"  tli(、  journey  (uvry  clay.  Sleeping  in  tho  mines  was  vory 
tomiiioii,  I'oth  on  the  part  of  the,  pieceworker  and  tlio  dny-wa^o 
mini.  Fin，  da  nip  rould  not  yet  he  said  to  he  one  of  the  risks  of 
Indian  coalmining;  its  presence,  however,  had  been  felt  at  a  f(»、v 
pla(:*'s  whore  a  moderate  depth  had  heon  attaiii(、fl，  "t 、（- (、ssitating 
tin*  use  of  safety  lamps.  Though  could  find  in  ludiii  oxaniples 
of  mining  practice  which  belonged  to  the  beginning  of  tilings, 
yvt  on  the  other  hand3  there  were  collieries  wliicli  were  a  credit 
to  the  profession  of  mining  eiiginecrni*r.  Tho  coal-mining  indus- 
try was  steadily  making  progress,  and  the  most  backward  were 
becoming  imbu*Hl  with  tho  modcr  i  spirit.  The  Tiulian  official 
was  becoming  c>du rated  in  the  y.i  itu  iples  of  mining,  and  was 
attending  classes  and  loetu res  witli  a  regularity  and  zoal  wliirh 
he  could  oomnnoncl  to  liis  white  fellow  student. 

Strikes  and  Lock  outs  in  191'.  — Tho  Labour  Department  of  the 
Hoard  of  Trade  has  issued  the  24th  annual  report  on  strikes  and 
Iwk-outs  and  on  Conciliation  and  Arbitration  Boards  in  the 
United  Kingdom  in  1911.  At  the  outset,  Mr.  George  S.  Barnes 
points  out  tli at  the  year  1911,  like  its  predecess  ir，  was  marked 
by  considerable  industrial  clisturl)anoe.  The  total  number  of 
workpeople  involved   in   disputes  was  961,980,   which  was  the 


lii.^licst  recorded  iti  any  year  during  tho  period  1893-1911，  ：，,i'l 
the  ； i^gro^ato  duration  (10,319,591  working  days)  of  all  the  dis- 
putes has  been  exceeded  only  in  1893,  1897,  1898，  and  1908.  Of 
tho  aggregate  (hi nitimi  of  (I isputcs  in  progress  in  19]  1  the  tt';uis 
port  trades  accountrnl  for  two  and  thrci;  quarter  million  working 
days,  and  tlio  tcxtil(»  iriides  for  ('m*  :md  a  lialf  million  dayn, 
w  liilc  a  further  two  million  "'("  king  days  wovo,  lost  in  1911  hy  a 
coal-niiiiin^;  dispute;  、、lii(li  romm"ii(:(，(l  iti  1910.  The  principal 
ci\  ii sos  of  disputes  in  、v('i','  question's  of  wages  and  of  trade 

unionism,  tlie  fori"('r  involving  40  por  c(mt.  oi'  all  the  workpeople 
directly  nffocttnl  l>y  disputes  and  the  latter  39  per  cent.  The 
general  strike  of  railway  servants  and  tlie  lock-out  in  the  cotton 
trade  wero  responsible  for  the  high  j)roportioti  of  workpeople' 
involved  in  disputes  in  which  the  chief  o))jeet  was  tin*  assertion 
or  defence  of  trade  union  principles'.  St^ttlements  in  the  naturo 
of  a  compromise  were  arranged  in  th'''  case  of  84  per  cent,  of 
the  total  number  of  workpeople  directly  affected  by  all  disputes, 
less  than  7  pt'r  cent,  were  wholly  successful,  and  rather  more  than 
9  per  cent,  were  wholly  unsuccessful.  Conciliation  or  mediation 
entered  largely  into  the  settlement  of  the  big  disputes  of  the 
year,  tho  total  number  of  workpeople  involved  iti  labour  troulilcs 
in  which  settlements  were  effected  under  the  Conciliation  Act. 
1896,  and  in  other  ways,  being  348,333.  Settlements  by  arbitra- 
tion affected  only  7,435  workpeople  Many  disputes  were  settled 
iti  1911  by  conciliation  or  arbitration  without  stoppage  of  work, 
the  number  of  cases  settled  by  Voluntary  Perniinient  Boards  of 
Conciliation  and  Sta.iding  Joint  Committees  shoAving  an  increase 
for  the  fourth  year  in  succession. 

The  Commercial  Development  of  China. ~ At  the  inaugural  dimi'" 
of  the  British  Engineers'  Association,  held  in  London  on  the 
3rd  inst..  Sir  Walter  Hillier,  K.C.M.G.,  C.B.,  late  adviser  to  the 
Chinese  Government,  stated  that  he  had  been  intimately  con- 
nected Avith  China  for  45  years.  The  commercial  changes  that 
luul  taken  place  in  China  during  this  period  had  been  conspicuous. 
Whereas  in  bygone  years  the  Chinese  mercliant  came  to  tho 
foreign  mercliant  with  demands  for  tho  supply  of  his  needs,  the 
growth  of  tradt*  and  tlie  increased  competition  of  numerous  rivals 
in  tin*  commercial  world  of  the  Far  East  had  practically  reversed 
the  old  order  of  things.  Now  it  was  the  foreign  merchant  who 
had  to  .seek  out  the  Chinese  buyer,  and  to  seek  him  over  wide 
； ir(':is  wliicli  liad  Ikh-ii  opened  up  by  the  continued  and  cojitimi- 
iu<j;  sprea d  oi'  r;ul\v;iy  conim u nication.  The  spread  of  rai】u;i.v 
liii('s  liad  not  only  opened  up  new  centres.  It  had  created  now 
demands,  and  to  k( 、(卞 】 川 （v  with  these  demands  that  Ave  re  ,、v(、r 
growing  it  was  imperative  that  these  new  and  widening  fields  of 
(？ oniniorrial  enterprise  should  be  exploited  and  watched  )>y 
(^xperts  ready  to  take  immediate  advantage  of  the  opportunities 
that  presented  themselves.  The  information  supplied  in  C( 川- 
sulai'  reports  and  Board  of  Trade  journals  was  doubtless  v;i】m。,I(' 
enough,  but  it  could  not  but  l)e  lacking  in  one  respect "- it  was 
never  up-to-date ~ and  those  who  were  on  the  spot  had  already 
seized  opportunities  which  were  brought  to  the  notice  of  the 
British  trading  public  many  months  after  they  occurred. 
Although  British  imports  and  exports  still  beaded  the  list  in 
the  volume  of  Chinese  trade,  our  lead  was,  he  said,  menaced 
seriously  and  in  new  ways  in  consequence  of  the  greater  energy 
and  enterprise  of  our  foreign  competitors  who  i ealisecl  apparently 
more  than  we  had  hitherto  done  the  necessity  for  push  and  closer 
touch  with  the  oonsiuner.  Our  German  competitors,  to  mention 
no  others^  seemed  to  be  beating  us  in  many  lines.  They  did  not 
beat  us  by  the  superiority  of  the  appliances  they  supplied  or 
necessarily  in  tl'(、  matter  of  price.  Theii'  success  undoubtedly  lay 
iii  tlie  (Hiterprisc  which,  with  a  few  m:uk(Ml  exceptions,  was  so 
much  keener  with  tho'n  than  with  us.  No  one,  surely,  could 
I>lame  our  commercial  rivals  for  their  go-ahead  methods,  but  it 
appeared  to  him  that  if  we  wanted  to  hold  our  own  against  them 
we  must  take  a  leaf  out  of  their  book -  Above  all,  it  was  in  their 
great  capacity  for  putting  into  practical  effect  the  policy  of  co- 
operating with  each  other  for  the  promotion  of  their  foreign  busi- 
ness that  the  success  of  our  foreign  competitors  had  been 
achieved.  AVith  them  it  was  not  merely  a  qu'astiou  of  co-opera- 
tiou  between  the  manufacturers  and  themselves,  but  between  the 
manufaoturers,  the  banks,  the  railway  and  shipping  companies, 
and  the  Goverinnent.  Everyone  concerned  put  his  shoulder  to 
ti"、  wlieel  in  n  conil)ined  effort  for  forwarding  the  trade  of  his 
country.  If  this  Association  <'Ould  overcome  the  general  condi- 
tio" of  inertia  as  regards  prospective  opportunities  that  prevailed 
in  Great  Britain,  so  that  we  could  briiig  our  forces  into  Hue  to 
fight  our  competitors  with  their  own  weapons,  it  would  have 
accomplished  a  task  that  would  amply  justify  its  existence.  Much 
has  been  written  and  said  of  late  about  the  future  of  China.  In 
spite  of  recent  upheavals  and  present  financial  embarrassments  the 
trade  of  China  progressed  merrily.  She  had  not  retrogressed, 
that  was  certain,  and  he  firmly  believed  that  not  only  would  she 
continue  to  go  forward,  but  that,  sooner  or  later,  she  had  a 
prosperous  future  before  her. 
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Heversing  w:ir   tor   multi-cyliiKUir  internal 

Marks.  1871.1 
Oil  engines  of  the  Diesel  type    M arks.  18802. 
Spur-transmission  g(>a ring.    P()i)ik、.    22(5 22. 
Belts  for  trnnsmitti ti^  |)(>、、t'r.    Br()、、ii.  242()23. 
Mechanism  tor  (mi vt'rtiiig  reciprocating  motion  into  rot;u -.、  mo 

tion  and  vice- versa.    Johnson.  22822. 
Chain  pulleys.    \M\. '細 47. 

Power  hammers,     rnixcrsal  l)atcnt.s  Bureau,  Ltd.    2-lo( )  1 . 
Treatment  of  sulphide  ores.  Ashcroft. 
Piston  rings.    Love  <fe  Brown .  2o5()8. 
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Belleville.  25793. 
Kxliaust  steam  oil  separator.     Ha vkrv.    25821 . 
Steam  g(、 monitor's.    Sumner.    25822 . 
Stop-cocks.    M  a  vna  r;l .  25842. 
Clutches.    Ellett.  25922. 

Variable-speed  friction  gearing.    Colo.  25928. 

Driving  clmins.     How  ledge,  aiul   Wolsclrv  Tool  :m(l   Motor  C;ir 

Couipany.  25978. 
I'ipe  coii])liiin;s.    Sniith  iV:  H  ilhn;t  n -  2">i)8o. 

Steam  siiptMlu^aters  for  locomotive  l""l<、rs.     Koliinsoii.  2G033. 
Mounting  oi'  、、  li。（、ls  and  rota  rv  devices  on  tli(、ir  si » a  its.  Ncatc. 
2610.-). 

Rotary   \  ;\  l\ cs  ； nul    \.;ilv"  ior   intcrtm!  coniltustion  ci^incs. 

Whitt;ikor  cV-  Whittakor.  2(ill)3. 
-Mot  a  I  niixcr.s  and  o|H>ii""、;u'tli  1  uriuiccs.    hh';i(l.    2(i'2  10. 
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Carburetters  for  i n tern al-comb usi ion  engines.  Baldwin.  28175. 
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Ainniuuition  hoists.    Sir  W.  " .  Ariiiytrong,  Whitwortli,  tt  Co., 

;uh1  IMurrny.    *28371 . 
Ciirl.urotter.     Roots.    28t;Dl  • 

I'tilisiitioii  of  exhaust  sti';un  ior  heating  jxirposi's  ； uid  ior  tin- 
prod  uction  ol        or.    Wliarton,  Hallow*'!!,  and  J  ones.   28841 . 
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Automatic  shut-off  valve  for  steam.    "Williams.  4227. 
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Edmonds.  4759. 

Tube- rolling  apparatus.     Pittsburg    Sttvl     Products    Compa ny, 

and  Selkirk.  4795. 
Ships'  steering  gears.    Clay.  5737. 
Valves  for  internal-combustion  engines.    Sears.  (3277. 
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Belt  shifter.    Ha  Hot.  8430. 

drrinding  machines.    Royston.  8708. 

Contrifnj2;a]  pumps  ； uid  compressors.    Huguenin.  8713. 

Distillation  of  bituminous  coal.    Glasgow.  9292. 

Motor  vehicles.    Hoadley  &  Hoadley.  9973. 

I'jfx'ess  tor  improving  the  properties  of  ingot  iron.    T.  H .  Gold- 

schmidt  Akt.-Ges.  10117. 
C'vliiuler    liciul    for    interiial-coi]il)iistion    entities.  Lindemaiin. 

10258.  ^ 
Exhaust     silcMicers    for    internal-combust  ion    engines.  C】arl"、 

10306. 


Slop  mot  ions  tor  lool-food  inccliaiiisni.     I  low  ;ir<l  A  Uslior.  10735. 
liiternal-oombustion  engines.    Nelson  &  Nelson.  11463. 
Wrenches.    Joliiifson .    1  ir>7!). 

Signalling  on  railway  and  tramway  vehicles.    Itountree.  12017. 
Fuel-spraying  apparatus  for  intornal-coinlmstioii  engines.  Hamill. 
12115. 

Apparatus  for  producing  aii'  gas.    IVlaycr  i、'  Hohv(*<-h.  12369. 

Devices  for  testing  the  tension  of  holts.    Thompson.  12552. 

Railway  track  points.    Stalilhcrg.    1 2903. 

Nut  locks.    Frank.  13964. 

Shaft  couplings.    Boult.  15172. 

A  I  tsliips  ； uid  ； ioro|>l;i  n-s.    Wilson.    1 厂) 7:)l. 

Gas  measuring  instruments  of  the  wet-meter  type.    Aron.  15959. 
Holler  bearings.    Jones,  Ar  Kyuocli,  Ltd.  17528. 
Starting  and  charging  inechanisni    tor    internal  coinhustion  en- 
gines.   Moore,  and  Ambrose  Slia rdlow  &  Co.  17531. 
Klyinn;  iiuuliines.    Von  Keissler.    18171 . 

Steam-heating  apparatus  for  mil  way  c-arria^i*s.    Earl.  18753. 
Baiul-sawiiiti;  machines.    No1>Io  &  LuikI  21387. 
Explosion  motors.    Warner.  22992. 
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Klrclric  li^litin*i;  of  \  ohicles.    ConipM^nic  1  nleriuitionalc  d，】31cit- 

tricitc  Soc.  Anon.    25331 . 
Kloctric  torsion  (lynainomricis.     Lux .  21337. 
J  iisulatioii  of  electric  coils.  2")()72. 
Safety  (levires  for  (小' （'tri ('； 1 1  inst;ill;itions.    J)i<»rman.  2-577G. 
Apparatus  ioi-   "">asii:'iiig，   indicating,     ； uid     dctcrminii]^  the 

charges  iiicm'ivfl  l>y  a  coiisunuM'  oi  t'l('('tri('al  oiKU'gy.  Murrav. 

2(3426. 

Control  of  elect ric   motor    wieratoi'    sots.      British  Thomson- 

Houston  Company,  and  David.  208(i3. 
Eh^C'trodcs  for  a  re  lamps.     British  I'lionisoii-Houston  Company. 

27620. 

D vnamos  tor  use  in  Hectric  gt'iu* rati\c  s\>tcnis  of  motor  vohiclos. 
Brooks  cV:  Holt.  28137. 
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Klcrtnc  I'um's.    Wordin^liani  A:  Uvnic.  1389. 
Arc  l;un[>s.    l>rcfstn  icli.  1(J80. 

Means  tor  ^ovornin^  tlic  speed  ot"  alU'rnatiii^-currtMit  coniniuiator 

niachiin^s.    J  a  col)  v.  3007. 
Dvnanios  ol  tlio  honiopola i'  t vpc.    British  Tlmmsoii- Hou-stmi  Coin 

piiny.    4 18(i. 

Switcl 卜 locking  ;irr;i  n^<iMn,nts  oti  sw  itcli  Iioni'ds    ，in(、(1    on  motor 

vehicles.    Van<I(M-v<'ll  cV:  Mid^loy. 
T。lt、l>lmi"'  lni'ttM  in^;  systems.    Bmilt.  '"31)72. 
K(、niote  controlled  electric  sw  itches.    I'、iir、、  （'at!i(»r.  1083-3. 
Means  tor  attaching  (、】（'('trir  \v i res    and    cables    to  ;nsulators. 

Taylor.  15324. 

Circuit  connections  for  alternatiiig-current  commutator  motors. 

Siemens  SchucktM'tw erkc  Ges.  16790. 
Automatic  sectionalising  devices  for  electric  distribution  systems. 

Hawkins.  212G4. 
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The  British  Electrical  and  Allied  Manufacturers'  Association  (Incor- 
porated).― The  annual  general  meeting  of  this  association 
will  be  held  in  the  lecture  theatre  of  the  Institution  of  Elec- 
trical engineers,  Victoria  Embankment,  W.C.,  on  Friday, 
January  24th,  1913.  The  annual  dinner  of  the  association 
will  be  held  in  the  evening  of  the  same  day. 
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Young  Engineers  and  Shop  Experience. 

If  the  present  generation  of  young  engineers  do  not  improve 
oil  those  of  the  last  it  will  not  be  for  lack  of  efforts  on  their 
behalf.  Never  has.  greater  sympathy  or  greater  desire  been 
shown  to  help  those  who  are  worthy.  In  this  respect  they  are 
more  happily  situated  than  their  immediate-  predecessors  who, 
armed  with  the  new  scientific  knowledge  that  promised  to 
profoundly  modify  engineering  materials  and  methods,  liad 
yet  to  tread  close  on  the  heels  of  generations  trained  in  "  rules 
of  thumb,1 '  and  .sat\iraied  with  the  lessons,  and  in  some  cases 
it  may  he  the  prejudices  of  experience.  It  is  hardly  to  be 
wendered  at  that  their  new-fangled  ideas  were  then  received 
by  seniors  with  contempt  and  a  degree  of  resistance  if 
attempts  were  made  to  carry  them  out,  that  】nade  success 
difficult,  if  not  impossible.  Though  a  taint  of  tliis  attitude 
still  lingers  in  some  works  it  is  happily  passing  away.  The 
march  of  science  has  been  .too  rapid  and  overpowering  to  be 
stemmed  by  any  ''  ol(i  fogey  M  broom,  and  no  manufacturing 
industry  ('an  prosper  or  retain  supremacy  nowadays  that 
does  not  invoke  its  aid  to  the  fullest  extent.  But  if  prejudice 
often  acted  as  h  barrier  to  the  introduction  of  improvements 
it  should  not  b©  forgotten  that  it  rested  on  a  foundation  of 
several  generations  of  experience,  to  which  tlie  newer  school 
did  not  always  do  justice,  as  its  best  survivors  to-dav  would , 
doubtless,  admit.  Experience,  and  especially  engineering 
experience,  is  expensive',  and  the  majority  of  the  lessons  wJiicli 
have  to  be  well  learned  before  the  student  is  cf  niucli 
value  in  an  engineering  works  cannot,  be  taught  in  a 
college.  The  perception  of  this  fact  has  led  to  considerabl? 
amendatioii  of  ideas  in  recent  years  regarding  what  may,  ami 
what  may  not  he  acquired  during  student  days.  If  the  "  old 
practical  man  "  who  disdained  books  and  college  learning  was 
lacking  in  many  things  necessary  for  the  conduct  of  a  work- 
cliop  on  modern  lines,  his  successor  finds  that  his  equipment  in 
respect  to  workshop  methods,  experience,  and  practice  is  still 
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as  necessary,  and  can  only  be  got  in  the  same  way,  slowly,  and 
by  daily  contact  with  difficulties.  As  this  is  the  most  essential 
of  qualifications  for  aspirants  to  positions  of  high  responsi- 
bility in  engineering  works,  so  also  is  it  the  most  difficult  to 
acquire.  How  to  ensure  it  is  a  problem  easier  to  propound 
than  ix>  solve,  but  the  thoughtful  and  suggestive  presidential 
address  of  Sir  A.  Trevor  Dawson  to  the  Junior  Institution  of 
Engineers  may  be  commended  to  both  young  and  old  as  at 
least  an  earnest  attempt  in  this  direction. 

If  the  possibility  of  epoch-making  inventions  in  some  direc- 
tions appears  to  the  budding  engineer  bo  be  ended,  let  】iim  not 
imagine  that  scope  for  improvement  is  curtailed  3  or  that 
ingenuity  is  not  required  to  effect  theni.  Each  extension  of 
knowledge  widens  contact  with  the  unknown,  and  demands 
further  experience  of  those  who  move  forward.  In  no 
direction  is  this  more  forcibly  shown  than  in  the  application 
of  science  to  engineering.  Progress  has  been  mainly  the  out- 
come of  its  concentrating  knowledge  on  special  problems,  and 
to  maintain  it  requires  ever-increasing  experience.  This  is 
the  text  which  Sir  A.  Trevor  Dawson  amplified  in  the  course 
of  his  address,  and  especially  as  regards  its  bearing  on  younger 
men,  to  whom  a】so  he  urged  a  plea  for  a  gentle  restraint  upon 
that  characteristic  of  youth,  "  impatience, "  which,  valuable 
as  it  is  as  an  incentive  to  progress,  is  liable  to  focus  itself  too 
much  on  the  immediate  prospect,  and  in  so  doing  overlook  the 
more  profitable,  though  more  distant  view.  This  is  a  diffi- 
culty whenever  a  prolonged  training  is  called  for,  and  one 
over  which  circumstances  in  many  cases  prove  too  strong. 
Opportunities  for  many  kinds  of  experience  are  rare,  and  can 
only  be  afforded  to  a  favoured  few,  and  under  conditions 
which  will  assure  a  profit  to  those  who  grant  the  privilege. 
Hence,  if  a  youth  desires  expe'rienoe  in  a  new  depart- 
ment he  nmst  accept  a  lower  remuneration  until  his  pro- 
ficiency warrants  its  former  level.  The  change  might  probably 
be  wise,  and  a  good  investment  in  tlie  long  run,  but  few 
are  able  or  care  to  make  the  immediate  pecuniary  sacrifice 
for  the  chance  of  a  distant  reward,  and  yet  at  no  time  has 
the  demand,  or  the  reward  for  combined  scientific  knowledge 
and  practical  experience  been  greater  than  to-day,  and  by 
experience  we  mean  not  merely  knowledge  of  engineering 
materials  and  methods,  but  what  is  rarer  still,  knowledge  of 
human  nature  and  how  to  control  men.  It  cannot  be  learned 
from  books,  and  the  first  lesson,  "  How  to  control  oneself,"  is 
perhaps  the  hardest  of  all. 

Of  one  thing,  however,  any  aspirant  in  this  direc- 
tion may  be  sure  ―  he  will  not  achieve  success  in 
its  fullest  sense  unless  lie  inspires  a  sense  of  loyalty 
in  the  assistants  and  workmen  round  him  by  the 
pre-eminence  of  his  own  experience  and  attainments.  This 
brings  us  to  the  old  question,  How  to  select  and  train  the  heads 
of  engineering  works.  The  statement  that  with  the  increasing 
stress  of  international  competition  we  require  the  be«t  mental 
capacity  the  nation  possesses  for  filling  such  positions  needs 
no  labouring.  At  present  both  training  and  selection  are 
determined  by  many  chance  factors  in  the  rough  and  tumble  of 
existence  and  probably  lead  to  the  overlooking  of  much  latent 
talent.  But  we  do  not  see  how  to  greatly  improve  the  present 
methods  of  selection.  Sir  A.  Trevor  Dawson  suggests  an  ex- 
tension of  Stat©  educational  facilities  in  the  form  of  scholar- 
ships, which  would  permit  of  promising  youths  acquiring 
shop  training  and  experience  from  which  shortage  of 
financial  resources  would  otherwise  preclude  them.  But  this 
does  not  seem  to  carry  us  very  far,  notwithstanding  our  sym- 
pathy with  the  object.  Examination  tests,  we  know,  are  some- 
times disappointing  even  when  restricted  to  book  knowledge, 


and,  we  fear,  would  be  more  so  if  applied  to  i  ho  ineasureineiil 
of  the.  complex  abilities  that'  go  to  make  a  siuvessful  engineer, 
though  it  is  true  the  creation  of  a  grade  of  what  lie  terms 
'' staff  officers,"  who  have  graduated  t  lirou^li  a  course  of  work- 
shop training,  designed  to  allow  of  t  lie  ac(juirenient  of  ]»rac- 
tical  exj)erienoe，  would  enlarge  the  area  of  choice.  11  is  t  rue 
also  that  shop  experience  to  be  of  real  value  should  be 
acquired  in  the  early  stage  of  a  ptechanioal  engineer's  career. 
If  contact  with  the  workshop  is  deferred  till  he  is  21  or  22 
years  of  age  】iis  chance  of  deriving  Hie  benelit-  fn、m  it  is 
greatly  diminished.  At  that  age  lie  is  less  1  olorani  of  its 
rough  and  tumble  experience,  his  jnind  is  less  plasi  w  and 
inclined  to  he  prejudiced  with  ideas  wliicli  make  it  difficult 
i>o  realise  that  the  oraftsman  has  nmch  to  teach  him. 
Apart  from  whi<*li  lie  cannot  get  into  iiiat  sympathetic  touch 
with  workmen  which  is  possible  at  an  earlier  age,  and  in 
consequence  may  later  on  be  at  a  disadvantage  in  negotiating 
with  them .  Shop  experience  alone,  even  when  of  the  widest 
character,  is,  of  course,  not  sufficient.  Its  with  college 

training  on  some  syst&m  is  necessary,  while  heyond  tliis，  when 
the  combined  training  is  concluded,  is  the  need  for  a  contin u;i- 
tion  of  experience  to  qualify  for  higher  posts.  This,  it  is 
suggested,  could  be  secured  by  firms  undertaking  to  take  such 
apprentice  students  into  the  works  for  a  further  higb-class 
training  at  a  good  wage.  At  this  point  again  we  confess  our 
experience  of  liuman  Jiature  anil  knowledge  of  inexorable 
economic  laws  make  us  see  many  difficulties  in  the  working  of 
such  scliolarsliip  schemes,  deeply  though  we  sympathise  with 
the  end,  and  agreeing  with  the  author  of  the  address  that  our 
" most  clamant  national  need  is  for  high-grade  intellect  to 
create  new  appliances,  and  perfect  existing  designs,  both  in 
regard  to  durability  and  economy  so  that  we  may  hold  our 
own  with  all  competitors." 


North  of  England  Institute  of  Mining  and  Mechanical  Engineers. ― 

A  general  meeting  of  this  Institute  was  held  at  Newcastle  oil 
Saturday  last.  The  President  (Colonel  W.  C.  Blackett)  pre- 
sided .  The  discussion  took  place  upon  several  papers  that  had 
been  read  at  previous  meetings,  viz.,  "  The  Ignition  of  Coal- 
gas  and  Methane  by  Momeutar)7  Electric  Arcs,"  by  Prof.  W. 
M.  Thornton  ；  Ekctrically-driven  Winding  Engines  in 
South  Africa/'  by  Mr.  A.  W.  Brown  ；  and  ''  A  Photograpliic 
Method  of  Rapidly  Copying  out  Pay-notes  in  us©  at  Tlirockley 
Collieries,"  by  Messrs.  T.  V.  Simp 贿 and  G.  W.  Bell.  The 
Hailwood  gas-cap  observation  was  exhibited,  described,  and 
demonstrated,  as  were  also  several  types  of  electric  safety 
lamps. 

Mining  Electrical  Engineers. ― The  monthly  meeting  of  ih© 
West  of  Scotland  Branch  of  the  Association  of  Mining  Elec- 
trical Engineers  was  held  on  Saturday  last  in  tlie-  Royal 
Technical  College,  Glasgow.  •  An  interesting  paper  was  read 
by  Mr.  Sidney  A.  Simon,  B.  A.,  on  "  Variable  Speed  Alternat- 
ing-current Motors."  At  tlie  outset  the  author  explained  tliat 
one  of  the  chief  arguments  raised  against  t  lie  more  extended 
use  of  3-pha&e  alternating  current  liad  been  t  lie'  difficulty  of 
obtaining  efficient  speed  cont-rol  of  the  inotors.  A  great 
amount  of  ingeimity  and  thought  had  been  oxj)ended  un  t  t'yi 
to  overcome  t  his  drawback  in  ； i,  system  wliicli  ot  hcrwisc 
poss&sso'd  so  many  eminent  advantages.  Wlii"'  not  holding  a 
brief  for  the  universal  axlopt.ion  of  3-pliase'  alt  crnal  ing  current, 
knowing  that  t'he're  were  many  applications  of  electric  power 
for  which  direct  current  was  undeniablv  superior,  】iis  (Mr. 
Simon's)  intention  in  his  paper  was  to  (Iwribo  the  must 
important  of  the  methods  of  3-phase  speed  cuntrul  which  had 
been  successfully  developed. 
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REPEATED  STRESS  TESTING. 

Two  papers  on  this  subject  were  presented  by  Mr.  J.  B. 
Kommers,  of  the  University  of  Wisconsiu,  at  the  last  meeting 
of  the  International  Association  for  Testing  Materials.  In 
the  first  paper  the  author  said  that  auy  test  similar  to  that 
of  AVoliler  was  not  expeditious  enough  to  bo  used  com- 
mercially, and  for  that  reason  it  seemed  desirable  to  investi- 
gate the  important  factors  whicli  might  prove  satisfactory  for 
commercial  purposes.  It  was  therefore  decided  to  try  ono  of 
the  commercial  machines  already  on  the  market  rather  than 
design  a  new  one.  Afber  considering  the  various  machines 
available,  the  Landgraf -Turner  alternating-impact  machine 
was  chosen,  since  for  this  machine  the  specimen  required  was 
simply  a  round  rod,  |in.  diam.  and  about  8iin.  long ；  al&o, 
both  ends  could  bo  tested,  giving  two  results  for  each 
specimen.  Furthermore,  this  machine  could  be  quite  easily 
modified  to  do  the  work  required. 

In  this  machine,  shown  in  the  accompanying  cut,  the 
specimen  is  held  vertical  as  a  cantilever  beam  and  is  deflected 
on  either  side  of  its  neutral  position,  thus  subjecting  the 
specimen  at  A  first  to  tension  on  one  side  aud  to  compression. 
The  specimen  is  held  firmly  in  the  vio©  at  A  B  over  l^in.  of  its 
length.  The  rocker  arm  C  causes  th©  specimen  to  be 
deflected  -  The  top  of  this  rocker  arm  is  fitted  with  two 
hardened  steel  hammer  dies  D  and  E.  It  will  be  seen  that 
when  the  hammer  dies  are  more  than  |in.  apart  the  specimen 
will  receive  a  certain  amount  of  impact  before  it  is  deflected. 
The  free  length  of  the  specimen  from  the  top  of  the  vio©  to  the 
hammer  dies  is  4in.  The  frame  carrying  these  dies  may  be 
adjusted  so  that  tlie  amount  of  deflection  is  the  same  on  either 
side  of  the  neutral  position  of  the  specimen.  The  rocker  arm 
wliich  deflects  the  specimen  is  driven  by  a  crank.  In  tlie 
experiments  it  was  necessary  to  change  the  stroke  of  the 
machine,  and  this  was  done  by  providing  suitable  double 
eccentrics  on  the  crank  shaft.  By  this  means  it  was  possible 
to  vary  the  deflection  while  the  distance  between  the  hammer 
dies  D  and  E  remained  constant.  Also  by  providing  various 
sets  of  hammer  dies  it  was  possible  to  vary  the  distance 
between  the  hammer  dies. 

Since  hundreds  of  specimens  were  to  be  tested,  the  experi- 
ments would  have  been  expensive  if  each  specimeu  had  been 
turned  up  in  a  lathe.  To  eliminate  this  expense  it  was 
decided  to  make  use  of  cold  rolled  steel  whicli  had  been 
annealed.  The  steel  was  annealed  at  a  red  heat  in  a  gas 
furnace.  As  a  check  on  the  uniformity  of  the  steel ,  three 
tensile  tests  were  made  on  each  batch  of  steel  after  it  had 
been  annealed.  It  ran  about  39，6001bs.  yield  point  and 
60,0001bs.  per  square  inch  ultimate  strengtli,  with  38  per 
cent,  elongation  on  2in.  and  63'5  per  cent,  reduction  of  area. 
It  was  found  that  any  slight  cliange  in  the  diameter  of  the 
specimeu  did  not  seem  to  affect  th©  results.  The  greatest 
variation  of  tins  kind  was  about  0'004in.,  while  the  average 
variation  was  probably  half  that  amount. 

In  tlie  preliminary  tests  it  was  found  that  shortly  before 
complete  rupture  the  specimen  seemed  to  weaken  or  give  way. 
This  was  generally  quite  distinctly  noticeable  by  the  change 
in.  the  "song"  of  the  machine.  This  matter  was  further 
investigated  and  it  was  found  that  when  a  specimen  was 
taken  out  of  the  machine  juBt  after  this  u  weakening  it 
sliowod  distinct  cracks  or  openings  on  both  sides  at  the  grips. 
Kurt  liermore,  when  this  11  weakening  "  stag©  was  passed,  the 
s)>e<'inK*ii  could  l>e  completely  ruptured  by  bending  it  forward 
and  back  by  hand -  When  the  other  end  of  the  specimen  was 
i <\st cd  and  takeii  out  of  the  machine  just  before  "  weakening  " 
was  expected ,  it  was  found  tliat  the  specimen  showed  either 
no  sign  of  cracking  or  merely  an  incipient  crack  on  one  side, 
^loreover,  in  this  condition  the  specimen  was  altogether  too 
si  ron^  to  be  ruptured  by  hand.  Further  experiments  along 
1'liis  line  seemed  to  demonst rai e  ihat  i.he  point  of  "  weaken- 
ing ' was  really  the  important  point  of  failure,  and  that  after 
1  liis  stage  was  passed  tlie  sj>ecinien  was  held  togetlier  near  the 
middle  of  the  cross-section  by  a  small  strip  of  metal  whicli  had 
no  real  strengt  h.  For  instance,  wlien  there  was  a  certain 
amount  of  impact  the  upper  pari  of  the  specimen  would  soon 
bfcornf;  loosened,  due  to  tlie  blows  received,  while  when  tliere 
was  no  impact  it  might  require  from  25  to  100  additional 
cvclcs  ； I  iter  u  weakening  n  in  order  io  produce  final  rupture. 
For  \  lies**  reasons  it  was  th (川 gl",  that  a  fair  comparison 
should  depend  upon  the  real  point  of  failure,  which  was  the 


point  of  u  weakening/'  and  the  results  were  based  upon  thi,s 
consideration. 

The  experiments  iiius  tar  rnadei  might  bo  summarised  hh 
follows  :  (1)  A  very  important  factor  in  a  repeated-stress  test 
similar  to  tliat  perfoTin&d  by  the  Landgraf -Turner  machine  was 
the  amount  of  deflection  wliich  the  specimen  received.  Wlien 
the  deflections  were  less  than  0'30in.  tlie  cliange  in  the  number 
of  cycles  required  for  rupture  was  very  great,  even  for  small 
changes  in  the  amount  of  deflection.  (2)  Impact  applied  to 
the  specimen  as  in  the  Lanclgraf-Turner  machine  had  practi- 
cally no  effect  upon  the  number  of  cycles  required  for  rupture. 
(3)  At  speeds  of  about  700  cycles  per  minute  the  number  of 
cycles  for  rupture'  was  slightly  less  than  at  speeds  of  about  150， 
but  for  small  changes  of  speed  this  effect  was  practically  negli- 
gible. When  the  deflection  was  small  the  results  on  the  same 
material  did  not  seem  to  be  as  uniform  as  when  the  deflection 
was  about  0'30in.  or  a  little  more.  (4)  The  condition  of  tlie 
surface  of  the'  specimen  had  an  important  eSect  upon  the 
number  of  cycles  required  for  rupture. 

In  the  second  paper  the  author  pointed  out  that  on©  of  the 
factors  to  be  noted  and  reported  in  a  repeated-stress  test  was 
the  character  of  tlie  fracture.  Practically  all  those  specimens 
which  gave  high  results  in  the'  r&peated-stress  test  had  "  fine  ，， 
or  "  very  fine  "  texture  at  tlie  place  of  fracture.  Specimens 
like  wrought  iron  and  cast  brass,  which  gave  very  poor  results, 
showed  coarse  fractures.  The  uniformity  of  manufacture  of 
any  particular  kind  of  steel  was,  he  said,  well  brought  out  by 


Landgiiaf-Turnkb  Alternating  Impact  Testing  Machine. 

the  repeated-stress  test.  A  liomogeneous  product,  for 
instance,  should  give  results  in  the  repeated-stress  test  that 
varied  but  little  from  each  other  ；  and  results  on  the  same 
steel  (or  at  opposite  ends  of  the  same  specimen)  that  showed  a 
great  variation  might  rightly  be  looked  upon  as  indicating 
that  tlie  steel  was  not  as  uniform  as  it  should  be. 

In  choosing  the  machine  to  be  used  in  a  standard  repeat^ed- 
siress  test  it  was,  he  observed,  undoubtedly  of  great  impor- 
tance that  it  be'  oiio  whicli  would  allow  of  exact  adjustment, 
so  that  the  amount  of  deflection  might  bei  kept  the  same  within 
very  small  limits.  Even  small  changes  in  the  deflection  of 
the  specimen  caused  great  changes  in  the  cycles  required  for 
rupture  ；  in.  fact,  this  factor  &&&nied  to  be  more  important 
than  any  other.  The  Landgraf -Turner  nvachine  was  faulty  in 
this  respect,  for  the  reason  that  there  was  no  easy  way  of 
adjusting  the  hammer  dies  accurately.  It  was  therefore 
almost  impossible  to  get  the  machine  adjusted  the  same  way 
after  new  hammer  dies  had  been  put  in  or  some  equivalent 
change  made.  In  a  standard  test,  also,  all  specimens  should 
be  of  the  same  size,  and  should  preferably  be  first  turned  up  in 
a  lathe  in  order  to  obtain  straightness.  The  specimen 
might  then  be  ground  to  size,  as  liad  been  previously 
suggest  eel  -  The  gripping  devices  should  be  such  that  there 
would  be  no  possibility  of  the  specimen  slipping  in  any  wav. 
The  autlior  was  at.  present  designing  a 】na('liiue  wliich  lie 
i-liouglit  would  fulfil  the  conditions  which  t he  experiments 
showed  should  be  embodied  in  a  repeated-stress  testing 
machine. 

Failure  of  a  Steam  Pipe  on  the  "  Lusitania." ― Three  men  work- 
ing on  the  Cuuard  liner  "  Lusitania  "  were,  on  tlie  10th 
inst.，  injured  by  the  bursting  of  a  steam  pipe.  The  vessel 
was  lying  in  tlie  Huskisson  Dock,  Liverpool,  taking  in  car^o 
l)reparatory  to  sailing,  when  the  pipe  carrying  steam  to  the 
winches  on  the  forecastle-head  burst. 
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RECENT  DEVELOPMENTS  IN  CURTIS  STEAM  TURBINES.* 

HY  R.  F.  HALLIWELL. 

Ai?  a  preliminary  to  a  description  of  modern  practice  in  tlie 
inaiiufacture  of  steam  turbines  of  the  Curtis  type,  it  will 
perliaps  be  desirable  to  investigate  the  particular  points  in 
whicli  this  turbine  differs  from  others.  The  feature  wiiich 
especially  distinguishes  the  Curtis  tm'biiie  is  the  enipluyinent 
almost  throughout  of  the  compound  impulse  wlieel.  having 
two  or  more  rows  of  rotating  buckets  on  each  wheel,  as  si  1  own 
diagraminatically  in  Fig.  1.  The  reasons  which  have  led  to 
the  adoption  of  this  form  of  coiistruction  in  preference  to  the 
single  impulse  wlieel  will  now  be  dealt  with.  From 
the  velocity  diagram  for  a  single  impulse  wheel, 
given  in  Fig.  2,  it  will  be  seen  that  to  completely 
absorb  the  energy  of  the  issuing  jet  it  is  necessary 
for  the  blades  to  have  a  velocity  nearly  halt' t  hat  of  tlie  st earn . 
With  any  considerable  difTerence  in  pressure  between  tlie 
entrance  to  and  exit  from  the  nozzle,  the  velocity  readied  by 
tlie  steam  is  very  great ；  for  instance,  if  expanded  from 
1501bs.  pressure  to  '28in.  varum",  the  velocity  attained  would 
be-  about  4,000ft.  per  second,  thus  a  blade  velocity  of  about 
2,000ft.  per  second  would  be  necessary  for  a  single  impulse 
wlieel  to  operate  .successfully  between  ordinary  limits  of  pi  t 个- 
surei  with  one  set  of  blades.  The  highest  peripheral  speed 
wlucli  it  is  possible  to  employ  is  probably  found  in  t  lie  300  h.p. 
D©  Laval  turbine,  in  which  with  a  30in.  wlieel  running  at 


1.  — DlAGKAMMATIC  Alt H A NG E .M K N T 】iLAl)IMJ，  CURTIS  TuitlilNLS. 

10,000  revs,  per  minute,  a  velocity  of  over  1,300ft.  per  second 
is  reached.  Even  this  velocity  is  exceptional,  and  is  only 
made  possible  by  considerable  expense  in  material  and  con- 
struction, and  it  is  only  in  small  units  that  the'  commercial 
advantages  of  the  single  impulse  wheel  outweigh  the  drawback 
of  the  limited  efficiency  due  to  insufficient  bucket  speed . 

A  natural  method  of  reducing  tlie  velocity  of  the  steam 
jet  is  by  dividing  the  pressure  drop  between  several  stages  in  a 
manner  analogous  to  that  employed  in  compound  reciprocat- 
ing engines,  and  the  number  of  stages  necessary  to  obtain  the 
desired  results  may  be  easily  determined.  Since  the  kinetic 
energy  of  the  steam  varies  as  the  square  of  its  velocity,  if  the 
pressure  drop  sufficient  to  produce  a  velocity  of  4,000ft.  per 
second  is  divided  l^et ween  four  stages,  a  velocity  in  each  stage 
uf  2, 000ft.  per  second  would  be  obtained,  and  to  come  down  to 
a  velocity  of  1 ,000ft.  per  second  no  less  than  16  stages  would 
be  necessary.  As  the  desirable  blade  velocity  with  ordinary 
materials  and  methods  of  construction  does  not  much  exceed 
000ft .  per  second,  the  number  of  stages  in  this  type  of  turbine, 
which  is  generally  known  as  the  Rateau，  is  always  consider- 
able. 

The  velocity  diagram  for  a  Curtis  wheel  with  two  rows  of 
buckets  is  shown  in  Fig.  3，  and  it  will  be  seen  that  with  an 
initial  sieani  velocity  equal  to  2  V,  and  a  bucket  speed,  as  in 
•  V 

the  previous  case  of  -^,  the  steam  velocity  leaving  the  first 
row  of  blades  will  be  approximately  equal  to  V  ；  if  this  steam 

、 l'aju'v  reiul  l»cfore  tbo  MRiichcsU*r  Ahsociation  ol  Iln^inoers,  December  1  Hb, 
1912. 


is  suitably  directed  by  stationary  blades  upon  the  second  row 
oi'  blades,  its  roinainin^  energy  will  be  nearly  all  absorbed  by 
this  row,  leaving  a  final  velocity  of  practically  nothing.  It  is 
therefore  evident  1  hat  theoretically  considered  a  double  row 
of  rotating  blades  in  a  Curtis  st  age  can  deal  with  steam  of 
"vice  the  velocity  or  four  times  the  energy  compared  with  a 
single  row ,  or  in  other  words,  a  turbine  with  i  lie  two-row 
combination  need  liave  only  one  quarter  the  number  of  stages 
necessary  with  an  ordinary  single  row  impulse  turbine  to 
obtain  tlie  same  efficiency. 

C'onsitlerat ion  of  tins  fundamental  fact  clearly  shows  tlie 
difference,  which  at  first  glance  is  not  so  very  apparent, 


^Bucket"  speed^ 
V^inal  Velocity 
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between  a  Curtis  stage  consisting  of  nozzles,  a  first  row  of 
moving  blades,  stationary  or  intermediate  blades,  and  a 
second  row  of  moving  blades,  and  two  simple  stages,  each 
mad e  up  of  nozzles,  and  a  row  of  moving  blades.  Each  has 
the  same  number  of  similar  parts,  but  while  the  latter  dis- 
tributes the  work  between  the  two  stages  by  means  of  a 
division  of  j>ressure  drop,  the  former  accomplishes  a  similar 
distribution  of  work  between  the  component  parts  by  means  ot" 
fractional  absorption  of  an  original  high  velocity. 

A  similar  line  of  reasoning  would  show  that  theoretically  a 
three-row  combination  would  have  an  energy  extracting 
capacity  nine  times  that  of  a  single-row  wlieel,  and  so  on,  but 
unfortunately,  practical  experience  has  proved  that  this  is  not 
realised  completely,  and  frictional  losses  and  eddies  in  the 
buckets,  as  well  as  the  difficulty  of  arranging  for  the  great 
increase  in  a rea  required,  owing  to  the  low  final  velocity  com- 
pared with  the  initial  velocity,  render  the  three-row  com- 
bination tlie  limit  to  which  this  principle  may  be  usefully 
extended  under  ordinary  circumstances.  On  the  whole  it  is 
found  that  tiie  best  results  with  ordinary  speeds  are  obtained 
with  only  two  rows  of  moving  blades  per  stage,  but  thai  if  the 
speed  is  low  compared  with  the  output,  it  is  advantageous  to 
adopt  tliree  rows  per  stage.  Further  than  this  it  rarely  pays 
to  go,  except  in  some  small  turbines  for  driving  pumps  and  the 
like,  in  which  small  size  and  cost  are  of  primary  importance. 

Pressure  and  velocity  curves  for  a  five -stage  turbine,  witli 
two  l  ows  per  stage,  are  shown  in  Fig.  4，  which  perhaps  gives  a 
clearer  idea  of  the  combination  of  compound  velocity  and 
pressure  stages  than  anything  else  can  do. 

The  problem  of  designing  the  nozzles  aud  buckets  for  a 
compound  velocity  stage  is  considerably  more  complex  than 
for  a  simple  impulse  stage,  and  it  has  been  found  necessary  to 
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modify  the  designs  based  on  purely  theoretical  considerations 
very  considerably  as  a  result  of  practical  experience,  with  the 
consequence  that  the  compound  velocity  stage  has  suffered 
from  undeserved  condemnation  at  the  hands  of  those  who  have 
not  carried  their  experiments  far  enough  in  the  right  direc- 
tion. For  instance,  it  has  been  definitely  asserted  by 
upholders  of  the  simple'  stage  that  the  】naximum  efficiency  of 
the  compound  stage  is  only  67*5  per  cent,  with  two  rows  of 
blades,  and  52*5  per  cent,  with  three  rows  of  blades.  That 
such  statements  are  incorrect  is  obvious  when  the  over-all 
thermal  efficiencies  of  this  type  of  turbine,  as  tabulated 
further  on,  are  considered.  As  the  losses  to  be  taken  into 
cuiisiJei'ation  wlien  converting  bucket  efficiency  into  total 
thermal  efiicicnev  are  rotation  losses,  bearing  friction,  and 
generator  efficiency,  and  as  these  will  amount  to  quite  10  per 
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Fig.  b.— Rotor  of  Curtis  Turbixk. 

only  used  where,  on  account  of  the  limited  floor  space  avail- 
able, no  other  form  of  turbine  of  equal  capacity  could  be 
installed.  The  following  description,  therefore,  must  be 
understood  to  apply  to  the  horizontal  turbine. 

British  Thomson-Houston  turbines  and  generators  are 
practically  all  of  the:  four-bearing  design,  the  turbine  and 
generator  having  separate  shafts,  each  with  two  self-aligning 
bearings  (Fig.  6),  the  two  shafts  being  connected  by  a  flexible 
coupling  (Fig.  7).  Although  there  is  no  doubt  that  it  is 
possible  to  obtain  satisfactory  operation  with  the  three- 
bearing  design  favoured  by  some  makers,  if  great  care  is  taken 
to  provide  very  solid  foundations,  it  is  considered  that  the 
advantage  of  being  able  to  balance  the  rotors  independently 
on  their  own  complete  shafts,  together  with  the  easier 
erection,  more  than  compensates  for  any  slight  saving  in  cost 
and  space  due  to  a  three-bearing  design.    Owing  to  the  small 


Fig.  7.— Flexible  Coupling. 

number  of  stages  used  the  centres  of  the  turbine  bearings  are 
comparatively  short,  and  the  shafts  are  always  designed  to 
have  a  critical  speed  well  above  the  running  speed,  thus  avoid- 
ing th©  danger  and  risk  of  damage  entailed  by  running 
through  the  critical  speed.  The  bearings  are  lubricated  with 
oil  supplied  under  pressure.  On  the  smaller  turbines  up  to 
2,000  kw.，  the  bearings  are  fitted  with  oil  rings  to  lubricate 
the  bearings  at  starting  up,  but  the  larger  turbines  where 
bearing  pressures  are  liigher,  are  fitted  with  an  auxiliary  oil 
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i'uund  that  for  small  isolated  units  the  cost  was  too  high,  due 
to  the  expensive  accessories,  and  for  large  units  an  excessive 
amount  of  head  room  was  necessary,  but  not  generally  avail- 
able in  this  country.  The  horizontal  arrangement  also 
presents  considerable  advantages  in  accessibility,  and  in  tlie 
more  favourable  position  of  the  generator.  The  consequence 
is  that  at  the  present  day  practically  all  Curtis  turbines  made 
in  tliis  coinitrv  liave  liorizoni  al  slui Hs,  vertical  turbines  bein<( 


cent,  of  the  full  load  output  in  turbines  of  medium  size,  it  is 
evideut  that  the  compound  stage  has  a  much  higher  bucket 
efficiency  than  has  been  stated,  and  that  such  superiority  of 
the  simple  stage  is  not  borne  out  in  practice. 

As  showing  the  bucket  efficiencies  which  may  be  expected 
with  two  and  three  row  combinations  under  average  condi- 
tions, the  curves  iu  Fig.  5  have  been  drawn  out,  but  it  must 
be  borne  in  mind  tliat  each  case  has  to  be  considered  by  itself, 
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as  with  various  conditions  of  energy  available,  and  bucket 
speeds,  the  efficiency  obtainable  will  differ  from  the  curves,  in 
some  cases  being  better  and  in  others  worse.  That  tlie  com- 
pound stage  is  not  quite  so  black  as  some  would  have  us 
believe,  is  fairly  evident  when  it  is  considered  how  many 
builders  of  other  types  have  adopted  it  with  success  in  the 
first  stage  of  their  turbines. 

That  this  simple  impulse  stage  has  a  slight  advantage  in 
bucket  efficiency  is  not  denied,  but  unless  one  is  prepared  to 
accept  the  additional  cost  and  complication  attendant  on  the 
increased  number  of  stages  necessary,  and  unless  the  steam 
conditions  are  favourable  to  the  attainment  of  the  utmost 
economy,  a  departure  from  the  simplicity  and  compactness  of 
the  compound  velocity  stage  does  not  seem  to  be  warranted  for 
the  sake  of  a  possible  small  gain  in  thermodynamic  efficiency. 
Apart  from  reasons  of  efficiency,  however,  it  is  sometimes 
desirable  to  adopt  to  a  certain  extent  the  simple  stage .  It 
lias  been  previously  stated  that  one  of  the  difficulties  in  con- 
nection with  a  compound  stage  is  the  provision  of  the  necessary 
increase  in  area,  due  to  the  comparatively  low  final  velocity . 

With  tui'bines  of  moderate  out- 
put compared  with  their  size, 
this  difficulty  is  not  noticed, 
but  when  large  outputs  are  to 
be  dealt  with,  even  the  two- 
row  stage  becomes  unwieldy 
towards  the  exhaust  end,  and 
it  is  advantageous  to  use 
single-row  wheels  for  the  last 
or  more  stages,  depending  on 
the  volume  of  steam  to  be 
accommodated. 

Having   thus   briefly  con- 
sidered the  main  principles  of 
the  Curtis  turbine,  it  may  be 
Fw.  5.-  Bucket  Efficikn<  ikh.  Two      of  interest  to  study  the  leading 
and  Thrkk-row  combinatiovs.         mechanical    features  of  these 

turbines,  as  made  by  the  British 
Thomson-Houston  Company,  Ltd.,  Rugby .  As  is  well 
known,  these  turbines,  as  first  built  in  this  country,  were 
made  with  a  vertical  shaft,  the  generator  being  placed  above 
the  turbine,  the  whole  rotating  weight  being  carried  on  a  film 
of  lubricant  delivered  at  liigh  pressure  between  the  faces  of 
the  footstep  bearing.  Although  the  vertical  shaft  arrange- 
ment proved  itself  to  be  most  satisfactory  in  running,  it  was 
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either  hand  or   steam,  for  starting  purposes.  A 
diagram  of  the  lubricating  arrangements  is  given  in  Fig.  8. 

The  thrust  bearing  screws  into  an  extension  of  tlie 
governor  end  bearing  which  ensures  its  perfect  alignment,  ami 


OIL  REGULATING  VALVE** 


Fig.  8.— Lubkicating  AanANAKMKKTft .  Cuans  Turbinf.h. 


consists  of  white  metal  lined  collars  embracing  grooves  turned 
in  the  shaft.  Oil  is  delivered  at  the  bottom  of  the  grooves 
and,  passing  across  the  radial 
thrust  surfaces,  escapes  at  the 
outer  periphery.  It  should  be 
noted  that  in  the  Curtis 
turbine,  as  in  other  impulse 
turbines,  the  axial  thrust  is 
quite  small,  owing  to  each 
wheel  revolving  in  a  chamber 
having  an  equal  pressure  on 
both  sides  of  the  wheel.  What 
small  thrust  there  is,  is  prin- 
cipally due  to  friction  of  the 
steam  on  the  blades,  and  to 
differences  in  the  diameter  of 
shaft  wlier©  it  passes  through 
the  diaphragms  and  casing. 
The  thrust  bearing  can  he  ad- 
justed whilst  running,  if  re- 
quired by  means  of  a  worm  shaft,  which  rotates  the 
bearing  and  screws  it  further  into  or  out  of  the  part  into 
which  it  fits. 

Where  the  shaft  passes  through  the  ends  of  the  casing 
carbon  packing  is  fitted ,  as  shown  in  Fig.  9，  which  also  shows 
the  thrust  collars  and  emergency  governor,  this  packing  con- 


the  casing  he,  al)ovo-  that  of  tlie  atmosphere,  and  to  supply  iho 
necessary  sealing  steam  should  tlie  pressure  b©  below  the 
atmosphere. 

Wlific  t  lie  sha ft  pusses  tlirough  thei  diaphragms  a  different 
design  of  shaft  packing  is  used,  consisting  of  .an 
internally-grooved  ring  split  into  three  or  more 
parts,  and  pressed  inwards  by  springs.  This  ring 
fits  between  side  plates  provided  with  annular 
shoulders,  which  prevent  the  packing  ring  closing 
inwards  on  to  the  shaft  more'  than  a  certain 
amount,  but  at  the  same  time  give  it  perfect 
i  rcedoin  to  move  outwards.  The  packing  ring  is 
made  to  originally  fit  tlie  sliaft  tightly,  but  owing 
to  tlie  contact  surfaces  being  quit©  small  and  ihe 
ring  not  being  rigidly  held,  the  packing  is  quickly 
worn  away,  and  a  minirnuTn  and  permanent' 
running  clearance  i&  obtained. 

The  wheels  are  made  of  high  tensile  steel,  very 
accurately  machined  all  over,  each  wheel  being 
carefully  balanced  statically  after  blading,  and 
before  assembling  on  the  shaft.  They  are  pro- 
vided with  dovetailed  grooves  in  the  rim  to  receive 
the  blades.  The  section  of  the  wheels  has  to  be 
very  carefully  calculated  to  give  a  uniform  stress 
without  undue  expansion  of  the  hub  at  high  speeds 
if  trouble  with  loos©  wheels  is  to  be  avoided. 

Tlie  blades  illustrated  in  Fig.  10  are  gene- 
rally   made    of    drawn    phosphor-bronze,  this 
material     having     proved     itself     the  most 
satisfactory  for  tlie  purpose.      Tlie  roots   of  the  blades 
are  milled  to  a  dovetailed  shape  to  fit  into  grooves  in  the  rim 


Fig.  9.— Part  of  Shaft  of  Curtis  Steam  Turbine,  showing  Cakbon  Packin*; 


of  the  wheel,  and  in  each  groove  two  gaps  are  cut  on  opposite 
sides  for  inserting  the  blades,  which  are  pushed  along  the 


sisting  of  segmental  rings  of  carbon  embracing  the  shaft,  and 
encircled  by  thin  bronze  bands  and  garter  springs.  The  rings 
are  steam  packed ,  the>  space  inside  tlie  outer  ring  being  main- 
tained at  slightly  above  atmospheric  pressure,  pipes  l>ein^ 
provided  to  lead  away  the  surplus  steam  should  the  pressure  in 


Fio. 


-Showing  Method  of  Fixing  thk  Bi,ades  a\i>  Bands  of 
Cdrtis  Turbines. 


groove  with  spacing  blocks  between,  until  the  groove  is  cm"- 
pleiely  filled  with  the  exception  of  the  two  gaps,  tlie  gaps 


Fig.  10.— Blades  of  Curtis  Turbines. 
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being  then  closed  by  filling-lip  pieces  provided  with  tails, 
which  pass  tluoiigh  holes  in  the  rim  of  wheel  and  are  riveted 
over  at  the  back.  The  stationary  buckets  or  intermediates, 
formed  in  \he  same  way,  are  secured  in  a  similar  manner  to 
tlie  intermediate  holders,  wliicli  are  segmental  pieces  fastened 


Fio.  12.— Nozzles  of  Curtis  Tttrbines. 

either  to  the  casing  or  the  diaphragm.  Both  the  rotating 
blades  and  tlie  intermediates  are  closed  at  their  ends  by  bands 
consisting  of  thin  steel  strips  fitting  over  projections  on  the 
ends  of  the  blades,  which  projections  are  riveted  over  on  the 
outside  of  the  band.    The  fixing  of  the  blades  and  bands  is 


Fig.  13.— Nozzles  of  Curtis  Turbines. 

shown  in  Fig.  11.  As  a  check  upon  the  accuracy  of  workman- 
ship each  completed  turbine  rotor  is  run  up  to  at  least  25  per 
cent,  over  speed,  and  is  then  carefully  examined. 

The  nozzles  which  direct  the  steam  on  to  the  first  row  of 
rotating  blades,  and  which  are  illustrated  in  Figs.  12  and  13, 
are  formed  of  nickel  steel  plates  cast  into  an  iron  frame,  bolted 


Flfi.  14.  — ABRAN'ftEMENT  OF  LARfiK  CURTIS  STEAM  TURBINE,  WITH  STEAM  INLKT 
IN  MIDDLE  PORTION  OF  CASING. 


to  the  casing  or  diaphragms  over  the  openings  conveying  the 
steam  either  from  the  valve  chest  or  the  previous  stage.  The 
manufacture  of  these  nozzles  is  quite  a  fine  art,  and  consider- 
able experience  was  necessary  <o  find  out  tlie  best  mixtures 


and  tli e.  most/  satisfactory  metliod  of  casting.  As  may  be 
imagined,  i-ailier  elaborate  core  boxes  liave  to  be  employed, 
and  the  greatest  car©  has  to  b©  exercised  in  both  the-  pattern 
shop  and  foundry  to  produce  the  satisfactory  results  that  are 
obtained.  The  sides  of  the  nozzles  are  filed  to  the  correct 
width,  and  the  division  plates  being  quite  smooth,  the  result- 
ing nozzle  is  of  a  highly  efficient  form.  In  connection  with 
the  buckets  and  nozzles  of  the  Curtis  turbine,  it  may  be 
pointed  out  that  tho  running  clearances  can  be  very  ample 
without  the  efficiency  suffering  in  the  least.  It  is  usual  to 
provide  aboui  ^in.  axial  clearance,  and  ^ in.  radial  clearance ； 
it  has  been  found  that  less  clearance  does  not  affect  the 


Fig.  15.— Arrangement  of  Large  Cubtir  Steam  Tubbine,  in  which  steam 
flows  in  one  dikection  from  inlet  to  exhaust. 


efficiency,  and  it  is  probable  that  larger  clearances  could  be 
employed  without  detriment,  but  these  dimensions  have  been 
found  sufficient  for  all  practical  purposes. 

The  casing  calls  for  little  comment,  except  for  the  fact 
that  in  all  turbines  built  by  the  British  Thomson-Houston 
Company,  thei  entire  casing,  including  the  ends,  is  split  hori- 
zontally, enabling  the  shaft  and  wheels  ta  be  lifted  out  for 
examination  or  cleaning  without  disturbing  the  alignment  of 
the  bearings.  In  some'  of  the  larger  turbines  with  many 
stages  and  a  consequent  high  first  stage-  pressure,  the  splitting 
of  the  end  cover  is  rendered  easier  by  arranging  the  steam 
inlet  in  the  middle  portion  of  the  casing,  as  shown  in  Fig.  14， 
the  steam  passing  through  some  of  the  stages  to  one  end  of 
the  turbine,  and  returning  through  passages  to  the  centre 
again,  passes  in  th©  reverse  direction  through  the  remaining 
stages  to  the  exhaust.  It  has,  however,  been  found  possible 
to  avoid  this  complication  by  making  the  high-pressure  end 
cover  of  steel,  and  in  later  designs  the  steam  flows  in  one 
direction  from  the  inlet  to  the  exhaust,  as  shown  in  Fig.  15. 

(To  be  continued,) 


Examinations  in  Science  and  Technology, ― The  Board  of  Edu- 
cation has  just  issued  a  revised  syllabus  (price  3d.)  of  the 
examinations  in  science  and  technology  in  the  year  1913,  as 
well  as  for  the-  various  scholarships  and  exhibitions  controlled 
by  the  Department  in  the&ei  subjects. 

British    Foundrymen's  Association  ：    Scottish    Branch.  ―  The 

Scottish  Branch  of  the  British  Foundrymen's  Association  held 
a  meeting  on  Saturday  last  at  Glasgow,  when  Mr.  George  Watt 
read  a  paper  on  "  Up-to-date  Practice  in  Ironfonnding/'  In 
comparing  the  foundry  with  th©  modern  engineering  shops 
equipped  with  their  wonderful  machines,  the  lecturer  con- 
sidered it  to  be  less  progressive  even  with  the  common 
improvements  recently  introduced.  For  the  large  amount 
and  heavy  nature  of  tho  castings  now  in  demand  for  marine 
engineering  work  the  foundry  had  to  be  fitted  with  sufficient 
power  and  electric  appliances  to  deal  rapidly  with  the  process 
of  assembling,  &c.，  and  the  chief  considerations  for  successful 
work  entailed  the  cutting  down  of  the  time  of  the  skilled 
worker  and  careful  economy  in  th©  use  of  fuel  for  drying  and 
melting.  The  principles  of  dry-sand  moulding  were  fully 
described,  and  details  given  of  a  modern  method  of  drying 
moulds  by  hot  air  blast.  The  lecture  was  illustrated  by 
lantern  slides, 
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ROLLER  AND  BALL  BEARINGS. 

This  subject  was  dealt  with  in  a  lecture  delivered  by  Prof. 
Goodman,  of  the'  Leeds  University,  at  a  recent  meeting  of 
the  Yorkshire  Local  Section  of  the  Institution  of  Electrical 
Engineers.  Tlie  testing  machinery  at  the  University  afforded 
every  facility  for  measuring  the'  end  thrust  in  bearings, 
Avhich,  he  said,  was  an  extremely  valuable'  accomplishrrient. 
The  reason  why  there  was  end  thrust  on  a  roller  bearing  was 
1 1 1 at  the  roller  was  not  perfectly  parallel  to  the  shaft  as  it 
rotated,  and  thus  it  tended  to  give  in  the'  direction  normal 
to  itself.  If  there  was  a  millionth  of  an  inrli  of  error,  the 
end  thrust  was  just  as  bad  as  if  there  was  an  error  of  an 
eighth  of  an  inch . 

Extravagant  claims  were  sometimes  made  by  some  makers, 
and  he  instanced  in  particular  an  American  roller  bearing 
guaranteed  to  be  free'  from  end  tlirust  and  with  no  friction, 
which,  on  being  put  into  the  testing  macliiiie,  proved  to 
have  so  much  end  thrust  and  friction  that  the  rollers  were 
smashed.  The  last  time  he  addressed  them,  he  said,  lie  had 
declared  that  there  was  not  a  single  roller  bearing  on  the 
market  worth  liaving,  but  since  tlieti  he  had  found  one  wliich, 
so  far  as  his  tests  bad  gone,  was  entirely  satisfactory.  They 
】iad  tried  to  break  it  and  could  not  ；  t  hey1  liad  broken  the 
shaft  in  their  efforts,  and  liad  had  to  put  in  another,  but  the 
bearing  remained  as  good  as  wlien  it  was  put  in.  That  was 
a  bearing  with  a  short  roller.  The  length  of  the  roller  was 
only  equal  to  the  diameter.  He  had  run  it  at  a  great  over- 
load, much  beyond  what  the  maker  intended  it  for,  and  the 
results  were  still  satisfactory.  Some  of  these  particular 
roller  bearings  liad  failed  in  actual  practice,  l)iit  he  believed 
that  the  reason  for  the  failure'  was  that  grit  had  got  into 
them.  It  was  most  important  to  keep  grit  out  of  roller  aiul 
ball  bearings.  These  bearings  ought  to  be  as  carefully 
guarded  as  the  springs  of  a  watcli.  The  short  roller  bearings 
cost  about  25  per  cent,  more  than  ball  bearings,  but  they 
would  carry  twice  the  load.  What  the  maximum  load  was 
he  could  not  say  definitely  yet,  because  he  had  not  yet 
smashed  one'  of  tli&m  -  So  far  as  his  tests  liad  gone,  the 
short  roller  was  an  entire  success.  There  was  a  little  end 
.thrust,  but  it  was  a  negligible  quantity. 

Referring  to  ball  bearings,  he'  said  that  in  the  early  days 
the  makers  thought  that  adjustment  was  necessary,  and 
some  of  them  did  not  appear  to  have'  got  over  the  adjustment 
fit  yet,  but,  as  a  matter  of  fact,  there  was  na  necessity  what- 
ever for  adjustment,  and  tliey  could  not  adjust  a  ball  bearing 
■  if  they  wanted  to.  The  early  four-point  bearing  was  good 
for  light  work,  such  as  bicycles,  but  beyond  that  it  was 
never  used.  Later  on  thrust  bearings  came :  45°  grooves 
we're  made  for  the  balls  to  race  in,  and  it  was  very  soon  found 
that  the  grooves  were  very  badly  scored,  showing  that  they 
lia<l  been  grinding.  That  type  of  bearing  was  wrong,  becausa 
t liey  could  not  increase  or  decrease  the  load  without  failure. 
The  three-point  bearing  failed  because  of  excessive  friction 
and  other  faults.  The  two- point  bearing  was  eventually 
I'ouihI  to  be  the  proper  thing,  the  friction  being  very  much 
less  and  the  load  carried  m uch  higher.  Then  it  was  found 
t liat  the  hollow  race  was  tli&  riglit  thing  instead  of  the  flat 
race.  If  there  was  any  doubt  about  being  able  to  keep  the 
shaft  and  the  bearing  in  line,  the  flat  race  was  the  better. 
If  they  were  certain  of  keeping  everything  in  line,  then  the 
liollow  race  was  unquestionably  the  right  thing.  A  properly- 
fastened  bearing  with  a  hollow  ball  race  would  carry  about 
twice  the  】oad  tliat  one  with  a  flat  race  would.  The  best 
practice  was  to  make  the  radius  of  the  groove  10  per  cent, 
-greater  than  the  radius  of  the  ball.  The  theory  was  that 
the  closer  they  could  make  this  groove  fit  tlie  ball,  the  higher 
was  the  load  that  the'  bearing  would  carry  ；  but  the  friction 
would  go  ii j)  at  the  same  time.  The  friction  was  least  on  a 
flat  surface,  but  it  would  only  carry  half  the  load,  so  they 
had  to  take  into  consideration  all  the  circumstances  of  the 
case. 

The  fixing  of  tlie  sleeve  on  the  shaft,  ]ie  said,  was  by  far 
t  lie  most  important"  probl&m  connected  with  ball  bearings, 
and  four-fifths  of  the  failures  had  been  due  to  improper 
fixing.  The  man  who  worked  to  the  nearest  sixty-fourth  of 
an  inch  went  hopelessly  astray.  By  far  tlie  best  thing  to  do 
was  either  to  make  the  shaft  deeper  and  use  a  nut  aha  fix 
it  solid  on  the  shaft,  or  have  a  nng  bored  out  parallel  and 


■either  forced  on  by  liydraulic  pi'essui'o.  or  shrunk  mi .  This 
operation  of  shrinking'  must  be  done  very  carefully.  If 
sulficient  shrinkage  was  not  allowed  it  would  get  loose  ；  if  too 
"m('h  shrinkage  it  would  jam  the  bearing.  Thousands  of 
ball  bearings  had  been  destroyed  by  getting  too  much 
shrinkage,  or  by  forcing  tliem  on  at  too  great  pressure.  The 
aiiKnint  of  shrinkage  should  be  L(n'nrith  part  of  the  diameter, 
and  if  this  was  materially  departed  from  trouble  would 
result.  The  I'ing  should  be  heated  in  a  bath  of  oil  up  to 
about  154°  Fall.,  and  if  the  ring  could  not  then  be  got  on  to 
tlie  shaft,  it  would  clearly  prove  that  there  was  too  much 
shrinkage. 

I n  most  cases  in  whicli  the  inaker  was  blamed,  the  fault 
Avas  due  to  people  using  ball  bearings  carelessly.  The  housing 
of  the  hearings  must  be  properly  arranged.  If  the  outer 
ring  was  fitted  into  a  housing  wliicli  was  too  small  for  it,  as 
had  frequently  been  done,  even  if  it  was  only  a  thousandth 
of  an  inch  too  small,  it  would  nip  in  the  side  when  the  load 
came  on.  If  there  was  nois&  in  the  use  of  ball  bearings,  it 
whs  clear  proof  that  they  were  doing  something  wrong.  At 
the  University  tliey  ran  ball  bearings  under  much  more 
severe  conditions  than  any  in  practice,  and  got  no  noise. 
Step  bearings  for  heavy  pressures  lie  described  as  not  a  bit 
of  good. 

With  regard  to  rings,  it  was,  lie  said,  very  important  not 
to  depart  greatly  from  the  spherical  form ― the  simple  form 
of  ring.  Emphasizing  the  need  of  accuracy  of  workmanship, 
t  he  lecturer  said  if  they  were  wrong  to  the  extent  of  one- 
thousaiidth  of  an  inch ― say  a  thousandth  over  the  inch ― 
tliey  would,  approximately,  increase  the.  load  of  the  bearing 
by  100  per  cent .  Hence  there  must  be  accuracy  at  all  costs 
― wonderful  accuracy.  Whilst  there  were  some  firms  in  this 
country  who  worked  to  a  millionth  of  an  inch,  if  necessary, 
there  were  others  who  even  yet  hardly  seemed  to  realise 
that  there  was  anyt  liing  less  than  an  eighth  of  an  inch,  and 
the  latter  were  the  people  who  were  always  complaining  of 
ball  bearings.  In  the  University  they  had  carried  out 
thousands  of  experiments  in  tlie  attempt  to  find  out  the  safe 
load  and  sp&ed  of  ball  bearings.  They  had  been  at  it  for 
10  years,  and  they  liad  found  out  how  to  get  it. 

If  they  looked  at  a  ball  under  the  microscope,  as  soon  as 
ever  they  exceeded  the  safe  load  or  speed,  tliey  would  find 
it  covered  with  fine  specks  wlie're  crystals  had  broken  away. 
As  soon  as  these  specks  appeared  they  might  know  to  a  cer- 
tainty that  the  ball  was  damaged,  and  would  ultimately  fail  ； 
otherwise,  if  he  liad  to  run  ball  bearings  until  they  failed, 
lie  would  be  as  old  as  Methuselah  before  it  occurred.  Tlie 
examination  of  the  ball  under  the  microscope  had  been  a 
complete  success.  Speed  was  a  most  important  point.  He 
did  not  know  wliy  speed  had  anything  to  do  with  the  matter. 
The  wear  of  the  balls  was  practically  nil  under  proper  con- 
ditions, even  after  very  severe  running. 

Provided  that  there  was  absolutely  no  rust  at  all,  the 
ball?  would  be  better  without  lubrication,  for  oil  or  grease 
always  increased  tlie  friction.  Lard  oil  was  the  best  lubri- 
cant.  Lubrication  was  needed  only  for  the  sake  of  prevent- 
ing corrosion,  and  once  in  12  months  was  probably  sufficient. 
The  friction  of  ball  bearings  was  extremely  low  ；  with  a 
properly  fastened  ball  bearing,  the  starting  effort  was  so 
？ mall  that  tliey  did  not  get  a  jump,  and  the  friction  was 
entirely  independent  of  the  speed.  The  ball  bearing  cost 
three  times  as  much  as  the  ordinary  bearing  to  carry  the 
same  load,  but  the  friction  was  less,  no  attention  was 
required,  and  practically  no  lubrication,  and  an  important 
point  also  in  the  case  of  a  dynamo  or  motor  was  that  the  use 
of  the  ball  bearing  would  shorten  the  shaft  and  shorten  the 
bed.  That  was  of  very  great  importance,  as  they  saved 
metal  ；  but  what  was  of  importance  also  with  regard  to  a 
motor  was'  that  the  mechanical  efficiency  of  the  motor  was 
very  considerably  higlier  with  a  ball  bearing  than  with  a 
plain  bearing.  So  they  could  supply  a  smaller  machine  with 
ball  bearings  to  give  tlie  same  horse-power  that  a  much  larger 
macliine  would  give  if  it  liad  plain  bearings.  If  they  asked 
makers  to  quote  for  motors  with  and  without  ball  bearings, 
they  would  find  tliat  in  many  cases  the  quotations  would  be 
lower  with  ball  bearings  than  with  plain  bearings.  It  was 
true-  tliat  there  were  some  people  who  said  they  would  not' 
liave  ball  bearings  at  any  price.  Tliey  were  generally  people 
who  had  not  yet  learned  that  there  was  anything  smaller 
t  lian  one-eighth  of  an  inch ― the  rough-and-ready  people. 
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INDICATOR  FOR  SMALL  HIGH-SPEED  INTERNAL-COMBUSTION 

ENGINES. 

The  "  ]\Iicro  Indicator  "  shown  in  the  accompanying  illustra- 
tions has  been  designed  by  Mr.  O.  Mader  for  use  with  small 
lii^li-speed  internal-combustion  engines,  where  the  ordinary 
indicator  cannot  be  used.  The  instrument  was  recently 
described  in  our  German  contemporary  "Dot  Motorwagen,'* 


Mai>i;h  MiCRO-I-\mcA.TOB :  Its  Drivi-;  ani>  Diagrams  in  Natural  Sixk. 

and  we  are  indebted  for  the  following  translation  to  tlie 
Journal  of  the  American  Society  of  Mechanical  Engineers. 

Attempts  have  been  made  to  use  optical  indicators  for 
pressure  recording,  but  their  disadvantage  is  that  their  record 
must  be  made  photographically,  and  that  leads  to  the  diagram 
lines  being  of  very  uneven  distinctness,  and  being  under- 
exposed in  fast-moving  machinery,  and  over-exposed  in  indi- 
cating slow-speed  engines.  Tlie  micro-indicator  described, 
like  the  early  steam  indicators,  has  a  short  piston  stroke  and 
is  direct  recording.  In  this  case,  however,  the  record  is  made 
with  a  sharp  steel  point  on  a  soot-blackened  glass  ；  tlie  fine  lines 
are  then  magnified  under  a  microscope,  outside  of  the  engine 
installation  proper.  Fig.  1 A  represents  the  gear  which 
allows  the  indicator  record  to  be  made  by  minute  sidewise 
motions  of  the  light  steel  point.  The  piston  rod  has  at  the  top 
a  flat  plate  a  which  is  in  gliding  contact  with  the  end  of  the 
rod  h.  The  point  -v  of  the  recording  style  lies  exactly  in  the 
axis  through  the  centre  of  tlie  circular  end  of  the  rod  h  of 
wliich  tlie  second  end  E  is  actuated  by  the  lever  c  swinging 
about  D.  To  keep  the  rod  h  always  in  gliding  contact  with 
the  end  of  tlie  piston  rod,  and  to  avoid  lost  motion  in  the  gear, 
the  coiled  spring  f  is  introduced.  Since  many  guide 
points,  even  with  the  best  adjustment,  are  apt  to  produce 
excessive  friction,  the  parts  in  this  indicator  are  all  guided  at 
no  more  than  two  points  ；  thus,  the  piston  is  guided  below  by 
the  cylinder  wall,  above  by  the  double-wound  spring,  tlie 
sj>ring,  rod,  and  piston  being  combined  in  one  piece,  and, 
sliould  h  not  Ik- r  scale  be  required  for  the  diagrams,  must  all 
be  changed  together  ；  tliis,  】iowever，  eliminates  all  possibilities 
of  their  getting  loose  in  operation  or  being  incorrectly  put 
together  at  the  beginning. 

An  important  part  of  the  micro-indicator  is  the  diagram 
1 1  older,  a  Q-shaped  frame  rotatable  about  a  fixed  axis;  tlie 
soot-blackened  glass  is  slipped  in  from  above  and  held  fast  by 
a  spring.  Tlie  simplest  drive,  witli  as  few  joints  as  possible,  is 
used,  c.f/.,  a  rocking  drive  (Fig.  1  li).  To  avoid  large  errors  in 
the  diagrams,  the  setting  of  tlie  drive  must  be  carefully  made, 
not  only  as  regards  dead  centres,  but  also  with  respect  to  the 
average  piston  position  at  which  the  recording  style  is  instan- 
taneously at  rest  previous  to  clianging  its  direction  of  motion. 
The  diagrams  are  magnified  by  an  ordinary  microscope  witli  a 
1  : 40  rate  of  niaguificatioii,  which  is  sufficient  for  an  est.imale 


of  the  diagram  by  inspection.  If  measurements  a  re  io  I"' 
made,  the  diagrams  are  magnified  either  photographically,  or 
drawn  to  a  larger  scale  by  means  of  a  special  reflecting  and 
niat(nifyii]g  device.  The  indicator  may  he  us^d  for  t  lie  (M  *m  - 
mination  of  the  indicated  horse-power  of  a  high-speed  iutenial- 
conibustion  engine  (600  to  3,000  revs,  per  minute)  ；  tlie  ^lass 
on  which  the  records  are  made  may  he  cleaned,  covered  by  a 
new  layer  of  soot  or  lampblack,  and  used  over  and  over  again. 


CYLINDER  HEAD  FOR  INTERNAL-COMBUSTION  ENGINES. 

Ix  interiial-conibustion  engines,  particularly  Diesel  engines, 
which  work  with  higli  compression,  the  comj)ressioi]  sj>ace 
must  be  small.  If  the  exhaust  and  admission  valves  are 
arranged  substantially  co-axially  with  their  axes  at  right 
angles  to  the  cylinder  axis,  wliich  is  usual  in  horizontal 
engines,  the  necessary  small  compression  space  may  be  pro- 
curer! by  placing  the  valves  a  comparatively  short  distance 
apart,  whereby  t he  transition  space  between  tlie  cylinder  and 
tlie  compression  space  must  be  sharply  conerl,  and  in  order 
that  the  compression  space  may  be  small  tlie  ])iston  must 
be  correspondingly  conical  in  shape.  Owing  to  this,  tlie 
compression  sj)ace  is  of  irregular  shape,  affording  a  lar^e 
surface  for  the  conduction  of  heat  as  compared  with  tlie 
compression  space  in  engines  having  their  valves  in  the 
cylinder  cover  and  therefore  a  compression  space  of  discoid 
sliape. 

In  the  design  illustrated,  which  has  been  patented  by' 
Messrs.  Korting  Bros. ,  of  Linden,  near  Hanover,  it  is  pos- 
sible in  an  engine  wherein  the'  valves  are  set  widely  apart 
and  are  arranged  in  the  cylinder  cover  substantially  co-axially 
and  with  their  axes  at  right  angles  to  the  cylinder  axis,  to 
have  the  satisfactory  discoid- shaped  compression  space 
characteristic  of  the  vertical  type  of  engine.  For  tins  pur- 
pose tlie  space  intermediate  of  and  co-axial  with  the  valves 
is  filled  by  a  body  separate  from  the  cylinder  and  cylinder 
cover.  This  separate  body  extends  comparatively  close  to  the 
end  of  tlie1  piston  when  the  latter  is  at  the  end  of  its  inward 
stroke,  and  contains  the  injection  nozzle.  This  body  is 
removably  supported  by  the  cylinder    cover    in    a  similar 

manner  to  that  of  the  liollow 
blocks  used  in  some  known 
types  of  internal-combustion 
engines  to  form  combustion 
chambers.  Referring  to  the 
illustration,  wliich  is  an  axial 
section  through  the  end  aiul 
cover  of  the  cylinder  of  a  hori- 
zontal internal-combustion  en- 
gine, V  is  tlie  cylinder  head , 
A  is  the  working  piston ,  B  tlie 
admission  valve,  C  the  ex- 
haust valve,  D  is  the  body 
which  fills  the  space  between 
the  valves,  and  is  formed  as  a 
cover  which  may  hj  with- 
drawn. This  body  D  leaves  only 
sufficient  play  for  tlie  valves 
C1  and  B  to  permit  them  to  open  widely  enough  for  the 
exhaust  and  admission  respectively.  E  is  the  injection 
nozzle.  The  exhaust  valve  C  can  be  easily  withdrawn  after 
the  admission  valve  B  aiul  the  body  D  have  been  removed. 
Through  the  opening  in  which  D  is  inserted,  the  compression 
space  may  be  inspected  and  easily  cleaned. 


C'vlinj>i:h  Head  fuh  Intkrnal- 

COMliUSTlON  KNGINKS. 


The  New  British  Airship. ― The  Parseval  airship  for  the 
British  Admiralty,  now  under  construction  in  Germany,  will, 
according  to  the  "  Berliner  Tageblatt/'  be  completed  by  next 
spring.  The  new  dirigible  will  have  a  capacity  of  about 
10,000  cubic  metres  and  a  length  of  292ft.  Its  greatest 
diameter  will  be  49ft.  The  car  will  be  about  39ft.  long. 
5ft.  2Un.  wide,  and  contain  room  for  15  to  20  persons.  Two 
Maybach  engines  of  150  h.p.  each  will  drive  two  st^el  pro- 
pellers and  ensure  a  speed  of  about  40 i  miles  per  hour.  The 
duration  of  the  voyage  is  to  be  from  20  to  25  hours,  and  the 
maximum  height  of  ascent  of  the  dirigible  is  estimated  at 
G, 500ft.  Tlie  manning  of  the  vessel  will  require  five  or  six 
persons.  A  similar  dirigible  has  beeu  ordered  bv  the  Russian 
Government,  which  already  has  two  Parseval  airships. 
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STAFF  OFFICERS  IN  INDUSTRIAL  WORKS:  THEIR  SCIENTIFIC 
AND  PRACTICAL  TRAINING  AND  DUTIES.* 

1!V  SIR  A.   TUEVOlt  DAWSON,   H.N.,  M.INST.C.E. 

My  first  duty  is  to  thank  the  niemhers  of  tho  institution  for 
the  honour  they  have  conferred  upon  me'  in  electing  me  to  the 
office  of  president  for  this  year.  It  is  an  lionour  which  I  value 
highly,  coming  as  it  does  from  engineers  wlio  have  succeeded 
in  establishing  an  institution  which  lias  all  the  vitality  of 
youth.  The  hope  of  the  future  lies  witli  tlie  youth  of  to-day  ； 
a  large  proportion  of  your  members  are  young  men,  and  I  am 
always  proud  to  be  associated  with  young  men.  I  am  also 
honoured  by  association  with  the  illustrious  company  of  my 
predecessors.  It  is  widely  recognised  that  no  institution  con- 
nected with  engineering  includes  in  its  list'  of  past-presidents 
a  greater  proportion  of  eminent  engineers  and  distinguished 
representatives  of  every  department  of  applied  science  than  is 
the  caa©  with  our  institution.  Most  of  my  predecessors  were 
choseii  by  you  because  tliey  were  illustrious,  but  some,  no 
doubt,  because  you  desired'  to  stimulate  them  to  make  the 
most  of  their  professional  life.  As  regards  myself,  I  frankly 
admit  that  my  election  by  you  as  your  president  is  one  of  the 
most  stimulating  and  encouraging  influences  which  have  oome 
to  me  in  my  work. 

The  intimation  tliat  the  presidential  address  was  due  on  a 
particular  evening  had  a  benignly  chastening  effect.  There 
was  first  the  difficulty  of  choosing  a  subject  suitable  for  the 
occasion .  Every  autanm  brings  a  flood  of  presidential 
oratory,  growing  in  volume  year  by  year,  and  encompassing 
the  whole  field  of  available  subjects.  As  a  consequence,  it 
becomes,  increasingly  hard  to  select  a  topic  for  consideration 
in  keeping  with  and  worthy  of  the  record  of  this  institution. 
It  is  harder  still  to  say  anything  new  upon  any  phase  of  engi- 
neering which  may  conveniently  be  discussed  from  the  presi- 
dential chair.  Reflecting-  upon  this,  I  remembered  the 
suggestion  of  a  pastm aster  in  presidential  oratory  to  the  effect 
that  a  president  should  confine  himself  to  a  straight  talk 
from  his  own  inner  consciousness  on  a  line  of  reasoning  along 
which  his  audience  may  accompauy  him  towards  some  Mount 
Pisgah  of  inspiring  prospect.  This  seemed  to  me  idealistic. 
An  enquiry  for  something  more  simple  and  practicable  brought 
tlie  response  that  it  would  be  acceptable  to  you  if  I  spoke  of  the 
(qualifications  desirable  in  those  seeking  appointment  as  staff 
officers  in  industrial  works.  This  may  seem  somewhat  per- 
sonal, but  obviously  any  fairly  inclusive  treatment  of  such  a 
theme  must  include  general  reflections  upon  the  importance 
of  as9ociatiug  scientific  knowledge  with  practical  experience 
in  the  case  of  staff  officers. 

The  demand  now  is  for  well-trained  young  men  having 
experience  of  materials,  mechanical  methods,  and  men.  These 
three  forms  of  experience  differ  widely.  It  may  be  said,  too, 
that  the  personal  characteristics  requisite  for  acquiring  and 
assimilating  the  experience  differ  widely.  The  sources  of  these 
types  of  experience  also  differ.  The  fields  in  which  each  is  to  be 
applied  differ.  Nor  is  it  possible'  for  one  to  attain  efficiency 
in  the  highest  degree  in  all  three  departments,  and  there  are 
relatively  few  appointments  in  the  industrial  world  where  all 
three  are  essential  in  the  superlative  degree.  But  this  is  only 
one  more  instance  where  it  is  desirable  to  have'  intimate  know- 
ledge of  one,  and  an  intelligent  general  acquaintance  with  the 
other  subjects.  The  personal  characteristics  of  the  student 
and  the  goal  he  was  to  reach — thei  appointment  on  the  staff 
aimed  at ― must  be  considered  in  determining  in  which  direc- 
tion there  shall  be  specialisation.  For  the  moment  it  is 
enough  to  establish  that  experience  is  a  dominant  considera- 
tion. This  cannot  be  too  forcibly  emphasized,  for  young  men 
are  at  limes  prone  to  seek  advancement  without  carefully  con- 
sidering whether  that  which  looks  like  advancement  will 
conduce  to  the  winning  of  the  experience  so  invaluable  in 
luture  work. 

One  of  the  strongest  characteristics  of  youth  is  impatience, 
indicated  in  the  desire  to  advance  rapidly  to  high-salary  posts. 
This  in  itself  is  quite  a  hopeful  trait,  in  so  far  as  the  striving 
for  per&onal  advancement  may  in  its  cumulative  form  tend  to 
； advancement  in  engineering  practice.      But  the  course  which 

" I'r^sidPiitial  address  delivered  before  The  Junior  Institution  of  Engineers, 
December  11th,  191'2. 


leads  most  rapicMy  to  an  advance  in  pay  is  not  necessarily 
so  advantageous  to  the  young  niau，  particularly  if  it  involves, 
as  it  usually  does,  a  loss  of  opportunities  for  gaining  fuller 
experience.  This  gain  in  experience  will  in  time  yield  a  much 
larger  profit  than  the  interest  or  dividend  on  savings  frojn 
salary.  This  dictum  may  see'rp  hard  when  the  cost  of  living 
is  consideietl  ；  its  luirdness  is  a  matter  for  State  consideration, 
as  I  hope  presently  to  show  :  but  its  truth  cannot  be  disputed. 
A  vuul  h  seeking  knowledge  and  experience  does  not  wish  to 
continue  in  one  department  or  at  one  job  after  he  has  become 
proficient.  On  the  other  hand,  he  only  begins  to  earn  his 
wage,  plus  the  necessary  profit  to  industry,  when  he  does 
become  proficient.  Unfortunately,  this  proficiency  tempts  the 
youth  to  remain  too  long  at  one  job,  as  he  can  thus  net  for  the 
time  being  a  greater  pecuniary  gain,  but  this  continuance  at 
one  job  tends  to  limit  his  experience.  A  change  to  another 
department  or  job  usually  means  less  pay,  owing  to  the 
youth's  lack  of  proficiency  in  the  novel  class  of  work,  but  to 
him  this  loss  is  more  than  compensated  by  a  gain  in  experience. 
He  is  a  wise  youth  who,  when  he  can  afford  it,  accepts  experi- 
ence as  part  of  his  remuneration. 

An  ordinary  apprenticeship  under  the  circumscribing  con- 
ditions inevitable  in  the  commercial  conduct  of  a  factory  can 
be  sandwiched  with  some  measure  of  theoretical  training.  As 
a  result,  the  standard  oi  efficiency  of  workmanship  id 
improved.  Facilities  are  afforded  by  many  firms  to  enable 
apprentices  to  attend  scieiioe  classes  in  the  evening,  and 
encouragement  is  given  by  increased  wages  according  to  the 
standard  attained  in  class-work.  This  procedure,  too,  opens 
the  way  for  the  intelligent  and  industrious  youth  to  advance 
beyond  the  ranks  of  the  ordinary  workmen.  To  such  dili- 
gent apprentices  every  help  should  be  given .  But  I  am  not 
oonoerned  now  with  workmen,  or  oveti  foremen,  who  rise  to 
such  posts  by  study  and  application  during  apprenticeship  and 
subsequent  to  that  period.  There  is  a  national  need  for  much 
more  highly  trained  engineers ~~ men  combining  scientific  and 
practical  knowledge,  and,  as  I  have  said,  having  experience 
of  materials,  mechanical  methods,  and  men,  to  serve  on  the 
staff  of  works.  The  existence  of  this  need  1  wish  to  enforce 
most  strongly  ；  later  I  shall  try  to  indicate  a  means  for  meet- 
ing it. 

Engineering  is  a  profession  which  is  constantly  extending 
its  boundaries.  Mechanism  is  now  applied  more  extensively 
and  for  a  greater  variety  of  purposes  than  was  thought  of 
20  or  30  years  ago.  New  problems  are  involved  in  most 
of  the  new  applications.  Tlie  demand  for  higher  efficiency 
lias  increased,  owing  to  intensified  competition,  aud  at  tlie 
same  time  difficulties  of  excelling  after  each  new  step  forward 
are  intensified.  It  was  easy  20  years  ago,  for  instance,  to 
reduce  tlie  ooal  consumption  of  the  steam  engiue  from  21bs. 
per  effective  liorse-power  per  hour  ；  to-day  it  is  difficult  to  take 
even  a  fraction  from  the  l|lbs.  of  coal  now  required,  and  yet 
the  demand  is  as  insistent.  Thirty  years  ago  the  steel  used 
generally  was  almost  wholly  ordinary  carbon  steel  ；  alloys 
were  practically  neglected.  But  since  then  such  progress  has 
been  made  with  high  tension  alloys  that  it  has  become  most 
difficult  to  improve  upon  the  results  now  realised.  Yet  the 
aeroplane  and  other  new  products  must  have  material  to  with- 
stand still  liigher  stress.  There  is  need,  too,  for  a  metal 
which  can  be  subjected  to  very  high  temperatures  ；  it  is 
recognised  that  the  advent  of  an  oil  turbine ― the  most  desired 
of  all  prime  movers ~~ is  delayed  largely  by  the  absence  of  a 
metal  for  the  blades  which  will  stand  the  temperature  of  the 
gas  impinging  on  them.  These  typical  examples  prove  the 
need  for  wider  technical  training  and  sympathies.  Nor  can 
th©  engineer  of  to-day  be  content  to  accept  the  same  line-  of 
action  as  his  predecessor  of  another  generation.  In  view  of 
his  liigher  and  broader  and  deeper  knowledge  and  of  his  more 
varied  experience,  more  decided  departures  from  the  practice 
of  the  past  may  be  anticipated. 

M-etallurgy  demands  first  consideration.  A  knowledge  of 
the  properties  and  the  effect  of  treatment  of  metals  is  a  neces- 
sity in  all  British  factories.  The  day  is  long  passed  when  the 
list  of  materials  included  only  iron,  steel,  cast  iron,  and  brass. 
If  we  take  the  modern  warship,  we-  find  that  rarely  are  any  of 
these  metals  used  in  their  simple  state  ；  they  are  alloyed  with 
others,  in  many  cases  with  the  rarer  metals.  Take,  for 
instance,  tlie  liigli-tension  brass  now  used .  By  alloying  smail 
percentages  of  iron,  manganese,  &c.，  with  ordinary  brass,  the 


December  20,  1912]  THE   MECHANICAL  ENGINEER. 


771 


tensile  strength  is  increased  from  12  to  14  up  to  30  or  even  40 
tons  par  square  inch  in  a  casting  ；  and  such  material,  too,  can 
be  readily  rolled  or  forged  at  a  dull  red  heat.  Every  candi- 
date for  a  staff  appoiutment  should  know  something  of  such 
alloys,  because  while  the  laboratory  staff  may  formulate  in- 
structions as  to  constituents,  heat  treatment,  and  machining 
generally,  it  is  necessary  that  there  should  be  intelligent 
control  in  the  foundry  and  workshop.  He  must  have  a  suffi- 
cient knowledge  of  chemistry  aud  metallurgy,  of  the  chemical 
actions  which  take  place  in  the  furnace,  and  of  the  shrinkage 
which  may  be  expected  during  cooling  iu  order  to  realise  the 
limitations  and  difficulties  for  which  provision  is  necessary. 

Even  simple  steel ― the  most  used  of  all  metals ― is  difficult 
to  define  comprehensively,  since  it  is  so  complex .  For  this 
reason  there  is  need  for  a  clear  understanding  of  the  chemical 
composition  and  special  treatment  required  to  ensure  that  each 
particular  quality  shall  possess  the  properties  desired  for  the 
duty  to  be  imposed  upon  it.  Many  breakdowns  are  duo  to  a 
lack  of  appreciation  of  the  possible  varieties  and  phases  of  this 
complex  metal .  The  behaviour  of  steel,  indeed,  is  often 
mysterious,  and  the  causes  of  failure  cannot  always  be  dis- 
covered, because  the  investigator  is  not  in  possession  of  the 
facts  as  to  the  manufacture  and  treatment  of  the  material.  It 
is  not  enough  to  say  vaguely  that  "  steel  "  shall  b©  used  for 
a  given  product  where  high  stresses  are  to  be  met  ；  much  more 
has  to  be  specified.  How  different,  for  instance,  are  the  pro- 
perties of  mild  steel  and  a  piece  of  modern  high-speed  tool 
steel,  and  yet  both  are  steel  to  the  ordinary  mind.  Who  could 
have  foreseen  the  possibility  of  a  tool  retaining  its  cutting 
edge  at  a  red  lieat  and  ripping  off  material  from  other  varie- 
ties of  steel  in  the  form  of  turnings  that  become  blue  from  the 
heat  generated  by  the  friction  of  the  cutting  tool  ？  Again,  by 
the  same  association  of  chemistry  and  metallurgy  there  has 
been  evolved  the  nickel  steels,  which  are  so  advantageous  in 
aflFcrding  an  increased  strength  from  a  given  sectional  area. 
Questions  as  to  durability  and  resistance  to  corrosion  are  also 
being  solved  through  the  study  of  chemical  composition  and 
micro-structure,  and  by  treatment  of  the  metal  after  its  pro- 
duction. 

The  materials  used  in  manufactures  greatly  affect  the 
design,  and  therefore  the  efficiency,  of  the  production.  This 
is  of  greater  importance  even  than  economy  in  output,  par- 
ticularly where  weight  must  be  minimised  and  strengtn 
increased.  These  factors  enter  largely  into  the  consideration 
of  competitive  proposals,  notably  in  all  implements  of  war 
and  in  high-speed  merchant  ships.  Durability,  too,  is  an 
essential  condition  in  all  mechanical  appliances.  Indeed,  it 
may  be  taken  that  for  all  contracts  for  which  there  is  inter- 
national competitiou,  a  fuller  recognition  of  the  iinportancb 
of  providing  tho  most  suitable  material  is  absolutely  essential. 

\b  with  materials,  so  is  it  with  power  production,  whether 
for  transport-,  factory  driving,  or  other  purpose  ；  scientific 
problems  call  for  superior  knowledge.  Economy  has  become 
of  increasing  significance.  A  reduction  in  weight  confers 
great  advantage  meclianically  and  commercially.  The  candi- 
date for  a  staff  appointment  must  have  an  adequate  knowledge 
of  thernio-dynamics .  It  is  incumbent  upou  the  engineer  to 
see  that  the  greatest  percentage  of  the  t hernial  energy  stored 
in  his  fuel  shall  be  converted  into  mechanical  work  as  far  as 
commercially  practicable.  This  involves  examination  of  the 
composition  and  calorific  value  of  fuels  and  of  the  conditions 
necessary  for  complete  and  economical  combustion,  which 
in  themselves  abolish  tlie  smoke  nuisance.  Much,  it  is  true, 
has  been  done  in  this  direction,  the  stimulus  coming  largely 
from  the  navy  and  in  some  part  also  from  the  high-sp&ed 
merchant  service.  The  choice  of  fuel  is,  in  some  cases,  a 
comrriercial  question,  dominated  by  the  location  of  supplies 
and  by  its  price  ；  bub  tlie  engineer  must  be  prepared  with 
tlie  most  eiTective  inox-lianical  appliances  for  using  whatever 
fuel  in  fixed  upon.  There  is  no  need  to  attempt  to  differen- 
tiate tlie  designs  of  boilers  to  suit  various  fuels  or  to  point 
t<>  t lie  importance  of  sucli  knowledge  as  will  enable  the 
fMigineer  to  determine  the  effects  of  salts  found  in  feed  water 
from  different  localities  upon  the  tube  and  other  heating  sur- 
r^H-e,  or  to  prevent  scaling,  pitting,  and  corrosion.  Nor  is  it 
necessary  to  enlarge  upon  the  importance  of  dry  steam  or 
of  superheating  the  steam. 

It  is  appropriate,  however,  that  reference  should  be  made 
to  the  significance  of  recent  developments  in  the  use  of  oil 


fuel.  Wliere  weight  has  to  be  rniiiiinised  the  liigher  calorific- 
value  of  oil  makes  it  preferable  bo  coal,  and  now  that  all  our 
warships  use»  liquid  fuel  to  generate  steam  in  boilers, 
it  seems  surprising  that  tlie  change  has  been  so  long  delayed. 
The  wonderful  success  of  the  steam  turbine  invented  by 
Sir  Charles  Parsons,  one  of  the  most  distinguished  past- 
presidents  of  our  institution,  made  the  change  of  fuel 
imperative,  first  because  tlie  turbine  excelled  the  boiler  iu 
endurance  at  full  speed  and  because  it  could  at  any  time  tal"' 
a  great  overload  -  The'  loading  of  oil  into  the  storage  s])aces 
in  a  ship,  and  its  transfer  to  the  furnace  are  enormously 
simpler  than  is  the  handling  of  coal.  As  regards  weight, 
the  saving  with  oil-fired  boilers  and  turbines  against  coal- 
fired  boilers  and  reciproc.iting  engines  is  20  per  cent.,  the 
fuel  supply  included  in  the  weights  in  both  cases  being  for 
the  same  radius  of  action ,  and  all  other  conditions  being 
analogous.  Great  credit  is  due  for  the  reduction  in  weight 
in  torpedo-boat  destroyer  machinery  to  351bs.  per  shaft  horse- 
power, excluding  fuel,  and  for  the  reduction  of  the  fuel  con- 
sumption to  about  lib.  of  oil  per  shaft  liorse-power  at  full 
power. 

Without  attempting  to  disparage  the  possibility  of  further 
progress  along  the  same  lines,  the  engineer  must  be  prepared 
for  departures  from  these,  and,  indeed,  from  all  traditional 
designs.  He  must  not  be  content  to  accept  that  which  exists 
because  it  seems  to  have  done  so  well  ；  the  creative  mind,  as 
distinct  from  that  of  the  copyist,  will  seek  for  new  lines  of 
advancement  while  accepting  approved  mechanical  principles. 
For  instance,  he  will  only  act  logically  in  urging  the  use  of 
fuel  oil  in  its  most  direct  form.  Why  us&  a  boiler  to  convert 
the  heat  of  the  fuel  into  steam  for  doing  work  in  the  cylinder 
when  the  oil  can  itself  work  directly  the  piston  in  the 
cylinder?  It  is  true  there  are  difficulties,  and  that  these 
increase  in  degree  with  the  size  of  the  cylinder.  Until  the 
demand  for  machinery  which  could  propel  submersible  war- 
ships, the  application  for  marine  propulsion  of  this  principle 
of  combustion  of  oil  within  an  engine  cylinder  was  treated  in 
a  somewhat  dilettante  manner.  The  experience  thus  gained 
justifies  the  view  tliat  all  difficulties  can  and  will  be  overcome. 
They  are  mentioned  her©  only  because  they  throw  further 
light  upon  the  extent  and  varied  character  of  the  technical 
experience  in  mechanical  machinery  required  in  modern  en- 
gineering. Tker©  is  the  choice  of  oils,  the  proportion  of  air 
necessary  for  efficient  combustion,  the  effective  scavenging  of 
the  cylinders,  the  properties  of  the  mstals  used  and  subjected 
to  rapid  alterations  of  extreme  t©mperat'ures，  and  the  nature 
of  the  material  for  working  parts  in  order  to  reduce  weight 
without  sacrificing  strength  or  durability.  Thes©  are  all  in 
addition  to  the  usual  requirements  of  simplicity  of  mechani- 
cal details  and  reliability  of  control  and  working  conditions. 

I  admit  that  there  are  difficulties  which  S3©m  with  our 
present  knowledge  inherent  to  the  internal-combustion 
engine.  That,  however,  is  a  stimulating  reflection  for  the 
young  engineer  who  seeks  for  more  worlds  to  conquer.  The 
power  which  a  cylinder  can  safely  develop  is  at-  present  not 
so  great  as  that  possible,  in  the  steam  engine,  because  the 
temperature  is  so  much  higher  with  the  internal-combustion 
engine  ；  but  this  may  b&  overcome  with  superior 
materials.  This  raises  the  question  of  the  two-  as  against 
the*  four-stroke  cycle,  and  of  double  iu  preference  to  single 
acting.  The  oil  engine  of  the  future  must  necessarily  be  of 
the  double-acting,  two-cycle  type,  if  the  maximum  of  power 
is  to  be  got  from  each  cylinder,  and  here  is  afforded  a  great 
field  for  ingenuity  and  patience  in  experiments.  Again, 
there  is  no  reasonable  objection  to  multiple  cylinders.  It  is 
true  they  increase  the  number  of  working  parts,  but  on  the 
other  hand  tlie  proportion  of  power  unavailable  through  tlie 
breakdown  of  a  cylinder  or  its  working  parts  is  cliininished. 
The  same  objection  to  multiplicity  of  cylinders  was  raised 
wlieji  two  engines  were  adopted  for  twin-screw  ships  in  order 
to  meet  the  need  which  aros©  for  more  steam  cylinders  aud 
shafts  for  liigher  powers.  It  may  be  noted,  too,  that  among 
the  recently-built  Atlantic  high-speed  passenger  liuers  is  one 
with  16  steam  cylinders  in  the  propelling  macliiiieiy,  eight 
for  each  propeller  shaft. 

We  are  told  that  a  return  to  reciprocating  machinery  is  a 
retrograde  move,  and  that  the  ship  will  vibrate  more  than 
with  turbines.  The  rotary  system  has  much  to  commend  it, 
and  it  may  be  thai  the  extended  use  of  the  iniernal-com- 
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bustion  system  in  reciprocating  engines  will  help  towards 
its  application  in  some  form  of  rotary  or  turbine  engine. 
Experience  with  the  heavy  oil  marine  engine  lias  provided 
most  satisfactory  results,  and  does  not  bear  out  prognostica- 
tious  as  to  undue  vibration.  Tho  pussibilities  in  t lie  direction 
of  reduced  weight  for  niacliiuery  and  fuel  certainly  justify 
t  he  desire  for  fuller  experience.  The  saving  with  an  oil 
engine  installation  in  a  large  ship  is  equal  to  about  20  pet- 
cent,  when  comparison  is  made  with  st&am  machinery,  all 
other  conditions  being  analogous,  and  fuel  included  in  both 
cases  for  a  radius  of  action  equal  to  that  aimed  at,  for  in- 
stance, in  British  battleships.  The  superficial  space  required 
is  about  23  per  cent.  less.  In  addition  to  the  advantage  in 
respect  of  supply  and  storage  obtained  with  the  use  of  oil  in 
boilers,  there  is  further  undoubted  gain  due  to  tlie  absence  of 
funnels,  tlie  mast  serving  for  the  exhaust.  This  (Miahles  tit? 
yuns  in  warships  to  l)e  placed  more  effectively. 

Nor  is  the'  field  for  utilising  scientific  knowledge  and 
practical  experience  confined  to  the  prime  mover ― promising 
as  is  that  field.  Ifi  all  departments  of  applied  mechanics 
there  is  need  for  the  creative  mind,  for  inventive  and  adaptive 
genius.  This  is  particularly  the  <-ase  w i 1 1 1  iivanufacturini; 
； i|)))liatit,es.  To  combat  competition,  econoniy  in  manufac- 
t  ure  is  only  less  important  than  the  suitability  of  the  design 
and  the  efficiency  in  operation  of  the  product.  Some  may 
claim  that  cost  is  of  equal  iinportamc  ；  that  is  true  in  some 
cases,  but  whore  there  is  scope  for  originality  in  (.'onception, 
for  ensuring  reliability  and  for  improvement  in  working 
results  there  is  still  tlie'  probability  of  these  qualities,  along 
with  price,  appealing  to  the'  buyer  as  elements  in  the  estima- 
tion of  true'  value.  Our  industrial  supremacy  depends  on 
our  progress  along  these  lines  as  much,  if  not  more,  than  in 
i'he  matter  of  cost,  and  it  is  t'(>  these  considerations  that 
atteution  must  be  directed  by  tlie  engineer  who  is  jealous 
of  the  part.  Britain  plays  in  advancing  ap])lied  science. 

But  tliese,  nevertheless,  ought  to  go  hand  in  liand  with 
economy  in  production.  This  is  influenced  by  machine  tools, 
organisation,  and  workmen.  A  staff  officer  accordingly  ouglii 
to  have  intimate  knowledge  of  all  ihree,  and  the  mental 
capacity  to  analyse  tlie  operation  of  all  threei  with  a  view  to 
continuous  improvement.  It  is  tru-e  that  tlve  design  of 
machine  tools  has  become  one  of  the  most  specialised  branches 
of  our  profession,  and  that  good  results  have  accrued.  These 
need  not  bo  elaborated.  But  there  still  remains  the  need  for 
cliscrimiuation  in  the  purchase  of  new  tools  in  order  to  ensure 
Mi  at  the  machine  is  not  only  well  designed  generally,  but 
absolutely  the  most  suitable  for  tlie  work  to  be  done.  It 
Jiappens,  too,  at  times  that  results  may  be  greatly  im- 
proved by  some  addition,  modification,  or  adaptation.  Thus 
there  is  the  user's  point  of  view  in  macliine-tool  work  as  well 
as  tlie  maker's,  and  only  experience  in  the  use  of  tools  can 
ensure  tlae  highest  workshop  economy. 

Organisation  is  a  large  subject,  involving  commercial  as 
well  as  technical  considerations.  Iuto  the  former  it  is  not 
desirable  to  enter.  The  engineer,  as  such,  has  no  concern 
with  the  effect  of  trade-union  conditions  of  employment  on 
mechanical  appliances,  and  this  need  not  be  considered  here 
further  than  to  express  the  hope  that  the  difficulties  of  these 
conditions  will  never  arrest  tho  work  of  the  creative  and 
adaptive  faculty  of  the  engineer  in  the  direction  of  extending 
and  quickening  mechanical  operations  in  the  factory.  The 
work  of  organisation  embraces  the  contiiiuously  extending 
utilisation  of  mechanical  in  preference  to  manual  operations. 
This  calls  for  a  record  of  costs,  so  reliable  and  comprehensive 
as  to  enable  comparisons  to  be  made  between  the  two  systems 
so  that  it  may  be  easy  to  decide  whether  interest  on  capital 
will  bo  eaimed  by  new  machines. 

Now  we  come  to  the  most  difficult  of  all  problems  whidi 
beset  the  young  engineer ― the  management  of  men.  There 
are  certain  occupations  in  which  a  man  can  design  and  com- 
I 山、 b、  his  work  himself.  The'  painter,  the  litterateur,  the 
musician,  can  labour  in  solitude,  and  their  products  are  t lie- 
fruit  of  their  own  brains.  But  witli  the  staff  officer  the  caso 
is  quite  different.  II©  has  largely  to  see  through  other 
persons'  eyes,  to  hear  through  their  oars,  and  to  act  through 
tlieir  hands.  The  day  is  not  long  enough  for  him  to  take 
personal  cognisance  of  everytliing  for  which  he  is  responsible. 
He  must  act  to  a  great  extent  througli  suboiviinates.  Wiien 
they  servo  him  well  lie  gets  the  credit,  and  when  they  serve 


liim  ill  he  bears  the  blame.  It  is  therefore  of  inunense  impoii- 
niicf  to  him,  and  ilie  Jinn  he  represents,  that  lie'  should,  in 
the  first  place,  select  his  assistants  with  skill  ；  and,  in  the 
second,  imbue  them  with  a  spirit  of  loyalty.  Nothing  con- 
fliii  <ks 川 ore  to  good  servico  than  the  knowledge  among  the 
ran k  and  file  that  the  chief  can  take  any  job  out  of  tlieir 
hands  and  do  it  as  well  as  or  better  than  th&uiselves.  In  early 
years  tnis  state  of  affairs  is  quite  possible,  but  later,  as  the 
pmvmr,'  under  a  man's  control  widens,  he  can  no  longer  be 
an  ,i(le】）t  in  every  department.  Then  his  method  of  influen  : 
ing  those  below  him  must  be  moral  and  intellectual  rather 
than  technical.  He  must  be  a  student  of  character,  able  to 
disc&iMi  botli  the  strong  and  the  weak  parts  of  his  assistants. 
He  must  eiu-ouragei  the  diffident,  stimulate  the  lethargic,  aiul 
repress  tlie  erratic.  There  are  no  books  that  explain  liow  this 
is  to  be  done,  and  no  professors  who  lecture  upon  th©  art. 
It  cm  only  be  a  (quired  by  constant  effort,,  and  the  efTori  nmsi 
be  begun  in  early  years,  】oiig  before  the  engineer  has  much 
opj>ortiuiity  of  putting  the  lessons  into  practice.  A  review 
of  the  careers  of  the  great  men  of  the  world  shows  tliat  they 
were  always  surrounded  by  capable  assistants  of  tlieir  own 
I'lioosing,  and  lie  who  hopes  to  rise  to  a  post  of  great  respon- 
sibility must  practise  the  study  of  character  with  assiduity 
while  able  to  be  on  familiar  terms  with  his  fellows.  As  0110 
grows  older,  a  veil  gathers  between  one  and  one's  acquaint- 
an«;es.  There  is  no  lovger  the  easy  familiarity  of  earlier 
years.  It  is  not  possible  to  gaze  into  th©  depths  of  their  dis- 
positions with  the  ease  of  former  days;  opportunities  of 
studying  human  nature  are  gradually  curtailed.  The  founda- 
tions of  the  knowledge  of  character  must  be  laid  early  in  life. 

Difficulties  beset  the  direction  of  men  who  have  reached 
the  period  of  life  when  it  is  not  easy  to  effect  any  great  change 
in  tliem.  Workmen  are  brought  up  in  a  mm'ow  school,  aii.'i 
tlieir  limitations  must  not  be  forgotten.  Success  will  be 
attained  by  the  staff  officer  adapting  himself  to  the  workman^ 
standpoint  ratlier  tlian  by  seeking  to  transform  liim.  The 
(lifFxculties  which  are  ex]>&rienoed  by  youtig  engineers  are  oftfMi 
intejisified  owing  to  impatience,  lack  of  experience,  a  failure 
to  recognise  idiosyncrasies  and  a  liesitancy  to  discover  latent 
wortli  not  measurable  by  some  preconceived  but  incomplete 
standard.  Tlieie  is  no  better  artisan  than  tlie'  British  work. 
iu^ 】nan.  He  is  actuated  by  the  motive  bo  maintain  the  credit 
of  his  craft.  He  is  right  in  seeking  tlie  best  market  condi- 
tions ； but  he  may  not  always  adopt  the  most  reasonable  line 
of  advocacy  or  tlie  most  tliouglitful  advocates.  It  is  a 
function  of  management,  however,  to  encourage  the  higher 
motives,  to  adopt  the  most  conciliatory  attitude,  and  to 
encourage  a  reflecting  and  broad-minded  line  of  policy. 
Workshop  experience  is  tlius  highly  essential  in  a  staff  officer 
― if  tlie  best  is  to  be  got  from  machine  tools,  organisation,  and 
tlie  management  of  men  ；  on  tlie  other  hand,  technical  know- 
ledge is  indispensable  to  tlie  evolution  of  design  and  to  the 
choice  between  alternatives  in  design,  in  materials,  and  in 
mechanical  methods. 

Is  all  this  a  gospel  of  perfection  1  Is  it  not  obvious  that  if 
we  are  to  maintain  our  position  as  a  great  industrial  nation 
there  must  be  advance,  in  the  science  and  practice  of  our  pro 
fession  ？  Tlie  payment  of  liigher  wages,  which  all  desire —- 
em  ployer  and  worker  alike ~ can  avail  nothing  if  tlie  cost  of 
living  is  increased  by  reason  of  tlie  cost  of  production  and 
distribution  going  up  correspondingly.  The  finished  product 
― th©  merit  of  its  design,  its  durability,  its  low  first  cost,  and 
it's  economy  in  operation ― is  our  primary  consideration.  By 
maiutaining  these'  qualities  the  remuneration  of  the  worker 
and  capitalist  can  be  ensured  without  the  selling  price  being- 
raised,  and  therefore  witliout  its  user  being  penalised,  and 
without,  to  this  extent,  the  cost  of  living  being  augmented. 
That  is  tlie  crux  of  tlie  problem  pressing  equally  on  the 
engineer,  the  industrial  economist,  and  the  labour  leader. 

Our  concern,  however,  is  purely  with  the  engineer's  part, 
and  it  will  be  recognised  that  it  offers  a  task  worthy  of  the 
highest  ambition.  The  aim  may  be  impossible  of  achieve 
merit  in  its  entirety  by  any  one  engineer,  however  highly  ai】、l 
widely  trained.  Ideals  would  cease  to  be  ideals  if  they  could 
be  realised.  But  an  ideal  may  be  to  anyone  what  the  pole 
star  lias  b&eii  to  tlie  navigator.  By  it  many  ships  have 
been  guided  to  various  ports.  Any  single  engineer  cannot 
acquire  the  full  sum  of  the  experience  required  in  an  en- 
gineering factory  ；  hut  lie  pliould  ^ain  as  much  as  he  can 
i"  t  he  most  rei  ept  ivo  years  of  his  life. 
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It  cannot  be  too  often  enforced  that,  with  the  increasing 
intensity  of  international  competition,  there  is  need  for  the 
utilisation  in  industry  of  the  best  mental  capacity  the  nation 
possesses.  It  is  recognised  on  all  hands  that  the  education 
of  the  people  is  a  national  duty.  We  have  long  since  passed 
the  stage  when  only  the  primary  rudiments  of  education  are 
provided  by  the  State.  To-day  we  have  to  wonder  when 
and  where  will  the  State  provision  of  educational  facilities 
end.  Research  scholarships  for  science  students  were  estab- 
lished by  the  1851  Exhibition  Commissioners  ；  but  the 
students  thus  trained  usually  pass  into  the  teaching  pro- 
fession. It  is  no  disparagement  to  this,  one  of  the  most 
valuable  branches  of  the  national  service,  to  say  that  in- 
dustry, as  well  as  education,  merits  a  share  of  the  fruits  of 
this  expenditure,  as  the  endowment  was  the  result  of  a  great 
industrial  exhibition.  This  fact  is  now  being  recognised  ； 
but  more  is  necessary. 

Other  States  adopt  methods  for  assisting  industry  by 
helping  to  train  men  capable  to  take  staff  appointments  in 
industrial  factories.  Under  present  conditions,  and  especially 
in  view  of  the  high  and  varied  qualifications  necessary  for 
such  staff  appointments,  the  training  must  be  prolonged.  In 
order,  too,  that  the  highest  results  in  scientific  knowledge 
and  practical  experience  may  be  realised,  a  considerable 
expenditure  is  involved,  and  there  is,  moreover,  little  chance 
of  wages  beiug  earned  during  the  time.  Only  those  liberally 
endowed  can  support  themselves  throughout  the  process. 
Such  apprentices  as  can  afford  to  pay  premiums  for  the 
practical  part  of  the  training,  as  well  as  the  fees  at  college, 
are  not  always  acceptable  in  works,  because  it  has  been  found 
that  many  of  those  so  endowed,  having  their  future  secure, 
lack  the  incentive  to  take  full  advantage  of  their  oppor- 
tunities, and  have,  therefore,  a  retarding  influence  on  other 
youths  in  the  factory.  On  the  other  hand,  a  shortage  in 
financial  resources  should  not  block  the  career  of  the  young 
man  of  requisite  calibre  and  character 3  for  whom  only  the 
opportunity  is  needed  to  develop  his  possibilities  and  direct 
them  into  the  most  appropriate  course.  In  London  and  in 
rural  districts,  where  there  are  few  engineering  factories,  such 
youths  have  difficulty  in  finding  the  opportunity  which  would 
enable  them  to  become  recruits  for  the  great  mechanical 
industries. 

It  is  true  that  our  great  technical  institutions  in  the 
Metropolis  and  provincial  cities  are  not  excelled  in  any 
country  in  the  world,  and  it  is  creditable  also  that  our  great 
city  companies  and  many  private  endowments  have  assisted 
many  less  favoured  in  the  "world's  goods n  to  prosecute 
their  engineering  studies  at  such  institutions.  Yet  the 
results  have  proved  unsatisfactory,  alike  from  the  point  of 
view  of  tlie  student  and  the  nation.  The  absence  of  practical 
training,  of  early  contact  with  the  workshop,  deprives  the^e 
students  in  most  cases  of  an  indispensable  part  of  their 
preparation  for  future  industrial  work,  and  interferes  with 
their  finding  a  suitable  vocation  after  their  college  course  has 
been  completed.  Experience  has  established  beyond  a  doubt 
that  if  a  youth  does  not  enter  the  shops  long  before  he  is 
21  or  22  years  of  age,  when  the  technical  college  course  usually 
terminates,  his  chances  of  becoming  a  thoroughly  satisfactory 
staff  officer  are  greatly  diminished.  His  course  at  college  has 
not  been  stimulated  by  that  matured  conception  of  the  need 
of  knowledge  on  certain  definite  lines  which  contact  with 
practical  work  creates.  At  22  years  of  age  he  is  less  tolerant 
of  the  rough  and  tumble  life  of  the  workshop ;  his  mind  is 
less  plastic,  and  he  has  already '  formulated  notions  as  to  the 
character  of  the  workmen  which  makes  it  difficult  for  him  to 
realise  that  the  craftsman  has  much  to  teach  him.  Moreover, 
he  does  not  get  into  the  same  sympathetic  relationship  with 
the  workmen  as  he  would  possibly  have  done  at  an  earlier  age, 
and  thus  in  negotiations  with  workmen  later  on,  he  is  placed 
at  a  disadvantage  owing  to  lack  of  experience  of  the  idiosyn- 
crasies of  men  and  of  their  standpoint  in  all  questions ― 
mechanical,  economical,  and  social  ；  in  other  words,  the 
college  lt  standard  "  is  between  him  and  a  recognition  of  the 
true  worth  of  the  worker. 

The  contact  with  practical  work  and  all  it  involves  alike 
in  machine  tool  design  and  working  establishment  organisa- 
tion and  the  qualities  of  workmen  is  tlie  necessary  preliminary 
to  \he  college  course.    It  may  be  pursued  for  t  ltree  rontinuoiis 


years  or  be  sandwiched  in  thick  slices  with  the  college  course, 
but  there  is  a  preference  for  the  former  when  associated  with 
evening  class  work  along  with  that  of  tlie  ordinary  apprentice. 
Beyond  this,  there  is,  when  tlie  college  course  is  concluded,  an 
undertaking  on  the  part  of  the  firm  to  take  such  apprentice 
student  direct  from  the  college  into  tlie  works  for  a  further 
period  of  high-class  training  at  a  good  wage.  Thus  there  is 
secured  for  the  student  a  stimulus  during  his  college  course 
due  to  his  past  workshop  experience  and  the  surety  of  a 
position  after  that  course  is  concluded. 

There  may  still  be,  through  lack  of  means,  the  difficulty  of 
pursuing  this  course  from  the  beginning  of  workshop  experi- 
ence, through  college  and  during  the  subsequent  higher 
educational  course  in  the  works.  Ye^fc  these  are  essential  if 
we  are  to  have  satisfactory  staff  officers^— young  men  of 
creative  and  adaptive  genius,  capable  to  maintain  the  high 
efficiency  of  tlie  nation  in  applied  science.  The  field  of  select- 
ing such  youths,  too,  should  be  widened  so  that  the  best  brains 
of  London,  and  of  every  rural  district  as  well  as  provincial 
engineering  towns,  can  bo  secured.  As  has  already  been  said, 
if  the  experience  acquired  is  to  bo  on  the  broadest  basis,  the 
youth  cannot  be  expected  to  produce  work  which,  in  the 
earlier  stages,  will  be-  thoroughly  remunerative  for  his 
employer.  His  wages  can  only  be  a  minimum,  paid  really  to 
ensure  equality  with  others  who  work  with  him,  in  order  to 
ensure  a  maintenance  of  discipline.  Even  then  some  dis- 
advantage must  accrue  to  the  employer  who  grante  special 
facilities  for  the  acquisition  of  experience  on  the  part  of  the 
apprentice.  For  a  youth  who  has  to  pay  for  his  living  with 
little  or  no  parental  help,  there  is  a  severe  handicap. 

Is  it  too  much  to  expect  that,  as  ther-e  is  great  national 
noed,  the  State  should  extend  its  educational  system  so  as  to 
enable  the  best  of  our  youths  to  enter  upon  a  combined  practi- 
cal and  theoretical  training  for  the  greatest  of  our  manu- 
facturing industries,  without  requiring  great  sacrifices  on  the 
part  of  parents  who  may  be  unable  to  support  their  sons 
throughout  the  prolonged  period  of  training?  Such  a  scheme 
need  not  be  confined  to  engineering,  although  it  is  with 
engineering  tharfc  we  are  here  concerned .  Foreign  Govern- 
ments nurture  their  industries  in  many  ways :  they  provide 
means  for  the  constant  supply  of  staff  officers  for  factories, 
and  if  we  are  to  continue  pion-eers  in  inventive  work,  similar 
methods  of  encouraging  talent  mt^t  be  adopted.  There  are 
details  to  be  considered,  such  as  the  choice  of  the  State 
industrial  appr-entioes,  the  provision  of  methods  of  testing 
th^ir  earnestness,  application,  and  proficiency  from  time  to 
time  during  the  course,  so  that  any  retrogression  may  be 
visited  by  a  withdrawal  of  the  State's  support,  and  the 
insurance  that  State  industrial  apprentices  will  continue  to 
serve  the  Empire  only  after  their  training  liad  been  com- 
pleted. But  all  of  these  details  can  easily  be  arranged  once 
w©  accept  th©  principle  of  selecting  and  nurturing  the  most- 
promising  mental  talent  of  th©  nation,  independently  of  the 
stratum  of  society  in  which  it  is  discovered. 

The  duty  of  fostering  mechanical  science  is  one  which  will 
yield  the  highest  reward  to  the  nation,  and  should  commend 
itself  apart  altogether  from  its  social  considerations.  We 
live  in  an  age  in  which  mechanical  science  is  pre-eminent. 
It  affects  the  national  activities  in  every  direction  :  national 
prosperity  rand  niational  security  are  dependent  on  our 
supremacy  in  engineering  in  every  department  of  practice. 
Every  phase  of  life  is  affected  by  the  work  of  the  engineer. 
The  manufacture  of  all  the  necessities  and  most  of  the  luxuries 
of  】ife，  the  transport  of  products,  even  our  pleasures,  come 
within  the  scope  of  the  mechanical  arts.  The  adequate 
eniployment  of  all  at  a  remunerative  wage  and  the  reduction 
oif  the  cost  of  living  are  tasks1  set  to  members  of  our  pro- 
fession. Our  most-  clamant  national  need,  therefore,  is  for 
high-grade  intellect  to  create  new  appliances,  to  improve  old 
apparatus  in  manufacture,  to  perfect  design  alike  with  regard 
to  its  applicability  to  work,  to  durability  and  to  economy  in 
operation,  so  that  we  may  hold  our  own  with  all  competitors. 
On  this  and  on  the  efficient  manufacturing  process,  and 
incidentally  on  the  amity  between  capital  and  labour,  our 
national  success  is  dependent,  and  true  statesmanship  can  do 
n»uch  in  assisting  towards  the  discovery  and  fostering  of  the 
biain  power  and  character  fit  to  carry  into  effect  the  highest 
ideals  of  a  great  manufacturing  nation. 
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PORT  BLOCKS  FOR  METAL  MIXERS  AND  OPEN  HEARTH 
FURNACES. 

In  metal  mixers  and  open-hearth  furnaces  having  removable 
port  blocks  or  burners,  it  has  be&n  proposed  to  mount  the 
latter  on  wheels  which  run  on  rails  parallel  with  the  central 
line  of  the  mixer  or  furnace,  so  that  they  can  be'  removed 
in  an  endways  direction,  that  is,  parallel  with  the  central 
line  of  the  mixer  or  furnace.  Instead  of  this  parallel  move- 
ment it  lias  been  suggested  that  tlie  port  blocks  or  burners 
may  be  arranged  to  be  pulled  sideways,  that  is,  at  right 
angles  to  the  central  line  of  the  mixer  or  furnace,  the  dippers 
being  either  raised  out  of  the  seal  or  detached  from  the  port 
block  or  burner  to  permit  of  either  of  the  aforesaid  move 卜 
merits.  To  enable  tlx©  port  block  or  burner  to  be  removed 
either  sideways  or  endways,  Mr.  B.  W .  Head,  M .  A.， 
A.M. Inst. C.E.,  47,  Victoria  Str&et,  Westminster,  S.W.,  has 
designed  and  patented  the  arrangement   illustrated.  The 


Pout  Blocks  for  Metal  Mixers  and  Open  hearth  Furnaces 

port  block  or  burner  is  mounted  upon  an  under-carriago  N 
which  is  provided  with  rails  O  in  lines  at  right  angles  to 
the  central  line  of  the  mixer  or  furnace  (a  part  of  the  main 
body  of  which  is  indicat&d  at  P)，  and.  the  port  block  or 
burner  has  wheels  R  which  will  run  upon  the  rails  O  carried 
upon  the  under-carriage  N.  At  the  lower  side  of  the  under- 
carriage are  wheels  S  for  running  parallel  witli  the  central 
line  of  the  furnace.  Rails  are  shown  at  T  on  the  supports  V 
for  these  wheels  S  to  run  on.  When  it  is  desired  to  push 
the  port  block  or  burner  up  against  the  mixer  or  furnace,  or 
to  withdraw  it,  the  u n d e r-c ar r i a g 6  N  is  run  on  its  wheels  S. 
When  it  is  desired  to  draw  the  port  block  or  burner  sideways 
for  repairs  or  other  purpose-,  it  is  run  on  its  wheels  R  upon 
the  rails  O  on  the  un d e-r-ca r ri a ge  N,  and  a  track  is  provided 
upon  the  platform  to  coincide  with  the  rails  O  on  the  under- 
carriage N  at  some  convenient  point  in  the  motion  of  the 
carriage.  The  dippers  of  the  seals  (one  of  which  is  seen  at 
W)  are  arranged  so  as  to  be  easily  detachable  from  the  port 
block  or  burner.  This  is  accomplished  by  making  them  so 
that  they  surround  each  uptake  separately  and  are  secured 
by  bolts  X，  easily  accessible  for  detachment  or  attachment. 
Tlie  combination  of  the  under-carriage  N  with  the  port 
block  or  burner  can  be  used  whether  seals  and  dippers  are 
used  or  not. 


RAIL  CORRUGATION. 

The  subject  of  "  Rail  Corrugation  "  was  dealt  with  by  Mr.  H. 
T.  Wakelam,  M.Inst.C.E.,  in  a  paper  recently  read  before  the 
Institution  of  Municipal  and  County  Engineers.  Tho  paper 
was  based  on  the  returns  received  in  answer  to  the  questions 
sent  out  by  the  Tramways  Committe'e'  of  the  Institution  to 
engineers  in  charge  of  tramway  systems  in  the  United 
Kingdom.  He  said  that  from  information  contained  in  the 
answers  received  it  might  b©  argued  that  the  trouble  was 


chiefly  set  up  by  combined  influences,  such  as  (a)  the  constant 
oscillatory  motion  of  tho  car  wheels  on  the  rail  surface,  due 
(1)  to  high  speeds,  (2)  to  bogie  cars,  (3)  to  short  wheel-bases, 
and  (4)  to  heavy  car  platforms  ；  (b)  the  rigid  bed,  which,  for 
stability  of  the  road  surface,  must  necessarily  be  laid  down  ； 
and  (c)  curvature  of  track.  In  this  last  connection  it  was 
cl ear  that  the  curves,  generally,  of  tramways,  steam  railways, 
and  electric  railways  were  affected  by  corrugation  to  a  greater 
extent  than  straight  tracks. 

Constant  and  rapid  braking,  under  the  fast  traffic  of 
to-day,  no  doubt  caused  varying  and  irregular  impacts 
between  the  wheel  tyres  and  the  rails.  These  varying 
impacts,  witli  tlie  influences  already  referred  to,  might  have  a 
considerable  bearing  on  the  question,  especially  when  "  wheel 
flats  "  were  corrolatively  considered.  It  mighi  bo  that  vibra- 
tion combined  witli  the  influences  already  mentioned  might 
also  have  some  bearing  on  the  question.  To  prove  the  length 
of  vibratory  waves  along  tramway  rails  produced  by  varying 
speeds  of  rolling  stock  the  writer  made  experiments  on  the 

Middlesex  County  system  and 
found  that  in  connection  witli 
a  car  travelling  at  a  speed  of 
12  miles  an  hour  the  wave  was 
noticeable  on  the  railhead  at  a 
distance  of  240  yards  from  the 
car;  that  at  a  distance  of  160 
yards  vibration  was  general  ； 
thai  afc  a  distance  of  70  yards 
vibration  was  distinctly  accen- 
tuated as  the  car  passed  ove: 
each  joint,  and  that  vibration 
was  not  so  pronounced  on  the 
curves  as  on  the  straight 
tracks.  Thicker  rail  webs  than 
those  commonly  used  on  tram- 
ways would,  no  doubt,  obviate 
vibration  to  some  extent,  and 
in  this  connection  lengths  of 
track  so  constructed  might  well 
b©  laid  for  the  purpose  of  ex- 
periments with  both  high  and 
low  carbon  rails. 

Very  little  corrugation  ap- 
peared to  be  noticed  where  ih  ^ 
car  traffic  was  of  a  light  nature,  and  the  trouble  appeared  to 
increase  in  ratio  to  the  traffic.  Tracks  used  by  bogie  cars 
were  more  corrugated  than  those  confined  to  cars  with  fixed 
frames.  This  might  be  due  to  the  oscillation  caused  by  the 
small  wheels  of  the  former.  Tramway  rails  of  the  same  section 
and  make,  subjected  to  the  same  tests,  corrugated  to  varying 
degrees  and  also  varied  considerably  under  actual  wear.  Cor- 
rugations affected  tramway  rails  laid  on  concrete  beds  of 
almost  any  strength  or  thickness.  Corrugation  was  also 
experienced  where  the  rails  were  laid  on  longitudinal  wood 
sleepers  embedded  in  concrete.  It  was  stated  at  the  Paris 
Congress  that  from  actual  tests  soft  rails  corrugated  less  than 
hard  rails.  Hard  rails  were,  however,  universally  accepted  as 
being  the  most  economical  for  general  wear. 

In  reply  to  questions  sent  out  by  the  Institution  it  was 
stated  (1)  that  in  the  town  of  Perth  the  trouble  affected  both 
rails,  but  on  one  particular  length  of  track  only  ；  and  (2)  that 
at  Sunderland  corrugations  appeared  and  disappeared  on 
tracks  where  speeds  were  fairly  high,  and  that,  after  dis- 
appearing for  a  time,  they  were  again  showing.  In  the  latter 
connection  it  would  be  of  interest  to  know  whether  or  not 
there  had  been  alterations  or  changed  conditions  in  the  tracks 
or  rolling  stock  or  in  regard  to  the  speeds  at  which  the  cars 
travelled. 

Rail  corrugation  did  not  confine  itself  to  tramways  only, 
but  was  also  met  with  very  extensively  on  both  ordinary  steam 
and  electric  railways.  The  fact  that  it  occurred  on  lines  that 
were  used  by  steam-driven  trains  only  altogether  upset  the 
theory  of  those  who  stated  that  corrugations  were'  set  up  by 
electrolytic  action.  In  regard  to  tracks  used  by  electrically- 
driven  trains,  where'  ihe  usual  "  side^supported  "  construction 
had  Tb&en  adopted,  corrugations  were  constantly  met  with . 
But  an  important  case  was  that  of  an  electric  "  tube  "  railway, 
in  which  the  track,  which  had  been  in  us©  about  six  years,  was 
constructed  with  a  centrally-supported  track.  Up  to  the  pre- 
sent there  was  no  sign  of  corrugation  on  either  the  curves  or 
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other  parts  of  the  system.  In  contradistinction  there  was  an 
electric  railway,  under  the  same  control,  which  was  con- 
structed on  the  ordinary  steam  track  principle.  On  this 
corrugations  had  proved  most  troublesome ~ especially  on  the 
curves ~ although  the  rolling  stock  employed  was  common  to 
the  two  systems  and  the  rails  used  were  identical,  viz.,  Sand- 
berg  silicon. 

From  these  facts,  notwithstanding  anything  previously 
referred  to  in  this  paper,  it  might  be  well  assumed  that  the 
principal  cause  of  the  trouble  arose  from,  or  was  connected 
with,  track  construction.  An  experiment  recently  carried 
out  on  a  curve  of  ten  chains  radius  (on  an  ordinary  ballasted 
railway  track)  afforded  ground  for  reflection.  Shortly  after 
the  curve  was  laid  corrugations  or  batterings  were  very  pro- 
nounced, and  careful  measurements  were  made  of  their  posi- 
tions, depths,  and  pitches .  After  a  time  the  curve  was  taken 
up  and  relaid  with  new  rails  of  an  exactly  similar  pattern  and 
make  to  those  first  adopted.  After  some  wear  batterings  or 
corrugations  appeared  again  at  the  same  identical  spots  and  to 
the  same  depths  and  pitches. 

The  author  endeavoured  to  find  out  in  connection  with 
both  steam  and  electric  railways :  (a)  Whether  the  pitch  of 
the  corrugations  (or  batterings)  varied  with  the  speed  of  the 
trains  ；  (h)  whether  the  corrugations  varied  in  their  pitch  in 
ratio  to  the  speeds  ；  and  (c)  whether  corrugations  (or  batter- 
ings) were  more  frequent  on  curves  than  otherwise.  The 
information  received  on  points  (n)  and  (b)  was  to  the  effect 
that  the  pitch  did  vary  under  different  speeds,  but  no  actual 
results  in  ratio  were  forthcoming.  In  regard  to  point  (c),  cor- 
rugations (or  batterings)  were  undoubtedly  more  frequent  on 
curves  than  otherwise. 

Th©  author  concluded  that  corrugation  must  form  some' 
inherent  attachment  to  all  track  constructions  which  did  not 
possess  more  or  less  resilient  beds,  and  it  remained  for  some 
ingenious  person  to  design  a  track  for  electric  traction  on  roads 
which  would  give  both  resiliency  and  stability  for  tramway 
traffic,  with  reasonable  maintenance  cliarges,  and,  at  the  same 
time,  provide  a  surface  which  would  satisfactorily  sustain,  for 
a  reasonable  period,  the  ordinary  road  traffic.  He  considered 
that  the  replies  received  to  the  questions  circulated  made  it 
abundantly  clear  that  corrugations  were  not  caused  by 
(a)  electrolytic  action,  (b)  rolling  stock  (per  se),  (c)  driving  and 
braking,  (d)  soft  rails,  or  (e)  resilient  tracks ；  but  that  what- 
ever the  real  cause  might  be  it  was  aggravated  by  (a)  impact 
and  vibration,  (b)  hard  rails,  (c)  rigid  beds,  and  (d)  curvature. 


ELECTRIC  SHOCKS. 

Some  interesting  information  regarding  the  danger  of  electri- 
city is  given  in  the  "  Lancet f1  by  Dr.  Reginald  Morton,  pre- 
sident of  the  Section  of  Electro-Therapeutics  in  the  Royal 
Society  of  Medicine,  who  states  tliat  practically  no  shock, 
however  severe,  need  necessarily  prove  fatal.  There  are,  he 
says,  only  two  fundamental  facts  that  need  be  impressed  upon 
the  minds  of  everyone.  The  first  is  that  death  from  electrical 
shock  is  only  an  apparent  death  at  first  ；  and  secondly,  what- 
ever the  conditions  or  severity  of  the  accident,  there  is  practi- 
cally always  a  time,  varying  from  a  few  minutes  upwards, 
during  which  it  is  j>ossible  to  resuscitate  the  victim  by  artificial 
respiration  if  resorted  to  at  once.  So  important  is  it  to  com- 
mence artificial  respiration  quickly  that  it  is  the  first  duty  of 
the  bystander  to  see  to  this  before  everything  else.  He  must, 
not  leave  the  victim  to  summon  medical  aid ~ it  may  be  too 
late  by  the  time  the  doctor  arrives —一 but  lie  should  send  fox- 
medical  assistance  if  tliere  is  anyone  els©  present.  If  thei 
victim  has  fallen  clear  of  electrical  contact  first  aid  may  b© 
given  at  once,  but  if  he  remains  in  contact  with  the  circuit  tlie 
first  step  is  to  get  him  free.  This  is  dangerous  to  the  rescuer 
unless  care  is  taken,  but  the  necessary  precautions  are  simple 
enough  for  any  voltage  likely  to  be  encountered  by  the  public 
― the  highest  being  tliat  used  for  railways  and  tramways, 
about  600  volts.  If,  then ,  the  victim  remains  in  contact  witli 
the  circuit,  his  body  must  not  be  touclied  by  his  rescuer,  but 
the  latter  may  pull  him  out  of  contact  by  hauling  on  the 
clothing,  or  he  may  take  off  his  own  coat,  insert  his  hands  in 
the  sleeves  and  then  handle  the  victim,  with  little  or  no  risk 
to  himself.  Almost  any  article  of  clothing  or  material  may 
be  used  provided  it  is  dry  and  of  moderate  thickness. 
Artificial  respiration  must  be  persevered  with  for  at  least  two 
hours,  or  until  tlie  patient  revives ；  in  many  cases  it  may  be 


only  a  few  minutes.  After  return  to  consciousness  complete 
rest  is  essential  for  a  day  or  two,  and  under  no  circumstances 
must  the  man  be  allowed  to  return  to  work  at  once,  as  he  may 
wish  to  do  if  the  shock  has  been  a  light  one.  ，  With  the 
prompt  application  of  first  aid  practically  every  victim  can  be 
revived,  and  of  these  nearly  all  will  make  a  complete  and 
permanent  recovery  provided  tliey  were  previously  in  a  normal 
state  of  health. 


NEW  DIESEL  DRIVEN  PUMPING  INSTALLATION  AT  RUGBY 
WATERWORKS.* 

BY  K.  A.  PFLEIDEIIKK. 

Bi:foke  discussing  the  subject  which  forms  tlie  title  of  the 
paper,  a  brief  description  of  the  general  system  of  water 
supply  will  be  given.  The  water  is  drawn  from  two  sources : 
(«)  A  well  in  Bar  by  Road;  (b)  the  River  Avon. 

The  well  in  Bar  by  Road  is  not  a  natural  one,  but  is 
supplied  from  a  system  of  drainage  pipes  or  collectors  which 
drain  parts  of  the  Hillmorton  and  Bilton  districts.  The  col- 
lectors discharge  their  waters  into  a  filter  bed,  and  from  there 
the  water  runs  into  a  well  from  which  th©  pump  suction  is 
taken.  The  water  is  delivered  into  the  tank  on  the  tower 
which  is  prominent  from  the  road.  In  summer  time  this 
source  is  dried  up,  so  that  then  the  whole  demand  is  met  by 
the  other  works.  The  work  required  to  deliver  1,000  galls, 
into  the  tower  from  Barby  Road  is,  of  course,  much  less 
than  that  required  to  deliver  tlie  same  quantity  from  the 
River  Avon,  which  is  about  100ft.  below  Barby  Road,  hence 
a  saving  in  cost  has  been  effected  by  pumping  all  the  water 
available  from  the  higher-lying  source.  Th©  low  running 
costs  of  the  Diesel  engine)  will,  however,  transfer  the  whole 
of  the'  pumping  to  the  Avon  Waterworks. 

The  Avon  is  made  to  flow  through  a  reservoir  provided 
with  sluice  valves  to  keep  it  at  a  certain  level.  This  reservoir 
is  situated  near  tlie  British  Thomson-Houston  Works.  •  The 
water  flows  by  gravity  to  a  circular  dirty-water  tank  through 
a  24in.  culvert,  and  thence  by  moans  of  sluice  valves  to  any 
of  tho  three  large  filter  beds.  From  here  it  passes  through 
either  of  two  smaller  filter  beds  and  thence  to  either  of  two 
large  brick-built  clear-water  tanks.  The  pumps  take  their 
suction  from  here,  and  deliver  into  the  town  mains.  The 
suction  pipe's  are-  fitted  with  non-return  valves  and  strainers. 
The  head  of  water  against  which  the  pumps  work  is  main- 
tained by  the  column  of  water  from'  th©  waterworks  to  the 
towei'  in  Barby  Road. 

The  difference'  in  level  is  from  168ft.  to  192ft.,  accord- 
ing to  how  full  the  tank  on  the  tower  may  be.  The 
resistance  to  the  flow  of  water  throughout  the  pipe  system 
increases  this  head  according  to  tlie  rat©  at  which  the  water 
is  flowing.  The  Barby  Road  and  Avon  Waterworks  pump 
simultaneously  into  the  same  town  mains,  from  which  springs 
a  network  of  smaller  mains  covering  Rugby,  and  the  dis- 
tricts of  Bilton,  Hillmorton,  Brownsover,  and  Newbold. 
This  network  terminates  in  the  supply  pipes  to  the  individual 
houses,  the  population  served  numbering  about  25,000. 

The  steam  plant  whose  work  the  Diesel  engine  takes  over 
consists  of :  (a)  Two  boilers,  one  of  the  Lancashire  type  and 
the  other  of  Baboock  &  Wilcox  water-tube  type  ；  {h)  two 
steam  engines  a?id  pumps,  one  a  Worthiiigion  triple-expan- 
sion set  with  an  otitjmt  of  50,000  galls,  per  hour  and  the 
ctlif'r  a  Haythorne  k  Davy  with  an  output  of  30,000  galls. 
]>er  hour  ；  (c)  feed -water  softener  ；  (d)  two  boiler  feed  pumps  ； 

two  condensers  ；  (f)  two  air  pumps. 

Before  tlie  introduction  of  this  steam  plant,  there  were  a 
liigh -speed  steam  set  giving  10,000  galls,  per  hour  and  a 
beam  engine  set  giving  14,000  galls,  per  hour.  The  latter 
also  drove  a  small  centrifugal  ])imip  by  belting.  The  dutv 
of  this  pump  is  to  take  the  water  from  the  river  in  times  of 
flood,  when  it  is  very  m uddy,  and  discharge  it  into  the  reser- 
voir, wiiere  t'lie'  mud  can  settle  before  the  water  passes  on  to 
the  filter  beds.  This  pump  will  in  future  be  driven  by  a 
small  lo  b.h.p.  semi-Diesel  u  Bolinder  '  engine,  using  the 
same  fuel  oil  as  the  main  engine. 

The  new  installation  is  designed  for  au  output  of  80,000 
galls,  per  hour  against  a  head  of  260ft. ,  with  an  overload 
capacity  of  1 00,000  galls,  per  hour  against  a  head  of  220ft. 

*  Abstract  of  paper  read  before  the  Rugby  Engineering  Society.  December  17th. 
1912. 
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Tlie  plant  consists  of  a  "Victoria"  turbo-pump,  made  by 
Messrs.  Willans  &  Ro"binson，  Ltd.,  driven  by  a  Willans- 
Diesel  engine  through  mechanical  gearing.  The  pump  runs 
at  a  normal  speed  of  1,115  revs,  per  minute  and  the  engine 
at  220  revs,  per  minute.  Thfe  general  arrangement  of  the 
^ngine-rooui  is  shown  in  plan  and  elevation  in  Figs.  1，  2,  and 
； J.  It  will  be  seen  that  the  whole  plant,  including  all  the 
i  uxiliaries  with  the  exception  of  the  main  fuel  storage  tanks 
and  the  exliaust  silencer,  are  in  the  engine-room  itself,  which 


Fig.      Engine  Koom.  Uugby  Watkiovokks. 

shows  the  compactness  and  convenience  of  the  Diesel  plant 
as  compared  with  steam  power  with  auxiliaries,  or  with  a 
gas  plant  with  its  spacious  producers. 

The  fuel  as  purchased  is  delivered  in  the  oil  company's 
special  railway  wagons.  From  the  wagon  it  is  transferred 
to  tlie  Council's  road  oil  cart  by 
means  of  a  2-i-in.  semi-rotary  Wilcox 
jnimp,  which,  together  Avith  a  hose 
pipe  and  it's  unions,  forms  part  of 
the-  equipment  of  the  cart.  The 
cart  is  drawn  alongside  the  storage 
tanks,  into  which  the'  oil  is  pumped 
by  means  of  the  same  Wilcox  pump. 
The  hose  is  coupled  to  a  connection 
in  tho  tanks  similar  to  connections 
for  fire  hose'.  From  tlie  bottom  of 
the  storage  tank  the  oil,  after  pass- 
ing through  a  strainer,  is  led  under- 
ground to  the  suction  of  another 
the  engine- 
delivers  the 
which  holds 
run  at  con- 
This  service,  tank 
float  and  indica- 


of  gland  troubles  and  allowing  a  more  compact  design.  This 
is  accomplished  by  means  of  an  extremely  simple  patented 
balancing  device  which  automatically  maintains  a  perfeci 
axial  balance  and  at  the  same  time  keeps  the  water  in 
contact  with  its  stuffing-box  at  quite  a  low  pressure,  (b)  The 
care  and  accuracy  bestowed  on  the  manufacture  of  the  im- 
pellers and  guide  wheels.  What  might  at  first  sight  seem 
trivial  inaccuracies  in  these'  vital  parts  may  in  practice  give 
rise  to  appreciable  shock  and  consequent  loss  in  efficiency 

aiul  durability. 

The  principle  of  the  turbo 
pump  is  simplicity  itself. 
Water  enters  at  the  cent  w 
portion  of  the  "  flyer  "  or  "  ini- 
peller/'  is  thrown  by  centri- 
fugal action  along  the  passages 
formed  by  the  vanes,  leaving 
the  vane  tips  afc  a  certain 
velocity,  and  entering  the 
fixed  guide  passages  without 
si  lock.  The  diaphragms  and 
"uide  wheels  are  so  made  that 
the  water  passes  from  the  out- 
side of  the  passages  down  be- 
tween the  diaphragm  and  guide 
wlieel,  and  into  the  middle 
portion  of  tlie  next  flyer,  and 
so  on.  From  the  last  guide 
passages  tlie  water  passes  to 
the  annular  chamber  com- 
uiiuiicating  witli  the  delivery 
pipe.  " 

The   impellers   and  guide 
wheels  are  cast  in  bronze,  while 
the   diaphragms   are   of  cast 
iron.  The  shaft  is  of  high-grade 
】iickel  steel,  and  is  provided  with  renewable  bronze  bushes 
to  protect  it  from  the  wear  due  to  the  packing.    The  bearing 
housings  are  cast  in  one  piece  with  the  end  covers,  which 
fit  cylindrically  into  the  body,  thus  ensuring  perfect  align- 
ment.   The>  bearings  are  designed  for  high  speeds  and  pro- 


Wilcox  pump  fixed  to 
room  wall.    The  pump 
oil  into  the  service  tank, 
sufficient  for  18  hours' 
tinuous  full  load, 
is  provided  with 


tor  to  enable  the'  level  of  the  oil  to 
be  observed  by  the  man  working  the 
j)ump.  From  liere  the  oil  is  fed  by 
gravity,  the  quantity  being  con- 
trolled by  a  ball  valve,  into  the  fuel 

filter  tank,  where  the  oil  lias  to  pass  through  a  fine  filter 
before  falling  again  by  gravity  to  the  fuel  pump  suction, 
whence  it  is  fed  into  the  engine!  in  quantities  regulated  by 
tlie  governor.  The  products  of  combustion  escape  from  the 
engine  to  the  atmosphere  through  the  exhaust  pipes  and 
silencer,  without  smokiness. 

Th 8'  complete  installation  divides  itself  into  the  following 
tliree  chief  items  :  (1)  The  engine  and  its  auxiliaries.  (2) 
The  gearing.    (3)  The  pump. 

The  Pump. ― This  is  a  standard  "  Victoria  "  type  manu- 
fa<  tui-efl  by  Messrs.  Willans  &  Robinson,  Ltd.  It  is  a  two- 
sta^e  pump  giving  at  a  speed  of  1,115  revs,  per  minute'  a 
normal  full  load  output  of  80,000  galls,  per  hour  against  a 
head  of  260ft.  The  leading  features  of  the  design  ami 
niHimfactui'e  are  :  (a)  Absence  of  pressure  stuffing-box  and 
<Mi(|-t  lirust  })eari ng，  result  ing  in  increased  efficiency,  absence 
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Fig.  2.— Engine  Boom,  Rugby  Watebworks. 

vided  with  ring  lubrication.  The  pump  body  is  of  cast  iron, 
lined  with  special  bronze  to  protect  it  fromi  acid  water  and 
from  rusting.  . 

The  theory  of  the  pump  is  that  of  a  water  turbine 
reversed.  The  greatest  source  of  inefficiency  is  the  loss  in 
eddies  at  the  discharge  from  th©  vanes.  It  is  in  tlie  means 
adopted  to  minimise  these'  eddies,  and  to  convert  to  useful 
work  as  much  as  possible  of  the  kinetic  energy  at  the  tips 
of  the  vanes,  that  centrifugal  pumps  differ.  There  are  three 
arrangements  adopted  for  this  purpose :  (a)  Spiral  discharge 
chamber;  (h)  arrangement  of  discharge  chamber  to  give  a 
whirlpool  of  free  mobility  ;  (c)  provision  of  fixed  wheels  carry- 
ing guide  passages.  、 

In  the  spiral  cliamber  design  the  sectional  area  is 
increased  uniformly  towards  the  delivery  pipe,  and  thus  gives 
approximately  coiitimious  stream  lines  and  minimises  eddy 
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loss.  In  the  whirlpool  chamber  design  the  water  is  dis- 
charged into  the  chamber  and  there  forms  a  vortex  or  whirl- 
pool in  which  the  velocity  varies  inversely  as  the  radius. 
In  this  way  the  velocity  is  least,  and  therefore  the  pressure 
greatest  at  the  outside,  from  which  the  delivery  is  taken . 
In  the  guide  wheel  type  the  water  is  discharged  from  the 
impeller  into  fixed  guide  passages,  whose  area  across  the 
direction  of  flow  gradually  increases  and  thus  converts  a 


Fig.  3.— Engine  Room,  Rugby  Waterworks. 

good  part  of  the  kinetic  energy  into  static  head.  The  last 
method  is  adopted  in  the  pump  in  question. 

The  Reduction  Gearing.  ―  This  is  rigidly  coupled  to  the  fly- 
wheel, but  there  is  a  flexible  coupling  on  the  high-speed 
shaft  between  the  gear  box  and  the  pump.  'The  slow  speed 
shaft  runs  normally  at  220  revs,  per  minute  (i.e.,  normal 
speed  of  the  engine),  and  the  high-speed  shaft,  and  therefore 
the  pump,  runs  at  a  speed  of  1,115  revs,  per  minute.  The 
gear  is  of  the  double  helical  type  giving  no  unbalanced  axial 
thrust.  The  gear  box  is  bolted  on  the  same  baseplate  as  the 
pump.  The  main  gear-box  casting  forms  the  grease  chamber 
in  which  the  gears  run,  and  is  faced  on  the  top  to  carry  the 
bearings,  and  faced  also  for  the  gear-case  cover.  The  bear- 
ing on  the  engine  side  of  the  low -speed  shaft  is  specially 
designed  to  take  its  share  of  the  weight  of  the  flywheel,  and 
thus  acts  as  an  outboard  bearing.  The  large  wheel  is  cut 
from  a  high-carbon  steel  casting,  and  is  keyed  to  the  shaft. 
The  pinion  is  also  of  steel,  being  in  one  piece  with  the  high- 
speed shaft. 

The  auxiliaries  will  be  considered  next.  They  are :  (1) 
Air  compressor  ；  (2)  compressed  air  bottles  ；  (3)  silencer ;  (4) 
main  storage  tanks  ；  (5)  fuel  service  tank  ；  (6)  fuel  filter 
tank  ；  (7)  Venturi  meter  and  recorder. 

The  Air  Compressor. — This  was  manufactured  by  Messrs. 
Reavell  &  Co.,  of  Ipswich.  It  is  of  the  three-stage  type'  with 
two  low-pressure,  one  intermediate,  and  one  high-pressure 
cylinders,  and  is  driven  direct  off  thei  engine  crank  shaft,  the 
body  being  bolted  to  a  facing  on  the  engine  bedplate.  All 
pistons  are  driven  from  the  one  crank  pin.  This  makes  a 
very  neat  and  compact  design,  the  big  ends  of  the  connect- 
ing rods  being  cut  away  at  an  angle,  and  held  on  to  the 
gun-metal  bush  (wliich  fits  over  the  crank  so  as  to  keep  it 
free  from  wear)  by  means  of  gun-metal  straps.  The  com- 
pressed air,  in  its  passage  from  tho  low-pressure  to  the  inter- 
mediate-pressure cylinder,  and  from  the  intermediate-pressure 
to  the  high-pressure  cylinder,  is  made  to  pass  tlirough  water- 
cooled  coils. 

Blow-off  valves  are  attached  so  as  to  ease-  the  pressure 
whenever  it  should  be  higher  than  desired.  One  is  fitted  to 
the  low-pressure  delivery  and  the-  other  to  the  intermediate- 
pressure  delivery  chamber.  The  valves  and  water  jackets 
can  easily  be  i nspected  by  removing  the  cast>iron  inspection 
doors,  which  form  part  of  the  water  jacket.  There  are  no 
suction  valves  in  the  low-pressure  cylinders,  ports  being  cut 
in  the  gudgeon  pins  and  into  the  piston  casting  in  such  a 


way  that  during  the  suction  stroke  atmospheric  air  enters 
freely  into  the  cylinder.  The  angular  motion  of  the  connect- 
ing rod  closes  the  ports  at  the  end  of  the  suction  stroke,  so 
that  the  air  is  compressed  and  forced  through  the  delivery 
valves.  By  eliminating  these  suction  valves  the  air  is  drawn 
in  without  appreciable  resistance  at  atmospheric  pressure, 
thus  increasing  the  volumetric  efficiency.  There  are  a  num- 
ber of  spring-loaded  mushroom  type  delivery  valves  to  eacli 
cylinder,  which  give  better  results  in  oporation  tlian  would 
be  the  case  with  a  single  valve. 

Compressed  Air  Bottles.— Tliese  liave  to  serve  two  purposes. 
Firstly,  they  must  store  air  from  tJie  compressor,  to  blow 
in  the  fuel  oil  against  the  compression  in  the  engine  cylinder. 
For  this  purpose  one  bottle  is  used.  Secondly,  air  must  1"' 
stored  to  start  the  engine  from  rest  for  two  or  three  turns, 
after  which  firing  takes  place  in  the  cylinders  and  the  engin  - 
runs  up  to  speed.  For  this  purpose  two  bottles  are  pro- 
vided, each  much  larger  than  the  "blast,"  bottles.  One  of 
these  larger  bottles  is  used  in  the  ordinary  way  for  starting, 
and  is  filled  again  to  its  full  pressure  during  the  first  few 
minutes'  run.  Tlie  other  large  bottle  is  a  reserve,  in  case, 
by  carelessness,  tlie  one  starting  bottle  may  be  allowed  to 
fun  down.  The  arrangement  of  t-he  bottles  and  their  valves 
is  shown  diagrammatically  in  Fig.  4. 

During  ordinary  running  air  is  compressed  l)y  the  com- 
pressor and  charged  into  the  blast  bottle,  whence  it  goes 
to  the  fuel  valve,  but  connections  are  so  arranged  thai 
after  starting  up,  the  starting  air  bottle  can  be  pumped  to 
its  full  pressure  from  the-  compressor,  viz.,  the  blast  bottle. 
To  maintain  the  correct  blast  pressure  for  the  engine,  which 
is  lower  than  the  starting  air  pressure,  during  this  time,  tho 
blast  is  throttled  before  entering  the  blast  pipe. 

The  Silencer. ― This  consists  of  a  cast-iron  cylinder  having 
two  plates  transverse-  to  tlie  axis,  each  having  holes  arranged 
to  break  up  the  flow  of  the  exhaust  into  ediies. 

The  Main  Storage  Tanks.— There  are  two  of  tliese,  7ft.  cliani. 
and  17ft.  in  length .  The  total  storage  is  thus  1,300  cub.  ft., 
or  8,100  galls.,  or  34  tons.  This  is  sufficient  for  six  weeks' 
nont.iimous  full-load  working  24  hours  a  day,  or  about  three 
months'  working  at  the  present  load  factor  of  the  station, 
taking  the  normal  output  of  the  set  as  full  load.  The  tanks 
are  provided  with  gauge  glasses,  manholes,  connections  for 
hose  for  filling,  drain  cocks  for  the  purpose  of  cleaning,  and 
air  cocks  to  allow  air  to  escape  during  filling    and  enter  as 


Fig.  4.— Diagram  op  Air  Bottles  and  Valves. 

oil  is  drawn  off.  They  are  made  of  j^in.  riveted  steel  plates, 
and  are  supported  on  cast-iron  stools,  which  in  turn  rest  on 
concrete  piers  sunk  into  the  ground. 

The  Fuel  Service  Tank. ― This  is  in  the  engiue-room,  resting 
on  girders  built  into  the  wall.  It  is  a  plain  cylindrical 
galvanised  tank,  holding  about  18  hours'  continuous  full-load 
supply,  or  about  36  hours'  supply  under  present  running 
conditions.  It  is  provided  with  a  float  and  outside  indicator, 
so  that  the  level  can  be  seen  from  the  engine-room  floor. 

The  Fuel  Filter  Tank. ― This  tank  is  in  two  compartments, 
one  holding  crude  oil  and  the  other  paraffin.  The  outlet 
pipes  from  thesa  compartments  run  to  a  three-way  cook  and 
thence  to  the  fuel  pump  suction,  so  that  the  engine  can  be 
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acting  four-stroke  land  type.  The  following  is  the  sequence 
of  strokes,  })e^iimin^  at  tlie  suction  stroke ： ― 

(1)  Downward  si  roke.  Aimosplieric  :m'  is  admitted  to 
the  cylinder. 

(2)  Upward  stroke.  The  air  is  compressed  to  its  maxi- 
mum pressure  before  the  introduction  of  fuel. 

(3)  Downward  stroke.  The'  fuel  is  injected  into  the 
cylinder  at  tlie  top  d&ad  centre,  with  the  compression  pressure 
at  about  5001bs.  per  square  inch.  Combustion  takes  place 
spontaneously  at  the  <'ornj)ression  temperature,  and  then 
expansion  for  about  85  per  cent,  of  the  stroke,  after  which 
the  exhaust  valve  opens  and  allows  the  products  of  com- 
bustion to  escape. 

(4)  Upward  stroke.  The  products  of  combustion  arc 
expslled  from  the  cylinder  through  the  exhaust  valve. 

In  tli is  cycle  three  points  stand  out  clearly.  The  first 
is  the  absence  of  fuel  during  tli©  whole  of  tli€'  compression 
stroke.  This  is  one  of  the  great  advantages  of  the  Diesel 
engine  over  the  gas  engine,  and  is  of  paramount  importance 
in  view  of  the*  fact  that  in  a  very  large  proportion  of 
the  troubles  wliich  have'  arisen  in  gas  engine  practice,  the 
cause  has  been  pre-ignition.  The  second  point  is  that  fuel 
has  to  be  injected  into  the  cylinder  against  a  compression 
of  5001bs.  per  square  inch.  This  is  accomplished  by  the 
use'  of  liiglily- ('(impressed  air  which  blows  the  oil  into  the 
cylinder  immediately  tlie  fuel  ne'e'dle  valve  is  opened.  The 
third  point  is  the  absence  of  any  external  means  of  ignition 
ov.'ing  t'o  spontaneous  combustion  at  the  compression  tem- 
perature.  This  rids  the  station  engineer  of  a  great  number 
of  minor  troubles  wliich  attend  the  use  of  all  ignition  devices. 

It  is  worthy  of  note  that  the  use  of  oompre&&ed  air  to 
inject  the  fuel  into  the  cylinder  gives  a  means  of  increasing 
the  amount  of  air  for  combustion  at  higher  loads.  The  air 
drawn  in  by  the  piston  is  constant  at  all  loads,  and  the 
amount  of  air  which)  passes  with  tlie  fuel  into  the  cylinder 
is  regulated  by  the  blast.  Tlius,  at  high  loads,  the  blast 
pressure  is  raised,  and  more  air  enters  the  cylinder  than  at 
low  loads. 

It  is  in  the  design  of  th©  fuel  valve  and  fuel  pump  tli  at 
the  Diesel  engine  presents  features  peculiar  to  itself,  1  he 
other  parts  following  the  accepted  practice  of  internal- 
combustion  engines  with  comparatively  unimportant  modi- 
fications. 

In  order  to  get  spontaneous  combustion  at  the  com- 
pression temperature,  the  oil  must  be  injected  into  the 
cylinder  in  tlie  form  of  a  fine  spray.  For  this  purpose  the 
oil  is  made  to  pass  through  what  is  known  as  the  pulveriser 
or  atomiser  before  arriving  at  the  needle  valve  admitting 
it  to  the  cylinder.  The  pulveriser  consists  of  several  rings 
with  a  number  of  small  holes  drilled  in  them .  Two-pitch 
circles  are  used  so  that  neighbouring  rings  do  not  have 
holes  directly  opposite  to  each  other.  From  these  rings  the 
oil  passes  on  fco  the  pulveriser  cone,  which  is  a  cone  with 
grooves  cut  on  its  curved  surface.  The  con©  fits  into  a  seat 
leaving  the  grooves  as  oil  passages.  The  effect  of  the  rings 
and  oone  is  to  break  up  the  fuel  as  efficiently  as  possible 
before  it  is  blown  into  the  cylinder.  Perfect  combustion  in 
the  cylinder  can  only  be  obtained  with  a  correctly  designed 
pulverising  arrangement. 

The  engine,  which  has  four  cylinders  of  the  A  frame  type, 
in  wliich  the  upper  part  of  the  crank  casing  is  in  one  casting 
with  the  cylinder.  This  is  the  accepted  type*  for  general 
land  work  and  low  speeds.  Briefly,  the  action  of  thei  engine 
is  as  follows  ：  The  energy  developed  in  the  cylinder  is  trans- 
mitted by  the  piston  and  connecting  rod  to  the  crank  shaft, 
wliich  has  a  gear  wheel  keyed  on  to  it,  driving  a  vertical 
shaft  which  again  by  skew  gearing  drives  the  cam  shaft 
operating  the  valve  levers.  There  is  no  external  crosshead, 
the  piston  being  of  the  trunk  type  forming  its  own  guide. 

The  bedplate  forms  the  lower  part  of  the  crank  chambers, 
and  is  bored  to  receive  the  main  bearings.  It  is  faced  and 
studded  on  top  to  receive  the  A  frames  and  at  tlie  end  for 
the  compressor  body.  The  crank  shaft  is  of  forged  steel,  and 
necessarily  of  a  large  diameter  on  account  of  reversal  of  stress 
and  the  greater  inequality  of  torque  than  in  the  case  of  steam 
engines.  There  are  four  cranks,  the  first  and  fourth  in  the 
same  direction  and  180°  from  the  second  and  third.  This 
a rran^eiueiit  gives  an   impulse  every  half-revolution  of  tlie 


switched  on  to  crude  oil  or  paraffin.  Tlie  level  in  the  filter 
tank  is  maintained  by  an  ordinary  cistern-type  float  valve. 
The  filter  pad  itself  is  a  disc  of  felt,  and  has  very  little 
filtering  to  do,  as  tlie  oil  passes  through  a  very  fine  gauze 
filter  before  entering  the  outlet  pipe  from  the  main  storage 
tank. 

The  Vcnturi  Meter. ― This  is  of  the  usual  type,  made  by 
Ceo.  Kent,  Ijtd.,  with  a  recorder,  showing  on  a  diagram  tlie 
rate  of  How  in  the  main  delivery,  and  also  showing  on  dials 
t  lie  number  of  gallons  delivered  from  the  time  it  was  set 
at  zero. 

The  Engine. 一 Like  many  other  inventions,  the  Diesel 
engine  was  not  originally  planned  and  designed  in  the  form 
with  which  w©  are  now  familiar.  Dr.  Diesel  aimed  at  pro- 
ducing an  engine  to  work  on  the  Car  not  cycle,  and  intended 
to  use  coal  dust  as  the  fuel  to  be  burnt  in  the  cylinder.  He 
hoped  also  t'o  do  away  with  water-cooling  altogether,  tlius 
eliminating  a  large  heat  loss. 

"With  such  an  ambitious  programme,  it  is  not  surprising 
that   numerous  difficulties  arose,   altering    the  proposition 
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very  materially.  Water-cooling  was  soon  found  to  be  essen- 
tial; coal  dust  liad  to  b©  replaced  by  oil,  and  isothermal 
combustion  was  found  to  be  unattainable  and  constant- 
pressure  combustion  employed.  Eventually,  after  much 
experimental  work  by  Dr.  Diesel,  in  conjunction  with  the 
Maschinenfabrik  Augsburg-Niirnberg,  the  Diesel  cycle,  as 
now  familiar,  was  embodied  in  the  historical  20  b.h.p.  engine 
built  at  Augsburg  in  1897 ― five  years  after  the  first  applica- 
tion for  patent  in  Germany  and  other  countries.  In  1898 
tlie  Niirnberg  company  sold  the  first  commercial  Diesel 
engine,  which  gave  60  b.h.p.,  and  which  is  still  in  satisfactory 
working  order. 

'The  cycles  of  the  ideal  Car  not  engine  and  the  Diesel 
engine  are  shown,  together  with  their  temperature  curves, 
on  Fig.  5.  They  are  drawn  to  tho  same  pressure,  volume, 
and  temperature  scales.  The'  Diesel  and  Carnot  cycles  are 
drawn  for  the  same  maximum  pressure  and  th©  same 
cylinder  volume,  and  therefore  for  the  same  size  and  strength 
•  of  cylinder.  Thus  the  areas  of  the  cycles  are  in  proportion 
to  the  power  developed  by  the  two  engines  at  the  same 
speed.  It  will  be  seen  that  by  departing  from  the  ideal 
( 'arnofc  cycle  and  sacrificing  efficiency  much  greater  powers 
can  be  developed  than  would  be  tlie  case  in  the  ideal  engine 
of  the  same  proportions. 

The  engine  under  consideration  is  tlie    vertical    sin (； le- 
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shaft.    The  main  bearings  are  of  cast  iron  lined  with  white 
metal  and  provided  with  ring  lubrication. 

The  trunk  piston  is  of  cast  iron,  with  a  through  hole  pro- 
vided for  carrying  the  gudgeon  pin.  It  is  not  separatel)' 
cooled  on  this  "size  of  engine.  The  couuecting  rod  is  a  solid 
forging  of  carbon  steel  with  big  end  bearings  lined  with  white 
metal  and  made  iu  halves,  with  shim  plates  for  the  purpose 
of  taking  up  wear.  The  small  end  carries  a  bearing  in 
halves,  made  of  a  special  phosphor-bronze  and  provided  with 
an  adjustment  for  taking  up  wear. 

The  cylinder  cover  is  of  cast  iron  arranged  to  take  the 
valve  seatiugs.  The  fuel  valve  is  in  the  middle  and  the 
exhaust  and  suction  valves  placed  symmetrically  on  each 
side.  There  is  also  the  starting  valve  placed  between  the 
fuel  valve  and  suction  valve,  and  set  forward  a  little.  Tho 
remaining  space  is  taken  up  by  the  cooling  water.  The 
whole  is  necessarily  of  a  heavy  liberal  design  on  account  of 
the  large  forces  it  has  to  withstand.  Through  holes  are  pro- 
vided for  the  A  frame  studs,  by  means  of  which  the  covers  are 
held  on.  The  cam  shaft,  which  is  driven  by  the  crank  shaft 
through  the  vertical  shaft  by  skew  gearing,  is  carried  on 
white  metal  bearings.  The  brackets  carrying  the  bearings 
are  bolted  on  to  faces  on  the  A  frames.  The  cams,  which 
are  all  ground  to  a  former,  are  keyed  on  to  the  cam  shaft. 

The  valve  levers  which  actuate  the  valves  carry  case- 
hardened  rollers  which  run  ou  the  cams.  The  fulcrum  for 
the  levers  is  a  short  shaft  for  each  cylinder,  and  is  carried 
by  pillars  bolted  to  the  cylinder  covers.  The  starting  valve 
lever  and  fuel  valve  lever  are  carried  by  eccentric  bushes  on 
the  fulcrum  shaft,  so  arranged  that  by  means  of  a  lever 
either  the  fuel  valve  or  the  starting  air  valve  may  be  in 
action,  but  not  the  two  at  the  same  time.  The  timing  of  the 
valves  is  assured  by  marking  the  teeth  ou  the  skew  gears  on 
t.he  vertical  shaft  with  the  corresponding  teeth  iuto  which 
they  fit  on  the  crank  shaft  and  cam  shaft  respectively.  For 
the  last  fine  adjustment  of  the  timing  of  the  fuel  valves,  the 
cam  operating  the  fuel  valve  lever  may  be  slightly  advanced 
or  retarded  during  the  timing-up  process,  but  is  locked 
permanently  when  once  properly  adjusted.  The  flywheel, 
which  is  3h  tons  in  weight  and  7ft.  Ahin.  diam.,  is  】nade  in 
one  casting.  Testh  are  cast  inside  the  rim  for  the  pawls  of 
the  barring  gear  for  barring  the  engine  round  to  any  desired 
position. 

The  fuel  pump  and  governing  are,  of  course,  vital  features 
of  the  engine,  and  are  arranged  as  follows :  On  the  vertical 
shaft  are  two  eccentrics,  one  rigidly  fixed  to  the  shaft  and 
the  other  to  a  sleeve  which  rotates  with  the  shaft  and  the 
-(jvernor,  but  which  is  capable  of  an  angular  movement 
relative  to  the  shaft.  As  the  balls  fly  out  the  sleeve  is  turned 
relatively  to  the  shaft,  and  therefore  relatively  to  tlie  fixed 
eccentric.  The  fixed  eccentric  operates  the  pump  plunger, 
which  thus  has  a  definite  fixed  stroke.  The  other  eccentric 
oj>erates  a  trip  plunger,  which  also  has  a  definite  fixed  stroke, 
but  whose  timing  relative  to  the  pump  plunger  is  controlled 
by  the  governor.  This  trip  plunger  lifts  the  suction  valve 
of  the  fuel  pump  off  its  seat  during  part  of  the  stroke,  thus 
by-passing  the  fuel  back  to  the  suction.  The  governor  con- 
trols the  timing  of  this  trip  plunger  and  therefore  controls 
the  length  of  the  effective  portion  of  the  puinp  plunger 
stroke,  tlius  regulating  the  amount  of  oil  given  to  the 
cylinders.  A  liandle  is  provided  which  wlien  set  to  a  certain 
position  lifts  the  pump  suction  valve  off  its  seat  indepen- 
dently of  tli©  trip  plunger,  thus  shutting  down  the  engine. 

As  with  all  governors,  the  sensitiveness  can  only  be 
increased  at  the  expense  of  hunting  at  light  loads,  or 
vice  versa  ；  limiting  at  light  loads  can  only  be  minimised 
by  increasing  the  governing  range.  Thus  a  compromise  has 
to  be  arrived  at  whicli  is  most  suitable  to  tlie  conditions  of 
service.  Hand  regulation  is  provided  to  vary  the  speed  while 
running  between  220  and  182  revs,  per  minute,  to  enable  the 
puiu|j  to  run  at  a  lower  speed,  ami  finis  maintain  a  better 
efficiency  at  low  loads. 

The  quantity  of  water  discharged  by  tlie  punij)  at  maxi- 
inurn  efficiency  is  proportional  to  the  speed,  and  the  liead  is 
proportional  to  the  square  of  the  speed,  and  lience  the  water 
liorse-power  is  proportional  to  the  cube  of  the  speed  -  Tlius 
the  pump  can  be  made  to  ^ive  "565  of  its  full  load  at  prac- 
tically full  load  efTicieiu-y  hy  reflucing  the  speed  from  220  to 
182  revs,  par  minute. 


The  cooling  water  supply  is  taken  off  the  water  mains 
iind  delivered  to  a  pipe  with  branches  to  the  bottom 
of  each  water  jacket.  From  the  top  of  the  water  jackets  it, 
passes  into  the  cylinder  covers,  and  from  the  top  of  iliese 
it  discharges  as  an  open  stream  into  a  cast-iron  funnel  con- 
nected to  the  outlet  pipe.  A  separate  water  connection  is 
made  for  each  cylinder  and  one  for  the  compressor.  Tli'' 
open  stream  allows  one  to  take  the  temperature  by  the  liaiul, 
or  more  accurately  by  means  of  a  thermometer. 

The  summary  of  the  engine  test  figures  will  be  found  tabu- 
lated. It  is  customary  for  the  makers  to  ask  for  a  margin  of 
5  per  cent,  on  the  consumption  figure  when  the  engine  is  still 
" stiff,"  and  the  bearings  liave  not  yet  got  the  perfect  running 
surface  which  comes  with  a  few  weeks'  running.  It  will  be 
noted,  however,  that  tlie  consumption  is  well  within  tli" 
guarantee  without  deducting  this  5  per  cent.    Some  of  the 

(juantities  in  the  table  call  for  comniPnt.    The  value  of 】 

is  seen  to  be  a  fraction  under  80  per  cent.,  which  at  first  siglit 
seems  remarkably  poor,  if  thought  of  in  the  liglit  of  a 
mechanical  efficiency.  The  reason  is  this  :  part  of  the  power 
delivered  to  the  crank  shaft  is  absorbed  in  the  air  compressor, 


Kig.  ().— Fuel  Consumption  Cuitvi.s  uf  Dieskl  Engink  at 

】tUGBY  M'ATKUWORKS. 

so  that  the  effective  brake  horse-power  as  measured  by  tli,' 
brake  is  less  by  that  amount  than  the  horse-power  delivered  to 
the  shaft. 

The  same  remarks  apply  to  the  values  given  to  the  thermal 
efficiency  on  a  brake  horse-power  basis.  More  important  than 
either  of  these  is  the  fuel  consumption  per  brake  horse -power, 
which  figure  is  of  paramount  importance  in  the  commercial 
proposition,  of  a  new  plant.  It  is  to  be  carefully  borne  in  mind 
that  these  figures  are  sometimes  stated  on  a  basis  of  shaft 
horse-power  without  subtracting  the  air  compressor  work,  and 
sometimes  on  a  basis  of  effective  brake  horse-power.  Unfor- 
tunately, on  the  Continent  the  former  is  adopted,  wliereas 
British  engineers  prefer  the  latter.  As  a  consequence  oue  is 
too  liable  to  fall  into  the  trap  of  thinking  that  the  continental 
makers  can  achieve  efficiencies  beyond  the  reach  of  British 
manufacturers.  Though  stress  is  laid  ou  this  poiut,  from  a 
technical  standpoint  it  is  merely  a  matter  of  definition.  It 
may  be  of  interest  in  this  connection  to  remark  that  the  only, 
or  nearly  the  only,  engineer  on  the  Continent  who  upholds  the 
British  acceptance  of  the  term  "  meclianical  efficiency  ，，  as 
being  the  ratio  of  the  effective  brake  horse-power  to  the 
indicated  horse-power  is  Dr.  Diesel  himself. 

The  fuel  consumption  may  be  given  in  terms  of  the  steam 
utilised  in  tlie  main  engine  or  turbine  without  either  including 
the  steam  required  for  auxiliaries,  and  without  subtracting 
from  tlie  power  developed  the  amount  of  power  required  to 
drive  the  auxiliaries,  which  may  or  may  not  be  electrically 
driven.    The  curves  of  total  fuel,  fuel  per  brake  horse-power, 

B  H'1)',  and  thermal  efficiency  on  brake  horse-power  basis  are 
I.H.P. 

plotted  against  brake  liorse-power  (see  Fig.  6). 
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Advantages  of  the  Diesel  Engine. 一- The  first  consideration  of 
a  station  engineer  in  deciding  what  plant  to  install,  is  the  cost 
of  his  power  when  the  plant  is  put  to  work.  The  great 
question  of  cost  involves  a  very  large  number  of  variables,  so 
that  to  b©  guided  by  statistics  alone  is  impossible.  Full 
appreciation  of  local  conditions  is  essent ial  in  comparing  rela- 
tive economics  of  different  power  systems.  The  capital  cost 
of  buildings  and  plant  taken  together  is  sensibly  the  same  for 
steam,  gas,  and  oil  power,  local  conditions  alone  being  able  to 
place  them  in  order  of  merit.  The  fuel  costs  for  an  engine  of 
150  to  200  b.h.p.  are  less  for  the  Diesel  set  providing  that 
oil  is  not  more  than  about  five  times  as  costly  as  coal,  weight 
for  weight.  This  is  based  on  continuous  full  load  running, 
and  the  economy  of  the  Diesel  engine  becomes  more  marked  as 
the  load  factor  falls  off.  For  intermittent  running  the  Diesel 
engine  scores  a  very  great  advantage  in  having  no  stand-by 
losses.  It  can  be  started  up  and  put  on  full  load  within  a 
minute.  The  cost  of  labour  is  of  course  less  for  the  Diesel 
engine  than  for  steam  plant.  Owing  to  the  somewhat  recent 
introduction  of  th©  Diesel  ©ngiue,  a  driver's  wages  are  higher 
than  a  steam  engine'  driver's,  but  the  stoker's  wages  are  saved, 
leaving  a  big  balance  of  economy  with  the  Diesel  engine . 
Where  water  is  scarce,  the  Diesel  engine  lias  an  advantage  of 
great  importance,  only  requiring  3  galls,  to  4  galls,  per  brake 
horse^powor  hour,  whereas  a  modern  oonde-nsing  steam  engine 
rrtjuires  ； it  least  60  galls,  per  brake'  horse-power  hour.  In  a 
locality  subject  to  dry  seasons  this  is  a  point  of  great  weight. 
With  regard  to  stores,  maintenance,  repairs,  and  depreciation 
t  aken  together  the  Diesel  engine  shows  to  disadvantage  only 
when  compared  to  a  steam  engine  by  itself.  When  the  bailer 
and  auxiliaries'  are  taken  into  account  th©  table®  are  reversed. 
For  the  size  and  duty  of  tlie  plant  at  the  Rugby  Waterworks, 
the  Diesel  engine  is  a  very  sound  economy. 

The  author  s  thanks  aro  due  to  Messrs.  Willans  &  Robin- 
sou,  Ltd. T  for  information  placed  at  his  disposal  and  to  the 
Rugby  Town  Council  for  permission  to  read  this  paper  on 
their  plant. 

VALVE  ARRANGEMENTS  OF  MULTIPLE  EXPANSION  MULTIPLE 
CRANK  ENGINES. 

In  a  compound  engine  with  receiver  space  and  separate  high- 
pressure  and  low-pre«sur©  valves  both  controlled  by  an  auto- 
matic expansion  crank  shaft  governor,  important  advantages 
are  secured  in  relation  to  prompt  and  close  control  of  speed, 
great  steam  economy  over  a  wide-  range  of  loads,  and  large 
overload  capacity  owing  to  th-e  automatic  expansion  and  com- 
pression governing,  while  these  cannot  be  secured  with 
t  Iirottle  governing,  or  even  with  automaiic  control  of  expan- 
sion in  the  】iigl 卜 pressure  cylinder.  To  secure  these 
advantages  in  an  engine  with  cylinders  side  by  side  Mr. 
William  Sisson,  of  Hucclecot'e,  Gloucester,  has  designed  and 
patented  the  arrangement  illustrated,  which  is  shown  applied 
to  a  double-acting  compound  double  crank  engine  with 
cylinders  side  by  side  and  provided  with  piston  valves. 

Referring  to  Fig.  1  ，  the  high-pressure  valve  A  and  the  low- 
pressure  valve  B  are  shown  with  their  respective  valve  spindles 
C  connected  by  links  and  joint  pins  io  the  rocking  lever  D. 
Motion  is  transmitted  to  the  rocking  lever  D  from  ihe 
eccentric  of  the  crank  shaft  govei'iier  by  means  of  an  eccentric 


strap  connected  to  the  eccentric  rod  E，  and  this  motion  is 
imparted  to  th©  two  valw  spindles  and  valves  linked  up  to  the 
rocking  lever.  The  motion  of  the  two  valves  thus  obtained 
being  opposite  in  phase  enables  the  distribution  of  steam  to  be 
arranged  so  that  the  admission  of  st&am  to  the  high-preasur© 
cylinder  is  controlled  by  the  inner  edges  of  th©  high-pressure 
valve  A,  and  the  exhaust  steam  from  the  high-pressure 
cylinder  into  the  higl 卜 pressure  receiver  G  is  controlled  by  the 
outer  edges  of  the  valve  A.  The  exhaust  steam  from  the  high- 
pressure  valve  constituting  the  steam  supply  from  the  liigh- 
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pressure  receiver  G  to  the  low-pressure  valve  is  likewise  con- 
trolled in  its  admission  to  tlie'  low-pressure  cylinder  by  tlie 
inner  edges  of  the  low-pressure  valve  B  and  tlie  exhaust  by  ihe 
outer  edges  thereof.  In  Fig.  2  is  shown  the  liigh-pressure 
cylinder  H  aud  the  low-pressure  cylinder  J  so  placed  in  rela- 
tion one  to  another  that  there  is  only  sufficient  space  between 
tlie  walls  of  the  cylinders  to  permit  the  exhaust  steam  from 
the  high-pressure  valve  chest  K  to  pass  to  the  low-pressure 
valve  chest  L.  The;  placing  of  the  valves  A  and  B  one  on 
each  side  of  the  centre  line  joining  th©  two  cylinders  thus 
secures  a  reduced  distance  between  the  two  cylinders  H  and  J 
and  also  provides  sufficient  receiver  space  G. 

The  arrangement  described  is  applicable  to  various  types 
of  double-acting  engines  of  high  or  moderate  speeds  and  witli 
different  types  of  valve,  but  is  more  particularly  adapted  for 
use  in  the  case  of  high  speed  double-acting  engines  with  steam 
distribution  given  by  piston  valves. 


Tramways  and  Light  Railways. ―  The  length  of  tramways  and 
light  railways  in  England  and  Wales  last  year  was  2,134 
miles  ；  in  Scotland,  300  miles  ；  and  in  Ireland,  163  miles, 
making  an  aggregate  of  2,597  miles.  In  1901  th©  corre- 
sponding lengths  were  :  England  and  Wales,  1,040  miles  ； 
Scotland,  116  miles  ；  and  Ireland,  149  miles,  making  an 
aggregate  of  1,305  miles.  Stock,  share,  and  debenture  capi- 
tal last  year  stood  as  follows  ：  England  and  Wales, 
£63,183,744;  Scotland,  £7,537,870;  and  Ireland,  £4，003，826， 
making  an  aggregate  of  £74,725,440'.  The  gross  receipts 
last  year  were :  England  and  Wales,  £11,418,936  ；  Scotia"  1， 
£1,7/8,490;  and  Ireland,  i579,575,  making  an  aggregate 
of  £13,777,001.  The  working  expenses  last  year  were : 
England  and  Wales,  £7,207,359  ；  Scotland,  £967,210  ;  and 
Ireland,  £326,372,  making  an  aggregate,  of  £8,500,941.  The 
not  return  upon  the  capital  expended  stood  last  year  at 
barely  3  per  cent,  per  annum 
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LIGNITE  FOR  STEAM  POWER  AND  OAS  PRODUCER  PLANTS. 

In  a  paper  recently  presented  at  a  meeting  of  the  American 
Society  of  Mechanical  Engineers,  tlie  author,  Mr.  C.  H. 
Crouch,  presented  the  results  of  a  series  of  tests  to  ascertain 
the  suitability  of  lignite  as  a  fuel  for  steam  power  plant  and 
gas  producers.  The  lignite  was  that  obtained  from  the  North 
Dakota  field,  wliich,  it  is  estimated,  comprises  one-sixth  of  the 
known  coal  deposits  of  the  United  States.  Numerous  proxi- 
mate analyses  were  made  of  samples,  the  results  of  which 
showed  the  green  coal  to  contain  approximately  35  per  cent, 
of  moisture,  and  tlie  dry  coal  to  contain  approximately  43  per 
cent,  of  volatile  matter,  50  per  cent,  of  carbon,  and  from  7  to 
9  per  cent,  of  ash.  North  Dakota  lignite  is  classed  as  one  of 
the  youngest  coals.  In  appearance  it  is  black  when  freshly 
mined,  but  as  it  dries  it  becomes  lighter  in  colour  and  is  often 
a  dark  brown.  Before  it  has  become  sufficiently  dry  to  dis- 
integrate, it  somewhat  resembles  charcoal  in  that  it  frequently 
shows  very  clearly  the  grain  of  the  wood  and  knots  of  the 
trees  from  which  the  coal  has  been  formed  ；  but  upon  drying 
cracks  are  9een  both  with  and  at  right  angles  to  tlie  grain. 
The  line  of  cleavage  in  breaking  is  along  the  grain.  Occa- 
sionally a  piece  will  be  found  which  has  lost  its  grain  and  at 
fracture  resembles  anthracite  iu  appearance,  having  a  lustre, 
but  this  disappears  as  the  moisture  is  driven  off. 

Preliminary  experiments  showed  that  this  fuel  may  con- 
tain (a)  large  quantities  of  moisture,  two  coals  analysed  con- 
taining over  35  per  cent,  of  moisture,  which  is  readily  given 
up,  causing  the  coal  to  crack  and  disintegrate ;  (b)  large  pro- 
portions of  volatile  matter,  some  of  which  is  driven  off  at 
comparatively  low  temperature  ；  and  (c)  a  small  percentage  of 
ash.  These  characteristics  are  very  important  and  must  be 
taken  into  consideration  when  designing  furnaces  and  gas  pro- 
ducers to  utilise  it.  In  the  furnace  it  disintegrates  and  if 
burned  on  grates  suitable  for  a  coking  coal,  it  will,  when 
heated  to  red,  run  through  the  grate  like  so  much  coarse  sand, 
especially  if  it  be  disturbed  with  a  slice  bar.  Thus  it  will  be 
seen  that  it  should  be  burned  on  a  grate  with  small  openings 
and  with  a  strong  draught,  for  when  it  disintegrates  it  settles 
or  packs  down,  restricting  the  air  passages.  One  would  also 
expect,  since  it  contains  a  large  proportion  of  volatile  matter, 
that  fire-brick  arches  or  dutch  ovens  would  be  desirable  in 
burning  it  under  boilers. 

Evaporative  Tests.  ―  Evaporative  tests,  using  North  Dakota 
lignite  uuder  the  boilers,  were  made  in  the  mechanical  labora- 
tory of  tlie  College  of  Mechanical  and  Electrical  Engineering 
at  the  State  University  of  North  Dakota.  This  plant  consisted 
of  two  70  li.p.  horizontal  fire  tubular  boilers,  on©  of  which  was 
equipped  with  an  automatic  stoker  and  a  dutch  oven  7ft.  loug 
projecting  out  in  front  of  the  boiler,  while  the  other  was  pro- 
vided with  an  ordinary  furnace  and  rocking  grates  wliich  were 
suitable  for  burning  eastern  bituminous  coals.  After  several 
preliminary  experiments,  this  last-mentioned  furnace  was 
modified  by  placing  fire-brick  arches  or  tiles  over  three-fourths 
of  the  grate  and  by  substituting  perforated  plates  for  the 
rocking  grates,  the  perforations  being  ^in.  diam.  and  35  per 
cent,  of  the  area  of  the  grate. 

The  plant  was  provided  with  natural  draught  which  was 
adequate  when  burning  eastern  bituminous  coal  to  drive  the 
boilers  much  beyond  their  rated  capacities,  but  which  proved 
inadequate  when  burning  lignite.  Several  tests  were  con- 
ducted, varying  from  four  to  t&n  hours  in  duration.  While 
they  were  unsatisfactory  in  that  the  boilers  could  not  be 
driven  at  their  rated  capacities,  they  indicated  conclusively 
that  a  much  stronger  draught  would  be  neo&ssary  to  keep  the 
furnaces  at  a  wliite  heat  and  to  force  the  boilers  to  their  rated 
capacities.  A  small  fan  was  available  for  producing  a  forced 
draught.  It  was  not  large  enough  to  supply  the  necessary 
pressure,  but  served  its  purpose  for,  with  it,  the  furnace  could 
be  kept  at  a  white  heat,  which  was  impossible  without  it.  It 
was  not  thought  advisable,  however,  to  drive  the  fan  at  the 
necessary  higli  speed  for  any  considerable  time,  and  the  results 
obtained  with  natural  draught  had  to  suffice.  The  author, 
wishing  to  confirm  the  results  secured  in  1911  by  tlie  students, 
conducted  three  teste  in  the  spring  of  1912，  with  about  the 
same  experience  and  results.  It  was  clearly  demonstrated 
that  with  a  dutcli  oven  and  a  mechanical  stoker  with  proper 
draught  conditions,  the  coal  can  be  economically  utilised  in  a 
steam  power  plant. 

Table  I.   gives  the  more  important   economic  results 


obtained  from  tlie»e  preliminary  evaporative  tests.  For  com- 
parison the  average  of  the  results  of  15  teste  made  by  the  U.S. 
Bureau  of  Mines  with  this  coal  in  a  specially  constructed 
furnace  has  also  been  included. 


Taulk  I. ― Evaporatirc  Tests. 
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It  will  bo  noted  that  although  the  boilers  were  forced  as 
hard  as  possible  in  the  tests  conducted  by  the  author,  they 
developed  only  from  547  to  67  per  cent,  of  the  builders'  rated 
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Fig.       Sectional  Vikw  of  Gas  Produce u. 

capa-jity.  In  burning  the  coal  on  the  chain  gratis  under 
-, vater-tube  boilers  in  the  university  power  plant  which  had 
natural  draught,  a  similar  experience  resulted  -  The  experi- 
ment was  begun  with  the  furnace  at  a  white  heat,  but  as  the 
lignite  was  fed  into  the  furnace  the  fire-brick  arches  and  tile 
on  the  water  tubes  cooled  to  a  much  lower  temperature  and 
the  boiler  could  not  be  driven  at  anything  like  its  normal 
rating. 

Gas  Producer  Tests.  ―  Experiments  with  North  Dakota  lig- 
nite in  the  gas  producer  were  couducied  in  the  same  labora- 
tory, the  object  being  to  determine  the  feasibility  of  using  this 
fuel  in  a  producer  gas  power  plant.    The  experimental  plant 
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consisted  of  a  50  li.p.  Smith  suction  down-draught  gas  pro- 
ducer and  a  55  h.p.  Alborger  tandem  producer  gas  engine 
hclkni  to  a  dynamo.  The  scrubber  was  driven  by  an 
independent  motor.  In  the  1911  tests,  the  dynamo  used  to 
load  tlie  engine  was  a  25  kw.  direct-current  machine,  hut.  for 
the  subsequent  tests  a  45  kw.  direct-current  three-win!  gene- 
rator with  compensating  coils  was  installed  so  as  to  be  able 
to  load  the  engine  to  its  maximum  capacity.  Fig.  1  shows  a 
sectional  view  of  the'  gas  producer  and  Fig.  2  a  sectional  view 
of  the  engine. 

The  engine  was  loaded  by  means  of  a  dynamo  whicli  sup- 
plied current  to  the  university  liglit  and  pow^r  circuit  and  also 
to  ； i  water  rheostat  whicli  could  be  used  when  there  was  not 
sufficient  demaiul  otherwise  for  power  to  utilise  all  that  was 
produced.  Tlie'  dynamo  was  so  connected  that  current  could 
l>e  taken  from  t  he  main  line  tc  drive  the  generator  as  a  motor 
in  starting  up  the  engine.  Tli:、  made  a  simple  and  very  satis- 
factory way  of  starting  tlie  engine  wliicli ,  when  started,  would 
speed  uj),  increasing  tlu'  ^pnerated  elect romotive  force,  and 
cau.se  the  motor  to  become  a  generator  supplying  current  to 
tlie  line,  the  load  carried  by  tlie  clynaino  governed  by 


cent.,  both  of  whicli  are  probably  higlier  than  their  true 
value. 

As  no  means  was  at  hand  for  measuring  or  determining 
the  atnount  of  water  used  by  the  engine  jackets  or  the  gas 
scrubber  in  the  tests  of  1911，  accurate  records  of  the  power 
used  by  the  scrubber  were  not  taken.  To  determine  the  net 
power  available  for  outside  purposes,  it  would  be  necessary  to 
charge  against  such  a  plant  all  of  tlie'  power  consumed  by  the 
auxiliary  apparatus.  In  the  fall  of  1911  a  motor-driven 
triplex  ])iun j)  was  installed  to  supply  the  jacket  and  scrubber 
water,  also  a  more  eflicient  motor  was  installed  for  driving  tlie 
scrubber.  In  cletermiiiing  tlie  net  power  available  for  outside 
purposes  in  tlie  tests  of  1911,  it  was  assumed  that  the  power 
consumed  l)y  tlie  auxiliaries  was  the  same  as  during  the  tests 
of  191 'J  wlif'ii  apparatus  was  available. 

In  (let i'rniining  the  power  developed  by  the  engine  in  tho 
tests  of  1912,  it  was  assumed  that  the  belt  transmission  gave 
an  efficiency  of  98  per  cent.  The  losses  in  tho  generator  w^re 
determined  by  experiments  in  which  the  windage,  friction, 
ii'on,  and  copper  losses  were1  carefully  determined  and  curves 
plot  t  c(l   showing  tlie  efficiency  of  tlie  generator  at  various 
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*  The  k、v.  consumed  by  scrubber  and  pump  、、as  3*71  in  all  the  tests. 

Tests  Nos.  1  to  8  wore  made  between  February  2nd  and  May  24th,  】911  ；  tests  Nos.  9  to  18  betw  een  February  0th  and  May  10th,  1912.  In  all  of  tlior  a 
Smith  suction  (low  ndraught  50  h.p.  gay  producer  and  an  Alberfrer  tandem  .").}  h.p.  gas  engine  a\  ere  used  ；  while  in  Nos.  1  to  8  a  AWstinghousc  kw.  aiul  in 
Nos.  9  to  18  a  Fort  AVraync  45  kw.  generator  was  cmploved.  The  lignite  coal  in  Nr).s.  1  to  8  w  as  from  the  J.  Bnie^cr  mine,  WilJiston,  X.  I ). ,  and  in 
Nos.  9  to  18  from  the  Washburn  Mine,  Wilton,  N. D.  An  analysis  of  samples  taken  from  piles  out  of  doors  sho、ved  for  coal  No. 】， volatile  matter,  44*2 
per  cent.  ；  fixed  carbon,  50*  1  p  r  cent.  ；  ash,  5*7  per  cent.  ；  moisture,  35*  9  per  cent  ；  for  coal  No.  2,  volatile  matter,  43 - 58  per  cent.  ；  fixed  t-arbon, 

50.33  per  cent.  ；  ash,  (i*09  per  cent.  ；  moisture,  35*  77  per  cent. 


the  voltage  which  was  controlled  by  a  hand-regulatecl  field 
rheostat. 

The  generator  used  during  the  tests  Nos.  1-8  inclusive  was 
an  old  25  kw.  direct-current  generator  formerly  used  in  the 
university  lighting  plant  ；  in  tests  Nos.  9-18  inclusive  a  new 
Fort  Wayne  machine.  Tliis  machine  started  up  nicely,  but 
before  test  No.  12  had  been  finished,  the  commutator  had 
l)ecoTne  warped  or  out  of  t rue ,  causing  much  sparking  at  the 
brushes.  This  was  remedied,  however,  before  test  No.  13 
was  run,  by  turning  down  the  commutator,  after  which  it  gave 
no  trouble. 

The  power  delivered  to  the  switchboard  by  the  generator 
\v;is  measured,  and  the  coal  consumed  per  kilowatt-liour  at  the 
switchboard  determined.  It  was  the  original  intention  to 
determine  the  efficiency  of  the  generator  so  as  to  get  the  total 
power  developed  by  the  engine,  but  time  did  not  permit  before 
t lie  armature  of  the  generator  was  needed  to  replaca  a 
l)urned  out  armature  in  a  motor  in  the  university  power  plant, 
so  t liat  tlie  windage,  friction,  and  internal  losses  of  the  gene- 
rator used  in  1911  could  not  be  obtained.  However,  since  the 
machine  was  loaded  to  nearly  its  rated  capacity  most  of  the 
time,  it  was  assumed  in  determiuing  the  brake  horse-power  of 
the  engine'  that  the  generator  had  an  efficiency  of  90  per  cent, 
and  that,  tlie  belt  t ransnussion  gave  an  efficiency  of  98  per 


loads.  The  low  efficiency  of  the  generator  may  doubtless  be 
explained  by  the  fact  that  the  machine  was  developing  but 
little  more  than  50  per  cent,  of  its  rated  capacity. 

In  determining  the  coal  used  during  the  test,  care  was 
taken  that  the  producer  was  full  when  th©  test  began  and 
wlien  it  ended.  Tlie  coal  charged  in  the  meantime  was  con- 
sidered as  the  coal  used  during  th©  test.  Before  starting  up 
the  blower  for  the  next  test,  the  producer  was  poked  to  make 
sure  there  were  no  large  voids  and  filled  as  before.  The  coal 
charged  at  this  time  was  called  the  "  standover  "  losses.  A 
similar  method  was  followed  after  fire  had  been  "  blown  up  " 
and  tlie  amount  needed  to  fill  the  producer  just  before  starting 
the  teat  was  called  tlie  "  starting- up  "  losses. 

At  the  beginning  of  the  first  series  of  tests,  Nos.  1-8, 
Table  IT.,  the  apparatus  for  analysing  the,  ga&es  was  broken  so 
that  but  one  analysis  of  the  gas  of  these1  eight  tests  was  mad e. 
Proximate  analyses  of  tlie  coal  used  in  each  test  were  made  to 
det  <M'mine  1  he  moisture.  In  the  second  and  third  sets  of 
experiments,  or  tliose  conducted  in  1912,  a  complete  analysis 
of  tlie  ^ases  w a s  made.  The  incomplete  determinations  of 
C02，  0，  and  CO  were  made  with  the  Orsat  flue  gas  apparatus. 
It  is  interest ing  to  note  tliat  tlie  composition  of  the  two  coals 
was  almost  identically  th©  same. 

Tests  Nos.  1  -8  inclusive  were  coiKlucteil  at  intervals  of  from 
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one  to  two  weeks  apart.  After  a  test  had  been  run,  the  pro- 
ducer was  filled  and  enough  coal  brought  into  the  building 
during  the  following  week  to  run  the  next  test.  This  enabled 
much  of  the  coal  to  thaw  out,  though  frequently  coal  was 
charged  into  the  producer  in  the  frozen  state.  The  coal  used 
in  test  No.  4,  however,  had  been  in  the  boiler-room  for  some 
weeks,  which  caused  it  to  be  much  drier  than  that  used  in  the 
other  seven  tests,  but  the  author  is  inclined  to  believe  that  the 
16  per  cent .  moisture  recorded  is  much  too  small.  It  is 
possibly  due  to  poor  sampling  or  to  the  loss  of  moisture 
between  date  of  sampling  and  date  of  analysing. 

These  tests  were  conducted  with  the  idea  of  getting  tlie 
maximum  power  possible  out  of  tlie  engine,  but  the  capacity  of 
the  generator  limited  this,  while  tests  Nos.  8-12  were'  planned 
to  determine  the  efficiency  of  a  plant,  such  as  an  electric  light 
plant  where  the  load  would  be  variable  and  the  plant  operat- 
ing from  but  six  to  12  hours  per  day,  standing  idle  the 
remainder  of  the  24  hours.  For  this  reason,  little  effort  was 
made  to  keep  the  load  uniform.  Ammeter  and  voltmeter 
readings  were  taken  at  half-hour  intervals,  but  the  power 
consumed  during  these  four  tests  was  measured  by  means  of  a 
carefully  calibrated  watt-hour  meter.  The  power  developed 
during  tests  Nos.  1-8  was  determined  from  the  ammeter  and 
voltmeter  readings  which  were  taken  every  15  minutes  ； 
during  tests  Nos.  13-18  inclusive,  the  power  was  likewise 
determined,  but  the  readings  were  taken  at  intervals  of 
20  minutes  each,  the  loads  in  tests  Nos.  1-8  and  in  13-18  being 
kept  as  nearly  uniform  and  as  large  as  seemed  feasible. 

It  was  observed  that  at  the  engine  throttle,  in  the  scrubber 
suction  and  in  the  pit  beneath  the  grate  of  the  producer,  the 
suction  increased  as  the  tests  progressed,  apparently  due  to 


Fig.  2.— IiONOiTuniNAL  Section  of  Gas  Exgink. 


fine  ash  and  clinkers  closing  up  the  air  passages.  This  would 
restrict  the  gas  at  the  engine,  causing  its  speed  to  reduce, 
which  in  turn  would  lower  the  voltage  and  cause  the  load  to  be 
thrown  off  automatically. 

On  one  occasion  the  suction  became  so  great  that  air  was 
pulled  down  through  the  ash  conveyer  into  the  bottom  of  the 
producer,  with  a  resulting  explosion  that  shook  the  fire  up 
violently,  blowing  much  fine  ash  out  through  the  top  of  the 
central  tube,  which  happened  to  be  open.  The  engine  auto- 
matically threw  off  its  load,  the  dynamo  operating  as  a  motor 
driving  the  engine  until  tlie  spent  gases  had  been  exhausted, 
when  the  engine  immediately  speeded  up  and  took  on  its 
normal  load.  The  suction  at  the  different  parts  of  the  plant 
was  greatly  reduced  after  this  explosion,  so  that  it  operated 
satisfactorily  during  the  remainder  of  the  test. 

Another  source  of  trouble  was  that  the'  strong  suction 
would  pull  ash  and  fine  particles  of  coal  over  into  the  bottom 
of  condensing  chamber,  which  gradually  became  clogged  and 
finally  shut  off  the  supply  of  gas  with  the  natural  results.  It 
is  possible  that  with  more  experience  the  producer  might  be 
operated  to  fuse  practically  all  of  the  ash  into  large  clinkers, 
which  could  be  removed  through  the  top  of  the  central  tube 
of  the  producer.  A  large  part  of  the  ash  was  thus  fused,  but 
evidently  enough  escaped  to  cause  trouble. 

The  disintegrating  action  of  the  coal  when  subjected  to  a 
high  temperature  caused  the  coal  to  settle  down  and  the  bed 
to  become  dense  witli  restricted  air  passages,  which  also  tended 
to  increase  tlie  suction.  Violent  shaking  of  the  grate  seemed 
to  help  reduce  this  liigli  suction  and  occasionally  the  suction 
would  drop  to  but  a  few  inches  when  large  clinkers  were 
removed. 

It  was  observed  in  conducting  the  preliminary  tests  of 
1912，  when  running  tests  on  successive  days  using  fuel  with  a 
large  percentage  of  moisture,  that  tlie  engine  would  satisfac- 


torily carry  its  load  during  the  first  five  or  six  hours  and  then 
tlie  fire  would  become-  chilled  and  the-  gas  so  poor  that,  tlie 
engine  would  scarcely  run  with  no  load.  It  was  also 
observed  when  this  happened  that  tlie  fire  in  the  producer  had 
burned  unevenly,  being  liotter  on  one  side  than  on  tlie  other, 
doubtless  allowing  air  to  pass  down  through  tlie  bed  wit  liout 
l)urning  the  coal.  This  action  can  perliaps  be  ex])lained  by 
the  fact  that  the  coal  which  had  stood  in  the  producer  over 
night  had  become  sufficiently  dry  to  burn  satisfactorily  and 
that  the  trouble  began  when  t  lie  fresli  coal  charged  during  the 
test  readied  the  fire  zone,  chilling  the  fire  because  of  its  iarge 
amount  of  moisture  and  causing  it  practically  to  die  out  in 
certain  sections  and  to  become  black  at  the  lower  end  of  tli*' 
central  tube  where  the  fire  was  usually  bright  wlien  operating 
under  normal  conditions.  The  trouble  is  one  that  can  h** 
easily  overcome  either  by  drying  the  coal  before  shi])ping  from 
the  mine  or  by  storing  it  for  a  few  weeks  in  a  dry,  warm  place, 
where  it  will  readily  give  up  a  large  part  of  its  moisture. 

The  starting  and  standover  losses  of  the  producer  plant 
were  surprisingly  small.  From  a  "umber  of  records  made,  it 
was  estimated  that  the  starting-up  losses  did  not  exceed  501  hs. 
even  when  the  producer  had  been  standing  idle  for  one  or  two 
weeks  and  required  35  to  45  minutes  to  get  good  gas.  The 
starting-up  losses  when  the  producer  was  operated  on  succes- 
sive days  were  much  less,  as  good  gas  would  be  delivered  at 
the  engine  in  from  10  to  20  minutes  from  the  time  the  blower 
was  started.  The  engine  would  often  carry  full  load  within 
15  or  20  minutes  after  starting  the  blower. 

The  standover  losses  for  14  different  observations  covering 
867  hours  amounted  to  3043'51bs.，  or  an  average  of  3'31bs. 
per  hour.  The  periods  of  standover  varied  from  12  to  300 
hours,  the  standover  losses  for  the  short  periods  being  more 
per  hour  than  for  the'  long  periods.  Taking  777  hours  of  tlie 
longer  standover  periods,  the  average  per  hour  of  the  stand- 
over  losses  was  but  1921b.  pea'  hour.  Comparing  the  starting- 
up  and  standover  losses  of  the  producer  gas  plant  with  those 
of  a  steam  plant,  the  author  believes  the  former  has  a  decided 
advantage  over  the  latter.  It  should  also  be  borne  in  mind 
that  a  commercial  plant  would  doubtless  be  much  larger  than 
this  experimental  plant  and  would  give  con-esponclingly  better 
results.  Furthermore,  it  is  quite  possible  that  the  power  con- 
sumed in  scrubbing  the  gas  was  much  larger  than  was  neces- 
sary, as  it  was  feared  trouble  would  arise  from  tar  getting  into 
the  engine. 

Doubtless  a  larger  amount  of  scrubber  water  was  used  than 
was  necessary,  thus  greatly  increasing  the  amount  of  power 
consumed  in  scrubbing  the  gas.  The-  amount  of  power  con- 
sumed by  tlie  scrubber  could  be  doubled  or  trebled  simply  by 
inorp^sing  the  quantity  of  scrubber  water  used.  No  trouble 
was  experienced,  however,  from  tar  getting  into  the  engine 
cylinders.  The  cylinder  head  of  the  engine  was  removed  for 
inspection  from  time  to  time.  A  small  amount  of  gunmiv 
substance  adhered  to  the  counterbore  of  the  cylinder,  but  the 
cylinder  barrel  was  well  lubricated.  It  was  thought  that  tlie 
substance  adhering  to  the  counterbore  was  largely  cylinder 
oil  and  carbon  partially  burned,  but  it  may  have  been  partially 
burned  tar.  In  either  event,  there  was  not  enough  to  cause 
the  piston  rings  to  stick  or  leak  or  to  interfere  with  the  action 
of  tlie  admission  and  exhaust  valves. 


Rescue  Work  in  Mines.^The  first  of  a  series  of  lectures, 
arranged  under  the  joint  auspices  of  the  Midland  Branch  of 
the  National  Association  of  Colliery  Managers  and  the  Notts 
Education  Committee,  was  delivered  recently  at  the  Univer- 
sity College,  Nottingliani,  by  Prof.  John  Cadman,  of  the  Bir- 
mingham University,  liis  subject  being  "  Self-contained 
Breathing  Apparatus  for  use  in  Mines  after  Colliery  Explo- 
sions and  Fires."  Prof.  Cadman  referred  to  the  conditions 
under  which  rescue  appliances  might  be  usefully  employed. 
Apart  from  the  saving  of  life,  he  instanced  the  utility  of  the 
apparatus  in  other  directions,  and  mentioned  that  one  of  the 
most  important  undertakings  which  had  been  accomplished 
by  rescue  apparatus  was  that  at  Norton  Colliery,  in  which  a 
gob  fire  took  place.  By  a  self-contained  breathing  apparatus 
men  had  worked  in  that  mine,  there  being  three  shifts  per  day, 
for  nearly  six  months,  and  by  building  stoppages  in  different 
districts,  and  making  new  air  passages,  had  niad^  the  mine 
workable  again.  That  important  piece  of  work  was  done 
without  a  single  accident. 


784 


THE   MECHANICAL  ENGINEER. 


[December  20,  1912 


THE  CENTRIFUGAL  BLOWER  FOR  HIGH  PRESSURES* 

JtV   HENRY   l\  SCHMIDT. 

{Concluded  from  page  749.) 

The  Testing  and  Calculation  of  Centrifugal  Blowers. ― The  following 

notes  give  the  readings  to  be  taken,  together  with  the  formula 
used  for  working  out  the  re&ults  of  tests,  as  well  as  the  method 
of  correcting  to  standard  or  any  selected  contract  conditions. 
The  data  which  must  be  obtained  for  a  complete  test  of  a 
centrifugal  blower  comprise  (a)  brake  horse-power  input  to 
the  blower  shaft  ；  (b)  inlet  temperature  ；  (c)  inlet  pressure  of 
the  air  entering  the  blower  ；  (d)  barometer  reading  ；  (e)  static 
pressure  in  the  blower  discharge,  and  temperature  in  the 
blower  discharge  ；  (/)  total  head  blown  against,  i.e.,  static 
head  plus  velocity  by  means  of  a  pitot  tube  placed  above  the 
discharge  nozzle,  and  flush  with  its  outlet. 

In  obtaining  the  correct  inlet  temperaiure  to  the  blower, 
the  temperature  should  be  taken  by  means  of  a  number  of 


fl\  —  theoretical  temporal  uro  in  tlio  pij)ing  after  adialjnt  ic 
coTn|)ression, 

Tj --  tempera!  are  at  tlio  niouth  o ['  (  he  disclini-oo  nozzle. 
Tlie  work  done  in  foot- pounds  per  jiouiul  of  air,  in  coin- 
pressiiig  from  1\  to  /、，  will  b&  expressed  l)y  the  formula 
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in  whicli  'It  lias  a  value  of  14065,  and  tlie  work  done  per  pound 
of  air  in  expanding  from  tlie  pressure  /',  in  at.iiiosphf'i'ir 
pressure  in  t lie  nozzle  will  be 
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] leiire,  tl»e  velocity  of  the  air  in  feet  per  second  will  be 
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Accordingly,  the  volume  of  discharge  in  cubic  feet  per  second 
will  be 

Volume  per  second  =  A  V  [8] 

ia  which  A  is  the  area  of  the  mouth  of  the  nozzle  in  square 
feet  times  the  nozzle  coefficient,  which,  as  above  stated,  for 
nozzks  properly  made,  is  practically  unity,  or,  say,  99  per 
cent.  The  total  work  done  in  foot-pounds  per  minute  will 
be  equation  [4]  x  equation  [8]  x  60  + specific  volume  of  lib.  of 
air  at  the  barometric  pressure  and  temperature  T2,  which  may 
be  expressed  by  tlie'  equation 


Volume. 

Fig.  17.— Work  Diagram,  Centrifugal  Blower. 

thermometers  placed  in  different  portions  of  the  intake  duct, 
so  as  to  obtain  a  true  average  temperature,  and  precautions 
should  be  taken  to  see  that  no  air,  other  than  that  passing  the 
thermometers,  is  entering  the  blower  intake,  such  as，  for 
instance,  air  drawn  from  the  basement  below  the  engine-room 
floor. 

The  pressure  in  tlie  blower  discharge  should  be  taken  at  a 
point  as  shown  in  Fig.  18，  in  which  the  distance  A*  should  be- 
at least  four  or  five  times  the  outlet  diameter  of  the  nozzle,  in 
order  to  avoid  a  reduction  of  pressure,  which  occurs  near  the 
nozzle.  The  temperature  also  should  be  taken  at  a  correspond- 
ing point  by  inserting  one  or  more  thermometers  into  the 
discharge.  This  can  be  most  conveniently  done  by  sticking 
the  thermometers  through  rubber  inserted  in  the  discharge 
pipe. 

The  method  of  obtaining  the  total  pressure,  or  static  plus 
velocity  head,  will  be  seen  from  Fig.  18.  Either  mercury 
U-tubes  or  water  manometers  may  be  used  for  measuring  the 
discharge  pressure.  In  either  case,  the  difference  between  the 
two  sides  of  the  U，  i.e.,  the  head  in  inches  of  mercury,  should 
be  corrected  for  the  temperature  of  the  U-tube.  The  test 
nozzles  should  be  made  about  as  shown  in  Fig.  18  ;  the  radius 
or  curvature  of  the  approach  to  the  nozzle  should  be  equal  to 
d，  in  which  case  the  coefficient  of  the  nozzle  is  for  all  practical 
purposes  100  per  cent.,  or  equal  to  the  theoretical  discharge . 
It  has  been  generally  agreed  that  a  nozzle  coefficient  of  98'5 
is,  if  anything,  probably  1  per  cent,  low,  and  hence  has  been 
adopted  where  it  is  not  convenient  to  calibrate  the  nozzle 
used. 

Method  of  Calculation. ― In  the  following  calculation  let 
2\  =  absolute  inlet  pressure  to  the  blower  in  inches  of 

mercury  (Le.9  barometer  reading), 
Pl  =  total  head  (static  plus  velocity)  in  inches  of  mer- 
cury, plus  the  barometer   reading   in   inches  of 
mercury, 

T2  =  absolute  inlet  temperature  in  deg.  Fah. 

Txf  =  temperature  in  the  discharge  in  deg.  Fah.  absolute, 

*  Paper  read  before  the  American  Society  of  Mechanical  Engineers. 
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 (9) 

i«t  which  V.!  is  the  barometric  pressure  expressed  in  pounds 
per  square  foot'  absolute.  Hence  from  equation  [9]  the 
theoretical  air  horse-power  required  to  compress  the  col  inn  n 


Ucrcuiy 

Fig.  18.— Tkst  Arranoemf.nt  for  Obtaining  Total  Presscbf,. 

handled  from  the  pressure  V\  to  the  pressure  1\  will  be  equa- 
tion [9]  divided  by  33,000，  or 
air  h.p. 

V— 


x60 


x  33,000 

•   (10) 

The  efficiency  of  th©  blower  is  equal  to  the  theoretical 
horse-power  recjuired  to  compress  the  given  volume  of  ai  r 
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handled  divided  by  tlie  brake  horse-power  input  at  the  shaft  ； 
lienee,  the  efficiency  of  the  blower  is  expressed  by  the  equa- 
tion 

air  horse-power 


E  = 


… (H) 


E,- 


(12) 


"motor  input  x  motor  efficiency 
and  the  total  overall  combined  efficiency  will  be 

air  horse-power 
motor  input 

iu  each  of  which  the  motor  input  has  been  reduced  to  horse - 
power. 

The  blower  efficiency  may  also  be  found  by  the  t-emperature- 
pressure  method  in  any  blower  which  is  not  water-jacketed, 
the  procedure  in  this  case  being  to  calculate  the  theoretical 
temperature  rise  from  the  formula 

7,1 

h=t2[(Jj)  7  -1」   （is) 

dividing  it  by  the  actual  temperature  rise  found  by  sub- 


Voluroe 


Fig.  19  — Work  Diagram,  showing  difference  between 
Text-book  and  Corrected  Formula. 

tracting  the  inlet  temperature  from  the  temperature  in  tlie 
blower  discharge,  which  gives  rise  to  the  equation 

7-1 
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Following  is  the  derivation  and  use  of  formula  (14). 
To  prove  ：  Tlie  efficiency  of  a  blower   is   measured  by  the 
formula 


Ef 


where 


theoretical  final  temperature  of  the  air  calculated 
from  the  adiabatic  relation  between  pressure  and 
temperature, 
T2  =  initial  temperature  of  entering  air, 

=  final  observed  temperature  in  actual  compressor. 

Analysis.  ―  Any  losses  of  energy  which  occur  in  a  blower 
jpust  reappear  in  some  other  form,  viz.,  as  heat.  Hence,  the 
various  losses  of  whatever  nature  occurring  in  a  blower  may 
be  considered  equal  to  r.  The  losses  include-  friction,  eddies, 
leaking,  &c.  Referring  to  Fig.  17，  let  AB  be  the  theoretical 
adiabatic  compression  curve  and  II B  the  actual  compression 
line.    Let  the  section  ？ be  an  infinitely  small  lamina  of 

height  "p.     Since  the  work  of  vflp  must  be         vdp  extending 

the  area  EG  to  a  point  /''  on  an  imaginary  compression  curve 
CI).  Note  that  vdp  is  the  work  clone  on  the  air  as  shown  by 
the  area  of  the  actual  compression  curve  and  not  under  the 
adiabatic.  Since,  from  the  fundamental  assumption  that 
e»»fr^y  lost  is  converted  into  heat,  the  first  law  of  therm o- 
flvnamics. 


dQ^^vdp+^pdv   

may  be  used.    Substituting  for  <IQ  its  value,  the  area 


.. (15) 
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equation  (15)  becomes 

yr-x  v,1p = ~r    + jz\  Pdv    •••    ••  (16) 

Tiitegratiiifr  equation  (16)  between  p.,  and  pl  and  v2  and  vL 


"1  =  vAp 
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Substituting  the  value  of  v  found  from  equatirm  (1  7)  in  the 
equation        二  vdp  and  integrating, 

Equation  (19)  gives  the  work  done  in  foot-pounds  per 
pound  of  air  compressed  from  P2  to  1\  including  all  losses  of 
whatever  nature  occurring  in  the  blower.  It  will  therefore 
be  evident  that  the  efficiency  of  the  blower  will  be  equal  to  the 
theoretical  work  required  to  compress  one  pound  of  air  from 
1\  to  1\  divided  by  the  actual  work  required  for  the  same 
compression.  Hence 

1  r 
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lience  the  expression  for  the  efficiency  reduces  to 

T^2[(g)"rl 
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^《:V  — P- 〗] 
At  this  point  it  will  be  well  to  take  up  the  old  formulae 


Volume 


Fig.  20.— Indicator  Diagrams  of  Centrifugal  Blower 
for  different  conditions  op  inlet  temperatt*be 
and  Pressure. 

used  in  a  number  of  text-books  dealing  with  the  measurement 
of  air,  viz., 

F  =  V2^=8.02;VF"  (22) 

in  which  h  is  the  head  through  which  the  medium  flows.  In 
the  case  of  air,  or  any  gaseous  medium,  h  being  taken  as 

P々13'596   (23) 


12p 


1-3? 


in  which 

1\  =  static,  plus  velocity  head,  in  inches  of  mercury, 
D  =  weight  of  1  cub.  ft.  of  water  at  T，2、 
p  ―  weight  of  1  cub.  ft.  of  air  at  temperature  Tf2  and 
barometric  pressure. 
Equation  (23)  is  substantially  correct  for  the  measurement 
of  velocity  for  comparatively  low  pressures,  but  gives  a  velocity 
slightly  too  high  when  employed  for  pressures  of  21bs.  or  31bs. 
or  more,  in  which  case  the  velocity,  as  previously  pointed  out, 
should  be  calculated  from  the  forniula  (7)  the  error  arising 
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from  tlie  use  of  formula  (22)  bein^  sliowu  in  Fig.  19.  The' work 
done  is  represented  by  2  <jh ,  being  the  area  JU ' J)Ey  whereas 
the  actual  area  is  that  under  the  adiabatic  curve  represented 
by  the  curve  BC  D  A  , 

The  method  of  qorrectin^  for  t emj)orature  at  inlet  1() 
blower,  and  for  changes  of  barometer  is  as  follows  ：  The  funda- 
i!;ental  characteristic  of  the  cent  ri  fui>;al  hlower  is  that  for  any 
given  actual  volume  entering  tlie'  blower  inlet,  the  blower  at 
a  given  speed  will  take'  a  cej-iain  number  of  foot-pounds  of 
work  per  pound  of  air,  regardless  of  the  intake  temperature 
or  pressure,  and  the  result  of  tins  is  that  t lui  ordinai-y  methods 
()f  correcting  for  teni])eratures  and  baronieter  as  applied  to 
blowing  engines,  does  not  apply  to  centrifugal  blowers.  Tliis 
will  be  seen  from  Fig.  20，  which  shows  an  indicator  diagram 
ot'  the  centrifugal  blower  for  different  conditions  of  inlet  tem- 
perature and  pressure.  Let  the  area  ('DA  li  be  the  compres- 
sion over  the  standard  temperature  and  barometer,  to  some 
given  pressure.  This  area  will  repivsent  a  fixed  number  of 
fcot-pounds  of  work  per  pound  of  air.  It  is  evident,  there- 
fore, that  if  the  barometer  readings  were  the  same  but  tlie 


FIG.  21.— AltllANGKMENT  of^Tkst  for  Dktkrminin (；  FT.OW  in  1*ipk. 

intake  fjemperaturei  higher,  i.e.,  so  that  tlie  initial  volume  were 
to  point  J  instead  of  C,  it  is  evident  that  the  pressure  to 
which  the  blower  could  compress  would  no  longer  be  .1,  but 
some  pressure  /'，，  such  that  the  area  ./ / > F K  would  equal  the 
area  VI) AIL 

Consequently,  the  correction  for  change  of  temperature 
from  ( '  to  J  would  not  be  applied  as  affecting  the  actual  volume 
entering'  the  blower,  but  as  a  correction  to  the  pressure.  In 
the  same  way  supposing  that  the  barometer  were 】ow  and  the 
atmospheric  line  represented  by  // G  at  standard  temperature, 
the  area  (JHFE  must  again  equal  the  area  CTJA  By  and  con- 
sequently the  pressure  would  be  lower  than  it  would  be  with 
tlie  standard  barometer.  This  is  the-  correction  for  both  inlet 
t  emperature  and  barometer,  to  the  pressure!  of  compression  and 
not  to  ihe  inlet  volume.  As  previously  stated,  the  work  done 
in  foot-pounds  per  pound  of  air  remains  constant  ；  hence,  hav- 
ing found  the  work  in  foot-pounds  per  pound  of  air  over  tlve 
actual  test  conditions,  it  is  possible  to  substitute,  in  equation 
(4)  the  value  of  the  standard  inlet  temperature  in  deg.  Fall, 
absolute,  and  a  standard  barometer  reading,  and  in  this  way 
to  calculate  tlie  final  pressure  in  the  discharge  for  the  standard 
conditions. 

If  P2f  and  Tj  are  tlie'  absolute  pressure  and  temperature 
at  the  inlet  to  which  the  test  results  are  to  be  corrected,  it 
follows  tli at  the  corrected  discharge  pressure 尸/  will  be  given 

\  he  equation, 
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wliicli  is  the  form  to  be  used  in  all  cases  where  the  discharge 
pressure  is  to  be  corrected  to  constant  conditions. 

In  Fig.  16，  let  A  B  represent  the  curve  of  pressure  as 
determined  from  the  original  test  data,  and  assume,  for 
instance,  that  the  temperature .  reading  at  the  intake  was 
lii^lier  than  the  standard,  or  tbat  the'  barometer  was  lower 
t  han  the  standard,  test  poinis,  on  the  curves  being  represented 
by  the  crosses.  The  metliod  of  determining  the'  pressure  for 
st an(Jard  conditions  then  would  be  to  calculate!  the  pressures  on 
tlie  .line  f'/),  as  shown  in  Fig.  16,  the  curves  being  plotted, 
however,  on  the  original  volume  lines. 


When  it  is  impossible  io  test  a  blower  with  tlie  discharge 
going  to  the  atmosphere,  as  when  a  nozzle  is  used  as  shown 
in  Fig.  8，  the  discharge  may  be  measured  by  obtaining  the 
velocity  in  the  discbarge  pipe  by  means  of  a  pitot  tube.  These 
ineasurements  are  not  always  reliable,  】iowever，  as  ordinarily 
made,  since  great  difficulty  is  experienced  in  obtaining 
true  static  pressure  of  a  moving  fluid,  for  the  reason  that  the 
' pressure  end  ，，  of  the  tube  itself  disturbs  the  stream  lines, 
and  hence  inaccurate  readings  are  probable. 

If  a  pitot  tube  is  used  in  the  ordinary  way  the  pressure 
end  should  consist  of  a  thin  plate  about  4 in.  long  by  about 
2in.  wide,  having  a  slit  about  -^^\\\.  wide  and  2in.  long  at 
its  centre.  A  collecting  chamber  back  of  the  slit  connected 
to  the  search  pipe  tends  to  equalise  tlie  pressure  and  give  a 
1 1  ue  static  pressure  reading  ；  but  great  care  is  necessary  to  see 
that  the  flat  plate  is  exactly  parallel  io  tlie  stream  lines  at 
t he  point,  the  pressure  is  desired. 

A  met  hod  of  determining  Hie  flow  in  pi  pes  which  the  writer 
believes  is  far  more  accurate  and  reliable  than  ordinary  pitot 
tube  readings  is  shown  in  Fig.  21.  A  well-rounded  nozzle 
having  an  area  of  one-fourth  to  thre'e— fourths  that  of  the  pipe 
is  bolted  in  between  two  flanges.  On  the  high-pressure  side 
or  the  tifi/yJc  there  is  a  gauge  A  and  a  thermometer  (not 
shown),  and  a  second  gauge  B  lias  one  leg  connected  to  the 
high-pressure  side  of  the  nozzle  and  the  other  to  the  low- 
pressure  side,  thus  giving  the  drop  of  pressure  through  the 
nozzle.  A  pitot  search  tube  is  fitted  on  the  low-pressure'  side 
(" tlie  nozzle  as  shown  in  the  figure.  This  search,  tube  has  its 
opening  pointed  directly  against  the  flow  through  t\m  nozzle, 
and  should  have  a  graduated  scale  so  that  its  position  in  front 
of  the  nozzle  can  be  accurately  known.  The  advantages  of  this 
arrangement  are  that  the  difficulty  of  obtaining  a  true  pres- 
sure reading  is  avoided,  and  a  number  of  checks  may  be  made 
on  the  readings  taken,  so  that  should  inaccuracies  occur  for 
any  reason,  they  can  be  immediately  detected  and  the  trouble 
located. 

From  Beniouilli's  theorem,  the  sum  of  the  pressure  head 
and  velocity  head  must  always  be  equal,  hence  with  the  search 
tube  E  in  the  position  shown  in  Fig.  21,  the  pressure  diffe- 
rences shown  by  gauges  B  and  C  must  be  equal.  Also,  if  the 
connection  ])  to  gauge  ('  be  disconnected,  the  pressure  indi- 
cated by  gauge  ( '  must  equal  the  pressure  shown  by  gauge  :J . 
Also,  if  gauge  (，  is  connected  to  the  pipe  by  D,  but  the  pitot 
tube  disconnected,  the  sum  of  gauges  B  and  C  must  equal 
the  pressure  indicated  by  gauge  -1  .  Tf  these  various  readings 
check,  it  follows  that  the  static  pressures  are  being  accurately 
measured  and  that  the  pitot  tube  is  pointing  directly  into  the 
stream. 

Having  thus  checked  the  correctness  of  the  measurements^ 
the  jet  can  be  searched  by  moving  the  pitot  tube  across  the 
nozzle  at  regular  intervals,  and  readings  taken,  from  wliicli 
the  velocity  at  any  point  can  be  calculated  by  the  formula 

7=  V, 


where 

1\  is  the  absolute  pressure  above  the  nozzle, 
I\  is  the  absolute  pressure  below  the  nozzle, 
1\  is  the  observed  temperature  above  the  nozzle, 
r   is  tlie  velocity  in  feet  per  second. 
With  V  known  and  a  known  area  of  discharge,  the  volume 
passing  can  be  calculated.    By  this  method  if  the  observations 
are  carefully  made,  tlie  error  should  not  exceed  a  very  small 
fraction  of  1  per  cent.    It  may  not  be  out  of  place  to  add  that 
too  great  care  cannot  be  taken  to  make  sure  that  there  are  no 
air  leaks  in  the  connections  to  tbe  gauges,  as  even,  a  pinhole 
ni ay  cause  a  very  considerable  error  in  the  readings. 

In  the  following,  in  order  to  show  the'  method  of  working 
a  test  on  a  centrifugal  blower,  the'  actual  readings  taken 
during  a  one-hour  test  on  a  30,000  cub.  ft.  blower  have  been 
used.  The  results  have  been  worked  out  by  seven-place  loga- 
rithms, using  the  formulas  as  given  under  tests.  For  prac- 
tical purposes,  however,  it  is  rather  inconvenient  to  work  out 
the  values  of 
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bv  logarithms,  and  therefore  the  writer  has  pre])ared  a  set  of 
curves  for  the  value  of 

Pj    ―  1  =  K 
p 

for  various  values  of  — 1,  which  may  also  be  used  for  the 
solution  of  the  equation  for  the  pressure  correction. 

APPENDIX. 

TEST  OX   WESTINGHOUSE  TUIiBINE  BLOWEli. 

Nozzle :  12^in. 

Static  head  :  Fl  =  85  6in.  water -h  26*66in.  mercury  =  32*96in. 

mercury. 
Barometer  ^  =  26'GCin.  niereiirv. 

Intake  teni}>erature  ：  ^  =  46'8°  Fah.  :  7^-507*5°  Fall.  abs. 
Discbarge  temperature  ：  Fall.  :  7\=  553*3°  Fah.  abs. 

Total  input  to  motor-— 432" 7  kw. 

input  to  exciter  =  4^04  kw. 

input  motor  only  =  428'66  kw. 
Efficiency  motor  — 89 '6  per  cent,  taken  from  curve  including 

windage. 
Area  of  nozzle :  0'817  sq.  ft. 

{(5)V-l}  =0.06：317 
TI'  ―  work  in  ft. -lb.  per  lb.  of  air  » 

= 184754  x  r2  x  |(^) 匚 1 卜 5923 

T'2  is  the  absolute  temperature  at  outlet  of  nozzle 

Volume  per  minute  in  cubic  feet  at  temperature  T\  =  Vol.  T t 


Vol.  T,'=  lUU-0 


70  V  1\  [1 


{(5、V 


] 


Area  x  60  =  30,65；)  cub.  ft. 

、- ' Vol.  T,  x  520  7 /PA   ；'    n  ^ 
、。'.,，  %f  \y)     =  30,670 

V IMl  =  Vol.  of  lib.  of  air  at  (50°  Fah.  and  barometnr 
A.    ,  Vol.  60°  W 

P" =    Vmr    X  33^)00 
To  find  「",  ：  pv  =  RT  p  in  lb.  sq.  ft.  =  barometer 

,-       53-35  x  520- 


= 37：；-99 


Bar. 


Barometer  =  26' 66in.  mercury  =  l,887】bs.  sq.  ft. 
Efficiency  derived  from  temperatures  : 

y-1 


G9  t)97  per  cent. 


T,=553.3 
T,  =  507.5 
Effiriencv  derived  i'roni  motor  input  ： 

Air  h.p.  =  373  99    Input  to  motor  only  =  428*6G  kw. 

Input  to  motor  and  exciter  ―  43*2'70  kw. 
air  h.p. 


Overall 


Blower ： 


total  input  to  motor  in  li.p. 

air  h.p. 


G4  •  179  per  cent. 


(motor  input  -  exciter  input)  x  motor  in  h.p. 


「八丄 W 

26.7  L  ~ ^ 


+  1 


^'I-^oTin.  mercury 


P\  -  P\  =  32,837  一  26-7  =  6-137in  mercury 

=  48*23  ounces    per  sq.    in.    corrected  to  26*7in. 
barometer  and  60°  Fah.  at  the  inlet. 


THE  POURING  TEMPERATURE  OF  MANGANESE-BRONZE, 


The  method  of  making  a  nianganese  brouxe  test,  bar  ami  Hi" 
form  of  the  bar  has  a  great  influence  on  the  apparent, 
streiigtli.  The  most  noticeable  point  in  manganese  bars  is 
that  while  a  poor  grade  of  bronze  may  show  a  clean,  fine- 
grained fracture  and  a  low  stren^t  li  a  good  ^rade  of  bronze 
only  has  low  strengtli  when  the  fracture  shows  yellow  or 
lemon-coloured  spots.  Just  what  these  spots  are  we  do  nol 
yet  know,  but  their  cause  is  evident,  since  they  appear  only 
when  a  test  bar  lias  not  been  properly  fed,  and  no  matter 
liow  perftH-t  the  fracture  of  an  ingot,  bars  made  from  it,  with- 
out due  attention  to  feeding,  will  always  show  these  yellow 
spots. 

Besides  the  questions  of  the  form  of  the  bar  and  the 
method  of  making  it,  it  has  s&emed  to  us  that  anotlier 
variable  should  be  taken  into  actuinit,  and  that  is  tlie  tem- 
perature of  pouring,  since  the  casting  teni])€rature  and  con- 
sequent i  ate  of  freezing  may  great ]y  affect  tlie  feeding  and 
the  grain,  or  size  of  the  crystals.  To  test  this,  we  mad^ 
some  experiments  with  a  manganese  bronze  of  which  the  fol- 
lowing is  a  typical  analysis :  Copper,  56*00  ；  tin,  0*90  ； 
aluminium,  0'45.  This  corresj)oiuls  well  with  the  sj)e<:iffca- 
tions  of  the  American  Society  for  Testing  Materials.  The 
tin  is,  of  course,  lower  than  the'  2  per  cent,  allowed  as  a  maxi- 
mum by  these  specifications.  This  organisation  specifies  a 
tensile  strength  of  70，0O01bs.  per  square  inch  and  an  elonga- 
tion of  20  per  cent,  on  standard  test  bars  },in.  diam .  aiul 
2in.  in  breaking"  section  cut  from  the  bottom  of  the  ingot. 
This  is  a  very  fair  specification  and  one  easy  to  meet. 

Instead  of  going  to  the  expense  of  cutting  and  machiiiiii^ 
a  bar  from  the  ingot,  we  cast  test  bars  made  to  size  from 
each  heat,  at  the  same  tiri】e  that  the  ingot  moulds  are  filled. 
These  are  pulled  without  machining,  and  serve  admirably 
for  rapid  routine  control.  Tlie  bars  are  Mn.  diam.  and  2in. 
long  in  the  breaking  section,  which  is  joiixacl  by  a  liberal 
fillet  to  the  grips,  which  are  llin.  long  and  ^in.  diam. 
These  bars  are  made  with  very  heavy  gates  and  risers  to 
ensure  good  feeding.  However,  tliey  usually  show  very  t  iny 
traces  of  yellow  spots,  and  give  a  tensile  strength  slightly, 
and  an  elongation  considerably,  below  that  of  bars  cut  from 
the  ingot  or  cast  in  a  small  chill  mould. 

We  liave  also  mad©  bars  from  the  brick  pattern,  sonic 
niodificatioii  of  which  is,  we  believe,  accepted  as  the  best  pat- 
tern for  manganese  test  bars.  This  consists  of  a  block  2\n . 
liigh,  4in.  wide,  and  9in.  long,  carrying  a  keel  lin.  by  l]in. 
by  9in.  The  keel  is  cut  off  and  the  bars  machined  to  standar«! 
A.  S.  T.  M.  size  from  it. 

As  a  matter  of  curiosity  we  have  also  cast  an  ingot  in  a 
copper  mould  about  lin.  by  lin.  by  12in.,  from  which  ingot 
tlie  standard  bar  is  machined.  Following  usual  foundry 
]) r actio©  as  to  temperature  oi"  casting  tlie  results  on  these 
diflerent  forms  of  bars  are  as  follows  : —— 


Tensile  strength, 
pounds  per  square  inch. 

Klonization  ])(T  rent. 

Min. 

Max. 

Average. 

Min. 

Max.  Aver. 

Cast  to  aizv  .... 
Brick  pattern    . . 
('hill  mould   

卜 X 

85,000 
85,000 
88,000 

79,000 
82,000 
S7,0(K) 

15 

20  ' 
18 

20  l(; 

2.1  2：\ 

We  took  a  lieat  of  an  ingot  which  had  given  in  the  enst- 
to-size  bar  the  following  results',  the  pouring  temperature  not 
being  taken  ： — 


IIcMiarks. 

Tensile, 
strength. 

Elastic 
limit. 

Pieduction  ,. 
-  Kkniiraton, 
"t  area, 

per  ct'iit. 
per  cent.  r 

cent. 

'J'racc  of  yi'llow  at  fi'm'tim' 
Trarc  of  yellow  at  fractuiv 

S0,0(M» 

1* 寸' 

18-o  17 

On  remelting  the  ingot,  the  tensile  strength  is  slightly 
lowered  and  tlie  elongation  considerably  increased.  This  was 
melted  and  poured  at  the  temperatures  given  in  Table  I.，  into 

*  Paper  road  before  the  Am  erica  u  Institute  of  Metals. 


199 


THE  MECHANICAL  BNGINKKR.  [December  20,  1912 


both  cast-to-size  and  brick  pattern  bars.  The  metal  was 
allowed  to  cool  between  casts  without  stirring  or  cooling  by 
gates  or  other  metal. 

The  elastic  limits  are  probably  accurate  within  about 
2,0001bs.  Wo  do  not  consider  the  elastic  limit  or  reduction 
of  area  of  much  use  in  evaluating  manganese  bronze,  as  the 
ultimate  strength  and  elongation  give  more  accurate  figures 
atul  quite  adequate1  data  as  to  strength  and  ductility.  The 
elastic  limit  runs  so  closely  from  50  to  60  per  cent,  of  the  ulti- 
mate strength  that  the  latter  test  will  serve  all  purposes. 

The  results  are  not  just  what  we  might  expect.  In 
general,  the  tensile  strength  of  an  alloy  increases  with  de- 
creasing pouring  temperature,  which  gives  quicker  freezing 
and  henoe  smaller  crystals  and  a  closer  grain.  In  tests  on 
some  40  alloys  of  aluminium  with  copper,  M*ith  zinc,  and 

TABLE  I. 
Results  ox  Remelted  Ixgot. 
Bars  Cast  to  Size. 


Pouring 
temi>cra- 

turo. 
1  )fgs.  J(,al\. 

Tensile 
strength. 

Elastic 
limit. 

Reduc- 
tion of 
area, 
per  cent. 

Elonga- 
tion. 

per  cent. 

Itcmarks. 

2,125 

79,000 

38,000 

28-5 

28 

tiii.v  trace  of  yellow . 

2,125 

78,000 

39,500 

21 

25 

tiny  trace  <it  yellow. 

2,000 

76,50a 

42,600 

18-8 

17 

t  race  nf  yellow. 

2,000 

75,600 

4：*,000 

20-7 

18 

trace  of  ycllo«. 

1, 霸 

75,200 

42,000 

22-9 

18 

a  little  yellow  . 

1，W0 

71,800 

43,000 

]：< 

<iuitt'  a  little  vclli  i\\ . 

1,825 

(18,300 

40,000 

18-2 

14 

Jarge  yellow  spot  at 

centre. 

1,825 

05,100 

39,500 

19-8 

11 

largo  vclloM  s)>ot  at 

ccntrr. 

Brick  Pattern. 


2,125 

77,300 

41,000 

31-8 

35 

no  yellow;  fine  grain 

2,000 

70,900 

41,500 

34- 1 

34 

no  yellow;  fine  grain 

1,!K)0 

76,500 

41,100 

30-5 

30 

no  yellow  ；  grain 

slightly  coarser. 

l,82r» 

70,000 

41,700 

19-7 

24 

no  yellow  ；  grain 

much  ooarser. 

with  both  copper  and  zinc  in  various  amounts,  we  have  found 
that,  roughly  speaking,  an  alloy  poured  at  1,500°  Fah.  will 
not  have  over  90  per  cent,  of  the  tensile  strength  of  one 
poured  at  1,300°  Fah.  This  theory  is  upheld  by  the  com- 
parison of  the  bars  poured  at  2,125°  cast-to-size  and  in  the 
brick  pattern,  where  the  bars  cast^to-size  were  practically  free 
from  the  deadly  yellow  spots,  and  thus  showed  that  the 
feeding  was  pretty  good.  In  this  case,  the  bars  cast-to-size 
gave  the  higher  tensile  strength,  due  probably  to  the  quicker 
chilling  of  the  small  bulk  of  metal  compared  to  the  large 
bulk  in  the  brick  pattern. 

On  the  other  hand,  in  tlie  brick  bars  poured  at  different 
temperatures,  although  none  showed  yellow  spots,  those  cast 
hottest  were  the  best,  and  those  cast  coldest  showed  the 
coarsest  grain.  Iti  the  bars  cast-to-size  there  was  no  per- 
ceptible differencei  in  the  grain  between  those  poured  hottest 
and  coldest.  In  the  bars  cast-to-size,  it  is  very  noticeable 
that  the  yellow  Spots  increased  and  the  strength  decreased 
as  the  pouring  tamper xture  was  lowered,  lliat  is,  freezing 
was  too  rapid  for  proper  feeding. 

Evidently,  theii,  we  have  two  factors  to  consider,  speed 
of  chilling  and  feeding.  In  bars  cast-to-sis&e,  tl'e  chilling  is 
rapid,  but  not  rapid  enough  to  prevent  the  segregation  of 
whatever  the  yellow  spots  consist  of.  Hence  the  feeding  is 
the  overwhelming  variable,  and  the  liottei  the  bars  are 
))o»i red  tlio  better  tlie  feeding.  In  the  brick  patoern,  the 
bulk  of  metal  h  so  great  that  the  chilling  effect  is  not  verv 
great  and  the  form  is  such  that  proper  feeding  is  autoniati- 
and  inevitable.  Tliis  pattern  is  the  most  fool-proof,  and  will 
give  a  very  good  idea  of  the  value  of  the  manganese.  It  does 
not  give  ihe  fictitious  strength  of  a  chill  cast  bar,  and 
romos  more  closely  to  showing  wliat  the  ingot  will  do  in  pro- 
perly fe<l  castings  than  any  other  form.  Cliange  in  pouring 
ioinporaturo  has  con»])a ratively  little  offect  on  brick  })attern 
1»h rs.  Tlic  elongation  is  affected  more,  though  not  as  much 
us  in  those  cast-io-size. 


The  best  pouring  temperature  for  test  bars  appears  to  be 
from  2,000°  to  2,100°  Fah.  It  should  not  be  forgotten,  how- 
ever, in  making  castings,  that  heating  to  a  too  high  tem- 
perature will  burn  out  some  zinc,  increasing  the  ductilit  v 
and  decreasing  the  elongation,  and  increasing  the  danger  of 
blows  and  similar  foundry  defects.  We  should,  then'toro, 
say  that  tlie  best  pouring  temperature  for  average  castings 
would  be  from  1,950°  to  2,000°  Fab . ,  thougli  the  quest  ions 
of  shrinkage  or  possibility  of  misruns  on  very  heavy  or  very 
light  castings  might  alter  the  best  temperature  for  particular 
patterns. 


THE  LAW  OF  PLASTIC  FLOW  OF  A  DUCTILE  MATERIAL  AND 
THE  PHENOMENA  OF  ELASTIC  AND  PLASTIC  STRAINS. 

A  paper  on  this  subject  was  read  by  Mr.  C.  E.  Larard  at  a 
recent  meeting  of  the  Physical  Society.  Tlie  author  gave  an 
account  of  the  twisting  to'  destruction  at  a  uniform  angular 
velocity  of  a  cylindrical  st^eel  specimen  3in.  diam.  and  of  his 
deductions  from  the  experimental  data.  The  following  deduc- 
tions were  made  :  (1)  Tlie  rat©  of  increase  of  the  torque  with 
the  time  varies  inversely  as  the  time.  (2)  The  acceleration  of 
the  torque  velocity  which  is  negative  or,  as  it  may  be  called, 
the  de-celeration,  varies  therefore  inversely  as  the  square  of 
the  time.  (3)  The  variables,  time  t,  and  torque  T，  are  con- 
nected by  the  compound  interest  】aw.  More  exactly 
《 + 《o  ==  (t(  'T，  where  f„  is  a  time  constant.  Corresponding 
results  in  terms  of  the  angle  of  torsion  0  and  T .  obviously 
followed,  since  0=  w《， where  w  is  th©  angular  rate  of  strain- 
ing. Tlie  author  next  proceeded  to  summarise  certain  other 
conclusions  lie  has  formed  as  a  result  of  many  experiments 
extending  over  five  years,  illustrating  his  arguments  by  means 
of  original  diagrams,  but  reserving  the  full  account  for  later 
publication. 

(1)  The  Elastic  Period. ― (a)  Plastic  strain  is  always  pro- 
duced by  applied  stress ?  and  when  its  amount  becomes  large 
enough  to  be  detected  by  th-e  strain  instrument  the  actual 
linearity  between  stress  and  strain  is  no  longer  directly 
obvious,  (b)  Tlie  recorded  limit  of  elasticity  depends  on  the 
degree  of  accuracy  to  which  the  strain  instrument  is  capable 
of  indicating  the  strain,  i.e.,  there  is  no  definite  limit  of 
elasticity,  the  recorded  limit  being  merely  an  instrument 
limit.  (c)  In  the  ca&©  of  a  tension  test  where  the  increase  of 
strain  is  measured  in  the  direction  of  the  applied  stress 
linearity  between  stress  and  strain  is  apparently  very  pro- 
nounced, but  in  the  case  of  a  torsion  test  very  small  increa&es 
in  the  elongation  of  helically  twisted  generating  lines  of  the 
specimen  are  accompanied  by  the  relatively  large  angles  of 
torsion  measured  by  the  twist-strain  instrument,  with  the 
result  that  plastic  strain  is  observed  very  early  in  the  test 
giving  low  instrument  limits  of  elasticity,  (d)  There  is  elastic 
strain  whether  it  is  obscured  by  plastic  flow  or  not,  whidi  is 
closely  proportional  to  the  torque  (or  load)  for  all  values  of 
the  torque  (or  load)  up  to  th©  maximum,  and  it  is  given  by 
0JT  =  01/Tl,  where  T  is  any  torque  not  exceeding  the  maxi- 
mum load,  and  T\  and  0X  are  any  observations  of  torque  and 
twist  respectively  during  the  elastic  period  of  instruinental 
linearity  between  stress  and  strain.  Consequently  the  usual 
formula  may  be  used  for  calculating  elastic  strains,  provided 
the  torque  is  not  greater  than  the  maximum.  (fj)  Tlie  total 
strains  vroduced  under  applied  stress  even  before  the  yield 
peri od  is  reached  depend  on  the  tim©  as  w'&ll  as  un  the  torque 
(or  load).  (/')  Tlie  linearity  between  strain  and  applied  stress 
may  be  rendered  obvious  up  to  a  high  value  of  the  load  by 
suppressing  the  plastic  flow. 

(2)  The  Yield  Period, ― (a)  The  plastic  strain  phenomena 
under  constant  load  during  this  period  depends  on  the  1  itne. 
If  the  load  is  imposed  on  a  specimen  either  very  slowly  or  very 
quickly  there  is  no  yield  period,  tlie  former  ca&&  corresj)ond- 
ing  very  closely  to  isothermal  straining  and  the  latter  to 
adiabatic.  (h)  When  the  yield  torque  (or  load)  is  readied  ami 
where  equilibrium  is  maintained  between  tlie  load  and  1 1 1 (_•- 
resistance  the'  velocity  of  tlie'  plastic  strain  is  rapidly  and 
increasingly  accelerated  for  a  short  period  of  time  clue  to  some 
rapidly  and  increasingly  softening  process  goin^  on  in  the 
inaterial,  the-  acceleration  H  rapidly  reaching  a  maxinnun 
value  followed  for  a  short  period  by  a  rapidly  decreasing 
acceleration,  llio  velocii y  H  still  increasing  until  the  ；" '('t'lt'r; 卜 
lion  reaches  zero  value  with  inomeiitary  uniforiu  velocity. 
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From  this  point  aud  for  by  far  the  greater  part  of  the  yield, 
the  velocity  0  uudergoes  constantly  decreasing  retardation 
(due  to  some  gradual  and  increasingly  hardening  process  going 
ou  in  the  material)  until  t  he  curve  in  0  and  t  becomes,  or  tends 
to  become,  asymptotic  to  the  axis  of  time  with  a  uniform  value 
of  0.  (c)  From  what  has  been  stated  above  it  follows  tli'at 
the  yield  period  is  produced  when  from  the  conditions  of  load- 
ing acceleration  of  plastic  flow  is  produced,  and,  further,  that 
where  the  torque-time  and  torque-twist  ratios  are  kept  below 
certain  critical  values,  and  ，  therefore,  where  there  is  no 
acceleration  but  only  a  retardation  no  yield  period  is'  produced 
and  the  elastic-torque-twist  Hue  and  the  plastic-torque-twist 
curves  are  compounded  into  a  smooth  and  continuous  resultant 
torque-twist  diagram.  (d)  The  yield  period  is  due  to  the 
production  of  a  fluid  state  (liquefaction)  in  parts  af  the 
material  under  the  acceleration  with  subsequent  relegation 
aud  liardening,  producing  deceleration  after  the  parts  have 
adjusted  themselves  to-  their  new  positions.  Th©  torque^twist 
curve 3  which  is  continuous,  denot-es  a  condition  of  semi- plastic 
flow,  (e)  The  yield  period  which  takes  place  under  the  cir- 
cumstances indicated  can  be  raised  by  strain  and  heat  treat- 
ment at  low  temperatures  to  almost  any  position  with  respect 
to  tlie  torque-twist  curve.: 

(3)  Total  Strain. ― If  the  above  results  are  accepted  the 
total  strain  is  the  sum  of  tlie  elastic  and  plastic  strains,  wliere 
the  elastic  strain  is  a  linear  function  of  th©  load  for  all 
ordinary  speeds  of  loading  and  where  the  plastic  strain  is 
fuuction  of  botli  load  and  time. 


MINING  PROBLEMS. 

1)k.  Cadman,  Professor  of  Mining  in  the  University  of  Bir- 
mingham, delivered  his  presidential  address  to  the  members  of 
the  South  Staffordshire  and  Warwickshire  Institute  of 
)Iiiiiug，  at  the  University  on  Monday  last.  The  time- 
honoured  custom  of  presidents,  he  said,  was  to  review  gene- 
rally the  progress  of  the  science  in  mining  during  the  past  year. 
He  did  not  propose  to  follow  it,  but  to  preface  a  short  paper 
on  a  subject  of  considerable  importance  at  th©  present  moment 
with  a  few  general  remarks .  He  had  deliberately  adopted 
that  course.  His  thoughts  had  been  drawn  to  accidents  in 
mines  and  to  legislation,  and  at  the  outset  he  felt  inclined  to 
venture  upon  a  reflection  of  the  possible  effects  for  good  or 
evil  that  might  be  the  outcome  of  the>  new  Mines  Bill ― the 
apparent  nightmare  of  every  colliery  manager  of  to-day. 
Shortly  after  the  passing  of  the  Mines  Bill  of  1892  the  pre- 
sident of  the  insrtitut©  poi ntecl  out  its  severity,  and  the'  almost 
impossible  conditions  it  contained.  Such  a  state  of  mind 
existed  amongst  many  of  tliem  at  the  present  moment  with 
regard  to  the  1911  Act.  As  lie  was  inclined  to  think  history 
would  repeat  itself,  and  in  due  course  tliey  would  view  tlie 
legislation  in  a  different  light,  he  had  refrained  from 
addressing  tliem  on  th©  topic. 

To  all  students  of  the  Act,  however,  one  potent  feature  was 
clearly  brought  to  light,  viz.,  that  the  responsibilities  of  the 
manager  had  been  enormously  increased,  and  in  order  to 
shoulder  that  responsibility  the  colliery  manager  of  th©  future 
must  possess  more  than  a  smattering  of  science.  The  school 
of  bitter  experience  could  not  entirely  train  liim  to'  fulfil  the 
duties  he  was  bo  be  called  upon  to  discharge.  It  had  been 
stated  that  a  "  mine  manager  like  a  master  mariner  is  made 
only  by  a  long  and  often  painful  practical  apprenticeship, 
； ut<]  1  liat,  ihe  University  life  of  freedom  makes  a  serious  inroad 
on  ihe  unrelenting  force  of  discipline  which  is  essential  for 
every  man  responsible  for  the  lives  of  his  subordinates/'  and 
that  "  the  mine  manager  should  bo  trained  in  the  mine, 
sui>i>lernented  by  evening  classes."  Such  a  statement  emanat- 
ing from  an  authority  responsible  for  th©  conduct  of  mining 
education  in  a  sister  University,  referring  as  it  did  to  the 
training  of  mine  niana^ers  of  the  future,  could  not  be  too 
«t rongly  refuted .  It  was  directly  opposed  to  the  principles 
whicli  ilie  insiitut/e  had  laid  down .  That  institution  was 
largely  resi>oi]s>il)l©  and  instrunieiital  in  formulating  the 
Department  of  Mining  which  it  was  liis  privilege  to  control, 
and  lie  would  be  betraying  their  confidence  if  lie  did  not  in  tlie 
st  rongest  terms  possible  condemn  sucli  a  policy.  As  an  insti- 
t'ut'ioii  they  had  always  urged  the  necessity  of  opportunity 
lxMiig  adonlo^J  youn^  inen  entering  i'lieir  profession  to  obtain 
n  University  <  rai ni in  genor;i I  ))riii(,i])les  underlying  t  he 
science  of  mining.    They  had  forcibly  denionst rated  that  tlio 


liigher  training,  both  practical  and  theoretical,  was  indispens- 
able to  the  welfare  of  their  profession.  They  had  shown  l)y 
their  active  co-operation  with  county  council  evening  classes 
that  both  the  University  and  tlie  classes  were  requisite  for  tlie 
complete  scheme  of  mining  education.  They  had  shown  that 
all  classes  of  mine  officials  required  technical  training,  and 
what  was  sufficient  for  subordinate  officials  was  not  enough  for 
the  captains  of  their  great  industry.  It  was  not  generally 
understood  outside  the  district  how  fully  tlie  general  scheme 
of  mining  education  had  developed  in  their  immediate  midst, 
and  how  fully  that  district  had  recognised  it  should  be  such 
as  to  afford  a  training  for  the  duties  of  life;  and  further,  how 
the  different  types  of  education  were  designed  for  leaders  and 
subordinates.  The  younger  men,  who  by  lack  of  enthusiasm 
were  not  taking  advantage  of  the  opportunities  offered  to 
them,  he  warned  to  beware  of  those  who  were  actively  follow- 
ing the  course  the  institute  had  so  much  at  heart,  and  would 
be  waiting  to  pounce'  upon  their  infirmities  and  to  displace 
them  in  the  future  fight  for  existence 

Dr.  Cadman  went  on  to  allude  to  a  growing  requirement 
to  which  all  colliery  engineers  must,  in  his  opinion,  sooner  or 
later  turn  their  attention ?  namely,  thei  production  of  a  smoke- 
less fuel  for  household  aud  manufacturing  purposes,  with  the 
conversion  of  the  volatile  products  into  liquid  fuel.  Those 
two  problems  were  confronting  them  at  the  moment.  Liquid 
fuel  was  required  for  modern  engineering  developments.  The 
internal-combustion  engine  already  pointed  to  the  relegation 
of  the  steam  boiler  to  the  museum,  whilst  social  development 
pointed  its  finger  at  the  volumes  of  solid  matter  and  wasted 
energy  belching  forth  from  every  chimney,  whether  factory 
or  dwelling.  At  the  same  time,  mining  engineers  were  realis- 
ing that  in  order  to  produce  a  revenue  which  would  permit  the 
colliery  to  exist,  it  was  necessary  to  place  a  price  upon  the  fuel 
in  its  crude  state'  whicli  was  beyond  its  real  value.  Indeed, 
through  modern  legislation  and  social  development  and 
increased  difficulties  in  mining,  so  fine  had  become  tlie  balance 
of  working  cost  to  selling  price  in  some  districts,  that  unless  a 
new  field  of  application  were  developed  which  would  move  the 
balance  in  a  more'  favourable  direction,  an  unfortunate 
collapse  was  inevitable.  The  public  outcry  for  liquid  fuel  and 
the  reformers7  movement  for  smoke'  abatement,  suggested  the 
application  of  a  process  by  which  coal  might  he^  treated  at  tlie 
mine  so  as  to  produce  a  suitable  fuel  which  would  burn  freely 
and  without  smoke,  and  would  turn  out  a  residue  of  liquid 
fuel  from  whicli  oil  of  various  characteristics  might  be  frac- 
tionated ?  at  the  same  time  permitting  great  economy  in  the 
colliery  power  consumption.  Alr&a3y  much  good  research 
had  been  accomplished  in  that  direction,  and  it  was  not 
unreasonable  to  expect  that  a  process  would  bo  evolved,  if  it 
were  not  already  with  them,  that  would  permit  the  carbonis- 
ing of  coal  under  conditions  of  low  temperature  whicli  would 
convert  a  crude  fuel  barely  being  worked  at  a  profit  into 
products  which  the  civilised  world  was  about  to  demand,  and 
at  th-e  same  time  retaining  to  the  coal-miniug  industry 
lucrative  investment  for  British  capital. 


West  of  Scotland  Iron  and  Steel  Institute— At  a  meeting  of 
thei  West  of  Scotland  Iron  and  Steel  Institute,  held  on  the 
13th  inst.  at  Glasgow,  Prof.  E.  G.  Coker,  D.Sc,  of  the  Fins- 
bury  Technical  College,  London,  delivered  a  lecture  on 
" Colour  Photography  of  Internal  Stress  in  Bodies  of  Engi- 
neering Form."  Mr.  Walter  Dixon,  the  president,  occupied 
the  chair. 

Solid  Vulcanite  Rollers  for  Roller  Bearings  — In  a  patent 
recently  granted  to  Mr.  E.  Jones,  and  Messrs.  Kynoch,  Ltd.. 
Lion  Works,  Witton,  Birnnngliam,  it  is  proposed  to  use  solid 
cylindrical  rollers,  cut  from  round  rods  of  vulcanite,  or  similar 
material,  the  rollers  being  kept  in  an  axial  position  with 
relation  to  tlie  shaft  by  means  of  a  cage  formed  with  slots  in 
which  the  rollers  revolve.  The  use  of  rollers  of  tbis  material 
will  not,  it  is  claimed,  injure  the  journal  of  the  shaft  wliich  is 
rotating  in  the  bearing,  nor  the  bearing  itself  in  which  the 
rollers  work,  but  will  reduce  to  a  minimum  the  wear  of  the 
journal  and  bearing,  so  that  when  the  rollers  have  worn  they 
may  be  replaced  by  new  rollers  of  tlie  original  dimensions,  and 
wliicli,  without  any  other  modilicat.ion,  will  render  the  roller 
bearing  equal  in  all  respects  to  a  new  one. 
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INDUSTRIAL  AND  TRADE  NOTES. 

Messrs.  T.  Sugden,  Ltd. ―  The  directors  of  tliis  compiuiy  liav** 
(Irchirod  m  dividoncl  at  the  rate  of  lo  [)vr  cent,  per  ； unuinij  hioli 
is  tlio  s:u、i(、  as  in  the  previous  yo;t  r. 

New  Canadian  Pacific  Railway  Liners. ― The  (1aniulian  Pacific  Kail- 
w  ay  Company  has,  we  learn,  placed  orders  with  Messrs.  Barclay, 
Curie,  A:  (\).,  Wliiteineli,  for  two  ships  of  12,000  tons  eacli,  Avith 
a  speed  of  l(i  knots,  to  replace  the  "  Lai"'    li 議 ，，  and  "  Lake 
(山 :i.，， 

Trade  Circulars  and  Catalogues. 一 Kicha rdson,  Wetst^n rtli ,  ^  CV)., 
Ltd.,  Hartlepool,  have  issiuxl  a  pamphlet  illustrated  witli  coloured 
diaKi'anis  which  show  in  ;i  clour  、、；、.、'  thoic  "  contrafio  "  system  of 
utilisino;  steam  for  power  nnd  auxiliary  purposes.  Tlx*  Greenwich 
Metal  Works,  AVoohich  Road,  London,  sond  us  an  illustrated 
booklet  of  their  numerous  pnttorns  <>i  p,'rl  m  ;山'（1  shoot-motal. 

Castolin. —-  ^Messrs.  Wiissernuum,  Liol>or,  A:  Co"  of  Lausaiuio, 
Switzerland,  havo  appointed  Tl"'  Castolin  ('()mp;"iy，  of  Clock 
House,  Arundel  Street,  Str;ui(l，  London,  W.C.,  as  thoir  sole 
^nicriil  :f  its  lor  tlio  United  Kingdom  for  tl"'  salo  of  tlieir 
" Castolin  "  compounds  for  tho  autochoniicul  welding  of  cast  iron, 
r-ast  steel,  tool  stoel ,  high- si>im_'(〗  st('ol，  \'C,  without  i)】;"it. 

Messrs.  W.  F.  Stanley  &  Co"  Ltd.,  of  (Jn^it  Turnstile,  Holboin, 
、V.C.,  th*、  well-known  nianufiH'tiirors  of  surveying,  drawing,  and 
scioiitific  instrumentSj  h:iv(、，  o、、iiig  to  tlio  continuod  expansion  of 
tlioir  l>usinoss,  l"、e"  compelhHl  to  provido  nmcli  larger  office  accom- 
niodation,  and  li;\v<«  now  taki-n  over  tlio  wliolo  of  tho  upper  part 
of  the  premisos  at  28(>,  Hi^li  Holhorn.  wlioio  their  showrooms 
liave  ]>eeu  on  tlio  ground  floor  lor  some  tiinc.  1  heir  old  ])remis(\s 
;\t  4  and  o}  Great  Turnstil(%  arc  l"、iiig  rotainod  for  export  busi- 
ness on】.v. 

New  Birmingham  Electric  Supply  Station.— The  Hirniiiigham  Eltc 
trie  Sup}>ly  Committoe  lind  under  considonition  recently  tho  】）ro - 
posal  to  eroct  a  now  electric  supply  station  at  Nechells,  the 
ultimate  cost  of  which,  it  is  ostimattul,  may  n、:i('li  a  million 
pounds.  It  was  decided  to  ask  tho  council  For  sanction  to  pro(wd 
with  part  of  tho  scheme  nt  once.  When  completed  the  statio'i 
will  be  one  of  the  largest  generating  stations  in  the  country. 
The  ])ortion  to  lie  provided  first  will  cost  some  £2.50,000  for 
f)uiklino;  and  equipment. 

Shipbuilding  at  Belfast.— Kt'turns  just  issiunl  of  Belfast  s]iipl)iiikl- 
iiig  for  the  yea r  1 01 2  show  mii  aggregate  of  over  1(52，"。(）  tons.  Of 
tliis  amount  ^[essrs.  AVorkjnan,  Clark,  Co.  launched  9  steamers 
； li id  an  Admiralty  caisson,  totalling  85,000  tons,  as  compared  Avith 
i;0,(H )i)  last  year  ；  ^vhile  Messrs.  Harland  &  AVolflF  p at  off  seven 
\os8ci8,  totalling  77,000  tons,  as  compared  with  118,000  tons,  in- 
cluding the  "Tit:ii"c  "in  1911.  Messrs.  AVorkman,  Clark's 
largest  boat  was  the  Holt  liner  "Nestor/'  and  the  Queen's  Island 
Yard's  largest  was  the  White  Star  liner  "  Ceramic. ， 

Launch  of  a  White  Star  Liner. ― A  new  passenger  liner  for  the 
White  Star  Company's  Australian  service 一 the  11  Ceramic  " ― was 
launched  on  the  lltli  iiist.  from  the  yard  of  Messrs.  Harland  and 
Wolff,  Ltd.,  Belfast.  The  steamer,  which  far  surpasses  in  size 
nnvthing  hitherto  placed  on  the  Australian  berth,  measures 
G7ot't.  in  leu^tli  l>y  ()9ft.  3in.  in  l>roadth,  ；" id  、、- ill  have  a  gross 
tonnage  of  about  18,000  tons.  The  vessel  is  a  triple-scrow 
steamer,  and  will  be  fitted  with  twin-screw  reciprocating  engines 
combined  with  a  low- pressure  turbine.  It  is  anticipated  the 
" Ceramic  ，，  will  be  in  commission  about  next  midsummer. 

French  Motor  Industry. ― According  to  a  recent  American  (Jon- 
suln r  report,  France  leads  the  world  in  the  exportation  of  auto- 
mobiles. For  the  first  six  months  of  1912  the  total  French 
tix]>urts  of  motor-cars  amounted  to  about  £4,000,000,  an  increase 
of  25  per  cent,  as  compared  Avith  the  exports  for  the  same  period 
of  1911.  The  importation  of  automobiles  into  France  for  the 
sjuiie  six  months  amounted  to  an  estimated  value  of  £ 250 ? 000,  a 
slight  increase  of  less  than  £1,000  over  the  same  period  of  the 
previous  yoar.  The  progress  and  development  of  the  manufac- 
1  mvv  of  automol^iles  has  phiced  it  among  the  nation's  most  im- 
portant industries. 

Steam  Turbines  to  Replace  Reciprocating  Sets  at  Greenwich.  ―  The 
l:i i'W  low-speed  stoani  eniiiiios  of  thv  vt、rtica!- horizontal  recipi'o- 
ciitii]^'  type  which  、v("v  installed  soino  years  a^'o  in  the  Green- 
w  icli  tramw  ays  ^rneratin^;  station  of  the  Ijondon  C'oimty  Council 
； i vv,  ;iccordi])S  to  ；)  report  fecently  issuod  hy  the  Highways  Com- 
miit(it',  to  1)0  replaced  by  two  8,000  kw.  tnrhiiies.  These  units 
、、ill  go  in  tlie  spnee  "('(-ii by  t、v(>  of  tho  3》()0k、v.  reciprocating 
l)l;Hiis,  thus  showing  a  ch、iiv  ^ain  of  9,000  kw.  in  ^eneratin^; 
(-; I pjicity,  while,  i'ui'tlior,  it  is  estimated  that  an  antiual  savin <i 
ot  nearly  £M\,()( Kl  will  result,  with  co;il  ； it  its  present  prir'e,  and 
with  tl"'  j)rcsoi)t  niiixinium  output.    At  a  lator  stage  tlio  r(、m;iin- 


ing  engines  will  be  replaced  by  two  situilar  tiirhino  units,  and 
the  normal  capacity  of  the  Coum;il，s  Groenwich  plant  will  then 
1)0  ，52，000k、v. 

Riveters'  Piece  Rates. ― A  coniVrencc  of  shipbuilding  employers 
； uul  men  waa  held  on  the  12th  inst.  at  Edinburgh.  The  】m、(、ting 
was  between  representatives  of  the  Shiphuilclin^  Kmploycrs1 
Fodoration  and  the  Boilermakors'  Sooioty,  ； uid  tlie  principal  sul)- 
jwt  of  discussion  was  tl"'  rates  of  pay  (>t  ri\-<itin^;  S(juiuls.  As  i:; 
well  known,  tlio  momhers  of  tlio  Hoi!(krni;ikci  s1  Socu^ty  voted  rc- 
rently  in  favour  of  oeasin^  to  work  pieoowork  until  tlie  omploycis 
planted  a  4  pov  cent.  ad\  ;i  nee  to  ri  \ctors3  so  that  the  riveters,  in 
tlieir  turn,  might  lie  able  to  the  holders- on  1 0.U1.  per  Is. ― 

instead  of  9(1. ,  as  at  pros(Mit.  rI  ho  vote,  ho、vev'"'，  was  a  yrvy 
small  one,  and  instead  oi"  lifting  on  it  inimediate ，； v  the  Executive 
Council  of  the  society  nsk(»(l  lor  a  (•(nii'erciu**4  with  the  employers. 
It  is  understood  that  the  ('liiplo.vi'rs,  in  \ie\v  of  th<、ir  pivvimis 
decisions  on  tliis  <| invstioii ,  doclinod  to  it'- open  it.  So\(M-al  locnl 
(lisjuitos  wtM'o  also  considorcnl,  especially  tho  scrips  of  (li'spiitcs 
wliich  h:\vo  takon  place  recently  in  difForont  districts,  in  conncc 
tion  w  ith  which  thero  h;u- (、  boeji  a  numl)er  of  sectional  stopj);i<i;t's 
of  worlv.  ]  ii  regard  to  the.so  stoppages  the  conf^ronc(?  accoin- 
l)lislio(l  some  |>r:"tir;i】  ；uid  cfFoctivc  work. 

Duties  of  Consuls  to  British  Trade. 一 At  the  animal  dinner  in  con- 
lu'ctioit  Avitli  tl"'  Institute  of  ConuntM'c^  rtH-ontly  lield  in  Birminy;- 
\n\ in,  tlie  C'h airnuin,  Mr.  Hugh  Miller,  of  Glasgow,  in  referring 
to  the  duties  of  on v  consuls  ； in(l  vi('p- consuls  in  towns  or  cities 
nhrond,  snicl  tlioy  wove  supposed  to  protect  British  ('omm('r(  <' 
a  lid  its  interests,  but  tlu\v  wei't*  ii]>|)()int<Hl,  not  i)Ofims<'  tlicv  \、rn' 
Imsincss  m<Mi ,  not  hconusc1  of  tl"、  possible  l"""»fit  thoy  <'(>"l(l  do  to 
Hrit'isli  tr:id(、，  liut  lxkc;nisc  of  fumily  or  political  connections. 
\o\v  J hey  could  not  l)]iiul  their  cvos  to  tlie  fact  that,  if  appoint- 
intMits  w  (m  o  miulo  in  this  way,  it  started  the  man  himself  off  on 
(juite  i\  、vr()，]K  coMrse  iu-tion,  or  ])Oi-}i;i])s  inaftiou,  and  without 
a  proper  idea  ol'  the  work.  Whot'oas  if  tho  British  Government 
took  care  Hi  at  tl"'  first  work  of  a  consul  was  to  keep  their  mann- 
facturors  niul  niei-cliants  iidmnuHl  in  foroi^u  trade  conditions 
and  the  reasons  、、！ iv  tlioy  \vt!to  losing  ground  in  oortain  markets, 
and  to  infonn  tho  home  】mm>i>1p  of  all  the  most  up-to-date  methods 
iii  com mercial  life  that  、v*n  being  tried  by  other  Goveriinieiit.s, 
in  liow  much  hotter  position  would  tho  】i，'itish  commercial  men 
l>e  placed.  Jt  seemed  to  him  that  the  Institute  in  coining  years 
could  do  useful  work  in  this  direction. 

Boilermakers  and  a  National  Agreement. ― The  DecembtT  report  of 
the  Boilermakers'  Society  contains  the  result  of  the  voting  ro- 
g;ir(liug  the  pioposal  that  the  union  should  a  working  agroo- 

】wit  on  their  oavh  account ― apart  from  tlio  other  trades ― with 
the  SJiiphuildin^  Employoi's'  Fodcrntion .  Tl"1  quostion  was  sult- 
7ii  it  ted  to  the  nieml>ers  by  the  '  'National  .Vssombly/'  whicli  met  at 
NeAvcastle  on  September  10th  and  11th,  a»ul  it  was  put  before  tliem 
in  the  following  form :  ''That  、ve  favour  a  National  Agreomont 
between  the  Shipbuildinn;  Employers '  Federati )ii  and  the  Un it«'<l 
vSooiety  of  Boilermakers  and  Iron  and  Steel  Shipbuilders  i'or 
dealing  witli  general  fluotuations  of  wages  and  questions  nf  an 
agreed  general  character  or  such  as  may  bo  】'emitte(l  lrom  local 
conferences  with  the  con  sent  of  l>oth  parties  at  local  conference. 
All  local  questions  to  be  dealt  Avith  locally  and  finally  in  localities 
There  shall  be  a  neutral  chairman  at  nil  local  conferences.' J  The 
result  of  the  vote  was  as  follows :  For,  3,691  ；  against,  1 ,328  ； 
majority  for,  2,363.  The  total  membership  of  the  society  at  the 
end  of  November  、、  ； is  G0,500,  so  that  the  r umber  avIio  voted ― 5,019 
—— was  only  a  tw  elfth  of  the  total.  The  executive  council  will  take 
steps  to  give  effect  to  the  vote. 

Work  in  Australian  Factories.— Inforniatiou  in  regard  to  niami- 
fiicturing  industries  of  Australia  has  been  received  from  Mr.  G. 
H.  KnibbSj  Commonwealth  Statistician.  These  returns  show  that 
the  number  of  factories  increased  during  1911  by  603,  or  4'3o 
per  cent.,  、vliile  the  increase  in  the  number  of  persons  emplov  ed 
was  24，809,  representing  a  percentage  increase  of  8'6-5.  Tho 
salaries  and  wages,  which  in  1910  were  £23,870,510,  totalled 
£27,551,876  in  1911,  an  advance  of  lo*34  per  cent.  The  vnluc  of 
materials  used  during  1911  was  £79,076357G,  as  compared  witli 
£72,796,236  the  previous  year,  and  the  total  output  of  tlie  fac- 
tories rose  from  £120,860,158  to  £133，13G,"5(;0.  The  capital  in- 
vested in  land,  buiklingSj  plant,  an-d  macliinery  was  £04-, 098, 144 
in  1911，  being  an  advance  on  1910  of  £(i,608，G70.  The  proportion 
that  each  of  the  items  of  outlay  bore  to  the  value  of  output  is  of 
interest.  Wages,  fuel  and  ma tt-iials  used  a，）soH)e(l  20-68,  2*07,  a n d 
•5*39  per  cont.  r(、spec*tivel.v，  leaving  17-86  per  cent,  to  rover  rent, 
mjuntonanco  diaries,  (leprociation ,  interest  on  capital  omployod, 
insur;nu'o  of  all  kiiuls,  l>;ul  (li、hts，  nnd  profit.    Tlie  ； urr;if 

amount  of  wa^es  per  employo  in  tli(i  Conmi(m、v ('； iltli  factories 

was  £87  in  1010,  and  £02.  ">s.  in  1911,  ； ui  ； ulvanco  of  nearly  6  por 
cont.  (luring  last  your. 
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South  Wales  Tinplatc  Trade.— The  practical  extinction  this  year 
of  the  South  Wales  tinplate  exports  to  the  Unite!  States  and  tho 
liea\  y  drop  in  the  exports  to  Canada  were  referred  to  reotmtly 
by  Mr.  H.  C.  Bond,  a  member  of  one  of  the  largest  tinplate  firms 
in  the  country.  Mr.  Bond  said  there  was  occasion  for  great 
anxiety,  as  the  production  of  tinplates  in  the  United  States,  and 
more  so  in  Germany,  had  grown  faster  than  the  demand.  The 
estimated  production  in  the  United  Kingdom  this  .year  was  about 
75,000  tons.  In  1911  the  United  States  produced  785,000  tons, 
and  it  wps  believed  that  the  production  this  year  would  be  in- 
creased to  900 j 000  tons.  Twelve  years  ago  the  United  States  was 
the  mainstay  of  the  Welsh  tinplate  industry,  but  to-day  the  mar- 
ket had  absolutely  dwindled  to  nothing,  and  it  would  not  stop 
there.  They  would  inevitably  lose  the  Canadian  market  unless 
they  could  have  the  same  preference  on  tinplates  as  on  galvanised 
iron.  The  exports  to  Germany  were  going  to  fall  off  considerably, 
and  he  had  no  doubt  that  in  a  few  years'  time  the  German  mar- 
ket would  disappear  for  the  use  of  tinplates,  like  the  Canadian 
market.  To-day  steel  works  were  being  huiTie(l】y  constructed  in 
South  Wales,  and  the  inevitable  result  would  T>p  that  when  steel 
was  imported  those  works  avou Id  he  idle  and  the  cost  of  produc- 
tion raised. 

Brass  Trade  "  Pools." 一 Considerable  progress  has,  we  understand, 
been  made  with  the  scheme  for  forming  "  pooling  ，，  associations 
in  two  sections  of  the  brass  trade,  with  the  view  of  restricting 
competition  and  eliminating  reckless  price-cutting.  The  t、vo 
sections  of  the  industry  refer  to  those  engaged  in  the  production 
of  water,  steam,  and  beer  fittings,  and  the  gas-fittings  branch. 
Pooling  schemes  are  designed  to  regulate  production  and  prices. 
Members  of  the  "pool"  are  allotted  a  certain  production  based 
upon  tlieir  average  output  over  a  period  of  years,  and  if  they 
exceed  that  production  they  pay  certain  penalties  into  a  fund, 
from  which  compensation  is  paid  out  to  those  firms  whose  output 
falls  short  of  their  allotted  proportions.  The  form  of  combination 
proposed  in  the  water  and  gas-fittings  sections  of  the  brass  trado 
will  be  on  these  lines,  though  no  decision  has  yet  been  arrived 
at  concerning  the  payment  of  rebates.  Moreover,  the  promoters 
declare  that  it  is  not  their  intention  to  use  the  proposed  organisa- 
tion for  the  purpose  of  establishing  high  prices.  Committees 
have  been  formed  to  carry  on  negotiations  with  the  manufacturers 
in  the  trade,  and  we  understand  that  the  support  forthcoming; 
is  satisfactory.  Several  firms  have  already  made  their  financial 
deposits  and  sont  in  their  returns. 

Employment  in  the  Engineering  Trades. 一 The  report  uf  tlie  Labour 
Department  of  the  Board  of  Trade  states  that  employment 
improved  in  November,  especially  in  the  shipbuilding  trades. 
The  percentage  of  trade  union  members  unemployed  was  the 
lowest  recorded  during  the  past  10  years.  The  upward  movement 
in  wages  continued.  Compared  with  a  year  ago,  all  the  principal 
industries  showed  an  improvement,  which  was  most  marked  in 
the  pig  iron,  iron  and  steel,  and  engineering  trades.  The  changes 
in  the  rates  of  wages  taking  effect  in  November  were,  with  one 
exreption,  all  increases,  and  resulted  in  a  net  increase  of  £17,400 
per  week  in  the  wages  of  347,000  workpeople.  The  most  impor- 
tant changes  affected  305,000  coal  miners  in  Northumberland, 
Durham,  and  Scotland,  3,500  blastf urnacemen  in  West  Scotland, 
3,130  steel-melters,  &c,  in  various  parts  of  England  and  Scot- 
land, and  20,000  engineers  in  Manchester.  The  mimber  of  dis- 
putes beginning  in  November  was  67,  and  the  total  number  of 
workpeople  involved  in  all  disputes  in  progress  during  the  month 
was  32,289,  compared  with  36,312  in  October,  and  37,070  in 
November,  1911.  Tho  estimated  number  of  Avorking  clays  lost  h.y 
disputes  during  the  month  was  297,400,  as  compared  with 
301,000  in  the  previous  month,  and  400,500  in  the  corresponding 
month  of  last  year. 

The  "  Lightning"  Pile. ― Manufacturers  in  Shef!ield  are  displaying 
marked   activity    and    enterprise   in    producing  of  hi^h 

efficiency,  and  to  an  increasing  extent  users  are  buying  such  ^oods 
on  the  basis  of  the  amount  of  work  they  do  xindor  mechanical  tests 
instead  of  meroly  accepting  the  lowest  tender.  American  com- 
petition in  this  important  industry  Avas  practically  oliminated 
from  the  homo  market  several  years  ago,  and  Sheffield  makers 
have  gone  u'f'll  ahciul  of  their  Transatl;uitic  rivals  in  developing 
what  is  known  as  the  11  higli-spood  "  file.  Wo  have  lie  fore  us  tlio 
report  of  a  test  by  the  Sheffield  Testing  Works,  Ltd.,  of  tho 
high-speed  "Lightning"  file  Avhicli  has  lately  boon  placed  on  tho 
market  by  Messrs.  Lockwood  Bros.,  Ltd.,  of  Spital  Hill,  Sheffield. 
According  to  this  report  a  14in.  file,  tested  on  Ijoth  sides,  ma(h、 
]20，000  strokes,  and  in  39  hours  removed  78*80in.  of  metal,  wei^li- 
ing  221l>s.,  from  an  inch-square  bar,  and  at  the  conclusion  of  this 
severe  trial  the  tool  was  reported  to  be  "  slightly  worn."  Tho 
makers  claim  the  result  of  the  test  to  represent  the  highest  point 
of  working  efficiency  ever  attained  by  a  file  under  similar  condi- 
tions. It  may  be  of  interest  to  state  that  the  Aflmirnlty  roqniro 
the  filos  they  buy  to  make  only  20,000  strokes  ajul  to  removo  Gin. 


of  material.  In  round  figures  the  u  Lightning "  file  is  capable 
of  doing  treble  the  amount  of  work  that  ran  l>o  got  out  of  an 
ordinary  file,  and  as  the  increased  price  in  inconsiderable,  it  mu8t 
be  highly  economical  in  use. 

Finances  of  Trade  Unions.— The  current  iiumher  of  tho  li  Board  of 
Trade  Labour  Gazette "  contains  statistics  dealing  with  the 
membership,  income,  expenditure,  and  funds  in  1911  of  100  oi 
tho  principal  trado  unions.  These  unions,  with  an  average  mem- 
bership of  about  18,000,  accounted  for  60  per  cent,  of  the  total 
membership  of  all  unions,  the  remaining  40  per  cent,  being  dis- 
tributed among  1,072  unions,  with  an  average  membership  of  a 
liUle  over  1,000.  The  membership  at  the  end  of  the  year  、va.i 
l,810,o06,  and  the  income  amounted  to  £2,930,754,  an  average  of 
32s.  4d.  per  member.  The  expenditure  was  £2,502,217,  an 
average  of  27s.  C^d.  per  member  ；  whilst  the  total  i'uiuJs  amonntecl 
to  £5,570,090,  an  averago  of  61s.  4d.  per  member.  These  figures 
coirijKiiod  with  1910  as  follow :  Membership  l,409t320,  iuconn' 
£2，704，1(;(;，  an  average  ot*  3Gs.  9d.  ；  expemlitm.,'  Ck— ;，":"，!W),  mi 
iivorage  of  35s.  lO^cl.  ；  the  total  J'uihIs  aniounting  to  £rj,l.Hd,  1  :>:i. 
:ui  average  of  G9s.  lid.  Owing  largely  to  the  ^onoral  in('r,'iis ，- 
in  membership  which  ot;curred  in  1911,  the  total  income  for  that 
.vear  was  the  highest  recorded.  From  the  same  cause,  however, 
the  amount  of  income  per  member,  as  well  as  the  amounts  p(*r 
member  of  expenditure  and  of  accumulated  funds,  was  lower 
than  in  any  other  of  the  preceding  10  years.  The  total  amount 
of  funds  showed  a  large  increase  compared  with  1910，  and  witn 
the  exception  of  1907  was  tlie  highest  on  record.  During  th<、 
10  years  1902-1911，  £22,946,000  was  spent  by  the  100  ],rin.-i]>;i| 
unions.  Of  this  amount  £2,455,000  (or  10*7  per  cent,  of  tho 
total)  was  spent  in  dispute  pay,  £6,140,000  (or  20*8  per  cent.)  m 
unemployed  benefit,  and  £0,543,000  (or  41-6  per  cent.)  on  sick 
and  accidentj  superannuation,  and  other  benefits  and  pr:mi、 
while  the  remaining  £4,808,000  (or  20-9  per  cent.)  was  absorbed 
l>y  working  expenses  and  miscellaneous  expenditure.  Excep- 
tionally large  amounts  of  dispute  benefit  were  paid  in 丄 iH  l  by 
unions  in  the  printing,  transport,  and  textile  trades  ；  while,  on 
the  other  hand,  there  was  a  considerable  reduction  in  the  expen- 
diture under  this  heading  by  unions  in  the  metal,  engineering, 
and  shipbuilding  trades,  and  by  unions  in  tho  mining  and  quarry- 
ing industry. 


The  Institution  of  Civil  Engineers. — The  highest  max*ks  in  the 
October  Associate  Membership  Examination  have  been 
obtained  by  Mr.  C.  Quartanos,  of  Newcastle-on-Tyne,  and  Mr. 
H.  Knowler,  of  Sutton,  Surrey.  The  Council  have  accord- 
ingly directed  that  Mr.  Quartanos,  who  is  ineligible  for  the 
Bayliss  prize  by  reason  of  his  not  being  a  present  or  former 
student  of  the  institution,  receive  honourable  mention,  and 
that  the  prize ― of  the  value  of  <£15 ― be  awarded  to  Mr.  H. 
Knowler,  Stud. lust. C.E.，  under  the  conditions  of  its 
foundation. 

Steam  Supply  for  Gas  Producers. 一 The  recovery  of  ammonia 
in  producer  gas  plants  necessitates  the  introduction  of  steam 
into  the  producer  and  it  has  be&n  the  practice  to  take  this 
steam  from  the  high-pressure  boiler  that  supplies  the  engine, 
or  to  use  a  separate  low-pressure  boiler  for  generating  the 
steam  for  the  producer,  or  to  take  exhaust  from  the  engine. 
Hitherto  it  lias  been  the  practice  to  use  in  such  power  installa- 
tions steam  engines  or  turbines  either  as  condensing  or  non- 
condensing  engines.  In  the  latter  case  the  quantity  of 
exhaust  steam  available  is  far  in  excess  of  the  requirements 
of  the  gas  producer  plant  operating  with  the  recovery  of 
ammonia  and  supplying  gas  for  raising  the  high-pressure 
steam.  In  tlw  former  case  no  steam  is  available  for  operating 
the  producer  plant.  Mr.  T.  W.  S.  Hutcliins,  of  Parkfield 
Works,  Stockton-on-Tees,  proposes  in  a  recent  patent  to  use 
condensing  engines  or  turbines,  the  steam  for  the  producer 
being  obtained  by  tapping  the  steam  in  the  engine  or  turbine 
at  a  point  where  tli©  pressure  is  from  21bs.  to  31bs.  above  that 
of  the  atmosphere.  At  this  point,  part  of  the  steam  is  with- 
drawn through  a  suitable  valve  for  use  in  the  producer  plant, 
the  rest  of  tlie  steam  passing  through  the  remainder  of  the 
turbine  or  through  the  low-pressure  cylinders  of  the  recipro- 
cating engine  to  the  condensers.  By  this  procedure,  it  is 
claimed,  there  is  】）i'oduced  an  economy  in  constructional  costs 
of  macliinery,  and  a  considerable  saving  in  operating  costs, 
sufficient  in  some  cases  to  render  profitable  the  operation  of 
steam  power  plants  by  means  of  boilers  fired  by  gas  made  with 
the  recovery  of  ammonia,  where  formerly  such  operation  was 
unprofitable. 
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NEW  PATENTS. 

Specifications  of  the  following  are  now  ptt&Ks/ied,  and  we  shall 
" pleased  to  forward  copies  post  free  on  receipt  of  lOd.  Address 
tl  Mechanical  Engineer,9'  53t  New  Bailey  Street,  Manchester. 

MECHANICAL  1911. 

Process  and  apparatus  for  ovaporatiiiK  or  conrontrating  fluids. 

Neuberger.  5872. 
Apparatus  for  the  transmission      \wi\t  i'vom  one  fluid  to  ai")tl"'r 

Still,  and  British  Still  Tube  Company.  10233. 
Single  and  double-tube  injectors  ior  hot  water.    White.  23409. 
Furnace  grates.    McLarty.  23417. 

Railway  and  tramway  vehicle  brakes.    Taylor.  23650. 

Fly  cutters  and  facing  tools  for  use  in  milling  machines  aixl 
lathe  turrets.    Scott.  23709. 

Flying- machine.    Tuckfield  &  De  Forges.  25399. 

Production  and  employment  of  dry  steam  insto.ul  of  saturated 
steam  for  driving,  arid  generators  therefor.  Wallwork,  Wall- 
work,  &  Williams.  25839. 

Metallurgical  treatment  of  pyrites  or  other  iron  sulphides 
Wright.  26128. 

Propulsion  of  vessels.  Thornvcroft,  and  John  I.  Thornycroft  and 
Co.  26136. 

Friction     clutches.    Electromotor     Kquipinont     Company,  and 

Meacock.  26166. 
Metallurgical  furnaces.    Stobie.  26184. 
Power  presses.    Waller.  26274. 

Manufacture  of  cokl  cut  or  pressed  nuts.    Stonehouse.    2620-1 . 
Internal-combustion  engines.    Redrup  &  Staiificlcl.  20322. 
Combined  internally  fl  iuhI  ； uul  wator-tiiho  Uoilers.  Hauhontallor 
26362. 

Apparatus  for  deep  l>oring.    Potter.    264 ol . 
Variable-speed  trapsmission  mechanism.  IVIclJrnir. 
Toothed  wheels.    Wallace  A:  Stocklcv.  l2i\r}7\. 
Pipe  joint.    Cloud.  26608. 

Valve  gear  for  intei'mil-t'om ，川 stioii  ongincs.      Wilhins  &  Rohm 

son,  Ltd.,  and  Will 議. 26037. 
Ball  bearings  for  spindles.    Guest.  2(iG()3. 
Roller  \vlicel  bearings.    Bi(、、vei'.  2G72G. 
Furnaces.    Saokctt .  26809. 

Raising  or  forcing  liquids  ； uul  a ppnrntus  therefor.    H 議 phrev 

and  Ilusdell.  20829. 
Driving  belts  for  grooved  pulloys.    (； ray.  26837. 
Driving  belts.    Gray.    2G838. ' 
Flying-machines.    Voigt.  2()8-"»-5. 

Mouldiiig  machine  for  foundry  use.    Neesham.  2720U. 

Process  of  rolling  strips  of  stool  or  other  metal  to  a  thin  gauge. 

Ainley,  Willis,  &  McGregor.  27859. 
Method  of  and  mncliint'  for  extruding  metal  tul)es  and  rods.  J^ake 

27918. 

Chain  gearing  for  internal-oomlmstiou  engines.    Radford.  28062. 
Internal-combustion   engines   of   the   two-cycle   type.  Garrard. 
28741. 

Gas  meters.    Gow,  and  Gas  Meter  Company.  28863. 
Vertical  multiflow  surface  condenser.    Crighton.  28922. 
Clutch  mechanisms.    Smith.  29204. 

1912. 

Centrifugal  air  compressors.  British  Thomson- Houston  Company. 
922 

Pressure  gauges.    North.  1271. 
Tinning  of  metal  articles.    Bullows.  1621. 
Bushes  or  bearings  for  shafts.    Hanna.  1698. 
Hot  rolling  of  round  iron.    Barge.  2122. 

Clutching  device  for  preventing  a  driven  shaft  rotating  in  excess 
of  a  predetermined  speed.  Peto  &  Radford,  Ltd.j  and 
Genese.  2125. 

Method  of  reducing  the  smoke  from  steel  reheating  furnaces. 
Stobie.  2597. 

Variable-speed     gear.      Schweinfurter  Prarisions-Kugel-Lager- 

Werke  Fichtel,  and  Sachs.  2751. 
Rotary  motors.    Left  man.  2772. 

Steam  hydraulic  inteusifiers.  Davy  Bros.,  Ltd.,  and  Ho】mes- 
2842. 

Rotary  gas  engines.    Augustine.  4297. 

Multi-cylindor  internal-combustion  engines.    Poppe.    486〗 . 
Device  for  operating  railway  carriage  couplings  from  tho  side  of 

the  carriage.    Sandstrom.  4878. 
Furn<accs  for  nw'lting,  smelting,  and  icfinin^.    Price.  4089. 
Railway  rail  joints.     Koster  <S:  l^ostcr.  7322. 
Car  ooiiplors.    Lake.  7779. 

Steam  snp^rliontors  lor  locomotive  boilers.     【tol)in.son.  8111. 


Valve  mechanism  for  internal-combustion  engines.  Monohari. 
9310. 

Cutter  discs  of  machines  for  use  in  mining  coal.    Mavor  and 

Coulson,  Ltd.,  and  Mavor.  9346. 
Lifting  jacks.    Templeton.  9607. 
I{;iil-lubricating;  appliances.    Warnecke.  998.5. 
Method  of  chargiiig  hoilors  with  wood,  straw,  and  similar  material. 

Pokorny  &  Wittrkind  i\[;isclunenbau  Akt.-Gcs.  10.^48. 
Operation  of  (':istiiig  pipos  in  rotating    moulds   and    ； ippitraius 

therefor.    Orfccu-Uoving,  and  Molinder.  11340. 
Change-speed  gear.    Janzon.  11919. 
Linear  dimension  gauges.    Hans.  11927. 

Atomiser  for  the  liquid  fuel  of  explosion  motors.  Schneider. 
12856. 

Moulding  plants  fo^  u  rou^ht-iron  pulley  bosses.  Aforriis.  1 2924 . 
Kotarv  pumps.    Slcsnzeck'.  14836. 

producers.       Dowson  &   Mason   Gas   Plant  C'onipaii v,  :iml 
Stokes.  14893. 
r""|, lings.    Tilscli.  14966. 

('； mi  \      o  w:ir  for  engines.    Lichtenstcinor.  15157. 
Stfii m  traps.     Marks.  15637. 

Mcchatiicn I  roasting  f ui  nao<\s.     Hardiii^lin m.     1  (13  10, 

Machines  for  casting  metals.    Dent:i I   .MamiljictLirinp;  Company, 

and  Phillips.  】G812. 
Machine  for 川,' asuriiig  directly  the  liardnoss  of  inci;i Is.  Guillery. 

16879. 

Safety  arrangeineiit  for  petrol  tanks.    Brion nu\  17292. 
Automatic  stabilising  a])pa ratus  for  ；"1 roplam -、 s.    Hayot.  18675. 
Apparatus  for  melting,  compressing,  and  forcing  metal  or  alloys 

into  moulds.    Hanna.  19943. 
V:irial)lp- gear.    Foster.  20105. 

Klastic-flukl  tiirl"ii('s.  Warwick  Maohinerv  Company  (1908). 
21763. 

M illiug  machines.    1  recker  <&  Kearney.  24234. 
Klectric  s、vit(h<>s.     British  Thomson-Houston  Ctimpanv,  ； uul  Gar- 
ton.  26119. 

ELECTRICAL  1911. 

Switch  apparatus  for  use  with  electric  lighting  of  railway  and 
otluT  \  olucK'S.  EI(»ctrie  and  Ordnnnce  A('('*'ssor"'s  Company, 
and  Etchells.  27010. 

Klf'ctrifjil  time  switchos.    Hamilton,  and  h、('rr;mti，  Jjtd .  28610. 

1912. 

Controlling  ronti n nous-current  i'('v("  sU>lt'  d>  nanios.      Inri,^  :ind 

Inrig.  4119. 
Electric  heating  devices.    Cooper.  4399. 
Bath  for  tho  t'lectrolysis  of  iron.    Tis('li(、nko.  58-33. 
Electric  heating  devices.    Ferranti,  LtdM  &  Roothaan.  6182. 
Telephone  rolnys  or  repeaters.    Rtirrup.  8793. 
Galvanonietors.    H  uhert.  9410. 

Means  for  indicuting  faults  in  the  circuits  of  electrical  trans- 
mission systems.    Siemens  Bros.  &  Co.  13854. 

Electrical  resistance  devices.    Ruhstrat.  15053. 

Electric  arc  lights.    General  Composing  Company,  Ges.  15757. 

Telephones.    Sefton-Jones.  18129. 

Electrical  regulating  apparatus.    Lake.  18437. 

Telephone  systems.    Western  Electric  Company.  20947. 

Cooling  of  dynamos.  Siemens  Bros.  Dynamo  Works,  Ltd.,  and 
Marden.  21472. 


METAL  QUOTATIONS. 

TUESDAY,  DECEMBER  】7th. 

Aluminium  ingot   90/-  per  cwt. 

"         wire,  according  to  sizes,  &c  from  】 12/-  " 

，，        sheets        ，，  ，，   ，  120/-  ，， 

Antimony  £39/-/-  to  £40/—/—  per  ton . 

Brass,  rolled    9Jd.  per  lb. 

，，    tubes  (brazed)   ll^d. 

，，       ，，     (solid,  drawn)   9|d. 

，,       "     wire   9Jd. 

Copper,  Standard   £74/-/-  per  ton. 

Iron,  Cleveland   66/7J  ,， 

,, Scotch   72/7i  ,, 

Lead,  English    £18/12/0  ，， 

，， Foreign  (soft)    £18/2/0  ，， 

Mica  (in  original  cases),  small  '   6d.  to  3/-  per  lb. 

，,  ，，  ,，      medium   3/6  to  6/-  ,, 

，，  ，，  ，，       large   7/6  to  11/- ，, 

Quicksilver   £7/8/6  per  bottle 

Silver   29gd.  per  oz. 

Spelter    £26/10/—  per  ton. 

Tin,  block   £226/10/- ，， 

Tin  plates   15/3  ，， 

Zinc  sheets  (Sileaian)   £29/17/0)  ,， 

,,  (Stettin  ；  Vieille  Montague)   £30/5/-  ,, 
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—FLEXIBLE- 
METALLIC  TUBING 

UNRIVALLED  FOR  ALL  PURPOSES. 


Steam,  Highest  Pressures,  Oil  Pumping, 
Air,  Gas,  &c. 


THE 

UNITED  FLEXIBLE  METALLIC  TUBING  CO.,  Ltd. 
Works  :  PONDERS  END,  MIDDLESEX. 
Head  Office: 

112,  QUEEN  VICTORIA  STREET,  LONDON,  E.C. 


The  "PERFECT"  VISE 


E  Dept.       j.  PARKINSON  &  SON,  SHIPLEY,  YORKS 


JUST  PUBLISHED.  Second  and  Enlarged  Edition. 

The  METALLURGY  of  IRON  &  STEEL 

ThiB  work  has  been  prepared  to  meet  a  need  for  a  book  which  ia 
otle  volume  of  moderate  size  shall  cover  the  whole  field  of  the 
M etallurgy  of  Iron  and  S  teeh 

By  A.  HUMBOLDT  SEXTON,  F.I.C.,  F.C.S.,  and 
J.  S.  G.  PRIMROSE.  A.G.T.C.,  A.I.M.M.,  M.I.M. 

Price  12/11  post  free. 

Contknts  —Sources  of  Iron—Pig  Iron— Preparation  of  Materials  for  the 
Smelter— Chemistry  of  the  Blast  Furnace— Thermal  I'henomcna  of  the  Blast 
Furnace ― The  Blast  Furnace— Blast  Furnace  Accessories— The  Air  Supply 一 The  Hot 
Blast— Blast  Furnace  Slag— Calculating  Charges— Blast  Furnace  Practice— Utilisa- 
tion of  By-products— History  of  Pig  Iron— The  Foundry—Malleable  Iron— Puddling 
—Other  Methods  of  Preparing  Malleable  Iron— The  Forge  and  the  Mill— Steel- 
Production  of  Steel  direct  from  the  Ore  and  from  Malleable  Iron— Preparing  Steel 
hy  Partial  Dccarburisation  of  Pig  Iron ― The  Bessemer  Process ~ Chemistry  of  the 
Bessemer  Process— Thermal  Conditions  of  the  Bessemer  Blow— Working  the  Besse- 
mer Process ~ Bessemer  Plant— The  Basic  Bessemer  Process ~ Plant  for  the  Basic 
Bessemer  Process ~ Modifications  of  the  Bessemer  Process ~~ Historical  Notes  on  the 
Bessemer  Process— The  Siemens  or  Open  Hearth  Process— The  Siemens  Process : 
Plant^The  Basic  Open  Hearth  Process— Modifications  of  the  Siemens  Process- 
Appliances  Applicable  to  all  Processes— Working  Mild  Steel— Casting  Steel— After 
Treatment  of  Iron  and  Steel— Alloy  Steels—Structure  of  Iron  and  Steel— Testing 
Iron  and  Steel 一 Rusting  and  Protection  of  Iron  and  Steel,  &c.  &c. 


THE  SCIENTIFIC   PUBLISHING  COMPANY, 

53,  New  Bailey  Street,  MANCHESTER. 


Telegrams :  4 •  Scientific, , ,  Manchester. 
Telephone  No.  8628  Central. 

SUBSCRIPTION  RATES 


United  Kingdom  :  12/6  pvr  :mimm，  post  I'vvv. 
A  n vwliere  Abroad  ： ― 

17/6*  per  aiiJiuni,  post  frm*.    Tliin  paper  edition. 
21/-*  "  ，，  Thick  ，， 

*Foreign  Remittances  by  International  Money  Order  only. 
， Note —Direct  annual  subscriptions  include  a  Free  Copy  of 
Fowler's  11  Mechanical  Engineers'  Pocket  Book." 

，  Cheques  and  Postal  Orders  should  be  made  payable  to  the 
Scientific  Publishing  Company,  and  forwarded  to  our  Manchester 
Office,  53,  New  Bailey  Street. 

Advertisements,  displayed,  for  insertion  in  current  issue  should 
reach  our  Manchester  office  not  later  than  first  post  Tuesday 
morning,  and  small  prepaid  advertisements  not  later  than  first 
post  Wednesday  morning. 


Season  Cracking  in  Brass. 

The  troubles  arising  from  what  are  known  as  season  cracks  in 
brass  sometimes  prove  very  serious,  and  until  a  few  years  ago 
the  cause  was  involved  in  considerable  obscurity,  with  the 
result  that  disputes  often  arose  respecting  responsibility  when 
defects  developed  in  articles  under  normal  conditions  of 
working  and  without  apjmrent  cause.  These  defects  are 
entirely  confined  to  articles  that  are  drawn  or  rolled ? 
such  as  tubes,  wire,  or  slioet  metal  objects  pressed  in  dies. 
Examination  invariably  revealed  a  crystalline  structure 
at  the  crack  and  that  the  metal  was  more  or  less 
brittle  around  it.  The  extended  use  of  drawn  or  rolled  brass 
objects  increased  the  necessity  for  probing  the  matter  and  led 
various  investigators  to  try  and  arrive  at  some  explanation. 
Some  five'  years  ago  the  matter  was  enquired  into  pretty  fully 
by  C.  Diegel,  in  Germany,  and  he  arrived  at  the  conclusion 
tliat  the  trouble  mainly  arose  in  articles  prepared  from  brass 
which  were  cold  rolled  or  drawn,  and  further,  that  lead  was  an 
objectionable  ingredient.  Among  ot  her  experiment's  made  were 
some  with  hot  and  cold  rolled  10  per  cent,  aluminium  bronze. 
Hot  rolled  bars,  it  was  found,  did  not  suffer  from  season  cracks, 
whereas  cold  drawn  bars  did,  although  the  elastic  limit  of  the 
material  was  higher.  The  reason  put  forward  by  him  for  this 
dissimilarity  of  beliaviour  was  the  lack  of  uniform  density  in 
the  material,  tho  difference  of  density  being,  roughly  speaking, 
in  the  inverse  proportion  of  the  cross-section  and  obviously 
being  greater  with  cold  rolling  than  with  hot,  owing  to  tlie 
material  yielding  less  when  cold  and  consequently  more  work 
being  put  on  the  outside  of  the  bar.  Although  these  explana- 
tions may  have  accounted  for  the  troubles  then  enquired  into, 
they  did  not  explain  many  others  that  were  met  with  and  in 
which  it  appeared  clear  from  experience  that  external  influ- 
ences had  a  serious  bearing  on  the  defects  observed.  In 
particular  it  was  found  that  ammonia  compounds  exercised  a 
baneful  effect,  although  it  was  scarcely  discernible,  while  the 
metal  beueath  the  surface,  as  far  as  could  be  ascertained, 
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was  sound.  The  action  is  obscure,  and  so  far  has  not,  we 
believe,  been  satisfactorily  explained.  It  was  suggested  Iliat 
it  might  be  due  to  tlie  dissolving  out  of  the  zinc,  and  some 
defects  in  condenser  tubing  containing  this  element  appeared 
to  confirm  this  view. 

The  extraordinary  changes  which  may  be  effected  in  the 
physical  properties  of  】naterials  by  chemical  action,  without 
any  discernible  alteration  in  appearance,  is  si  1  own  noi  merely 
in  regard  to  brass,  but  also  in  regard  to  steel  (irawii  tubes 
which  when  used  in  caustic  liquor  evaporators  liave  frequently 
given  trouble  in  an  extraordinary  way.  In  one  insi  ancewe  met 
not  long  ago  the  top  and  bottom  ends  of  the  evaporator  tubes 
cracked  and  in  some  cases  fractured,  while  a  large  number  of 
the  rivet  heads  of  the  steel  plate  shell  also  dropped  ofi".  Ca rc- 
ful  examination  of  the  tubes  showed  that  the  cracks  were 
confined  to  those  parts  of  the  ends  wliicli  had  b&en  stretched 
by  the  expanders,  but  did  not  extend  across  that  part  of  tlie 
tube  which  was  compressed  by  the  rollers  against  the  tube 
plate,  while  the  central  portions  of  the  tubes,  between  the 
tube  plates  not  touched  by  the  expanders,  were  not  in  the 
least  affected.  A  cursory  glance  might  have  given  the  impres- 
sion' that  the  material  and  workmanship  was  bad,  but  this  was 
not  borne  out  by  tests.  The  difference  in  the  quality  of  the 
metal  revealed  by  pieces  cut  from  the  ends  and  others  cut  out 
from  the  centre  of  the  tube  was  remarkable.  The  end  pieces, 
wliet)  cut  into  semi-circular  pieces  and  flattened ,  split  longi- 
tudinally, with  very  little  distortion  from  the  circular  f(>rm， 
while  the  central  specimens  oould  be  hammered  without 
cracking.  The  behaviour  of  one  set  appeared  to  justify  the 
conclusion  that  the  material  was  bad,  while  the  other  equally 
demonstrated  that  it  was  of  excellent  character.  So  far  we 
have  seen  no  scientific  explanation  of  this  phenomena,  though 
it  has  to  be  recognised  in  the  design  and  working  of  caustic 
evaporators.  Experience  of  tlies©  vessels  shows  that 
trouble  of  the  kind  alluded  to  becomes  much  more 
pronounced  if  the  density  of  tlie  caustic  liquor  is  allowed 
to  exceed  90°  Tw.，  and  further,  that  mild  steel  tubes  are  only 
attacked  when  the  material  is  put  in  tension  as  they  are  by  an 
expander.  An  interesting  experiment  bearing  on  this  may  be 
mentioned.  Two  pieces  of  mild  steel  tubing  of  excellent 
quality  as  determined  by  tests,  but  of  different  diameters,  so 
that  one  oould  he>  driven  tightly  on  the  other ;  were  prepared 
in  this  way,  so  that  the  outer  one  was  in  tension  and  the  inner 
one  was  in  compression.  These  were  inserted  for  three  months 
in  a  caustic  liquor  evaporator  in  which  the  density  was  not 
allowed  to  exceed  80°  Tw.  At  the  end  of  this  period  the  rings 
were  taken  out  and  cut  up.  It  was  then  found  that  the  outer 
rings  in  tension  were  quite  brittle,  wheroas  the  inner  rings 
which  had  been  in  compression  remained  perfectly  ductile. 

Reverting  to  the  question  of  the  season  cracking  of  brass, 
chemical  action  or  density  difference  are  not  the  only  causes 
of  trouble.  The  method  of  working  when  sheet  is  drawn  into 
shapes  seems  undoubtedly  capable  of  causing  trouble, 
especially  with  hard  brass.  If  the'  sheet  is  merely  formed  into 
shape  and  not  stretched  to  any  extent  theu  there  appears  to  be 
a  greater  liability  for  season  cracks  to  develop  subsequently 
than  when  the  sheet  is  of  thicker  material  ，  because  the 
material  is  then  yt-retclied  as  it  is  foroed  through  tli©  die.  It 
would  yeein  as  if  in  the  former  case  the  trouble  arises  because 
the  stress  is  not  uniformly  distributed  through  tlie  slieet,  and 
obviously  tliis  lack  of  uniformity  will  be  more  pronounced 
in  brass  of  more  brittle  composition.  These  various  explana- 
tions do  not,  liowever,  exhaust  t'lie  subject.  Attention 
has  been  drawn  latterly  to  yet  another  cause  of  season 
cracking,  especially  where  articles  of  brass,  Gernian-silver,  or 
other  alloys  containing  zinc— while  even  copper  is  not  exempt, 
are,  after  formation,  electroplated.     The  trouble  in  tliese 


cases  has  been  clearly  traced  to  the  action  of  mercury,  which  is 
l>rought  into  cont act  with  them  through  tlie  use  of  some 
mercury  salt  aj>plied  to  i  lie  ； i rlicle  to  facilitate1  electroplating 
operations.  Some  interesting  tests  bearing  on  this  are 
described  in  a  recent  issue  of  "  Tlie  Brass  World."  Various 
pieces  of  hard  and  soft  brass  tubing,  as  well  as  some  specimens 
of  German-silver  wire,  were  coated  witli  a  slight  film  of 
mercury  and  allowed  to  stand  \'ov  several  hours,  after  wliicli, 
if  slightly  bent  or  flattened,  surface  criicking  took  pi;""'. 
This  effect,  it  may  be  remarked  furtlier,  was  not  confined  to 
brass.  Seamless  pliosplior-ln-on/^  tubing  of  nearly  98  copper 
and  2  tin,  as  well  as  soft  copper  slieet,  behaved  in  a  similar 
way.  It  is  evident  from  the  informaiion  and  experience  so 
far  gleaned  that  season  cracks  in  brass  cannot  be  attributed 
wholly  either  t,o  faults  in  the  material,  or  to  faults  of  treat- 
nn'nt ,  mikI  i  ImHirli  p;i  ii  icubi  r  cU'ects  observed  may  be  somewhat 
obscure,  present  knowledge  enables  us  to  a  large  extent  to 
differentiate  the  causes. 


A  LARGE  CANTILEVER  CRANE. 

Thekk  lias  recently  been  completed  at  the  works  of  Messrs. 
Blohrn  &  Vo^，  shipbuilders,  of  Hamburg,  for  us©  in  their 
own  yard ,  a  cantilever  crane  which  is  understood  to  be  tlie 
largest  ever  constructed.  According  to  particulars  given  in 
" Le  Genie  Civil,"  the  crane  is  installed  on  the  quay  imme- 
fliately  alongside  of  the  water-front.  It  comprises,  as  shown 
in  t'lie  acxoni])anying  illustration,  a  central  tower  carrying 
a  cantilever  beam,  the  river  end  of  whicli  is  j>iiinerl  at  t  lie 
central  pier  »o  that  it  may  be  raised  as  shown  by  the  dotted 


250-Ton  Cantilever  Cbane. 


lines  in  the  drawing.  Additional  movement  is  achieve<l  l>y 
a  smaller  10-ton  crane  which  moves  on  the  main  bridge,  by 
the  small  hoist  which  moves  on  the  lower  deck  of  the  main 
bridge  and  by  both  longitudinal  and  rotary  movements  of 
the  whole  structure  along  the  quay  front.  This  crane  can 
carry  11  tons  hung  from  the  smaller  crane  at  a  maximum 
distance  of  229'7ft.  from  its  oentre,  or  a  maximum  of  275 
tons  from  the  end  of  the  main  bridge,  a  distance  of  105ft. 
from  the  centre  of  the  pier. 


Zinc  Water  Pipes.  ―  According  to  a  Grerman  contemporary, 
zinc  pipes  are  being  used  in  that  country  for  house  water 
piping.  The  advantages  claimed  for  them  in  comparison 
with  lead  and  galvanised  iron  pipes  ar©  :  they  are  less  affected 
by  water  and  its  impurities  than  either  of  the  latter;  they  do 
not  give  rise*  to  local  electric  currents  due  to  the  contact  of  two 
different  metal  &  (in  tlio  case  of  galvanised  iron  pipes)  and 
rapidly  destroying  the  pipes  ；  even  if  same  zinc  be  dissolved 
by  the  water,  it  is  harmless.  Tests  liave  shown  that  mecliani- 
call)'  v.'ww  |>i|H'  is  mii'.h  si  i."ii"a'r  than  lead  pijw.  It  also  gives 
a  very  strong  w-eldecl  joint. 
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NEW  DEVELOPMENTS  IN  CURTIS  STEAM  TURBINES.* 

BY  R.   F.  HALLIWELL. 

(Concluded  from  page  767). 

All  turbines  built  by  the  British  Thomson-Houston  Coinpiiny. 
except  the  smaller  sizes  for  driving  pumps,  &c.，  are  controlled  by 
what  is  called  nozzle  governing,  i.e.,  the  high-pressure  steam  is 
admitted  to  the  turbine  through  separate  groups  of  nozzles,  the 
number  of  which  is  regulated  in  accordance  with  the  load.  The 
benefit  derived  from  the  avoidance  of  throttling  losses  is  generally 
admitted,  and  practically  all  turbine  builders  attempt  to  avoid 
these  losses  by  providing  means  whereby  the  area  of  open  nozzles 
can  be  adjusted  to  suit  the  load.  The  construction  of  a  satis- 
factory gear  to  do  this  automatically  is  not  an  easy  matter, 
and  it  is  not  surprising  that  many  makers  prefer  to  simply  fit 
hand  operated  valves  instead  of  the  complicated  systems  of 
levers.  &c"  which  have  been  designed  to  accomplish  the  work. 
On  the  original  vertical  Curtis  turbines,  nozzle  governing  was 
managed  by  an  ingenious  and  complex  arrangement  of  steam 
operated  valves,  actuated  by  small  pivot  valves  controlled 
bv  electric  solenoids.  The  solenoids  were  in  turn  actuated  by 
current  distributed  by  a  small  controller  worked  by  the  governor. 
Although  this  gear  worked  very  well  when  in  good  order,  and  in  fact 
is  still  working  well  on  many  sets  now  running,  and  enabled  very 
fine  and  close  governing  to  be  obtained,  the  possible  sources  of 
trouble  are  too  many,  and  considerable  experience  of  the  gear  is 
necessary  to  enable  good  results  to  be  obtained. 

On  all  modern  turbines  built  by  this  firm  nozzle  governing 
is  effected  by  a  simple  patent  hydraulic  gear,  operated  by  oil 
under  a  pressure  of  from  JrOlbs.  to  60lbs.  per  square  inch  from 
the  lubricating  system,  which  has  been  uniformly  successful  on 
the  numerous  turbines  fitted  with  it.  Steam  is  admitted  to  the 
first  stage  nozzles  through  several  passages  leading  from  the  con- 
trolling valve  chest,  each  passage  receiving  its  separate  supply 
of  steam  through  its  own  controlling  valve.  The  controlling  valves 
are  of  ordinary  mushroom  type,  with  steam  on  top  tending  to 
keep  them  shut,  the  steam  pressure  being  assisted  by  springs. 
The  valves  are  opened  by  means  of  tappets,  actuated  by  cams  in  a 
manner  similar  to  that  found  on  motor  car  engines.  The  cams  are 
mounted  on  a  cam  shaft  capable  of  being  turned  through  nearly  a 
complete  circle,  and  are  so  disposed  that  when  the  cam  shaft  is 
rotated  the  valves  are  opened  in  succession.  The  movement  of 
the  cam  shaft  is  effected  by  a  rotary  servo-motor,  consisting  of  a 
radial  wing  secured  to  a  prolongation  of  the  cam  shaft,  and  fitting 
in  a  cylinder  concentric  with  the  cam  shaft,  and  having  a  radial 
fixed  partition,  on  either  side  of  which  oil  is  admitted  or  released 
as  required.  The  flow  of  oil  is  regulated  by  a  pilot  valve  con- 
trolled by  the  governor  through  a  floating  lever,  one  end  of 
which  is  connected  to  the  governor,  the  other  end  being  moved 
by  the  cam  shaft  by  means  of  a  rack  and  pinion,  the  pilot  valve 


being  connected  to  the  centre  of  the  levor.  Tli('  cfVcct  of  this 
" follow-up  "  arrangement  is  that  any  movement  of  the  cam 
shaft  in  response  to  the  governor  returns  the  pilot  valve  to  its 
central  position,  and  cuts  off  both  ingress  and  w'ss  of  oil,  with 
the  consequence  that  the  rotation  of  the  cam  shaft  and  th*; 
number  of  valves  admitting  steam  bears  a  definite  relation  to 
the  movement  of  the  governor. 

The  action  is  extrcnioly  sensitive,  and  though  taking  long  to 
describe  in  words,  actually  no  lag  is  apparent,  tho  movements  of 
governor  and  cam  shaft  taking  place  practically  siniult;incously. 
Owinu  to  the  governor  JiiLving  to  only  movo  a  small  pilot  val  v. 


1912. 


Paper  read  before  the  Manchester  Association  of  Engineers,  December  14tb, 


MAIN  GOVERNOR 
CNCAS&O.- 


OIL  PUMP  ORWE^ 

Fig.  16.— Govkbnoii  Gkak.   Curtis  Turbines. 

a  very  sensitive  governor  can  be  used  giving  very  fine  speed 
regulation.  Since  the  force  required  to  open  the  valves  is 
transmitted  directly  through  tappets,  and  the  pressure  is  always 
in  the  same  direction,  there  is  no  lost  motion  to  be  taken  up, 
and  liability  to  hunt  is  avoided.  The  governor  is  driven  by 
worm  gearing  ； it  tlie  end  of  tlie  turbine  shaft,  and  an  extension 
of  the  governor  shaft  drives  the  oil  pump.  A  diagram  of  this 
governor  gear   is  shown  in  Fig.  1(;，  and  an  illustration  of  a 


Steam  ConsunqAion  of  Horizontal  Curtis  Turbo- Alternators. 

Manufactured    by    the    British  Thomrion-Houston    ( '(mi|>;niy,    Ltd.,  KuuUy. 


Press.  Lbs. 

Super- 

N'at-uuni 

Water 

Overall 

Size  of  Turbine. 

Type. 

Customer. 

Date. 

Load. 

sq.  in. 

heat 

Ins.  Hg. 

Kate.  Lbs. 

Thermal 

Kw. 

Gauge. 

°Fah. 

30in.  Bar. 

Kw.  Hour. 

W 

5,000  Kw  

High 

County  of  London, 

May, 

4,450 

149 

140 

27- 1C) 

14-44 

67-3 

1.500  R.P.M  

Pressure 

E.  S.  Co.,  Ud. 

1912 

5,626 

147 

163 

27- H 

14-36 

68-5 

3,000  Kw  

) 

High 

Olympia  Oil  and  Cake 

April, 

2,987 

140 

144 

26-83 

15.96 

65-8 

1,500  R.P.M  

Pressure 

Co.,  Ltd. 

1911 

2,000  Kw  

) 

High 

、'''rk.shire  Waste 

May, 

1,995 

142 

153 

27-23 

15-30 

66-5 

3,000  R.P.M  

Pressure 

Heat  Co. 

19i2 

«5. 3 

1,500  Kw  

1 

High 

Borough  of 

Nov., 

1,476 

103 

28-36 

14-93 

3,000  R.P.M  

Pressure 

Fulham. 

1911 

2,238 

97 

CD 

14.62 

69-2 

I..500  Kw  

1 

High 

Humber  Comm.  Jlailw  ay 

Feb., 

1,488 

148 

210 

27-83 

65-8 

3,000  H.J'.M  

Fre.ssurc 

and  Dock  (V 

1912 

i. 嶋 Kw  

Mixed 

IJrnkcn  Hill  Miiu-s, 

May, 

985 

0-97 

34 

2(>.4(i 

:u.m» 

67*5 

3,000  It.P.M  

/ 

Pressure 

Australia. 

1911 

67-8 

,V)0  Kw  

) 

Mixed 

Rufforcl 

May, 

520 

0-76 

U 

27-68 

3,000  R.P.M  

f 

Pressure 

Colliery. 

19i2 

34-50 

58-7 

350  Kw  

I 

Mixed 

English  Sewing  Cotton 

July, 

361 

LOU 

25>- 

27-70 

3,0(X>  R.P.M  

f 

Pressure 

Ck>.,  Matlock  Bath. 

1911 

Note. ― The  above  efficiencies  arc  calculated  by  means  of  Peabotly's  Steam  and  Entropy  Tables. 
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1,5(K)  kw.  ：>,()( K)  r.p.ni.  turbine,  in  Fig.  1 7,  sliows  the  gear  on  the 
ond  of  the  turbine. 

Mention  has  not  yet  been  made  of  mixcd-pressuiv  turbines, 
which  at  the  present  time  take  such  a  prominent  place  in  the 
production,  of  cheap  power  in  places  where  reciprocating  engines 
already  exist  or  have  to  be  employed.  The  economic  reasons 
which  render  the  mixed-pressure  turbine  so  advantageous  lui vc 
been  dealt  with  so  fully  in  the  past  tlnit  itjwill  he  unne<  (\ssiiry 


Kk;.  17.  — 3.:>00inv. 


'RHINK  l-'ITTKi)  \\  ITH 


iOVKUNOU 


to  touch  on  thcni  】k'iv.  It  is  sufficient  to  say  that  in  the  British 
Thomson-Houston  mixed-pressure  turbine  the  same  general 
principles  of  construction  ； ur  employed  as  in  the  high-pressure 
machine,  and  the  simple  and  robust  construction  which  is  pecu- 
liarly possible  with  turbines  built  on  the  Curtis  system  renders 
them  particularly  suitable  for  situations  in  which  mixed-pressure 
turbines  are  most  often  found. 

In  mixed-pressure  turbines  the  low-pressure  steam  is  generally 
admitted  to  an  intermediate  stage  where  it  mixes  with  steam 
which  lias  already  (lw、  work  in  tlie  high-pressure  stage.  In 
many  cases,  however.  wIk.m-c  the  utmost  economy  under  high- 


w  Pressure  Inlet 

l'，I".  1H-  — MlXlCD-rUESSUKK  TuitlilNi:. 


jjicssun*  condit  ions  is  not  essential,  a  special  liigh-prcssuro  sta.*;"e 
its  not  employed,  the  high-pressure  steam  and  low-press  me  steam 
both  being  admitted  to  the  same  first  stage  wheel,  of  course 
through  separate  nozzles,  the  two  supplies  of  steam  not  mixing 
until  both  have  (Kmc  work  in  the  first  stage.  This  arrangement 
presents  many  advantages,  inasmuch  as  the  utilisation  of  the 
low-pressure  stoam  available  is  not  affected  by  tlio  quantity  of 
Injih-prcssiuc  steam  which  is  being  admitted  to  tlie  turbine.  The 


same  cannot  be  said  of  the  ordinary  mixed-pressure  turbine,  with 
a  separate  high-pressure  stage,  in  which  the  low-pressure  steam 
mixes  with  the  already  partially  utilised  high-pressure  supply, 
the  two  together  passing  through  common  nozzles  to  the  second 
stf .  In  this  case,  since  the  second  stage  nozzles  have  to  be 
designed  to  pass  a  certain  maximum  quantity  of  steam  at  the 
low-pressure  inlet  pressure,  if  from  any  cause  the  amount  of  Iiigli- 
pressure  steam  being  used  is  l;trg('r  than  that  allowed  for,  the 
quantity  of  low-prcssun1  st,("tm  which  can  pass 
through  the  nozzles  will  be  correspondingly  reduced, 
with  the  ,'IT('(1  1  hat  t  he  turbine  is  incapable  of  utilising 
its  full  ((Uiintit v  <tt"  lo\v-|H('ssu!'('  stenm,  although  tlicrc 
may  be  an  ample  supply  a viiilahlc. 

Tlie  <ii(Nit  ;k1  vantitjic  of  having  separate  low- 
|)iessun'  inlet  imz/lrs  will  Micrcforc  h''  apparent,  but 
it  must  l)c  lcincriihcrcd  tliat  in  order  that  t  lie  prcKsurc 
in  the  srcond  st;i  ur  tn;i y  not  iifl'ect  the  flow  of  steam 
through  tin'  first  stay  nozzles,  it  is  ncct'ssary  that  tin1 
s(iton<l  stii^c  pressure  be  not  g'mitei'  than  about 
">X  pel"  cent .  oi  t  he  fi i*st  stage  pressure,  that  is,  the 
critical  point  below  which  the  weight  of  discharge 
through  a  nozzle  is  independent  of  the  discliar^c 
pressure  and  depends  solely  on  the  initial  pressure. 
To  bo  well  on  the  safe  side  of  this  critical  point  it 
is  necessary  that  a  considerable  proportion  of  the  energy 
be  utilised  in  the  first  low-pressure  stage,  and  as  will 
be  realised  from  the  study  of  the  types  of  impulse 
turbines,  the  Curtis  turbine  is  practically  the  only  one 
which  enables  this  to  be  done  without  loss  of  efficiency. 
With  the  I'caction  type  of  turbine  in  which  steam  is 
admitted  around  the  wliole  circumforoncc,  this  descrip- 
tion of  mixed-prcssur*'  turbine  is  impossible. 

Tin1  British  Thomson-Houston  Company  have 
ivcentlv  patentcH],  and  iuv  now  building  a  new 
type  of  mixed-pressui'o  turbine,  shown  in  Fig.  18，  in 
which  the  ad  va  ntages  mentioned  above  in  respect  to 
low-pressure  steam  utilisation  are  combined  with  excellent 
economy  on  high- pressure  steam.  This  turbine  has  a 
separate  high -pressure  stage,  the  steam  from  which,  instead  of 
mixing  with  the  low-pressure  steam  and  then  passing  to  the 
second  stage,  as  in  ordinary  mixed-pressure  turbines,  goes  into 
separate  nozzles  in  the  second  stage,  quite  distinct  from  the 
nozzles  provided  for  the  low-pressure  steam,  the  two  supplies  not 
mixing  until  they  have  passed  through  the  second  stage  in  the 


Fig.  19. 


-MlXED-l'RESSUltl*.  TUUBINE,  SHOWING  METHOD  Ol' 

1'REhsuue  Controlling  Valve. 


L'EHATING  IjOW- 


same  manner  as  previously  described.  Owing  to  the  provision 
of  special  nozzles  in  the  second  stage  to  receive  the  partially 
utilised  high-pressure  steam,  these  nozzles  can  be  designed  to 
suit  high-pressure  conditions,  with  the  consequence  that  with 
this  type  of  turbine  it  is  possible  not  only  to  obtain  the  advantages 
mentioned  previously,  due  to  the  separate  low-pressure  inlet 
nozzles,  but  also  an  efficiency  with  higli-prcssure  steam  very  little 
worse  than  that  obtainable  with  a  pure  high-pressiue  turbine. 
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It  should  be  noted  that  when  this  turbine  is  operating  with  low- 
pressure  steam  alone,  the  pressure  in  the  space  surrounding  the 
high-pressure  wheel  is  only  that  found  at  the  entrance  to  the  third 
stage,  which  being  quite  low  produces  small  rotation  losses,  so  that 
the  loss  in  efficiency  as  a  low-pressure  turbine  is  almost  negligible. 

This  design  of  turbine  has  been  criticised  for  the  fact  that, 
when  operating  under  mixed-pressure  conditions  with  a  quantity 
of  low-pressure  steam  below  the  normal,  the  inlet  pressure  ol' 
the  low-pressure  steam  is  lower  than  it  would  be  if  tlie  pressure 
were  kept  up  by  the  admixture  of  the  high-pressure  steam  wliich 
is  being  used,  and  tliat  therefore  the  low-pressure  steam  n>n- 
sumptions  suffer.  It  would  certainly  seem  that  to  claim  an 
advantage  for  the  maintenance  of  pressure  in  an  ordinary  mixed 
j)ressuie  turbiae,  due  to  the  admission  of  high-pressuro  steam,  is 
in  the  nature  of  making  a  virtue  of  a  necessity,  and  that  any 
slight  theoretical  gain  in  economy  under  certain  abnormal  con- 
ditions is  more  than  counterbalanced  by  the  ability  to  utilise  at' 
all  times  the  full  quantity  of  exhaust  steam.  This  is  especially 
so  if  due  to  reduced  vacuum  or  steam  pressure,  conditions  which 
in  many  places  are  the  rule  rather  than  the  exception,  the  quantity 
of  high-pressure  steam  to  b?  dealt  with  is  considerably  Larger  than 


Fig.  20.— MiXKD-piiEssuiti;  Tlkiune  Fitted  with  L  JW-pREsyritK 

CONTIIOLLING  GEAR. 

was  originally  expected.  Also  in  the  case  of  turbines  working 
with  regenerative  accumulators,  the  reduction  in  pressure  as  the 
quantity  of  low-pressure  steam  decreases  enables  full  advantage 
to  be  taken  of  the  regenerative  capacity  by  using  the  British 
Thomson-Houston  patented  system  of  installing  an  automatic 
shut-off  valve  on  the  far  side  of  the  accumulator. 

In  the  British  Thomson-Houston  mixed -pressure  turbines  the 
low-pressure  controlling  valve,  which  is  usually  of  the  butterfly 
tvpf,  is  operated  by  a  bell  crank  actuated  by  a  spiral  cam  at  tlie 
end  of  the  cam  shaft,  as  shown  in  Fig.  19.  The  cams  are  arranged 
so  that  the  first  liigii-pressure  valve  is  not  opened  until  the  low- 
pressure  valve  is  wide  open,  so  that  so  long  as  there  is  sufficient 
low-pre8sure  steam  to  deal  with  tlie  load  no  liigh-pressure  steam 
18  used. 

In  many  cases  where  mixed-pressure  turbines  are  operated  in 
electrical  connection  with  reciprocating  engines,  from  which  the 
low-pressure  steam  is  obtained,  no  controlling  valve  for  the  low- 
|)iossure  steam  is  fitted,  or  if  fitted  is  rendered  inoperative,  the 
turbine  bein^  kept  to  speed  by  the  interlocking  of  the  engine 
and  turbine  generators,  and  utilising  all  the  exliaust  steam  avail- 
able. Hi^h-pressure  steam  can  be  admitted  when  dealing  •with 
heavy  loads  by  adjusting  the  synchronising  gear,  so  that  if  left 
to  itself  tlift  t  urbine  would  run  a  little  slower  than  the  normal  speed 
of  tho  Htation.    lit  tl"a  way  the  turbine  governor  will  only  come 


into  operation  when  the  total  load  is  such  as  to  cause  the  station 
speed  to  drop  a  certain  aniomil  I" 小" v  Hie  norniii).  A  set  o\ 
3,000  kw.  capacity  has  been  recently  supplied  to  the  Lancasliin% 
and  Yorkshire  Railway  lor  their  Konnby  station,  which  wiJl  woik 
i"  this  way. 

Another  method  of  governing  mixed-proKHino  turl)incK  a 山屮" （I 
、vli<、"  fho  tu)l>ir)c  iv('('iv('s  f lio  exluiust  from  :"i  cii^iiic  or  cn«;in,.s 


Fig.  21.— Two-rtagk  Turbine  for  Driving  Pumps  and  Compressohs. 


not  electrically  connected  witli  the  turbine,  is  to  arrange  the 
low-pressure  controlling  gear  to  operate  a  by-pass  either  to  a 
lower  stage  or  to  the  condenser.  By  this  means  should  the 
quantity  of  exhaust  steam  be  more  than  sufficient  for  the  load 
on  the  turbine  the  by-pass  opens,  and  reducing  the  back  pressure 
on  the  engine  enables  it  to  do  its  work  witli  less  steam,  the  quan- 
tity of  wliich  is  re-adjusted  by  tlie  engine  governor.  Witli  this 
arrangement  the  bar*  1c  pressure  on  the  engine,  and  consequently 
the  quantity  of  steam  used  by  the  enoine,  is  kept  down  to  the 
minimum  rotjuired  for  tlie  load  on  tlie  turbine,  and  maximum 


Fig.  22.— Two-STAfiK  Turbine  for  Driving  Pumps  and  Compressors. 

combined  efficiency  is  thereby  obtained.  A  turbine  fitted  with 
this  form  of  gear  is  shown  in  Fig.  20，  the  flange  on  the  extreme 
riglit  being  the  low-pressure  inlet,  with  a  free  passage  to  the  tur- 
bine, and  the  flange  in  front  being  the  by-pass  to  the  condenser. 

Where  mixed-pressure  turbo-alternators  run  in  parallel  with 
liigh-pressure  sets  of  similar  or  larger  size,  it  becomes  necessary 
to  slightly  modify  the  governor  gear  to  enable  a  proper  distribution 
of  load  to  be  secured  in  the  event  of  a  partial  or  complete  cessiition 
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of  the  low-pressure  supply.  This  is  easily  and  simply  provided  for 
by  a  duplex  arrangement  of  the  pilot  valve  regulating  the  oil 
supply  to  the  servo  motor  previously  described.  The  valve  itself, 
which  remains  as  before,  is  surrounded  by  a  sleeve  or  hollow  outer 
valve,  actuated  by  a  piston  exposed  to  the  low-pressure  inlet 
pressure  in  such  a  way  that  if  this  inlet  pressure  falls  the  position 
of  the  ports  admitting  oil  to  the  servo  motor  is  altered,  and  the  cam 
shaft  is  rotated  sufficiently  to  admit  enough  high-pressure  steam  to 
deal  with  the  load  without  the  governor  being  affected,  and  there- 
fore without  any  change  in  speed.  Restoration  of  the  low-|"'"s- 
sure  inlet  pressure  results  in  the  】'eplacing  of  tlie  parts  in  their 
original  positions. 

The  recent  introduction  of  rotary  air  pumps  and  high-speed 
centrifugal  pumps  has  led  to  the  use  of  small  steam  turbines  for 
driving  these  pumps.  This  presents  many  advantages  in  ease 
of  starting  up  and  the  removal  of  electrical  gear  from  undesirable 
situations,  and  also  permits  of  considerable  gain  in  heat  efficiency 
if  the  small  turbine  can  exhaust  into  a  feed- water  heater,  owing 
to  the  utilisation  of  the  latent  heat  in  the  steam.  Even  if  it  is  not 
possible  to  exhaust  into  a  heater,  fair  economy  can  be  obtained  by 
exhausting  into  an  intermediate  stage  of  the  main  turbine  at  a 
pressure  of  5lbs.  to  lOlbs.  above  the  atmosphere.  Although  there 
is  of  course  no  difficulty  in  making  these  turbines  suitable  for 
exhausting  into  a  vacuum,  it  is  not  as  a  rule  worth  the  additional 
expense  for  the  slight  gain  that  is  possible.  These  small  turbines 
are  also  suitable  for  driving  air  compressors,  blowers,  gas  ex- 
hausters, and  for  other  purposes  where  a  high  speed  of  rotation  is 
possible.  The  sizes  developed  by  the  British  Thomson-Houston 
Company  range  from  15  h.p.  to  250  h.p.  for  speeds  of  from  7,000  to 
1 ,500  revs,  per  minute.  The  general  design  follows  that  of  the  larger 
turbines,  but  governing,  when  used,  is  effected  directly  by  the 
governor  by  throttling  the  whole  steam  supply.  Ring  lubrication 
is  used,  with  water  jackets  to  prevent  the  heat  of  the  casing  being 
transmitted  to  the  oil.  A  diagrammatic  section  through  a  two- 
stage  turbine  is  given  in  Fig.  21,  and  the  outside  appearance  is 
shown  in  Fig.  22，  which  is  a  photograph  of  a  55  h.p.  3,600  revs,  per 
minute  18|in.  diameter  turbine. 

The  table  on  page  795  contains  some  recent  steam  consumption 
figures  obtained  on  official  tests  with  Curtis  turbines  built  by 
the  British  Thomson-Houston  Company,  Rugby,  to  whom  tlie 
author  wishes  to  express 】ns  thanks  for  permission  to  publish 
these  and  other  particulars. 


CHARGING  HOPPERS  AND  REVOLVING  POKERS  FOR  OAS 
PRODUCERS. 

We  illustrate  herewith  a  design  of  gas  producer  of  the  type 
having  rotatable  water-cooled  pokers  for  agitating  the  fuel 
to  prevent  the  possibility  of  its  caking  or  clinkering.  The 
producer,  which  is  the  invention  of  The  Dowson  and  Mason 
Gas  Plant  Company,  Ltd.,  of  Alma  Works,  Levenshulme, 
Manchester,  and  Mr.  Jas.  W.  B.  Stokes,  consists  of  the  usual 
firebrick-lined  metal  casing,  and  has  a  central  charging  hopper 
A  and  an  outlet  B  for  the  gas  produced.  An  annular  channel 
C  is  formed  around  the  upper  end  of  the  lower  part  of  the 
charging  hopper.  The  upper  part  of  the  hopper  is  separate 
from  the  lower  part,  being  carried  on  a  ball  bearing  and 
having  a  cylindrical  web  D  extending  within  the  annular 
channel  C.  A  wormwheel  E  is  formed  on  the  outer  surface 
of  the  upper  part  of  the  hopper.  This  wormwheel  gears  with 
a  worm  F  on  a  shaft  driven  through  gearing  from  any  suitable 
source  of  power,  so  that  on  rotation  of  the  shaft  the  upper 
part  of  the  hopper  is  made  to  revolve.  Webs  within  the 
rotatable  part  of  the  hopper  carry  a  central  conical  cap  G 
within  which  the  upper  end  of  a  central  member  projects. 
This  member  consists  of  two  D-shaped  tubes  H  with  their 
flat  sides  adjacent  and  secured)  together  by  bolts  passing 
through  extensions  of  the  lower  ends  of  the  flat  sides.  The 
central  member  H  is  secured  to  and  suspended  from  the 
conical  cap  G  by  flanges  on  the  cap  and  on  the  tubes  bolted 
together,  so  that  the  central  member  rotates  with  the  upper 
rotating  part  of  the  hopper.  The  central  member  H  also 
passes  through  a  guide  J  within  the  producer,  this  guide  being 
made  in  halves  each  carried  by  a  web  bolted  to  the  lining 
forming  the  circumference  of  the  charging  aperture  K  in  the 
top  of  the  producer,  which  aperture  is  controlled  by  the  usual 
charging  bell  L  of  the  hopper.    The  lower  portions  of  the 


tubes  H，  beyond  where  they  are  joined  together,  extend  out  at 
an  angle  towards  the  sides  of  the  producer  and  form  pokers 
which  agitate  the  fuel  as  they  revolve.  A  distance  piece  ex- 
tends between  the  two  angled  pokers  and  carries  auxiliary 
pokers  depending  into  the  fuel  in  the  central  zone  of  the 
producer.  Tlie  arrangement  of  pokers  thus'  provided  ensures 
thorough  agitation  of  the  fuel  over  practically  the  whole  area 
of  the  producer.  Central  tubes  M  extend  within  the  tubes  H 
so  that  the  main  pokers  formed  by  these  latter  tubes  may  be 
water-cooled,  the  water  passing  as  usual  down  through  the 
central  tubes  and  up  again  through  the  tubes  H.  The  cooling 
water  is  supplied  first  to  an  annular  trough  N  on  the  exterior 
of  the  rotating  part  of  the  hopper  from  whence  it  flows  to  a 
collecting  chamber  O  in  the  interior  of  the  conical  cap  G,  into 
which  chamber  the  upper  ends  of  the  central  tubes  M  project, 
then  after  the  water  passes  through  the  pokers  it  leaves  tlie 


Charging  Hoppkrs  and  Kevolving  Pokeks  for  Gas  PKODUOEns. 


upper  ends  of  the  tubes  H,  through  passages  P,  opening  into 
a  second  trough  Q  on  the  rotating  part  of  the  hopper.  From 
this  second  trough  the  water  passes  through  openings  formed 
through  the  bottom  of  the  trough  into  the  annular  channel 
C，  extending  around  the  lower  stationary  part  of  the  hopper. 
The  cylindrical  web  D  on  the  upper  rotating  part  of  the 
hopper  depends  within  the  channel  C，  so  that  when  the 
channel  is  filled  with  water  the  upper  part  of  the  hopper 
is  luted,  making  an  effectual  gas-tight  joint  between  the  two 
parts  of  the  hopper.  The  overflow  from  the  lute  C  is  led  by 
a  pipe  R  to  the  usual  water  lute  at  the  bottom  of  the  pro- 
ducer. A  pipe,  fitted  with  a  stopcock,  extends  between  the 
bottom  of  the  lute  C  and  tlie  pipe  R,  so  that  the  lute  may  be 
drained  when  desired.  The  hopper  is  charged  as  usual 
through  an  opening  in  its  uper  part  controlled  by  a  hinged 
door.  When  charged  and  the  door  closed  the  cliarging  bell 
is  lowered  by  means  of  the  usual  counterweighted  lever 
arrangement  to  allow  the  charge  to  fall  from  the  hopper  into 
the  producer. 


Electricity  in.  Mines.  一  According  to  the  report  on  mines 
and  quarries  recently  issued,  electricity  was  newly  introduced 
into  46  mines  in  1911，  as  against  40  in  the'  previous  year.  It 
is  mentioned  that  the  electricity  special  rules  in  force  during 
1911  merely  required  that  the'  introduction  of  electricity 
should  be  notified.  No  particulars  were  asked  for,  and  none 
as  a  rule  were  given.  The  matter  has,  liowe'veir,  been 
remedied  by  th©  Coal  Mines  Act,  1911，  and  a  complete  classi- 
fication of  the  different  systems  of  distribution,  together  with 
a  measure  of  the  growth  of  th©  us&  of  electricity  in  mines, 
would  be  possible  for  the  future. 


December  27,  1912] 


THE    MECHANICAL  ENGINEER 


700 


，j| 

《 
， '― 


SUGDEN'S  SUPERHEATERS. 

Since  the  modern  introduction  of  superheating  much  greater 
attention  has  been  paid  to  the  design  of  these  adjuncts  to 
steam  generation,  and  it  is  to  this  to  a  large  extent  that  their 
success  and  general  recognition  as  aids  to  fuel  economy  is 
due.    Amongst  the  firms  who  have  giveii  prominent  attention 


^  Fig.[].— Sugden's  Standard  Type  of  Superhkater  (Dampers  Closed  and 
Superheater  Isolated). 

to,  and  been  most  successful  in  introducing,  this  kind  of 
apparatus  is  Messrs.  T.  Sugden,  Ltd.,  of  Fleet  Street,  Lon- 
don, E.C.，  and  we  illustrate  on  this  and  the  following  page 
an  improved  sectional  design  introduced  by  them.  The  prin- 
cipal feature  of  the  superheater  relates  to  the  better  provision 
for  securing  the  several  sections  to  the  headers  by  a  large 
central  bolt,  thus  dispensing  with  the  set  screws  and  studs 
previously  used  for  this  purpose,  and  which  are  liable  to 


Fig,  2.— Suodkn*: 


Standard  Type  op  Supkrhkatkii  (Dam pkks  Open  and 
supkuhkateh  tn  opkration). 


deteriorate  under  the  oxidising  action  of  tlie  flue  gases,  and 
break  off  if  the  sections  have  to  be  removed . 

Tn  the  standard  type  of  superheater  made  by  this  firm, 
which  we  described  on  a  previous  occasion,  and  wliich  is  shown 
in  Figs.  1  to  4，  the  whole  of  the  tubes  are  expanded  into  the 
headers.  Its  general  simplicity  and  convenience  are  obvious, 
since  it  permits  of  any  tube  being  taken  out  separately 
through  the  oj>enings  hetweon  the  headers  in  case  of  renewals 
being  required. 


Figs.  5,  fi，  and  7  sliow  the  new  sectional  form  of  super- 
heater, designed  to  meet  cases  where  this  type  is  more  suitablo 
or  preferred.  The  advantage  of  this  arrangement  is  that  any 
of  t-lie  tubes  can  be  disconnected  from  the  header  and  with- 
drawn without  disturbing  tlie  header  itself.  Each  group 
of  four  tubes  is  complete  in  itself,  the  ends  of  the  tubes  bein^ 
expanded  into  the  flange,  which  is  united  to  its  resj>fi<:t i 
header  by  means  of  a  large  central  bolt-  in  t he  manner  shown 
in  Figs.  8  and  9，  and  for  which  purpos-e  convenient  liatifl 
holes  are  cut  in  the  opposite  si(l('  of  t  lie  lieadcr,  and  (or 
tiglitening  purposes  an  extended  nut  with  a  recess  for  a  box 
key  is  conveniently  arranged  t)eiw(*on  t  lie,  tubes.  Fig.  5 
illustrates  the  operation  of  removing  a  set  of  t  uIjos  (roin  a 
superheater  of  this  type. 

Attention  may  also  be  drawn  to  a  new  design  of  centra\ 
damper  for  permitting  the  boiler  to  be  worked  witli  or  with' 
out  the  superheater.  Tlie  general  arrangement  will  be  readily 
apprehended  from  the  photo  views,  Figs.  1  to  4，  showing  its 
application  to  an  ordinary  Lancasliire  boiler.  The  swivel 
damper  A  is  fixed  in  an  opening  in  tlie  lowoi-  part  of  tlie 
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Sectional  Views  of  Sugden' 


Fig.  4. 

Standard  Superheater. 


wall  at  the  back  of  tlie  down-take.  This  wall,  it  will  be  further 
noticed,  is  not  carried  right  to  the  top,  but  is  provided  with 
an  opening  which  can  be  closed  if  desired  with  baffle  plates 
or  slab  dampers  operated  from  the  top.  When  the  super- 
heater is  in  use,  these  slab  clampers  are  withdrawn,  while  the 
lower  swivel  damper  is  swung  into  a  horizontal  position,  thus 
leaving  a  free  passage  for  the  ga&&s  through  the  superheater 
tubes,  as  shown  in  Figs.  2  and  3.  When  it  is  desired  to 
isolate  the  superheater  the  swivel  damper  at  the  bottom  is 
swung  into  a  vertical  po'siticm，  and  the  slab  dampers  inserted 
from  the  top,  so  closing  the  superheater  chamber,  and  leaving 
the  gases  to  pass  directly  from  the  side'  flue®  to  main  flue. 

The  steam  connections  to  the  superheater  are  controlled 
in  an  equally  convenient  way  by  tlie  valves  shown  in  Figs.  1 
aud  2.  When  not  in  use'  the  valve  connecting  the  boiler  to 
the,  steam  main  is  opened,  and  the  other  two  valves  closed. 
Tliis  change  can  b&  made  at  any  time  witliout  interfering  with 
ilie  working  of  the  boiler  or  incurring  risk  of  overheating  the 
tubes,  which,  without  the  isolating  damper  arrangement, would 
be  liable  to  burn  away,  while  removals  or  repairs  to  tubes 
can  be  effected  during  the  ordinary  course  of  working.  This 
is  an  advantage  which  will  be  apparent  to  all  who  have  to 
do  with  the  working  of  such  apparatus,  and  who  will  be  aware 
that,  as  commonly  arranged,  sufli  repairs,  or  renewals  cannot 
be  efiFect-ed  without  disconnecting  the  superheater  from  the 
lioiler. 


Personal.  ―  The  Council  of  the  University  of  Sheffield  at 
a  recent  meeting  decided  to  appoint  Prof.  Hardwick 
Emeritus  Professor  of  Mining,  to  mark  its  recognition  of  his 
long  and  valued  service.  The  Council  also  appointed  Mr.  G. 
B.  Brook  to  the  post  of  Lecturer  in  Non-ferrous  Metallurgy, 
and  Mr.  E.  C.  Glauert  to  the  post  of  Demonstrator  in  Non- 
ferrous  Metallurgy. 
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INVESTIGATION  OF  THE  IRON  MELTING  PROBLEM.* 

BY  A.  W.  BELDEN. 

In  order  to  investigate  iron-melting  problems,  a  3Gin.  Whiting 
cupola  was  installed  in  the  research  laboratory  of  the  United 
States  Bureau  of  Mines,  at  Pittsburg.  Samples  of  the  gases 
during  their  travel  from  the  tuyeres  upward  were  taken  and 
analysed  and  the  temperatures  of  the  fuel  bed  were  measured. 
Upper  and  lower  tuyeres  were  provided,  but  the  upper  set  was 
not  used  in  any  of  the  tests.  The  four  horizontal  tuyeres  measured 
4in.  by  6in.  on  the  outside  and  3in.  by  13in.  on  the  inside.  The 
tuyere  area  was  96in.  and  the  area  of  the  cupola,  lined  to  27in., 
573  sq.  in.，  a  ratio  of  1  to  5-90.  The  cupola  was  connected  by 
a  lOin.  pipe,  15ft.  long,  with  a  No.  2  lOin.  by  35in.  horizontal 
Hoots  blower,  belt-driven  by  a  10  h.p.  motor.  This  blower 
delivers  a  definite  volume  of  air  per  revolution  when  running 
free  and  the  loss  due  to  slippage  is  a  definite  and  uniform  quantity 
under  any  definite  pressure. 

A  reciprocating  counter  attached  to  the  main  shaft  of  the 
blower  gave  accurate  determinations  of  the  revolutions,  and  a 
Pitot  tube  connected  to  a  recording  pressure  gauge  gave  pressure 
at  any  time  or  an  average  over  any  period  of  time.    The  blower 


to  fit  tightly  the  gas  sample  tubes  when  inserted.  On  the  op- 
posite side  of  the  cupola  holes  were  cut  at  corresponding  levels 
and  were  fitted  with  3in.  pipe  in  a  similar  manner.  Through 
these  the  temperature  measurements  were  taken.  Later  develop- 
ments made  a  fifth  section  necessary.  Coke  alone  was  used 
without  iron  or  flux. 

The  tubes  for  collecting  gas  or  measuring  tcmjKMuturo  wcic 
tl"'n  placed  in  position.  About  24in.  of  coke  were  placed  upon 
.sufficient,  wood  to  ensure  proper  kindling.  The  fire  was  liglit'od, 
and  tho  <  okv  was  allowed  to  ignite  and  bum  until  tlio  top  showed 
bright.  Coke  in  small  amounts  was  added  from  time  to  time, 
well  above  the  top  tube,  each  succeeding  char^t1  Ikmu^  liold  until 
tl»e  preceding  cliar^o  bnrned  througli.    After  the  last  small 


Fig.  5.— Showing  Sugden's  Sectional  Supehheater  and  Operation  of 
Removing  or  Replacing  a  Section.    (See  page  799.) 

was  calibrated  at  2，  4，  6，  7，  8，  and  16  ounces,  and  a  curve  was  con- 
structed showing  the  slippage  revolutions  per  minute  at  various 
pressures,  ranging  from  Oo^s.  to  16ozs.  Knowing  the  amount 
of  air  delivered  per  revolution,  in  these  tests  4 '8  cubic  feet, 
the  revolutions,  the  average  pressure  and  the  slippage 
at  this  pressure,  the  total  amount  of  air  delivered  was  easily- 
calculated. 

Preliminary  tests  were  made  with  varying  volumes  of  air  per 
minute,  and^the  results  suggested  the  use  of  1,000  cu.  ft.  per 
minute  as  a  normal  condition.  The  varying  pressures  due  to 
size  of  coke,  the  position  of  pieces  of  coke  with  reference  to  other 
pieces  and  the  side  walls,  the  effect  of  slagging  and  hanging,  and 
other  conditions,  made  it  impossible  to  regulate  the  air  supply, 
but  the  average  of  all  tests  approximated  this  figure  of  1,000 
cu.  ft.  per  minute.  The  cupola  was  divided  into  four  sections, 
designated  A,  B，  C，  and  D,  and  2in.  holes  were  cut  through  the 
wind  box  and  inner  shell.  Through  each  of  these  a  l^in.  pipe, 
lOin.  long,  was  passed.  The  inner  end  extended  lin.  past  the 
inner  shell  and  into  the  brick  lining,  while  the  outer  end  extended 
lin.  outside  the  wind  box  and  was  threaded  to  take  a  cap  adapted 

*  I^aper  presented  at  the  Buffalo  meeting  of  the  American  Fonndrvmen's 
Association. 


Flo.  6.  Fig.  7. 

SrfTioNAi,  Views  of  Sur.DKN's  SKfTioNAT^  Type  op  Supkuh eater.  (See  page  799.) 

charge  was  added,  sufficient  time  was  given  to  ensure  its  burning 
evenly  over  the  whole  surface.  This  was  an  indication  that 
the  burning  was  over  and  through  the  whole  bed  of  coke  and 
not  localised  as  sometimes  happens  when  proper  precautions 
are  not  taken.  The  kindling  wood  was  always  completely  burned 
out  before  adding  the  last  coke.  This  last  amount  of  coke 
brought  the  total  charge  up  to  within  6in.  of  the  charging  floor. 
The  total  charge  was  approximately  750lbs.  for  each  test.  Ten 
minutes  after  the  total  charge  was  added,  the  blast  was  turned 
on  and  continued  for  15  minutes  before  the  test  began.  The 
reason  for  allowing  this  length  of  time  was  to  ensure  uniform  con- 
ditions over  the  whole  fuel  bed,  and  was  decided  upon  as  being 
more  than  necessary  under  regular  commercial  practice  for  the 
appearance  of  iron  at  the  cupola  spout,  an  indication  that  melting 


u 


Fig.  8.  Fig.  9. 

Detail  Views  showing  Connections  to  Headers  in  Sudden's 
Superheater.   (See  page  799.) 


SectionaIj 


had  begun.  The  gas  collecting  tubes  were  kept  cool  by  cold 
water  introduced  into  the  farther  end  through  a  |in.  copper  tube 
and  passing  out  through  a  Jin.  iron  pipe. 

As  was  to  be  expected,  the  samples  taken  at  different  times 
showed  many  variations.  The  flow  of  the  blast  after  entering 
the  tuyeres  was  probably  changing  during  the  whole  period, 
seeking  the  easiest  means  of  escape  inwardly  as  well  as  upwardly 
along  the  lines  of  least  resistance.  The  largest  volume  un- 
doubtedly flowed  up  the  side  walls,  and  this  as  well  as  the  part 
penetrating  toward  the  centre  was  more  or  less  deflected,  depend- 
ing on  the  obstructions  met  with.  These  effects  were  especially 
noticeable  during  preliminary  work  when  coke  was  charged  in 
varying  sizes  as  received. 

A  study  of  the  conditions  at  the  centre  line  of  the  cupola 
showed  the  practical  absence  of  oxygen  at  all  sections,  the  small 
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amount  recorded  being  within  the  range  of  the  probable  error  of 
tho  method  of  analysis  or  the  chance  happening  of  tlu1  penetration 
of  some  small  amount  of  the  blast. 

One  inch  above  the  tuyeres  the  oxygen  of  the  blast  was  reduced 
by  an  amount  necessary  to  form  4-5  per  cent.  C02,  and  this 
formation  of  C02  was  rapidly  increased  in  the  first  "in.  with  a 
corresponding  decrease  in  02  and  with  little  CO  formation.  This 
would  indicate  a  fierce  burning  and  a  great  rise  in  temperature. 

The  tests  indicated  that  actual  combustion  of  the  fuel  takes 
place  around  an  invert  eel  cone  of  the  fuel  bed,  the  apex  of  this 
cone  being  at  the  centre  in  lino  with  the  bottom  of  the  tuyeres 
and  flaring  out  to  the  lining  at  a  point  2()in.  above.  The  height 
of  the  melting  zone  above  this  section  is  determined  by  the 
physical  condition  of  the  coke  and  the  rate  of  heat  absorption 
of  the  iron.  If  the  coke  is  porous  the  charges  of  iron  should  bo 
small  to  prevent  the  coke  burning  out  and  letting  the  iron  down, 
into  the  oxidising  zone  before  melting  is  accomplished.  If  the 
coke  is  heavy  and  dense,  or  if  anthracite  coal  is  used,  the  charges 
may  be  made  large  as  the  fuel  burns  more  slowly  and  gives  time 
for  increased  melting.  At  some  point  above  this  zone  the  tem- 
perature, while  still  high  enough  to  melt  iron,  is  not  high  enough 
to  impart  its  heat  quickly  and  give  hot  iron.  The  passage  of  this 
melted  iron  through  the  lower  zones,  although  the  temperature 
in  these  zones  be  exceedingly  high,  is  too  rapid  for  the  absorption 
of  enough  heat  to  materially  raise  its  temperature  and  cold  iron 
is  the  result.  These  experiments  confirm  the  general  opinion 
that  the  hottest  part  of  the  cupola  is  where  the  lining  is  most 
burned  out.  An  examination  of  the  curves  which  were  plotted 
showed  that  the  highest  temperature  corresponds  with  that 
section  where  oxygen  is  entirely  absent  across  the  whole  cross- 
section.    This  section  is  about  20in.  above  the  tuyeres. 

The  ideal  melting  zone  is  probably  inside  the  lines  drawn 
through  the  points  of  highest  carbon,  dioxide  and  absence  of 
oxygen,  as  determined  from  analyses  of  the  gases.  It  is  mani- 
festly impossible  to  confine  melting  to  such  a  Zone,  and  results 
of  these  experiments  warrant  the  conclusion  that  the  best  results 
are  obtained  if  the  iron  is  melted  at  that  point  in  the  cupola 
where  the  highest  temperature  and  absence  of  oxygen  obtain 
across  the  whole  cross-section  of  the  fuel  bed.  This 么 one  on 
the  cupola  tested  was  2()in.  above  the  tuyeres  when  1,000  cu.  ft. 
of  air  per  minute  are  blown.  Under  other  conditions  of  air  this 
zone  will  be  raised  or  lowered,  higher  up  if  the  blast  is  increased 
and  lower  down  if  the  blast  is  reduced.  Experimental  deter- 
mination of  this  point  is  not  necessary.  The  bellying  out  of  the 
lining  of  the  cupola  is  a  perfect  index  of  this  practical  melting 
^one,  and  is  at  the  point  of  highest  temperature  and  absence  of 
oxygen.  Care  must  be  taken  not  to  melt  below  this  zone  as 
the  oxygen  of  the  blast  is  not  entirely  removed  and  the  iron  will 
be  oxidised  or  burned.  The  extent  of  this  burning  is  dependent 
upon  the  distance  below  the  proper  melting  zone  and  the  lateral 
position  in  the  fuel  bed.  Just  below  this  melting  zone  oxygen  is 
still  found  at  the  lining,  and  the  area  of  this  oxidising  section 
increases  as  the  distance  down  increases  until  the  whole  cross - 
section  at  the  tuyeres  shows  the  presence  of  this  damaging  element. 

The  whole  problem  of  hot  iron  free  from  effects  due  to  oxygen 
is  solved  by  using  small  charges  evenly  distributed  on  the  fuel 
bed,  and  confining  the  melting  to  a  few  inches  above  the  point 
shown  by  the  burning  out  of  the  lining  to  be  the  hottest  cross- 
section  of  the  fuel  bed.  If  the  first  charge  of  iron  is  so  placed 
that  melting  begins,  for  example,  "in.  or  8in.  above  this  cross- 
section  and  is  completed  before  any  of  the  iron  gets  below  this 
point,  and  the  following  coke  and  iron  charges  are  so  regulated 
as  to  maintain  this  melting  zone,  the  best  possible  results  will 
be  obtained. 

It  is  further  pointed  out  by  these  experiments  that  the  use 
of  upper  tuyeres  is  not  necessary,  but  a  positive  detriment  to 
the  production  of  the  best  iron.  The  introduction  of  air  into  the 
fuel  bed  above  the  tuyeres,  even  though  in  small  amount,  increases 
thf  liability  of  injurious  effect  from  oxygen  and  serves  no  useful 
purpose  The  increased  tonnage  supposed  to  be  due  to  the  use 
of  upper  tuyeres  can  be  just  as  easily  accomplished  by  blowing 
in  through  the  bottom  tuyeres  the  proper  volume  of  air. 

The  Size  of  Steamships* —  An  i"di(,atio"  of  the  increase  in 
size  and  (； ost  of  stearnsliips  is  afforded  in  the  case  of  the  P.  &  O. 
AiiKtralian  linf.  Nin3  sieaTnshi]>s  which  cost  £1 ,805,000 
have  been  replac^l  by  niiis  others  valued  at  ,£2,958,000. 


THE  LESSONS  OF  COLLISIONS  AT  SEA  AND  SOME 
SUGGESTIONS. 

At  the  Institute  of  Marine  Engineers,  Stratford,  L (川小 )"， 1':.， 
on  Monday,  Deceinbar  I  (it  h,  a  paper  on  "  Tlie  Lossous  oi' 
Collisions  at  Sea,  and  Some  Suggestions  ，'  was  read  by  Mr.  G. 
W.  Newall.  Mr.  John  McLaren  (Member  of  Council)  pre- 
sided. 

In  tliei  course'  of  lus  paper,  Mr.  Newall  said  Hk1  s('li('me  lie, 
wished  to  put  forward  with  regard  to  collisions  at  sea  "iit;uh'(l 
no  costs  such  as  the  addition  of  any  special  plant  or  appai-at  us 
would  demand,  but  simply  sot  forth  a  few  rules  and  require- 
ments tiiat  should  be  observed  and  carried  out  by  the  (川""'！、 
in  charge.  The  recent  loss  of  the  "  Titanic  "  had  stirred  u|> 
much  thought  and  mechanical  inv&ntioii  throu^liout  t 
maritime  world  to  meet  or  avoid  such  disasters  in  the  future. 
Drastic  changes  would  no  doubt  be  made  in  the  direction  of 
new  rules  and  regulations  for  dealing  with  passenger  sliijj.-. 
such  as  routes  altered  to  suit  seasons,  increased  facilities  for 
sending  and  receiving  "  wireless  '、  messages  and  clanger  signals, 
head  search  lights  experimented  with,  &c.  At  the  same  time, 
it  should  be  borne  in  mind  by  those  who  had  to  deal  with  tliis 
class  of  vessel  that  the  tendency  to  hinder  the  steady  progress 
of  ocean  transportation  by  unnecessary  precautions  for  safet  v 
had  an  element  of  danger.  He  suggested  that  the  Board  of 
Trade  should  be  approached  with  the  view  of  promoting  a 
maritime  recommendation  that  in  all  cases  of  collisions  of  Jiips 
― where  possible ^ the  colliding  vessel  should  remain  in  the 
breach  made,  or  on  the  obstacle  that  had  caused  a  breach  in 
herself,  until  some  information  had  be&n  obtained  as  to  the 
damage  d one .  A  proposed  law  of  collisions  at  sea,  which  he 
considered  should  bo  acted  upon  by  officers  in  charge  of  shi])s, 
was  as  follows  ：  (1)  Keep  your  ship  in  the  breach  made  ； 
(2)  keep  your  ship  on  the  breach  maker  ；  (3)  strike  straight 
on  end  if  you  can;  (4)  wireless  call  for  assistance ；  (5)  clo&e 
water-tight  doors  and  ports  ；  (6)  passengers  and  crew  to  boat 
quarters.  Had  these  simple  rules  been  o'bs&rve'd  in  th©  case 
of  the  disaster  to  H.M.S.  "  Victoria,"  and  had  tli©  "  Camper- 
down  " reversed  her  engines  bo  "  slow  ahoad  "  immediately 
after  impact,  and  retained  that  position  as  long  as  necessary, 
lie  oonsidered  this  would  have  saved  the'  "  Victoria/'  as  well 
as  her  crew.  He  was  of  opinion  also  that  tlie  observance  of 
these  rules  would  have  mitigated  very  largely  the'  disaster  to 
the  "  Titanic." 

Mr.  W.  McLaren  spoke  in  appreciation  of  the  author's  sug- 
gestions. He  considered  that,  especially  in  naval  disasters, 
too  much  importance  was  attached  to  the  necessity  of  the  men 
meeting  their  death  courageously,  as  compared  with  the  adop- 
tion of  simple  methods  of  averting,  or  remedying,  the  efFerts 
of  such  disasters.  Mr.  G.  Shearer  thought  it  impossible  to 
sst  down  hard  and  fast  rules,  as  everything  would  depend 
upon  the  condition  of  the  sea  at  the  time.  The  suggestions  of 
Mr.  Newall  would  be  very  useful  in  smooth  weather,  with  the 
exception  that  the'  order  to  clo&e  the  water-tight  doors  and 
poris  should,  in  his  opinion,  be  placed  first  on  the  list.  He 
instanced  a  personal  experience  of  a  ship  striking  the  rocks,  in 
which  case  to  have  attempted  to  remain  on  the  breach-maker 
would  have  be&n  disastrous.  Mr.  E.  W.  Ross  pointed  out 
that  in  the  majority  of  instances  of  collisions  it  would  be 
practically  impossible  to  "  strike  straight  on  end/'  as 
strenuous  efforts  were  usually  made  to  avert  the  object,  and  a 
glancing  blow  was  tli©  result.  He  very  much  questioned 
whether  the  rule  suggested  by  the'  author  as  to  remaining  on 
the  breach-maker  would  have  availed  any  good  in  the  case 
of  the  "  Titanic/'  especially  as  it  was  open  to  doubt  whether 
the  disaster  was  due  to  a  shelving  piece  of  io&  or  to  a  project  in i: 
spur.  Mr.  G.  W.  Roger  cited  instances  to  show  tliat,  while  in 
one  case  to  remain  in  the  breach  made'  proved  effective,  in 
another  such  a  course  would  have  been .  disastrous.  The 
Chairman  remarked  upon  the  special  difficulties  met  with  in 
the  case  of  icebergs.  Some  of  the  laws  suggested  by  Mr. 
Newall  were  already  unwritten  laws  when  tlie  circumstances 
were  favourable,  but  he  did  not  think  the  observance  of  such 
recommendations  could  or  would  be  made  binding. 

Mr.  Newall,  in  replying,  said  the  closing  of  the  water- 
tight doors  and  ports  depended  a  good  deal  upon  th5  rules  he 
had  placed  first  on  the  list  being  observed.  He  quite  agreed 
tli  at  it  would  not  be  possible  to  lay  down  hard  and  fast  rules 
for  all  circumstances,  but  he  suggested  that  the  rules  should 
be  recognised  as  applicable'  in  the  majority  of  cases. 
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CONDENSER  DESIGN. 

In  t  lit1  course  of  t  lie  discussion  on  t  he  ]>aj>er  entit  led  l  I)evelop- 
meut  of  A uxiliary  Units  between  Exhaust  Pipe  rind  Boiler," 
read  by  Mr.  William  Weir  at  ； i  tneding  of  1  lit'  1  iistitution 
(" Engineers  and  Shipbuilders  in  Scot  land,  ； m(l  reproduced 
recently  in  our  cohuims,  Mr.  D.  B.  Morison  related  liis  expe- 
rience in  condenser  design.  It  was,  lie  said,  in  1904  that  lie 
first  commenced  the  research  on  coiulensers,  which  had  since 
been  so  generally  fruitful  in  its  effects.  Those  interested  in 
the  subject  would  find  instructive  dal a  in  a  ]>a]>er  read  by 
Prof.  Weighton  before  the  Institution  of  Naval  A rchitects 
in  19()G，  and  also  in  a  paper  read  by  himself  before  the  same 
institution  in  1908.  The  research  therein  described  was  very 
elaborate,  besides  being  particularly  ccstly,  but  his  desire  then, 
as  now,  was  to  lay  bare  his  experiences  in  the  hope  that  they 
might  in  some  measure  contribute  to  engineering  progress. 
Mori&on's  specification,  No.  15,759，  of  J  904,  read  as  follows : 
**  Tlio  uniform  flow  of  the  steam  and  air  over  the  entire  tube 
surface  has  the  important  practical  effects  of  increasing  the 
lu-at  transmitting  efficiency  to  such  surface,  and  also  of  assist- 
ing ami  maintaining  an  even  flow  of  air  towards  the  final 
outlet,  thereby  so  minimising  the  local  stagnation  of  flow, 
or  the  local  accumulation  of  air,  as  to  increase  the  vacmmi 
efficiency  by  enabling  the  air  pumj)  to  improve  the  vacuum." 


WATER  V  PUMP 


Fig.  1. 
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That  was  to  say,  he  started  off  by  establishing  initial  uni- 
formity of  exhaust  distribution  over  the  tubes  throughout 
tlieir  whole  length,  and  whilst  maintaining  such  uniformity 
over  the  entire  condensing  surface,  lie  maintained  at  the  same 
time  a  continuity  of  flow  through  a  passage  of  decreasing 
area  from  the  exhaust  inlet  to  the  air  outlet.  Iu  order  to 
lengthen  the  path  of  vapour  flow  in  his  original  small  con- 
denser, he  cut  a  wedge  into  three  pieces  and  set  one  above 
the  other.  This  small  condenser  lie  presented  to  the  Arm- 
strong College,  and  Prof.  Weighton's  experiments  with  it 
definitely  established  the  correctness  of  the  principles,  as 
might  be  seen  by  reference  to  his  paper,  which  was  generally 
conceded  to  be  the  most  valuable  report  on  surface  condenser 
efficiency  ever  published. 

By  subsequent  experience  with  large  condensers,  lie  found 
that  conditions  enabled  the  wedge  shape  to  be  maintained 
linearly  by  light  guide  j)latef>,  which  not  only  cheapened  the 
const  ruciion  and  lessened  the  weight  of  large  condensers,  but 
in  condonscrs  of  any  size  facilitated  the  eniployinent  of  wedges 
nf  tlie  ])ro])ortions  wliicli  liad  been  found  by  exhaustive  tests 
t )  give  the  】iighe«t  efficiency.  If  no  air  were  present  in  ('〇"- 
(l('iis。rs  tlic  problem  of  surface  coiulcnsatioii  would  be  si"ipli- 
l"'(l，  ； is  no  air  puTiij)  would  be  required,  but  in  practice  tlie 
(riicial  |>! (山 l(>m  in  tlie  attainment  of  】ii" 小 vacuum  was  how 
best  to  irvni  the  small  quantity  of  air  wliicli  normally  entered 
the  condenser  with  the  steam,  and  at  the  same  time  to  make 
provision  for  (l("ili，，g  vvitli  tlie  iniidi  】;'ryei'  (pKint  it  ics  whicli 
rcsulUul  lioni  a'-cidcntal  and  iiicvihiblc*  leakage  in  the  vacuum 


system.  As  the  result  of  much  investigation  over  many  years, 
lie  was  about  to  submit  a  theory  whereby  a  solution  niigl"， 
li.'  t bought,  be  found  along  t lie  siinj)le  lines  of  eleinent arv 
iii'sl  principles. 

In  】(J0:)，  Mr.  J.  A.  Smith,  of  Australia,  carried  out  some 
very  valuable  expf'riments  to  delorrnine  the  e(Te<-t  of  ;iir  on 
lieat  transmission  through  a  condenser  tube.  lie  found, 
l"f'a(lly，  as  follows :  That  t he  presonce  of  air  in  quantities 
wliicli  might  have  l)een  deemed  insignificMnt  iniglit ,  in  lact  , 
lje<-()tne  the  factor  limiting  the  efficiency  of  a  whole  steam 
plant .  For  instance,  air  e(jual  in  pressure  to  only  T,'n  of  an 
iiK-li  by  tlie  mercury  gauge  would,  at  90°  Fah.,  reduce  thermal 
transmission  some  25  per  cent.,  whilst  /G  of  an  inch  would 
lower  it  about  one-lialf .  Tlie  experiment  further  dernon- 
st rated  that  in  a  {'oiidenser  dealing  with  steam  at  90°  Fah. 
smothered  with  air,  at  a  j>artial  pressure  of  ?n  of  an  inch, 
the  cooling  surface  would  have  to  be  2\  times  greater 
tluin  if  dealing  with  airless  water  vapour  at  the  same  tem- 
perature. The  feature  of  interest  in  these  experiments  was 
the  extraordinary  degrading  efFect  wliicli  a  film  of  air  of 
minute  tliiiiuess  liad  on  the  heat  transmission  of  a  condenser 
tube.  At  the  other  extreme  they  knew  that  when  air  was 
present  in  large  quantities  in  a  condenser,  the  lowennost 
tubes  might  become  so  air  drowned  as  to  be  quite  incapable 
of  condensing  any  appreciable  vapour.    It  was  also  further 

established  that  air  was  heavier 
than  water  vapour,  and  conse- 
quently the  natural  tendency  of 
aerated  v  a  pour  was  to  fall  and  not 
to  rise.  This,  of  course,  was  apart 
from  all  considerations  of  velocity 
of  entry.  Therefore,  the  first  essen- 
tials for  condenser  efficiency  were 
tlial  the  weight  of  air  which  always 
remained  in  a  condenser  should  be 
reduced  bo  a  minimum,  and  should 
be  so  disposed  as  to  cause  the  least 
possible  resistance  to  the  transmis- 
sion of  heat  through  the  tubes  to 
tlie  circulating  water  flowing 
through  them.  Another  essential 
was  that  the  air  particles  should 
not  eddy  by  taking  an  erratic 
course  in  any  given  horizontal 
plane,  or  by  making  multiple  aj>- 
pearaiu*€S  in  any  plane.  In  other 
words,  each  air  particle  should  take 
its  shortest  route  from  the  exhaust 
inlet  to  the  air  outlet,  and  not  linger  on  the  way. 

Such  a  theory  at  once  suggested  that  exhaust  steam  should 
enter  a  condenser  as  a  uiiit'ormly  moving  column,  the  sec- 
tional area  of  the  column  being  the  plan  area  of  the  top  row 
of  tubes.  If  this  plan  area  were  continued  unchanged,  tlie 
condenser  became  a  rectangular  box,  in  the  middle  of  tlie  base 
of  which  let  the  air  pumj)  suction  be  placed.  Assuming 
hypothetical  stability,  the  condenser  became  filled  with  an 
infinite  number  of  horizontal  superposed  films,  the  top  film 
containing  the  least  amount  of  air  and  the  bottom  film  the 
greatest.  The  contained  air  in  such  a  condenser  was  the  sum 
of  the  particles  in  all  the  films,  and  as  the  function  of  an  air 
pump  was  to  minimise  the  weight  of  air  which  was  normally 
present  in  a  condenser,  it  was  obvious  that  the  lowermost- 
filin,  which  was  the  film  richest  in  air,  should  be  preferentially 
and  wholly  withdrawn  by  the  air  pump,  and  be  followed  by 
the  entire  withdrawal  of  the  superposed  film  and  so  on.  In 
such  a  rectangular  box,  under  such  conditions,  the  air  piunp 
would  break  through  several  films  locally,  and  by  withdraw- 
ing a  charge  less  ricli  in  air,  and,  therefore,  inferior,  would 
leave  the  bulk  of  the  lowermost  and  densest  film  undisturbed. 

Suppose  by  some  means  or  other  the  lowermost  film  were 
disposed  vertically  instead  of  liorizontally,  the  air  pump  would 
tlien  draw  not  imilti])le  layers  from  unstable  thinness,  but 
one  layer  from  stable  depth.  Tlie  nearest  practical  approach 
t  o  this  requirement  was  a  wed  of  section  liaving  a  very  narrow 
out  let ,  ； is  iii   Figs.   ]  ，  2,  and  Again  ，  suppose  another 

li.Y.poUiL'Ucal  condition,  viz.,  that  there  was  no  air  in  the  con- 
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denser  Fig.  1，  and  that  the  condensate  was  withdrawn  by  a 
water  pump.  Assuming  also  that  the  frictional  resistance  of 
the  vapour  passing  over  the  tubes  was  nil,  then  were  such 
couditions  possible  in  practice,  the  vacuum  and  the  tempera- 
ture throughout  the  condenser  would  be  constant.  Fig.  2 
represented  the  same  condenser  under  conditions  of  ordinary 
])ractice,  viz.,  with  air  and  air  pump.  Assuming  the  air  to 
b'_i  shaded  as  shown,  and  that  the  air  density  was  proportionate 
to  the  depth  of  tint.  Supposing  such  a  conden&er  to  be 
working  under  conditions  of  vacuum  stability  and  with  no 
eddying  anywhere,  the  shading  would  then  be  lightest  at  the 
top  and  darkest  at  the  bottom,  the  temperature  would  be 
highest  at  the  top  and  lowest  at  the  bottom,  and  the  charge 
of  air  withdrawn  by  the  air  pump  at  each  stroke  would  be 
the  densest  the  condenser  contained. 


WATER  OUTLET 

Fl(i.  4 


Now,  supposing  iu  Fig.  3  the  conditions  were  identical 
with  those  in  Fig.  2  in  every  respect,  except  that  in  Fig.  3  a 
lighter  shade  was  maintained  at  the  bottom  of  the  condenser, 
say,  for  example,  a  shade  corresponding  to  the  shade  in  the 
middle  of  Fig.  2.  It  ought  to  be  remembered  that  the  quan- 
tity of  air  admitted  with  the  exhaust  was  precisely  the  same 
in  both  Figs.  2  and  3，  but  the  weight  of  air  which  always 
remained  in  the  condenser  in  Fig.  3  was  less  than  that  which 
remained  in  Fig.  2,  by  the  amount  below  the  centre  line  in 
Fig.  2.  The  general  technical  effect  thereby  produced  was  that 
every  single  tube  in  the  condenser  had  been  relieved  of  a 
definite  amount  of  air  insulation,  and  was,  therefore,  able 
to  transmit  more  heat  to  the  condensing  water,  with  the 
result  that  the  final  temperature  of  the  condensing  water 
increased,  the  condenser  coo】e(l，  and  the  vacuum  rose.  It 
was  the  condenser  which  was  primarily  responsible  for  the 
high  vacuum  attainable  under  these  conditions,  as  by  means 
of  the  wedge  the  air  was  arranged  in  density  gradations  which 
reached  a  maximum  at  the  outlet  from  the  condensing  cham- 
ber ； but  the  disposition  of  the  gradations  at  the  outlet  must 
be  such  that  a  given  weight  of  air  presented  as  small  a  surface 
area  and  as  great  a  depth  as  the  practical  requirements  of 
sufficiency  of  passage  would  permit.  Concurrently,  the  air 
pump  was  enabled  to  maintain  such  an  air  condition  within 
the  condenser  that  the  air  density  at  the  air  outlet  was  niini- 
mised,  the  air  insulation  within  the  condenser  was  reduced, 
and  the  greatest  amount  of  heat  was  transmitted  to  the  con- 
densing water.  It  should  again  be  noted  that  each  air  pump 
normally  withdrew  exactly  the  same  quantity  of  air  per  unit 
of  time,  viz.,  the  quantity  which  entered  the'  condenser  with 
the  exhaust  steam,  but  in  Fig.  4  a  less  air  density  was  main- 
t  ； lined  at  the  air  outlet,  and,  therefore,  there  was  less  air 
insulation  within  the  condenser  than  in  Fig.  3.  The  relation 
between  a  condenser  and  an  air  pump  might  thus  b&  seen. 
For  example,  the  ability  of  a  condenser  to  create  a  very  high 
vacuum  might  always  remain  latent  if  it  was  worked  in  con- 
junction with  an  inefficient  air  pump.  What  was  required 
was  sucli  cornbiried  unit  efficiency  which  would  enable  the  very 
highest  vacuum  to  be  maintained  that  the  condenser  was 
capable  of  producing. 


The  next  irnportatit  consideration  was  the  jjroportions  o\' 
the  wedges.  The  thin  end  presented  no  difficulty  whatever. 
It  should  be  so  narrow  that  the  air  formed  a  strip  or  plug 
of  such  stability  that  eddying  or  disturbance  was  inripo.ssibk. 
In  practice  the  width  was  usually  determined  by  the  diameter 
of  one  or  more  tube.;  with  the  necessary  allowance  for  the 
passage  of  air  and  condensate.  The  (lesicleraturw  at  the  top  oi 
the  wedge  was  to  stop  eddying.  This  could  best  be  achieved 
by  arranging  the  wedges  as,  for  example,  in  Fi^.  4.  It 
would  be  evident  that  the  often  misunderstood  problem  of 
intermediate  collection  of  condensate  and  the  consequent 
influence  on  its  teniparature  now  became  very  simple.  Refer- 
ring again  to  Figs.  1,  2,  and  3,  no  air  being  present  in  Fig.  1, 
there  was  equality  in  temperature  throughout  the  condenser, 
and  on  the  formation  of  drops  of  condensate  they  splashed 
over  tubes  in  their  descent,  and  were  alternately  cooled  by  tlie 
tubes  and  heated  by  the  vapour,  until  on  arrival  at  the 
bottom  they  were  ajjproxiniately  at  the  same  teniperalare  as 
that  corresponding  to  the  vacuum.  In  Fig.  2，  air  being 
present,  the  temperature  gradually  decreased  from  the  top  to 
the  bottom,  and,  therefore,  the  drops  of  condensate  when 
falling  passed  through  a  cold  air  zone,  with  the  result  that  the 
final  temperature  was  less,  than  that  corresponding  to  the 
vacuum.  The  temperature  of  the  condensate  relatively  to 
that  of  the  vacuum,  therefore,  depended  on  the  temperature 
of  the  air  zone  through  which  it  fell,  and  also  on  the  shape  of 
the  condenser. 

Almost  any  condenser  lent  itself  to  the  intermediate  col- 
lection of  condensate,  as  some  must  fall  on  the  sides  and  thus 
short  circuit  the  colder  air  zones.  In  Fig.  4  the  multiple 
wedge  chambers  discharged  into  an  air  receiver  which  might 
or  might  not  be  fitted,  with  tubes.  For  high  vacuum,  tubes 
were  very  valuable,  as  they  enabled  the  temperature  of  the 
air  to  be  brought  within  a  few  degrees  of  that  of  the  con- 
densing water.  It  would  be  noted  that  this  effect  was 
initiated  in  the  base  of  the  multiple  wedges,  where  many  of 
the  tubes  were'  entirely  sheltered  from  tlie  streams  of  falling 


Fio.  5. 

condensate,  and  carried  to  its  logical  conclusion  in  the  final 
air  cooling  chamber.  Having  obtained  the  highest  attainable 
vacuum,  what  was  its  value  ？  As  would  be  seen  by  Fig.  5，  in 
a  commercial  turbine  plant  it  was  represented  by  increased 
profit.  On  a  turbine-driven  warship  it  was  represented  by 
increased  military  efficiency.  In  both  it  was  of  supreme 
importance. 

Spanish  Steel-making. ― The  production  of  steel  ingots  anrl 
casting  steel  in  Spain  last  year  was  322,981  tons.  During 
the  past  seven  years  the  production  has  shown  a  slow  but 
steady  progress. 
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ELECTRIC  RESISTANCE  WELDING. 

A  paper  on  "  Electric  Resistance  Welding  ，，  was  read  by  Mr. 
P.  Bucher  at  a  meeting  of  the  Manchester  section  of  the  Institu- 
tion of  Electriral  Engineers,  held  on  the  17th  inst,  Although  the 
art  of  welding  metals  was,  lie  .said,  undoubtedly  very  old,  the 
introduction  of  special  apparatus  and  labour- saving  maclmicry 
superseding-  tlie  old  method  wa-s  a  quite  nm(l("'n  acliicveniont. 
II  the  con-oct  int  <'i'|>r。Uf  of  welding  stgnilifnl  t  he  joining  ol 
1  wo  pieces  to^t^hov  so  ； is  to  I'orm  ojio  hot  under  pressure, 

thon  the  only  oiu'  <>i  1  licsc  \w\v  methods  which  could  rightly  be 
classified  under  this  head  was  the  electric  resistance  welding. 
The  underlying  principle  ol  】wistan('(>  welding,  i.e.,  tlx1  use  of 
vcrv  heavy  currents,  鎖 (k、  the  neccRsary  lHUcliiiiory  l""ivy, 
fumbersome,  and  cxpen.sivo.  The  field  was  Ui*'r('ior('  not  lor 
jobbing  work,  where  arc  and  liot-Hame  welding  r('igne(l  .suprenn1. 
but  repetition  、vm'k,  wluirc  it,  scored  irmiu'iist'l v  by  virtue  of 
its  simplicity,  accuracy,  reliability,  speed,  and  economy. 

The  process  was  'simple.  No  long  tuition  was  required  to 
make  an  unskilled  labourer  proficient  in  its  use.  In  a  g"o(l  ninny 
instances  his  work  was  limited  to  bringing  the  material  to  the 
machine  and  .starting  the  mechanism,  in  others  to  clamp  the 
pieces  and  let  the  maeliiue  do  the  rest,  but  even  where  he  had 
to  do  tlic  clamping,  the  switching  on  and  ofE  of  the  current, 
the  jumping  up  and  afterwards  the  releasing  of  the  welded  piece 
and  the  swaging,  he  had  the  joint  always  in  full  view  and  the 
lieat  under  absolute  control.  It  was  accurate.  A  very  high 
standard  was  attainable  in  this  respect,  for  instance,  the  manu- 
facture of  block-chain  and  printers'  chases.  It  was  reliable. 
As  the  heat  was  generated  in  the  piece  itself,  and  was  under 
perfect  control,  the  risk  of  overheating  or  underheating,  "burning" 
or  "  cold  shutting,"  was  greatly  reduced  ；  also  the  risk  of  in- 
clusion of  foreign  matter,  cinders,  scale,  flux,  &c"  in  the  joint, 
and  the  importance  of  this  was  evident  when  it  was  realised  that 
these  points  were  the  chief  causes  of  failure  iu  welded  joints. 
It  was  speedy.  Chain  links  were  welded  at  an  average  rate  of 
ten  to  fifteen  per  minute,  or  thirty  to  forty  thousand  per  week. 
An  average  week's  output  of  a  heavy  tyre- welder  was  525  tyres, 
varying  in  width  from  2in.  to  9in.  A  bank  of  spot-welders 
worked  by  boys  on  miscellaneous  hollow  ware  dealt  with  120  to 
180  gross  of  articles  per  machine,  corresponding  to  about  35,000 
welds  per  machine  per  week.  The  heat  efficiency  of  a  welder 
was  about  75  per  cent.  It  only  used  current  when  welding,  and 
very  little  then.  The  above-mentioned  weekly  output  of  chain, 
assuming  about  3  S.W.  gauge,  would  use  from  100  to  130  units. 
The  tyre-welder  referred  to  used  according  to  the  supply  com- 
pany's meter  737  units,  and  a  spot-welder  on  miscellaneous 
hoi  low- ware  used  about  1  to  1  -5  units  for  1,000  welds. 

The  various  applications  of  electric  welding  in  commercial 
practice  could  be  subdivided  under  the  following  headings  ： ― 

Plain  butt -welding,  or  the  welding  end-to-end  of  bars  and  the 
like  of  the  same  or  approximately  the  same  area.  Butt-welding 
was  also  possible  within  certain  limits  if  the  two  areas  were  dis- 
similar, and  the  object  was  accomplished  by  letting  the  larger 
bar  project  farther  from  the  clamps  than  the  smaller  one  in 
roughly  the  same  proportion  as  the  two  areas.  A  variation  of 
the  plain  butt-welding  was  the  angle,  tee,  and  mitre  welding, 
which  was  used  both  rectangular  bars  and  various  sections 
of  profile  iron. 

Spot-welding  took  the  place  of  riveting  in  that  way  that  only 
a  small  percentage  of  the  total  area  in  contact  was  welded  to- 
gether in  circular  spots.  In  the  great  majority  of  cases  this 
was  done  one  spot  at  a  time  ；  there  were  exceptions,  however, 
where  the  making  of  two  spots  at  a  time  meant  a  considerable 
saving,  either  obviating  a  change  in  the  setting  of  the  electrodes 
or  the  use  of  two  machines  on  one  job.  Great  care  must  be  taken, 
however,  in  the  setting  of  the  twin  electrodes  so  that  both  bore 
with  exactly  the  same  pressure  on  the  work,  otherwise  an  unequal 
flow  of  current  through  the  two  spots  and  with  it  unequal  heating 
resulted.  A  great  help  in  this  respect  was  a  spring-compensating 
device  to  counteract  slight  inequalities  in  the  thickness  of  the 
material.  A  development  of  spot-welding  was  seam-welding,  in 
which  the  two  sheets  were  joined  together  in  an  uninterrupted 
lap-weld  under  one  or  between  two  rotating  disc  electrodes. 

The.  most  iniporduit  qucsl ion  in  tho  wh()l(、  business  was  the 
vA  ron<j;t!i  of  t  he  、vd(.l.    Ki^m-cs  from  private  tests  would  be  very 


unconvincing,  so  the  author  obtained  permission  from  Dr.  Stanton 
of  tlie  National  Physical  Laboratory,  to  make  use  of  figures 
obtained  in  "  experiments  on  the  strength  and  fatigue  properties 
of  welded  joints  in  iron  and  steel,"  a  paper  read  before  the  Institu- 
tion of  Civil  Engineers  by  Messrs.  Stanton  and  Pannell.  These 
experiments  were  made  on  sample  welds  prepared  by  sixteen 
different  engineering  firms  in  the  kingdom  according  to  tlieir 
usual  practice,  some  by  hand,  some  by  electric,  and  some  by 
LMs-welding,  witli  tlie  object  of  comparing  the  strength  and 
fatigue  properties  ol'  welds  in  iron  and  steel  with  the  corresponding 
properties  of  tlie  same  unwelded  material.  The  condens-d 
result  for  tensile  strength  wsa  expressed  in  percentage  of  the 
t<Misilo  strength  of  tin1  un welded  material  ： ― 


Hand-wt'hlcd 
Iron. 

Hand-welded 
Steel. 

Electric-welded 
Iron. 

】':lec  trie- welded 
Steel. 

Mean  oi  24  tests 
893 

M("ui  of  21  tests 
81G 

Mean  of  7  tcsl  s 
80-2 

Mcjin  nf  8  tests 
03-4 

In  the  same  way  for  fatigue  properties  ： 一 

Hand-welded 
hoc. 

Hand-welded 
Steel. 

Electric  welded 
Iron. 

Klectric-welded 
Steel. 

Mean  of  21  tests 
97*6 

Mean  of  28  tests 
78"4 

Moan  of  5  tests 
92(5 

Mean  of  12  1  est  s 
87-0 

As  proof  of  the  strength  of  spot-Welds,  the  following  test- 
certificate  from  Lloyd's  Proving  House  at  Netheiton  was  quoted  : 
" I  have  tested  to  destruction  two  mild  steel  clips  electrically 
spot-welded?  with  the  following  results,  viz.  :  No.  1  Clip  with 
single  butt- strap  broke  at  11-025  tons  (clear  of  welded  joint), 
being  29-01  tons  per  square  inch  of  section.  No.  2  Clip  with 
double  butt-strap  broke  at  11*767  tons  (clear  of  welded  joint), 
being  31.01  tons  per  square  inch  of  section.  The  weld  in  each 
case  does  not  appear  to  have  been  disturbed."  These  figures 
proved  that  in  the  electric  resistance  method  the  manufacturer 
had  an  entirely  reliable  way  at  his  disposal  to  effect  a  weld  where 
such  was  required.  There  were  no  independent  figures  available 
concerning  electric  welds  in  metals  other  than  iron  and  steel. 
They  were,  however,  in  daily  extended  use  in  brass  and  copper 
wire  mills,  for  joining  up  rods  and  slottings,  which,  afterwards 
passed  through  the  drawing  dies. 

Of  the  metals  that  could  be  welded  by  electricity  iron  and 
mild  steel  came  first.  High  carbon  steel  could  be  welded  up  to 
about  0*8  per  cent,  carbon,  but  the  results  were  not  so  satis- 
factory as  in  mild  steel,  neither  as  regarded  the  tensile  nor  the 
torsional  strength.  When  high  carbon  wire  was  welded  the 
heat  of  the  weld  was  a  very  short  one,  and  the  bulk  of  the  ad- 
joining cold  metal  seemed  to  have  a  quenching  effect  on  the 
steel,  so  that  the  wire  when  taken  from  the  machine  was  glass- 
hard  at  the  joint  and  snapped  on  the  slightest  effort.  To  over- 
come this  the  wire  must  be  locally  annealed ― for  preference  in 
the  welder  itself ― and  this  heat  treatment  weakened  the  wire 
for  the  length  to  which  it  had  been  applied  as  compared  with 
the  rest  of  it.  Generally  speaking,  the  strength  of  a  welded 
high  carbon  wire  was  about  60  to  70  per  cent,  of  the  unwelded 
wire.  After  iron  and  steel  came  the  non-ferrous  metals,  chief 
amongst  which  were  copper  and  its  alloys.  Pure  copper  welded 
quite  satisfactorily,  and  so  did  most  of  the  brasses  unless  the 
percentage  of  zinc  in  them  was  too  high,  when  the  weld  became 
brittle  and  would  not  draw.  Nickel  and  most  of  its  alloys  also 
welded  very  well,  as  did  aluminium,  silver,  gold,  platinum,  and 
iridium.  These  remarks  applied,  however,  only  to  butt- welding, 
as  only  iron  and  mild  steel  lent  themselves  to  spot-welding  in  a 
satisfactory  manner.  Brass  and  aluminium  could  be  spot- 
welded,  but  the  process  was  not  very  reliable  nor  economical  on 
account  of  the  heavy  current  required. 


Serious  Lift  Accident. — A  lift  accident  which  resulted  in  two 
men  being  more  or  less  seriously  injured  occurred  at  Messrs. 
Wathes,  Hoi  low  ay  Head ,  Birmingham,  on  the  19  th  inst. 
Three  m&n  were  going  down  in  the  lift  wli'e'n  the  rope  broke, 
with  the  result  that  tlie'  lift  crashed  to  the'  bottom  of  the  well. 
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STANDARD  CROSS-SECTIONS  AND  SYMBOLS. 

Some  little  time  ago  a  committee,  comprising  Mr.  H.  de  B.  Parsons 
(chairman),  Mr.  F.  der  Furman,  Mr.  A.  E.  Norton,  Mr.  Bradley 
Stoughton,  and  Mr.  John  W.  Upp,  was  appointed  by  the  American 
Society  of  Mechanical  Engineers  to  consider  the  question  of 
standard  cross-sections  and  symbols  used  on  mechanical  drawings. 
This  committee  have  now  presented  their  final  report,  which  is 
as  follows  ： 一 

We  strongly  believe  that  there  should  be  recognition  of  a 
standard  method  of  showing  materials  in  cross-section.  There 
are  many  advantages  in  encouraging  the  use  of  standard  cross - 
sections  and  symbols.  It  is  as  easy  to  draw  an  adapted  design  to 
represent  a  specific  material  as  to.  draw  any  other.  It  makes 
mechanical  drawings  easier  to  read  and  understand,  and  dimin- 
ishes the  danger  of  interpreting  their  meaning  wrongly. 

We  do  not  believe  it  wise  to  complicate  the  matter  by  adopting 
too  many  standard  cross-sectionings  or  symbols.  We  believe  it 
would  be  best  to  have  standard  cross-sections  for  the  most 
commonly  used  materials,  and  these  should  be  of  such  a  character 


Copper,  Brass 
or  Composition 


Aluminum 


Rubber.Volcanife 
or  Insulation 


一  i.  I    ― "- — 


Glass 


Wood 


Water 


Puddle 


Other  Materials 


Recommended  Standard  Choss-sections. 


as  to  permit  of  sub-division  if  found  desirable.  To  tliis  end  we 
propose  the  use  of  standard  cross-sections  to  represent  nineteen 
materials  as  shown  on  Fig.  1.  To  facilitate  the  drawing  of 
cross-sections,  the  committee  have  used  the  same  tliickness  for 
all  lines  made  with  the  drawing  pen.  On  some  drawings  it  may 
be  desired  to  specify  a  material  other  than  those  mentioned 
above,  or  some  particular  kind  of  material  wliich  the  generic 
names  on  Fig.  1  would  not  clearly  indicate.  To  cover  this  con- 
tingency, we  recommend  writing  the  name  of  such  material 
on  the  section  and  cross-hatching  the  section,  as  shown  on  Fig.  1 
under  the  title  "  Other  Materials." 

We  rcconimcnxl  that  sub-divisions  of  any  of  the  matoiiuls 
sliown  genoriciilly  on  Fig.  1  should  be  made  by  taking  one  of 
these  standard  cross-sections  as  a  basis  and  making  minor 
changes,  but  maintaining  the  general  characteristics  ；  or  by 
writing  on  the  standard  section  the  name  of  the  material.  To 
illustrate,  the  committee  have  subdivided  concrete  into  concrete 
blocks,  cyclopcan  concrete,  and  reinforced  concrete,  as  shown  on 
Fig.  2,  and  also  wrought  steel  into  nickel,  chrome,  and  vanadium 
steels. 

We  urge  the  Society  to  adopt  standard  cross-sections.  Such 
standard  cross-sections  should  be  printed  in  a  suitable  form  for 
hanging  on  walls  of  draughting  rooms  of  engineers,  architects,  and 
educational  institutions,  so  as  to  encourage  their  universal  use. 
Before  closing,  we  acknowledge  the  valued  assistance  of  Mr. 
D.  C.  Johnson  in  obtaining  (lata  for  the  committee  and  extend 
our  thanks  to  the  many  manufacturing  establishments,  govern- 
ment departmonts,  and  individuals  who  have  sent  us  such 
standards  as  arc  in  use  by  them. 


Water-tight  sub-division  of  ships. 

Mn.  J.  Buuhn,  D.Sc,  director  of  the  Norsk  Veritas,  read  a 
paper  on  the  "  Water-tight  Sub-division  of  Ships/'  at  a  meet- 
ing of  the  Institution  of  Engineers  ai:d  Shipbuilders  in  Scot- 
land, held  in  Glasgow  on  the  17th  inst.  Mr.  Bruhn,  in  the 
course  of  his  paper,  said  that  in  his  opinion  it  would  \><- 
unjustifiable  and  wrong  to  consider  the  accident  to  the 
'、 Titanic  ，，  a  standard  one,  in  the  sense  that  sufficient  sub- 
division ought  now  to  be  demanded  to  enable  a  ship  to  float 
with  as  extensive  damage  as  that  which  the  "Titanic" 
received.  The  circumstances  of  the  accident  to  the  "  Titark'，，， 
particularly  the  speed  of  the  vessel  and  the  known  proximity 
of  ice,  were  such  that  they  ought  not  to  be  looked  upon  as 
circumstances  which  might  reasonably  be  expected  to  be  met 
with  in  the  future,  and  which  ought  therefore  to  be  provided 
against  in  arranging  a  vessel's  sub-division.  It  was  impossible, 
even  with  the  most  extensive  experierce  at  hand,  to  fix 
definitely  the  standard  of  sub-division  which  would  guarantee 
safety.  He  thought  it  was  desirable  that  this  should  be 
stated  clearly,  as  the  general  public  was  often  apt  to  look  on 
such  questions  as  being  simply  little  mathematical  problems  to 
be  readily  and  promptly  solved  by  experts  if  they  knew  their 
business.  One  of  the  most  difficult  questions  in  conrection 
with  tli©  sub-division  of  ships,  Mr.  Bruhn  continued,  was  the 
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Concrete       Concrete  BlocKs  Cyclopean  Concrete 


ncM  Wimor 


EjpandH  Wire  o 
Metal  fioas 
Reinforced  Concrete 


yVrDoght  Steel      Nickel  Steel       Chrome  Steel     Vflrtadium  Sreel 


Fig.  2.— Typical  Sub  divisions. 

fixing  of  the  particular  sizes  of  vessels  in  which  sub-division 
was  to  be  increased  or  additional  bulkheads  fitted.  It  would 
appear  that  public  opinion  was  that  absolute  safety  could  be 
demanded  and  supplied.  That,  of  course,  was  impracticable, 
ard  there  was  no  reason  why  such  a  demand  should  be  made  in 
connection  with  the  transport  of  passengers  at  sea  when  it  was 
not  made  where  the  transport  took  place  by  rail  or  road.  To 
make  the  small  vessel  as  secure  against  foundering  as  the  large 
one  would  lead  obviously  to  the  extinction  of  the  former,  and 
that  would  not  be  for  the  benefit  of  the  community  at  large. 
He  thought  it  was  clear  that  for  the  smaller  passer ger  steamers 
the  present  practice  of  fitting  peak  and  machinery  space  bulk 
heads  】nust  be  considered  sufficient  and  reasonable  in  view  of 
the  rapidity  with  which  all  passengers  might  be  transferred  to 
the  lifeboats  in  cases  of  accidents.  A  length  of  250ft.  might 
be  fixed  as  a  reasonable  maximum  for  this  class  of  sea-going 
steamers.  For  vessels  from  250ft.  to  300Tt.  in  length  perhaps 
ore  or,  where  the  engines  were  fitted  aft,  two  bulkheads  ought 
to  be  fitted  between  the  machinery  space  and  the  forepeak. 
For  vessels  over  300ft.  the  length  of  hold  should  be  limited. 
He  suggested  the  limits  which  might  be  imposed  for  different 
sizes  of  vessels.  A  definite  rule,  he  added,  for  the  determina- 
tion of  the  number  of  bulkheads  was  desirable.  If  a  sub- 
division rule  was  made  international  it  would  be  the  same  for 
all,  and  it  could  not  then  be  considered  a  serious  hardship  to 
ar  y  individual  shipowner.  Sub-divisiou  ought  to  be  made 
compulsory  independently  of  the  life-saving  appliances  pro- 
vided. 


Post-graduate  Scholarship  in  Naval  Architecture,  1913. ―  The 

Royal  Commissioners  of  the  1851  Exhibition,  acting  on  the 
recommendation  of  the  Council  of  the  Institution  of  Naval 
Architects,  have  appointed  Mr.  P.  Y.  Brimblecombe,  late  of 
Armstrong  College,  Newcastle-on-Tyne,  to  the  above  scholar- 
ship, of  the  value  of  £200  per  annum  and  tenable  for  two 
years,  for  the  purpose  of  carrying  out  a  course  of  research 
work  in  naval  architecture  at  the  Armstrong  College. 
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EARTHED  VERSUS  UNEARTHED  NEUTRALS  ON 
ALTERNATING-CURRENT  SYSTEMS.* 

BY   i.  S.  PECK. 

The  questions  wliere,  wlion,  and  how  should  the  neutral  point  or 
points  of  an  alternating-current  system  be  eartlied  are  liighly 
controversial  ones,  aiul  though  they  have  been  discussed  a  number 
of  times  before  the  technical  societies,  there  are  still  wide  differ- 
ences of  opinion  among  operating  engineers  as  to  the  proper 
course  to  follow  under  different  conditions.  While  it  is  difficult  to 
give  general  rules  concerning  all  cases,  there  are  certain  condition's 
where  the  proper  course  to  follow  seems  clear,  and  it  is  intended 
in  this  paper  to  discuss  the  various  questions  involved,  and  to  show 
why  under  some  conditions  of  operation  it  is  becoming  general 
practice  to  earth  the  neutral,  while  under  others  it  may  be  advis- 
able to  operate  with  tlie  neutral  unearthed.  Three  classes  of 
.apparatus  or  systems  will  be  considered  :  (1)  Generators,  (2) 
high-voltage  transmission  circuits,  (3)  low-voltage  distribution 
circuits. 

Before  considering  these  three  classes  separately,  tlie  general 
advantages  and  disaclvantaoes  of  the  eartlied  neutral  which  are 
common  to  them  all  、vill  be  considered.  While  several  advantages 
may  be  claimed  for  the  earthed  neutral,  there  are  but  two  wliich 
are  really  of  any  great  value.  These  are  :  (a)  The  limiting  of  the 
voltage  between  line  wires  and  earth  ；  (b)  the  possibility  of  cuttino 
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TripCoit. 

Fig.  1.— Balanced  Protective  Gear. 

off  any  wire  or  feeder  in  the  event  of  an  earth  upon  it.  The  chief 
objection  to  earthing  is  the  fact  that  tlie  system  cannot  be  operated 
with  an  earth  on  any  line  wire. 

It  is  well  known  that  in  an  unearthed  3-phase  system,  where 
the  impedance  of  each  phase  to  earth  is  equal,  each  of  the  three 
conductors  assumes  a  potential  above  earth  equal  to  58  per  cent, 
of  the  voltage  between  wires  while  the  neutral  point  is  at  earth 
potential,  but  any  difference  in  the  impedance  causes  the  potential 
of  the  neutral  point  to  shift,  bringing  the  phase  having  least 
impedance  nearer  to  earth  potential  and  raising  the  others  to  a 
potential  correspondingly  higher  above  earth.  When  one  phase 
is  earthed,  it  assumes  earth  potential,  and  the  other  phases  reacli 
full-line  potential  above  earth.  When  the  potential  of  each  phase 
to  earth  is  the  same,  the  charging  current  to  earth  will  be  equal  in 
all  phases,  but  when  one  phase  is  earthed  the  charging-  current  to 
earth  is  increased  by  73  per  cent,  in  both  of  the  uneartlied  phases, 
and  all  of  this  current  will  return  to  the  generator  through  the 
earthed  phase  and  will  pass  into  the  faulty  wire  at  the  earthed 
point.  Earthing  the  neutral  means  that  this  point  is  fixed  at 
earth  potential,  and  the  tlu'ee-line  wires  are  fixed  at  a  potential 
58  per  cent,  above  earth.  If  the  neutral  point  is  earthed  through 
a  resistance  and  one  phase  is  earthed,  current  flows  through  the 
neutral  resistance,  and  the  drop  across  this  resistance  measures 
the  voltage  between  the  neutral  point  and  earth,  so  that  tlie 
neutral  point  is  not  fixed  definitely  but  depends  upon  the  amount 
of  resistance  and  tlie  current  flowing  tlirough  it.  Thus  the  con- 
ditions arc  intermediate  between  those  with  tlie  unearthed  neutral 
and  witli  tlie  neutral  solidly  connected. 

With  tlie  earthed  neutral  very  simple  and  reliable  apparatus 
can  be  provided,  which  will  cut  out  any  feeder  in  case  an  earth 
occurs  upon  it.  This  apparatus  may  be  of  the  Merz-Price  balanced 
protective  type,  or  it  may  be  of  that  type  whicli  is  based  upon  the 
principle  that  the  resultant  current  in  a  3-phase  circuit  is  zero. 
Kig.  1  shows  a  well-known  arrangement  of  this  kind.  It  is  evident 
that  under  normal  conditions  the  resultant  current  in  the  secon- 
daries of  the  three  transformers  is  zero,  therefore  no  current  can 
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flow  through  tlie  trip  coil  ；  but  should  an  earth  occur  on  one  of 
the  wires,  the  circuits  will  be  unbalanced  and  current  will  flow 
through  the  trip  coil.  This  apparatus  may  be  adjusted  to  work 
on  a  very  small  earth  current.  Still  another  possibility  is  to  put 
a  trip  coil  in  series  with  the  earth  connection,  but  this  am"wni*'nf 
is  not  so  satisfactory  as  tliose  previously  meiitioned,  in  that  it 
(loos  not  discriminate  as  to  tlie  feeder  to  be  cut  off. 

Whore  a  large  cable  network  is  supplied  from  common  bus-bars 
the  arrangement  shown  in  Fig.  1  may  work  satisfactorily  without 
the  neutral  point  being  earthed.  The  reason  for  this  is  as  follows : 
In  the  event  of  an  earth  on  any  wire,  tlie  cliarging  current  to  earth 
on  all  of  the  cables  on  the  system  will  be  returned  to  the  bus-bars 
through  the  wire  which  is  earthed.  Therefore  the  current  balance 
on  the  earthed  feeder  will  be  upset  and  the  circuit  breaker  oper- 
ated. This  arrangement  is,  however,  limited  in  its  jipplication, 
and  is  not  so  positive  as  when  there  is  a  current  flow  between  earth 
and  iit'iieiator  neutral. 

(i  KNKRATORS. 

All  modern  3-pliaso  generators  arc  insulated  to  stand  operation 
without  the  neutral  being  earthed,  so  that  no  considtM'ation  of 
reduced  first  cost  due  to  limiting  the  voltap'  to  earth  by  eartliiii*;" 
the  neutral  need  enter  tlie  problem.  Also  the  question  of  risk  of 
breakdown  with  earthed  or  unearthed  neutrals  may  also  ho 
practically  neglected.  When  deciding  upon  the  advisability  or 
otherwise  of  earthing  tlie  neutral  of  a  genemtor.  consideration 
must  be  given  to  the  service  for  which  it  is  to  be  used.  Three 
classes  of  service  will  be  considered  :  (a)  Generator  supplying 
network  of  underground  cables  ；  (b)  generator  supplying  over- 
head transmission  circuits  without  transformers  ；  (c)  generator 
.supplying  overhead  transmission  line  through  step -up  trans- 
formers. 

In  case  (a)  an  cai  th  on  any  phase  of  a  cable  is  almost  certain  to 
develop  into  a  short  circuit  between  phases,  and  on  a  large  system 
the  result  of  a  short  circuit  on  a  cable  is  usually  to  burn  off  a  .sec- 
tion of  the  cable,  perhaps  to  damage  adjacent  cables,  and  some- 
times to  set  up  surges  which  may  cause  serious  breakdowns 
elsewhere  on  the  system.  Since  the  majority  of  breakdowns  on 
cables  are  to  eartli,  it  is  therefore  extremely  desirable  that  a  cable 
be  cut  off  as  soon  as  an  eartli  develops,  and  as  this  can  be  done 
quickly  and  with  certainty  where  the  generator  neutral  is  earthed, 
it  is  becoming  general  practice  to  do  this  in  all  stations  of  this  class. 
Thus  practically  the  only  question  to  consider  is  whether  the 
neutral  should  be  eartlied  solidly  or  through  a  resistance,  and, 
wliere  there  are  several  generators  in  parallel,  liow  many  of  them 
should  be  earthed.  The  only  object  in  inserting  resistance 
between  generator  neutral  and  earth  is  to  limit  the  rush  of  current 
which  occurs  whenever  there  is  an  earth  on  the  system.  If 
balanced  protective  apparatus  is  used,  similar  to  that  shown  in 
Fig.  1，  the  resistance  may  be  made  so  high  as  to  keep  down  the 
current  rush  to  a  comparatively  low  value,  because  the  protective 
apparatus  may  be  set  to  operate  with  a  very  small  unbalancing  in 
current  ；  but  where  plain  overload  protection  is  used- ~ and  this 
applies  to  the  majority  of  cases 一 the  resistance  should  be  low 
enough  to  pass  sufficient  current  to  trip  the  breakers  on  the  largest 
feeder,  but  high  enough  to  prevent  damage  to  generator  windings, 
and,  if  possible,  to  prevent  serious-  burning  at  the  point  of  acci- 
dental eartn.  In  calculating  this  resistance,  allowance  should  be 
made  for  the  drop  in  voltage  on  the  generator  due  to  the  load  on 
one  phase,  also  for  the  】'esistances  in  neutral  earth  connection  in 
the  feeder  and  at  the  point  of  accidental  eartli.  In  designing  the 
resistance,  ample  lieat  capacity  should  be  allowed,  for  the  circuit 
breakers  may  stick,  or  tlicre  may  be  at  least  temporarily  a  fairly 
hipli  resistance  at  the  point  of  accidental  eartli  which  will  prevent 
the  circuit  breaker  from  openiii"  immediately,  and  so  give  time 
for  tlie  resistance  to  reach  a  higli  temperature. 

In  general,  ear  thing  resistances  are  built  up  of  cast-iron  grids 
mounted  on  porcelain  insulators,  and  should  be  located  in  a  fire- 
proof compartment.  They  are  usually  designed  to  have  sufficient 
lieat  capacity  so  that  full  star  voltage  may  be  maintained  across 
them  for  at  least  15  seconds  without  a  temperature  rise  of  approxi- 
mately 300°  C.  being  exceeded.  The  ohmic  value  of  the  resistance 
is  determined  by  the  current  required  to  trip  the  breakers  on  the 
largest  feeder. 

Where  it  is  desired  to  earth  through  a  resistance,  and  two  or 
more  generators  are  operated  in  parallel,  the  simplest  and  best 
method  in  so  far  as  earthing  is  concerned  is  to  connect  the  neutral 
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of  all  tlie  generators  to  a  common  bus- bar  wliicli  is  oartlu'd  tlirouuli 
a  suitable  resi stance.  Tlien.  rejianllcss  of  the  iu!nil»('r  of  g<"""'ii- 
tors.  the  value  of  the  earth  resistant'c  w ill  ahvuys  l>o  tlio  s;i.mo. 
With  tliis  arrangement  switches  nuist  always  be  provided  heUv('('n 
each  generator  and  the  neutral  bus- bar,  otherwise  a  ^onorator 
discoinicotecl  from  tho  main  bus  and  shut  down  may  txi  raised 
to  a  danatM'ous  potential  above  earth  in  case  of  ;ui  earth  od  any 
foo<ler.  The  objection  to  this  method  of  connection  is  that  in 
certain  cases  very  lieavv  currents  may  circulato  throiiiili  the  neu- 
tral connections  and  generator  windings,  ami  while  tho  deleterious 
oth'vt  of  this  current  has  been  greatly  oveivstiniatod,  it  app(kHrs 
that  in  certain  cases  it  has  been  almost  impossible  to  opcnito 
with  the  neutrals  connected  solidly  together.  When  the  wave- 
forms of  the  different  niaclibies  are  exact  1  v  the  same,  no  cin'rent 
can  flow  through  the  neutral  connections,  but  wlien  the  wave- 
forms are  different  and  there  is  a  third  (or  multiple  of  tlireo) 
harmonic  present,  current  will  How  through  the  neutral  connec- 
tion, the  amount  of  which  will  cIojxmhI  upon  the  value  of  the  third 
liarmonic.  tlie  (lispkxceineiit  angle,  ami  upon  the  impedance  wliich 
tin*  generator  offers  to  this  current  of  triple  frequency.  Macliines 
which  at  no  load  give  no  circulating  current  may  show  heavy 
circulating  currents  as  tlie  load  comes  on,  or  vice  versa.  The 
amount  of  tlie  circulating  current  also  depends  upon  the  adjust- 
ment of  the  field  current  of  the  different  machines,  and  upon 
the  angular  variation  in  speed  of  tlie  prime  movers. 

In  certain  abnormal  cases  the  current  in  the  neutral  may 
amount  to  the  full-load  current  of  one  generator  or  even  more. 
It  should  be  noted,  however,  that  the  neutral  current  divides 
etjually  among  the  three  phases  of  the  generator,  so  that  full- 
load  current  in  the  neutral  is  equivalent  to  only  33  per  cent,  full- 
load  current  in  the  windings  of  the  generator,  and  since  the 
heating  in  the  windings  is  equal  to  the  sum  of  the'squares  of  the 
main  and  circulating  currents,  tlie  resultant  heating  is  increased 
by  only  11  per  cent. ― not  a  serious  amount  even  with  this  very 
value  of  circulating  current.  With  30  per  cent,  of  full-load 
current  in  the  neutral  the  resultant  heating  in  the  *>ene]-ator  is 
increased  by  onlv  1  per  cent,  at  full  load  and  is  quite  negligible. 
It  would  seem  advisable,  therefore,  to  try  connecting  the  generator 
neutrals  solidlv  together,  especially  in  the  case  of  turbo-generators, 
where  there  is  no  angular  variation  in  speed,  and  therefore  less 
chance  of  circulating  currents.  Should  satisfactory  operation  be 
impossible,  then  only  one  generator  should  be  connected  to  the 
neutral  bus.  or  resistance  may  be  inserted  between  eacli  generator 
and  the  neutral  bus. 

Of  tlie  three  mot  hods,  that  of  connectin*>  the  ntHitmLs  solidlv 
1  off  other  is  uiHloul)todly  the  simplest  and  best,  while  t  lie  method  of 
operating  with  an  earth  on  only  one  gnieiatoi'  conies  next  in 
simplicity.  The  switching  on  and  oft'  of  the  different  generators 
to  the  neutral  bus  may  be  done  automatically,  as  at  the  London 
County  Council  Greenwich  generating  station,  or  it  may  be  done 
by  hand.  While  the  latter  method  depends  upon  the  nicmorv 
of  tlie  station  attendant,  or  upon  the  systematic  operation  of  tlie 
station,  the  fact  that  the  attendant  may  forget  to  connect  ； i 
machine  to  the  neutral  bus- bar  does  not  moan  disaster,  as  it  is  only 
in  case  of  a  cable  breakdown  that  trouble  may  occur,  and  it  must 
he  remembered  that  many  stations  are  operating  successfully 
with  an  unearthed  neutral.  WIkmv  resistance's  arc  u se< I  l)et\v(k('ii 
Kiel  I  ^fnerator  aiul  tlie  neutral  bus,  a  very  coiisidtMahk'  exponso  is 
involved  in  providing  those  resistances,  and  it  is  often  difficult"  to 
find  room  in  tho  station  to  accommodate  tliem  ；  also  the  rosistancc 
in  the  earth  circuit  is  nuu  li  less  when  there  are  several  ^'nerators 
in  parallel  than  when  only  one  is  in  use. 

(/>)  (icttcrtftors  .、"〃〃/'〃/"/  (hcrhead  77"/'.、〃'/、.、/""  Line  triihout 
Stcft-a Trati.  joriHcrH.- ~ III  this  case  t  liorc  ； ire  usually  a  conipara- 
tivcly  small  mimbcr  of  transmission  lines,  and  un  i^ivi  h  on  one 
wiro  is  not  likely  to  cause  a  short  circuit  between  wires,  so  that 
with  an  unearthod  neutral  it  is  <|uite  possi))lo  to  inn  ior  a  long 
pr'riod  with  one  vviie  oartlied.  If  th<Mc  ;uc  not  siillicicnt  feeders 
to  all  (listi  ibutin^  centres  to  make  it  possible  to  cut  out  a  defective 
one  and  deliver  full  load  over  tho  others,  the  possibility  of  being 
ul)lf  to  operate  with  one  wire  oartlied  may  be  suffioient  far  to 
oufft'cigii  tlio  only  practical  advantage  gained  by  oartliing  tlio 
iifutral,  wliich  i.s  tho  ability  quickly  to  (*ut  off  a  feerlor  in  the  event 
of  an  earth  upon  one  wire.  Limiting  tlio  voltage  between  each 
wire  and  iif-utial,  wliicli  can  be  done  by  earthing  the  neutral,  is  of 
vf'i  v  little  importance,  since  the  voltage  is  in  no  case  very  high, 
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i»»ul  tlio  venerators  and  tho  line  must  be  insulated  to  w itlislund 
strains  wot  up  by  liohtnin<i  discliar^cs  iind  other  al"iorm"l  con- 
ditions. It  would  appear,  tlicrclorc,  lliaf  in  mujorily  of  cuscs 
tlie  wci^lit  of  tho  urounionts  ;uv  in  lavoui-  of  (»pcrai in^  with  tlx- 
^(•nciator  neutrals  unoartlicd. 

((')  Oeneralors  supplying  Transformers  which  Step  ,'〃  fo  a 
/r/',/  II if///  Vohaije  jor  Lotuj-d ishuu-c  TnthsttussioH .  In  t  his  case 
tli('r《'  are  conditions  involved  wliicli  mako  it  oxtrcinclv  <Icsinil>|c 
to  earth  the  n<Mitral  or  cist*  to  ourtli  U"1  low-tension  side  of  tlx* 
tnuisfornuM-s.    If  one  terminal  of  tlio  hi^h-tonsion  side  of  a 

sin^lo-pluise  transformer  l>o  con 
e'  ncctcd  to  n   lii^h-irnsion  line. 

and  t  lie  low  tension  ho  open- 
circuited,  the  lii*ih-tcii.sion  wind- 
ing assumes  ;i  potential  above 
ourth  0(jUiil  to  that  of  tlie  line  to 
vvhicli  it  is  connected.  Tlx1  lii^li- 
tonsion  winding  then  acts  as  one 
plato  of  ii  condensor,  with  the 
low  tension  ami  coiv  us  the  other 
plat os.  The  low-tonsion  winding 
also  has  static  capacity  to  the 
iron,  and  it  will  therefore  assume 
a  potential  above  earth  tl"' 
value  of  which  will  depend  upon 
the  relation  between  its  (a pa- 
city  to  the  high-tension  winding 
and  its  capacity  to  earth. 
In  practice  it  may  easily  assume  one-half  the  potential  of  tlie 
high-tension  winding  (sec  Fii>.  2). 
If— 

K  =capacity  between  high  tension  and  low  tension. 

K1  =  capacity  bet  woe  n  low  tension  and  core. 

V  =  voltage  of  high-tension  line. 

Vx  ^potential  of  low-tension  winding  ahovo  earth. 

. V-Yxl  . . . 

If  both  terminals  of  the  high-tension  winding  are  connected 
to  the  high-tension  lines,  the  resultant  potential  of  this  winding 
above  earth  will  be  zero,  and  the  resultant  potential  of  the  low- 
tension  winding  above  earth  will  also  be  zero.  If,  therefore, 
one  tcMininal  of  a,  transformer  be  connected  to  or  disconnected 
from  a  line  before  the  otluM',  the  low-tension  winding  dm inu 
this  period  nut y  assume  ;t  very  high  potential  ahovo  cartli  and 
its  insul.itioii  In'  }>]<)kcn  down  to  c.'i.rth.  Wlion  tlio  low-tension 
winding  is  ('(mm'cted  to  ； i  u('n,";itor,  1  lie  ^ciUM'iitor  winding  also 
lms  capacity  to  earth,  so  that  the  rapacity  of  the  low-tension 
winding  to  earth  is  inm'a-sed  by  this  amount  and  its  voltage 
correspondingly  reduced.  If  the  capafity  of  the  generator 
windini*  to  earth  ^=K2,  thou  the  voltaic  of  the  low-tension  circuit 


Via.  2. ― Ei.kctrostatic  Capacity  iie- 
twkkn  Coils  and  between  Coils  and 
CtntK  op  a  Transfoumkh. 


above  oai'th  =V 


K 


Thus,  while  the  voltage  is  ivduced 


KxxK2 

by  connecting  the  transformer  and  generator  windings  together, 
it  may  still  be  dangerously  high.  When  both  terminals  of  the 
]iif>h-tonsion  "winding  are  connected  to  the  lino  and  one  wire  is 
oartliod,  tho  resultant  voltage  of  tht»  hi^h-tension  winding  above 
cartli  will  be  V/2,  and  that  of  the  luw-tcusion  winding  will  bo 
one-half  as  great  as  before,  but  may  still  be  diingorously  high. 

In  the  case  of  a  ->-phasc  transformer  the  conditions  are  much 
the  same  as  described  above  for  a  single-phase  transformer.  If 
one  terminal  of  the  transformer  is  connected  to  the  line,  tho 
whole  of  tlie  liigk-tension  windings  will  be  raised  to  full-lint1 
potential  above  earth,  and  the  low-tension  winding  will  be  raised 
to  ii  corrosj)oii(lin*i;lv  high  value.  If  the  three  terminals  of  the 
hi^h-tciision  win(lin«  arc  connected  to  the  line  and  one  line 
wire  bo  (Girthed,  the  resultant  potential  of  the  high-tension 
winding  will  be  r>8  per  cent,  of  the  line  voltage  above  earth, 
while  the  low  tension  will  he  5S  per  cent,  of  its  former  value  above 
earth. 

It  is  ovid(M\t  tliat  when  tlio  neuti-al  of  tho  high-tension  system 
is  unoavthod  tlx'iv  ai'o  several  possibilities  of  obtaining  a  high 
voltage  on  tlie  generator  windings,  viz.,  in  the  case  of  an  earth 
on  one  high-tonsion  wire,  or  in  the  case  of  the  switches  in  the 
three  phases  not  operating  simultaneously.  It  is  not  necessary 
that  a  line  wire  should  be  permanently  earthed  in  order  to  raise 
the  voltaic  on  the  low-tension  circuit,  as  a  discharge  over  a 
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li^lttnin^  anvst<M"  may  so  disturb  the  static  balance  of  the  system 
as  to  produce  a  high  potential  on  the  low-tension  winding. 

A  case  is  on  record  where  several  generators  in  parallel  wore 
su])p]vii)t>  a,  v(MT  high-voltage  line  through  step-up  transformers. 
The  niMit  nil  point  of  the  g(、nemtors  was  unearthed.  The  lightning 
a  nvsters  on  one  high-tension  phase  broke  down  and  the  generator 
windings  wr(、  ruised  to  a  hi^h  potential.  One  gontM-ator  broke 
down,  and  the  attendant,  seeing  smoke,  cut  it  off  the  bus-bars. 
A  second  mncliine  immediately  broke  down,  and  was  in  turn 
cut  off.  This  was  repeated  until  nearly  all  the  generators  in 
1  he  st.it  ion  、v(、，'o  broken  down.  The  attendant  then  cut  off 
tlu>  excitation.  Had  the  neutral  point  of  the  generators  or 
that  of  the  】iigh-t(msion  side  of  the  transformers  been  earthed, 
tli(、  trouble  could  not  have  occurred  in  the  generator  circuit. 
There  is,  however,  a  chance  of  similar  trouble  even  when  the 
high-tension  neutral  is  earthed,  provided  the  generator  neutral 
is  unoiii'thed.  This  occurs  when  the  insulation  between  the 
h\<y[\  and  low  tension  windings  of  the  transformer  breaks  down 
at  mi。  point.  The  low-tension  winding  then  assumes  th(、 
|M»tciitiiil  of  tlic  high-tension  winding  at  the  point  of  connection, 
and  a  breakdown  on  the  low-tension  system  is  almost  certain 
to  follow. 

With  electrolvtic  li^litnin^  aiicsters  it  is  necessary  to  connoct 
tlio  aluminium  plates  to  tlic  lines  at  frequent  intervals  in  order 
to  preserve  the  film  on  the  plates.  These  plates  have  a  high 
(小、 clrostatic  capacity,  and  a  considerable  charging  current  flows 
through  tlie  ;u'r('st(T  while  it  is  connected  to  the  line.  It  has 
been  found  on  one  system  that  wlien  the  arresters  are  bei»i^ 
cliargcd,  disturbances  are  set  up  on  the  system  and  breakdowns 
luive  (K'ruiml  on  secondary  circuits.  It  is  quite  possible  that 
this  trouble  is  due  to  the  static  unbalancing  of  the  high-tension 
circuits,  which  in  turn  raises  the  secondary  circuits  to  a  higli 
potential  above  earth. 

Where  it  is  considered  undesirable  to  have  a  direct  connection 
weon  low-tension  windings  and  earth,  a  spark-gap  may  be 
j)kced  in  the  circuit  and  set  to  break  clown  at  a  pressure  slightly 
above  the  normal  voltage  of  the  windinu  above  earth. 

Another  method  of  protecting  the  low-tension  system  in  tlio 
case  of  breakdown  between  the  windings  of  the  transformer 
is  the  use  of  earth  shields  between  piiniary  and  secondary  wind- 
ings. This  system  was  at  one  time  in  general  use  in  this  country, 
but  it  is  now  scarcely  evor  called  for.  The  objections  to  it  are  : 
(a)  Increased  transformer  cost  ；  (b)  increased  risk  of  trans- 
former breakdown  ；  (c)  no  protection  when  breakdown  is  be- 
tween leads  or  anywliere  except  between  transformer  coils  ； 
{d)  the  danger  that  earth  sliields  may  become  displaced  ；  (c)  tlie 
leads  collecting  earth  shields  to  core  may  be  broken  due  to 
vibration  or  to  settling  of  core  and  coils,  or  they  may  be  burned 
otT  due  to  lieavy  cluu^ina;  current  Avliicli  may  flow  over  them; 
(/)  part  of  eartli  shield  in  the  neiglibourhood  of  fault  may  be 
burned  away  and  leave  primary  and  secondary  windings  con- 
nected to^othoi-  with  no  earth  on  the  system. 

While  it  may  be  argued  that  many  of  these  difficulties  are 
due  to  defective  liiaiiufacture,  and  should  not  occur  provided 
proper  precautions  are  taken,  there  is  always  the  possibility 
that  they  may  occur,  and  the  practical  impossibility  of  inspecting 
the  earth  sliidds  after  the  coils  are  assembled  makes  it  almost 
impossible  to  dctennine  their  condition.  Thus  i，i  the  case  of 
generators  suj)pl\ ing  a  high-tension  transmission  line  tlirou^h 
traiisfornici-s,  it  is  liiuhly  desirable  to  earth  tlie  neutral  point 
of  the  lioiierutorH,  and  preferably  through  a  rather  low  resistance. 
If  it  is  not  desii-ed  to  connect  permanently  to  earth,  then  a  spark- 
gap  should  he  used  in  the  earth  connection. 

HlGH-VOLTACK  TRANSMISSION  CIRCUITS. 

Tho  arguments  in  favour  of  earthing  the  neutral  in  the  case 
ol  higli-volt;ig(、  transmission  circuits  arc  :  (a)  The  possibility  of 
cutting  off  the  circuit  in  case  of  an  accidental  earth  on  any  wire  ； 

(b)  leclucod  cost  of  ti-Hn.sfornicr.s  and  of  line  insulators  due  to 
limiting  the  voltage  above  earth  to  58  per  cent,  of  line  voltage  ； 

(c)  reduced  cost  and  closer  possible  setting  of  lightning  arresters  5 

(d)  the  possibility  of  using  the  earth  as  a  conductor  in  the  event 
of  one  line  wire  being  disabled.  This  requires  an  earth  at  both 
ends  of  tlie  lino.  The  argument  against  earthing  the  neutral 
is  that  an  earth  on  one  wire  makes  it  impossible  to  transmit  over 
the  circuit. 


(a)  Whether  thero  is  any  advantage  in  being  abl(、  to  cut  oil' 
； i,  circuit  in  the  event  <>f  ； in  «'artli  on  one  wire  depends  upon  tli" 
number  of  circuits  available.  In  g(、n(、ra】，  there  arc  seldom  iimic 
than  two  circuits  to  any  sub-station,  and  oltvn  tlxM-c  is  hut  (>m、， 
so  that  cases  may  oft(、n  :u'isr  、vli<"'(',  to  k('('p  up  the  supply,  it 
will  be  absolutely  necessary  to  operate  with  one  wire  earthed. 
This  method  of  operation  would  be  impossible  with  an  caithed 
neutral.  Also  an  earth  on  one  wire  is  not  likely  to  develop  int(» 
a  short  circuit  between  phases,  so  that  th("'。  is  no  particular 
need  for  cutting  ofl  the  <;irth(、（i  circuit. 

(b)  The  higher  the  voltage  of  the  transmission  the  greater 
will  be  tlie  saving  in  first  cost  made  by  insulating  t]"、  transformer 
for  58  per  cent,  of  the  line  voltage  and  by  using  line  insulators 
for  a  corresponding  voltage  ；  but  in  general  it  is  bad  practice 
to  adopt  this  expedient,  for  it  i»i;i  v  prove  impossible  to  operalc 
continuously  with  an  earthed  neutral,  due  to  disturbances  on 
iidjacent  telephone  circuits  wliicli  may  occui'  under  certain 
abnormal  conditions,  und  in  the  event  of  nn  <Niitli  on  one  win* 
it  may  be  essential  to  remove  the  neutral  connection  and  operate 
with  one  wire  earthed.  In  gen(T"l  it,  is  p。（>r  economy  to  cut 
down  insulation  on  citlicr  lines  or  transformers. 

(c)  If  the  system  m  ly  sometimes  be  operated  without  <'urtli('(l 
neutral  the  lightning  unvstcr  <'(|uipiru'nt  must  be  suitable  for 
this  condition,  so  that  there  is  no  saving  in  first  cost  ；  but  as 
long  as  the  system  is  op(、mtinu  properly  witli  (Girthed  neutnil 
the  arresters  may  certainly  be  set  for  lower  discharge  values 
than  when  tlio  system  is  unoji  rl  Im'<1. 

(d)  In  the  event  of  one  wire  on  an  earthed  system  going  to 
(、； u'tli,  it  would  still  be  possible  to  transmit  approximately  two- 
thirds  the  full  amount  of  power  over  the  two  remaining  wires, 
provided  the  neutral  points  at  both  ends  of  the  line  were  solidly 
earthed  and  gne  line  with  its  corresponding  transformers  cut 
out  of  circuit.  In  this  case  the  earth  would  carry  full-line  current, 
and  in  very  few  places  would  this  be  allowed  on  account  of  dis- 
turbances to  neighbouring  circuits. 

The  neutral  point  of  a  high-tension  system  can  be  obtained 
only  by  connrctiii^  tli''  liiuli-tcnsion  windings  of  the  transformers 
in  star,  or  by  the  use  of  an  ； uilo-transfonncr.  and  this  latter 
method  is  seldom  if  (―、 v('r  used.  If  the  high-tension  windings 
； ire  connected  in  star,  tlicn  damage  to  one  transformer  disables 
the  whole  group,  while  with  the  delta  connection  on  both  windings 
one  transformer  of  the  group  may  be  cut  out  and  approximately 
two-thirds  the  capacity  supplied  from  the  remaining  transformers. 
(This  does  not  hold  in  the  case  of  3 -phase  core-type  transformers, 
but  is  true  for  single-plia.se  and  3-phasc  shell-type  transformers.) 

The  conclusions  to  be  drawn  from  the  above  are  that  in  the 
great  majority  of  cases  continuity  of  service  will  demand  that 
tlie  system  be  operated  with  an  unearthed  neutral,  and  that  in 
general  the  transformers  yliould  be  connected  in  delta  on  both 
high-tonsion  and  low-tension  windings. 

Distribution  Circuits. 

When  it  comes  to  a  study  of  thv  question  of  low-tension 
distribution  circuits,  the  majority  of  the  arguments  pj'esented 
above  will  apply  h(T(、  also,  but  there  enters  one  other  consider; 卜 
tion,  i.e.,  the  danger  to  human  life.  If  the  neutral  point  of, 
say,  a  f)00 -volt  system  is  earthed,  then  tlie  maximum  potential 
above  eartli  which  any  point  of  the  system  can  reach  is  290  volts. 
If  the  system  is  supplied  from  a  oOO-volt  geneartor,  the  clift>】''ii( (' 
between  a  500- volt  and  a  290-volt  shock  may  mean  the  difference 
})etween  life  and  deatli,  or  it  may  not,  and  there  is  certainly 
greater  risk  of  shock  from  a  system  which  is  permanently  r;i  rtlicd 
than  from  one  which  is  earthed  only  occasionally.  Tlie  higher 
the  voltage  of  the  generator  the  less  will  be  the  value  of  the 
enrthed  neutral  in  preventing  (Linger  to  life  due  to  r('du(  ing  th(' 
voltage  to  earth. 

When  tho  distribution  circuits  iuv  supplied  tliroiii»h  stcp-dow  n 
transformers,  thero  is  always  the  possibility  that  the  low-tension 
(  iicuits  may  be  niiscd  to  a,  vn.v  hiuli  potential,  eitlioj-  through 
an  earth  on  one  wi iv  of  tlie  hi<>li-tcnsion  system,  or  through  a, 
connection  between  high  tension  and  low  tension  inside  the 
transformer.  In  the  former  case  there  is  a  great  dangc^r  to  low- 
tension  insulation,  and  in  the  latter  there  is  danger  to  life  as 
well  as  to  insulation.  Thus,  where  the  distribution  circuit  is 
supplied  direct  from  a  generator,  the  advantages  of  the  earthed 
neutral  are  the  ability  quickly  to  cut  off  a  defective  circuit  and 
11  possible  reductioti  in  riwk  to  life,  due  to  lower  niaximum  voltii^c 
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to  earth  :  but  where  the  circuit  is  supplied  through  stop-down 
transformers  from  a  high-voltage  line,  there  is  danger  to  life 
and  apparatus  if  the  neutral  is  unearthed.  Where  a  single- phaso 
circuit  is  supplied  from  a  single-phase  transfoniUM*,  the  low- 
tension  winding  should  be  earthed,  preferably  at  the  middle 
point  of  the  winding,  but  it  is  better  to  earth  one  line  wire  than 
to  lonvo  tl"、  system  unearthed. 

Conclusions. 

Generators. ― When  generators  supply  a  system  of  undor- 
ffround  cables,  the  neutral  should  be  earthed  through  a  resistance. 
This  makes  it  possible  to  isolate  a  cable  in  the  event  of  an  oai-th 
on  any  phase  before  such  an  earth  develops  into  a  short  circuit. 

AVIhmi  generators  supply  ovcrht.'ad  ciivuits,  it  is  a  question  of 
balancing  continuity  of  service  against  the  ability  to  cut  off  a 
feeder  in  iase  of  an  earth  upon  one  wire.  If  there  air  coinpar;.- 
tivelv  few  feeders,  and  these  of  la v*;o  rapacity,  each  caso 
must  be  considered  individually. 

Wlien  a  generator  supplies  transmission  linos  throuuh  stt'p-ii]) 
transformers,  the  neutral  should  always  bo  earthed  or  connected 
to  earth  through  a  spark-gap,  otherwise  the  generator  windinus 
may  be  raised  to  abnormally  high  potential  above  earth.  The 
neutral  may  be  earthed  direct,  though  a  comparatively  low 
resistance  will  usually  be  preferred. 

Iligh-roltaye  Ore r head  Transmission  Lines. 一 In  this  case  the 
number  of  circuits  supplying  any  particular  district  is  ordinarily 
very  small,  and  as  an  earth  on  any  one  wire  is  not  likely  to  develop 
into  a  short  circuit  between  phases,  considerations  of  continuity 
of  service  will  usually  determine  that  the  high-tension  system 
should  be  run  without  an  earthed  neutral  and  with  both  windings 
of  the  transformers  connected  in  delta. 

Distribution  Circuits. ― When  the  working  circuits  are  sup- 
plied direct  from  a  low -voltage  generator,  the  advantage  in 
earthing  the  neutral  is  the  possibility  of  cutting  oft'  immediately 
any  defective  feeder,  and  when  the  necessary  apparatus  is  pro- 
vided for  this  purpose  earthing  will  in  general  be  preferred. 
When  the  working  circuit  is  supplied  from  a  transformtM-  stepping 
d(»\vn  from  a  hiiili- voltage  line,  the  noutial  should  always  1"' 
earthed. 


REMOVAL  OF  PHOSPHORUS  BY  ELECTRIC  HEATING. 

BY  ALBERT  E.  GREKNE. 

Processes  for  the  removal  of  phosphorus  from  iron  or  steel 
are  steadily  assuming  greater  importance  in  view  of  the 
abundance  of  high  phosphorus  iron  ore  and  the  diniinisliin^ 
supply  of  pure  ore.  In  the  present  processes  of  removing 
phosphorus  by  the  basic  open-hearth  or  basic  Bessemer,  or 
even  by  electric  processes,  complete  control  over  the  metallu r 
gical  conditions  is  either  impossible  or  has  not  yet  been 
realised.  The  removal  of  phosphorus  has  so  long  been  accom- 
plished along  certain  well-defined  lines  that  when  the  electric 
furnace  made  its  appearance  metallurgists  adhered  to  the  same 
old  reactions  used  in  the  older  processes,  and  failed  to  appre- 
ciate and  take  advantage  of  the  new  forces  at  their  disposal. 
It  is  one  object  of  this  paper  to  set  forth  more  clearly  the 
metallurgical  reactions  by  which  phosphorus  can  be  removed 
from  iron  and  to  show  the  necessity  of  controlling  the  condi- 
tions and  particularly  the  temperature  by  means  other  than 
combustion  in  the  furnace  cliamber. 

Invariably,  the  connnercial  removal  of  phosphorus  has  been 
accomplished  by  oxidation.  The  reactions  involverl  in  oxida- 
tion of  pho-phorus  in  general  consist  first  of  the  formation  of 
P2Or>,  and  secoiul,  the  couibination  of  this  oxide  with  lime, 
forming  calciuin  phosphate  which  is  held  in  a  slag  high  in 
oxide  of  iron.  In  the  present-used  processes,  the  phosphorus 
is  never  removed  without  the  assistance  or  presence  of  con- 
siderable (jiiantities  of  oxide  of  iron.  The  oxygen  for  removal 
of  phosphorus  in  tlie  basic  open-hearth  process  comes  largely 
through  the  medium  of  oxide  of  iron  and  furnace  gases,  but 
not  from  lime,  and  the  lime  itself  cannot  prevent  the  reduc- 
tion of  phosphorus  back  into  the  metal  out  of  slags  from 
whicli  oxide  of  the  iron  is  largely  reduced,  and  likewise  in  th& 
basic  Bessemer  process,  although  here  the  oxygen  comes 
originally  from  air,  yet  oxide  of  iron  formed  in  the  blow  is 
tlie  essential  carrier  of  oxygen. 

*  Paper  presented  at  the  Cleveland  meeting  of  the  American  Institute  of 
Mining  Engineers- 


Among  the  more  important  metallurgical  conditions  which 
control  the  reactions  of  phosphorus  are  the  temperature,  the 
presence  of  oxidising  agents  or  reducing  agents,  or  both,  and 
the  intensity  of  the  resulting  oxidising  or  reclin  ing  conditions, 
or,  in  other  words,  the  equilibrium  conditions  governing  the 
reactions  involving  oxygen  :  the  influence  of  slags,  including 
tlie  influence  of  oxides  therein  having  affinity  for  oxide  of 
phosphorus,  or  other  phosphorus  coinpounds,  the  soluhilit v  in 
the  slag  of  surh  phosphorus  <  ompouii(ls，  the  presence  of  oxide 
of  like  chemical  nature  to  phosphorus  oxide  and  tending 
to  displace  it  ；  and  the  affinity  of  the  reduced  metal  for  phos- 
phorus. In  processes  where  the  heat  is  supplied  by  combus- 
tion it  is  not  possible  to  maintain  complete  control  over  all 
tlie  above  ('omlitions.  In  the  open-hearth  furnace  the  tem- 
perature is  maintained  by  combust  ion  of  gas  in  the  i'unia<  ;* 
rh amber,  and  the  atmosphere  is  oxidising  to  a  greater  or 
lesser  extent.  Any  control  over  the  reducing  conditions  in 
Jin  open-lieartli  furnace  must,  therefore,  come  from  reducing 
agents  in  the  metal,  and  very  limited  control,  if  a"y，ca"  be  had 
over  the  action  of  agents  such  as  silicon  or  dissolved  carbon. 
Since  oxide  of  iron  cannot  be  kept  from  forming  in  the  slag 
under  influence  of  the  furnace  atmosphere,  it  is  apparent  that 
the  silicon  or  rarbon  in  the  metal  are  the  agents  whicli  must 
b"  relied  upon  to  prevent  such  oxidation. 

To  hold  the  strongly-acid  oxide  of  phospliorus  in  the  slag 
requires  a  fluxing  agent,  such  as  lime,  having  a  strong  affinity 
for  phosphorus,  and  which  is  strongly  basic  in  chemical  nature. 
Calcium  phosphate  is  not  at  all  difficult  to  reduce,  however,  at 
a"  elevated  temperature  and  with  strong  reducing  agents, 
and  either  silicon  or  carbon  is  capable  of  reducing  it.  This 
statement  holds  true  even  though  the  carbon  or  silicon  be 
dissolved  in  iron,  although  the  intensity  of  the  reducing  action 
is  then  less,  possibly  owing  to  the  pullintj  (trfion  of  the  iron 
itself  on  these  reducing  elements.  The  temperature  may,  of 
course,  greatly  influence  the  action  on  the  slag  of  these  reduc- 
ing agents  contained  in  the  metal,  and  may  so  change  their 
affinity  for  oxygen  as  to  prevent  reduction  of  certain  oxides 
in  the  charge,  as  is  the  case  with  carbon  and  phosphorus. 

In  an  open-hearth  furnace  calcium  phosphate  will  ho 
reduced  from  tbe  slag  back  into  the  metal  when  the  conditions 
of  equilibrium  between  the  oxides  of  iron  in  the  slag  and  the 
reducing  agents  in  the  metal  are  such  as  to  reduce  the  amount 
of  iron  oxide  below  a  certain  limit.  Silicon  is  such  a  strong 
reducing  a^ent  that  practically  always,  except  in  certain  cases 
to  be  noted  later,  it  must  be  oxidised  out  of  the  metal  before 
the  phosphorus  is  attacked.  If  present  in  the  bath  it  reacts 
with  any  oxide  of  phosphorus  present  and  reduces  it.  The 
presence  of  large  amounts  of  silica  in  the  slag  or  lining  of  the 
vessel  is  ordinarily  detrimental  to  removal  of  phosphorus. 

The  influence  of  carbon,  the  other  important  reducing 
agent  in  the  metal,  is  largely  dependent  on  the  temperature, 
its  affinity  for  oxygen  being  less  than  that  of  phosphorus  at 
low  temperatures,  and  greater  at  temperatures  above  about 
1,540°  C.  Thus,  at  low  temperatures,  carbon  dissolved  in  the 
iron  is  not  a  strong  enough  reducing  agent  to  reduce  calcium 
phosphate  held  in  a  slag  high  in  oxide  of  iron,  but  at  higher 
tomperature^  it  is.  Thus,  either  by  means  of  silicon  or  by 
means  of  carbon  contained  in  the  metal,  or,  of  course,  by  solid 
carbon,  the  oxide  of  iron  in  the  slag  may  be  readily  reduced, 
and  when  such  reduction  proceeds  far  enough,  calcium  phos- 
phate is  also  reduced  and  the  phosphorus  goes  back  into  the 
metal. 

The  fact  that  at  low  temperatures  phosphorus  is  more 
easy  to  oxidise  out  of  the  metal  tlian  carbon,  is  the  basis 
of  several  modifications  of  the  open-hearth  process,  such 
as  the  Krupp  washing  process,  the  Bertrand-Thiel  process, 
&(、.  The  slight  differences  in  these  processes,  such  as  the 
heating  up  of  ore,  lime,  and  pig  iron  together,  or  the  pre- 
liminary heating  of  the  ore  and  lime  and  subsequent  use  of 
molten  pig  iron,  do  not  change  to  any  great  extent  the  final 
l  asult  as  to  the  method  of  removing  phosphorus.  The 
manner  of  carrying  out  this  oxidation  of  phosphorus  deter- 
mines the  degree  of  activity  and  frothiness  of  the  slag,  but 
essentially  the  reaction  is  the  formation  of  calrium  phos- 
phate in  the  presence  of  considerable  oxide  of  iron. 

In  the  operation  of  the  basic  Bessemer  process,  the 
chemical  reactions  involved  in  the  separation  of  phosphorus 
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are  in  reality  practically  the  same  as  those  in  the  open-hearth 
process.  In  the  Bessemer  process,  temp&rature  is  maintained 
by  combustion  as  in  th©  open  hearth,  the  combustible  mate- 
rials being  the  silicon,  phosphorus,  iron,  carbon,  &c.，  of  the 
charge,  and  also  these  are  burned  with  an  excess  of  oxygen 
to  produce  the  necessary  he".  Oxidation  of  the  phosphorus 
results  from  oxygen  of  air  primarily,  but  oxide  of  iron 
formed  from  the  air  acts  as  a  carrier  of  oxygen,  just  as  in 
the  open -hearth  process  the  slag  serve®  as  a  carrier  of  oxygen 
from  tliei  furnace  gases. 

A  large  proportion  of  the  heat  evolved  in  the  basic 
Bessemer  process  results  from  the  oxidation  of  phosphorus, 
but  it  has  been  found  that  a  certain  proportion  of  silicon  is 
necessary  in  the  pig  iron  to  produce  the  requisite  final  tem- 
perature. Silicon  is  oxidised  first,  together  with  iron,  and 
thereby  the  temperature  of  the  bath  is  raised  above  that 
known  as  the  critical  temp&rature  between  carbon  and  phos- 
phorus, and  above  this  critical  temperature  the  phosphorus 
is  not  removed  appreciably  until  after  both  the  silicon  ami 
the  carbon  are  largely  oxidised  out.  In  certain  cases  with 
low  silicon,  oxidation  of  phosphorus  takes  place  from  tlio 
early  part  of  the'  blow  simultaneously  with  that  of  carbon. 
This  is  what  would  he'  expected  if  the  temperature  were  held 
at  about  the  critical  point,  since  at  this  temperature  the 
oxidation  of  carbon  and  the  formation  of  calcium  phospliate 
take  place  with  equal  readiness. 

An  interesting  example  of  the  effect  of  metallic  redmiiig 
ag&nts  in  connection  with  the  basic  Bess&mer  process  is  the 
rephosphorisation  of  the  metal  on  the  addition  of  spiegel. 
The  spiegel  enters  the  metal  at  a  high  temperature  and 
through  a  slag  containing  considerable  quantities  of  calcium 
phosplaate.  At  an  elevated  temperature  both  silicon  and 
manganese  are  easier  to  oxidise  than  phosphorus,  and  these 
two  elements  tend  to  reduce  the  phosphorus  from  the  slag 
back  into  the  metal .  From  recent  experiments  ifc  has  been 
found  that  at  a  low  temperature  phosphorus,  on  the  contrary, 
is  more  easily  oxidisable  than  manganese  in  the  presence 
of  lime,  and  can  be  separated  as  calcium  phosphate  without 
the  oxidation  of  manganese. 

On  comparison  of  the  conditions  in  the  Bessemer  and 
open-hearth  processes,  it  is  seen  that  the  ooutrolling  factors 
in  the  separation  of  phosphorus  are  almost  identical.  Lime 
is,  of  course,  necessary  to  hold  the  phosphorus  in  the  slag. 
Combustion  is  the  source  of  heat,  and  iron  oxide  is  always 
present  and  usually  in  large  amounts  ；  silicon  oxidises  before 
phosphorus,  and  the  oxidation  of  carbon  before  or  after 
phosphorus  is  determined  by  the  temperature.  Lack  of 
complete  control  over  the  reactions  resulting  from  producing 
the  l^quisite  temperature  by  combustion  in  the  furnace 
chaniber,  emd  necessitating  loss  of  iron  as  oxide  in  the  phos- 
phate slag,  is  the  very  feature  which  electric  heating  can 
correct. 

The  electric  furnace  has  been  found  well  adapted  to 
removing  phosphorus  by  oxidation  in  the  old  way,  but  not 
commercially,  and  on  careful  consideration  it  is  difficult  to 
see  how  it  could  do  so  commercially  in  competition  with  the 
open  hearth.  The  process  of  removal  of  phosphorus  in  tlie 
Heroult  furnace,  for  example,  as  practised  by  th©  United 
States  St'&el  Corporation,  lias  been  to  charge  blown  steel  into 
the  furnace  and  melt  on  top  of  it  a  slag  of  lime  and  iron 
oxide.  The  reactions  ar©  identical  with  those'  in  a  basic 
open  hearth.  And  in  spit©  of  the  fact  that  tlie  temperature 
can  be  maintaiued  high,  the  removal  of  phosphorus  in  a 
large  furnaoe  takes  anywhere  from  20  minutes  to  1^  hours, 
according  to  the  amount  of  phosphorus  removed.  After  tlie 
phosphorus  is  separated  in  a  slag  high  in  oxide  of  iron,  that 
slag  has  to  be  removed  in  order  that  the  bad  effects  of  the 
oxides  contain^.!  therein  on  the  ste&l  may  be  remedied.  Tt 
is  certainly  difficult  to  see1  wherein  lie's  the  advantage  of 
using  costly  electrical  energy,  electrodes,  &c.，  to  do  the  same 
thing  that  is  done  with  cheaper  fuel  lieating  in  a  basic  op&n 
hearth.  And  this  is  gradually  becoming  realised.  Afier 
removing  this  first  slag,  it  is  replaced  by  a  reducing 
slag  to  remove  tlw  oxygen  from  the  metal.  Here  metal- 
lurgists have  gone  to  the  other  extreme  ；  they  have  aimed  at 
and  obtained  the  strongest  reducing  conditions  possible  by 
use  of  solid  carbon  and  high  temperatures.  They  have  used  as 
a  measure  of  th©  intensity  of  such  reducing  oonditions  the 


formation  of  carbide  in  the  slag,  and  these  conditions  are  such 
as  will  readily  reduce  phosphorus)  compounds  in  the  slag. 

One  method  of  avoiding  two  slags  was  proposed  and  tried 
out.  It  consisted  in  the  use  of  a  solid  reducing  agent,  such  as 
fine  coke,  added  to  the  oxidising  slag  after  the  phosphorus 
had  been  taken  up  by  that  slag.  The  object  of  this  was  to 
reduce  the  iron-oxide  of  the  slag  and  leave  the  phosphorus  as 
calcium  phosphide.  The  results  of  the  tests  on  this  process 
indicated  that  the  use  of  a  solid  reducing  agent  at  the  elevated 
temperatures  necessary  in  a  steel  furnace  not  only  reduces 
the  iron,  but  also  the  phosphorus,  and  th-e  latter  goes  back 
into  tlie  metal.  No  other  result  could  have  b&en  expected . 
The  explanation  of  the  above  reaction  is  simply  that  solid 
carbon  has  a  stronger  affinity  for  oxygen  than  has  phosphorus 
at  the  temperature  of  molten  ste&l  in  an  electric  furnaoe,  even 
though  tlie  pliasphorus  be  oombiriied  with  lime  as  calcium 
phosphate.  In  other  words,  the  reducing  oonditions  acting 
on  the  slag  are  so  strongly  reducing  that  phosphorus  goes  back 
into  the  metal . 

High  phosphorus  iron  ore  has  been  partially  reduced  in 
the  presence  of  lime  without  practically  any  of  the  phosphorus 
entering  the  metal,  the  phosphorus  being  retained  in  a  slag 
very  high  in  oxide  of  iron.  Such  reduction  of  iron  and  separa- 
tion from  phosphorus  has  been  carried  out  in  an  electric 
furnace  by  using  insufficient  carbon  to  completely  reduce  tlie 
ore,  since  solid  carbon,  if  present,  will  of  course  reduce  the 
calcium  and  iron  phosphates  at  the  elevated  temperature 
maintained.  The  action  here  of  solid  carbon  is  similar  to  that 
in  a  blastfurnace,  wlier©  the  presence  of  an  excess  of  solid 
carbon  causes  reduction  of  oxide  of  phosphorus  and  phos- 
phorus is  found  in  tlie  metal .  In  an  electric  ore  reduction 
furnaoe,  even  with  a  basic  lining,  excess  of  ookei  will  produce 
the  same  result,  and  the  presence  of  lime  does  not  overcome 
this  effect.  On  the  other  hand,  in  an  'electric  reduction 
furnace,  wlien  the  carbon-reducing  agent  is  limited,  the  phos- 
phorus does  exactly  what  it  does  in  an  open-hearth.  These 
facts  show  why  it  is  not  possible  to  reduce  iron  from  the  first 
slag  in  the  Heroult  steel  refining  furnace  by  use  of  coke  with- 
out reducing  phosphorus  back  inio  the  metal . 

It  is  a  fact  that  at  an  elevated  temperature  oxide  of  iron  is 
more  easily  reduced  than  calcium  phosphate,  and  it  is  evident 
that  if  the  proper  intensity  of  reducing  oonditions  be  main- 
tained at  the  elevated  temperature,  oxide  of  iron  may  be  com- 
pletely reduced  without  reduction  of  calcium  phosphate. 
Such  conditions  are  obtainable  by  use  of  a  gaseous  reducing 
agent,  such  as  ordinary  producer  gas,  meanwhile  maintaining 
the  temp&rature  electrically. 

The  various  reactions  of  pliosphorus  associated  wit  li  iron 
may  be  summarised  as  follows  : — 

At  temperatures  under  1,450°  C.，  phosphorus  in  pig  iron 
has  greater  affinity  for  oxygen  than  has  tli©  carbon  in  the  pig 
iron,  but  less  affinity  for  oxygen  than  solid  carbon  in  the 
pre&ence  of  pig  iron. 

At  temperatures  above  1,450°  C,  the  affinity  of  the  carbon 
dissolved  in  iron  for  oxygen  becomes  greater  than  the  affinity 
of  phosphorus  in  the  iron,  and  the  dissolved  carbon  can  reduce 
calcium  phosphate  in  the  slag  ；  of  course,  solid  carbon  can  do 
this  also. 

Phosphorus  oxidises  in  presence  of  lime  and  iron  oxide  to 
calcium  phosphate,  in  absence  of  silicon  or  solid  carbon. 

Silicon  reduces  calcium  phosphate  nearly  always,  but  there 
may  be  a  range  of  temperature  under  1,450°  where  pliosphorus 
oxidises  to  calcium  phosphate  more  easily  than  silicon  to 
calcium  silicate. 

Solid  carbon  will  reduce  calcium  pliosphatei  contained  in  a 
slag  or  bath  of  iron  and  phosphorus  will  go  into  the  metal. 

Calcium  phosphate  can  form  without  oxidation  of  iron  in 
presenoe  of  carbon  dissolved  in  pig  iron  at  low  temperature. 

Calcium  phosphate  can  form  without  oxidation  of  iron  in 
the  absence  of  carbon  and  silicon  at  high  temperatures,  in 
other  words,  above  1,450°  C. 

Ox  id©  of  iron  can  be  reduced  without  reduction  of  calcium 
phosphate  contained  in  tlie  same  slag. 

Solid  carbon  is  a  stronger  reducing  agent  than  carbon  dis- 
solved in  the  iron,  probably  because  of  the  affinity  of  the 
metal  for  carbon. 

It  is  appar&nt  that  in  all  of  tho  present  processes  the  com- 
plete control  of  at  least  one  important  factor  is  either  lacking 
or  has  not  been  utilised.    In  tlie  open-hearth  process  it  is  the 
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control  of  the  reducing  conditions  that  is  limited,  and  likewise 
in  the  Bessemer  process  ；  but  in  this  latter  process  the  control 
is  further  limited  by  the  necessity  of  raising  the  temperature 
by  oxidation  of  elements  in  the  charge  itself.  In  the  electric 
furnace,  however,  where  heat  can  be  produced  independently 
of  combustion  or  chemical  reaction,  this  important  factor ― 
namely,  int-ensitv  of  reducing  conditions ~ can  be  controlled  at 
will  and  with  ease.  Up  to  the  present  time  this  fact  appears 
not  to  have  been  appreciated  by  metallurgists,  judging  by 
present  methods.  It.  is  in  the  complete  control  of  the  reduc- 
ing conditions  that  important  possibilities  of  electric  heating 
lie,  and  as  this  fact  becomes  more  generally  recognised  and 
used  it  is  probable  that  some  method  wil】  be  devised  for 
measuring  the  intensity  of  reducing  conditions  or  equilibrium 
conditions.  Since  the  intensity  of  reducing  conditions  is  the 
reverse  of  the  intensity  of  the  oxidising  conditions,  the  term 
oxvgen  pressure  may  find  use  as  a  measure  of  them . 

Among  the  reactions  mad©  possible  by  control  of  the 
reducing  conditions  and  t&mperature  simultaneously,  is  the 
reduction  of  oxide  of  iron  from  a  slag  containing  calcium 
phosphate  without  reduction  of  the  phosphorus  contained 
therein.  Naturally,  the  origin  of  the  phosphorus  containing 
slag  or  charge  is  immaterial  ；  it  may  be  raw  ore  containing 
phosphorus,  or  it  may  be  a  slag  in  which  some  of  the  original 
oxide  of  iron  served  to  provide  the  oxygen  for  combination 
with  phosphorus,  the  oxide  of  phosphorus  subsequently  com- 
bining with  lime  to  form  phosphate.  Or  the  reducing  con- 
ditions may  be  so  controlling  as  merely  to  prevent  oxidation  of 
iron,  which,  at  the  same  time,  causes  phosphorus  to  oxidise 
and  combine  with  lime. 

In  the  writer's  experiments  along  this  line  it  has  been 
found  that  at  temperatures  below  about  1 ,400°  the  phosphorus 
was  easier  to  oxidiss  than  carbon  from  pig  iron.  And  it  was 
found  that  the  phosphorus  could  be  oxidised  in  the  presence 
of  lime  without  any  resultant  oxidation  of  iron  and  with 
practically  no  oxidation  of  carbon  ；  that  phosphorus  could  b© 
oxidised  in  the  presence  of  lime  without  oxidation  of  manga- 
nese; and  a  very  interesting  further  observation  was  made, 
namely,  that  at  certain  temperatures  between  the  melting 
point  of  pig  iron  and  about  1,350°  C.，  phosphorus  oxidised  in 
certain  cases  in  the  presence  of  lime  without  any  appreciable 
oxidation  of  silicon.  This  would  indicate  a  reversal  of  oxygon 
affinity  of  these  elements ~ phosphorus  and  silicon  in  pig  iron 
in  presence  of  lime. 

A  fusible  slag  results  from  proper  proportions  of  acid  and 
basic  radicals.  It  has  been  found  that  the  silica  content  in 
the  slag  may  be  as  high  as  30  per  cent,  without  apparently 
hindering  the  removal  of  phosphorus.  Phosphorus  was 
separated  in.  slags  containing  this  amount  of  silica  and  yet 
practically  no  iron  oxide  was  present  in  that  slag.  This  points 
to  the  possibility  of  a  low-melting  point  slag  for  holding 
phosphorus. 

The  reduction  of  oxide  of  iron  from  a  charge  or  slag  con- 
taining phosphorus  as  calcium  phosphate,  without  reduction 
of  the  latter,  requires  essentially  the  same  control  of  the  con- 
ditions as  does  the  selective  oxidation  of  phosphorus  in 
presence  of  lime,  forming  calcium  phosphate  without  oxida- 
tion of  iron.  Electric  heating  is  the  only  practical  way  of 
accomplishing  such  control. 

It  is  not  to  be  doubted  that  metallurgists  will  very  soon 
appreciate  the  distinction  between  various  degrees  of  oxidation 
and  reduction,  where  they  have  not  already  done  so,  since 
in  so  many  cases  undesirecl  elements  can  be  separated  from 
metals  by  oxidation  of  the  impurity  and  reduction  of  the 
metal.  When  this  becomes  generally  appreciated  it  is  prophe- 
sied that  electric  heating  will  come  into  use  to  an  extent  that 
is  now  hardly  thought  possible. 


Automobile  Engineers'  Visit  to  the  United  States. ―  The  invita- 
tion of  the  American  Society  of  Automobile  Engineers  to 
the  Institution  of  Automobile  Engineers  to  visit  the  United 
States  in  the  spring  of  next  year  has  now  been  extended  to 
members  of  the  Society  of  Motor  Manufacturers  and  Traders, 
Ltd.,  and  has  been  accepted  by  them .  A  joint  committee  of 
the  two  English  bodies  is  at  work  on  tlie  preparation  of  the 
programme.  A  number  of  automobile  factories  will  be 
visited,  together  with  works  producing  steel  springs,  tyres, 
carriage  work,  and  other  details  of  the  automobile. 


COMBINED  TURBINE  AND  OIL  ENGINE  PLANT  FOR  SHIP 
PROPULSION. 

In  the  subject  of  ship  propulsion,  prominence  is  given  to  the 
obtaining  of  as  much  power  as  possible  without  undue  weight, 
with  the  result  that  various  combinations  of  driving  means 
have  been  proposed .  In  one  combination,  turbines  and  inter- 
nal-combustion engines  of  the  Diesel  type  are  used  with  means 
for  enabling  the  same  to  be  used  alternately  for  liigli  and  low 
speeds  resqoectively.  In  this  combination  the  turbine  rotors 
always  rotate  with  the  propeller  sliat'ting  irrespective  of 
whetlier  the  drive  be  effe<:ted  by  the  internal-comhustiou 
engine  or  turbine  plant,  the  stators  of  the  turbine  rotors  in 
the  former  case  remaining  connected  up  to  the  condpns^r. 
Now  in  practice  it  is  found  that  the  power  actually  ab.^rbed 
by  the  turbine  plant  without  contributing  direct ly  to  propul- 
sion, even  at  low  speeds,  is  appreciable. 

With  a  view  to  decreasing  this  loss,  Messrs.  John  T. 
Thornycroft  k  Co.,  Ltd.,  Wooiston  Works,  Woolston,  1 1  ants, 
propose  in  a  recent  patent  to  utilise  the  exhaust  products  of 
combustion  from  the  internal-conibustion  engine  plant  in  a 
boiler  adapted  for  dealing  with  gases  which  are  comparatively 


Comrinkd  Turbine  and  Oil  Engine  Plant  for  Ship  Propulsion. 

low  in  temperature  and  to  direct  the  steam  thus  generated 
into  the  turbine  plant,  where  it  will  perform  the  useful  ser- 
vice, even  if  at  low  pressure,  of  enabling  a  vacuum  to  be  main- 
tained in  the  turbines  by  the  ordinary  air  pumps,  which  is. 
not  possible  if  no  steam  be  delivered  into  the  turbines  owing 
to  the  air  leakage  that  usually  takes  place  rendering  it  impos- 
sible to  maintain  a  satisfactory  vacuum  in  the  turbines.  Any 
steam  produced  in  excess  of  that  necessary  for  the  purpose 
just  mentioned  can  be  used  to  drive  the  air  pumps  and  any 
other  auxiliaries  direct.  Any  further  steam  that  may  be  avail- 
able can  be  delivered  into  the  turbine,  where  it  will  do  work 
and  assist  in  driving-  the  rotor  therein  and  propelling  the  ship. 
Ia  this  way,  heat  units  formerly  wasted  can,  it  is  claimed, 
advantageously  be  used  to  maintain  a  vacuum  in  the  turbines, 
and  also  it  may  be  to  assist  propulsion,  and  thus  compensate 
indirectly  as  well  as  directly  for  the  power  heretofore  absorbed 
in  the  turbines. 

The  arrangement  is  illustraied  in  the  accompanying  draw- 
ing, which  shows,  in  elevation,  a  branch  pipe  A  leading  from 
near  on©  end  of  the  exhaust  receiver  B  of  the  Diesel  engine 
C  connected  to  a  steam  generator  D  of  any  suitable  type 
adapted  to  utilise  the  heat  of  the  hot  exhaust  products  of  com - 
bustion  from  the  engine  for  generating  steam,  which  is 
admitted  to  the  turbines,  for  use  therein  fcr  the  purpose  men- 
tioned ； any  steam  in  excess  may  be  used  in  the  engine  driving 
the  air  pumps  or  other  auxiliaries. 


Cadmium. ~ -Practically  ail  cadmium  produced  is  obtained 
as  a  by-product  in  zinc  smelting,  as  it  is  found  associated  with 


zinc  ores. 
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THE  ECONOMIC  USE  OF  LUBRICATING  OILS.- 

I1Y  DAVID  A.  (  OREY. 

Thk  hinder  and  more  exacting  t  In-  service  required,  the  more  the 
attention  which  should  be  given  to  the  subject  of  lubric;ition. 
This  applies  not  only  to  tlic  selection  of  oils  suitable  for  the  various 
r(M|uircin(Mits,  but  (\u\tc  as  mucli  to  a  [nopcr  riu、tli()(l  of  storing. 
(liwi)(、nsing.  and  otlicrwisc  (  a ring  for  and  consorvin<»  the  materials 
|)urcli;i8(4(l.  Oil  costs  money  ；  it  is  an  important  fnctor  in  th(i 
siK'ccssful  operation  of  ma('hin(、rv.  The  lack  of  oil  01  failure  to 
properly  care  for  tho  oil  in  use  is  ;i  serious  matter  and  is,  perlia ps, 
more  than  any  other  one  thing  the  cause  of  failure  to  secure 
maximum  efficiency  in  machine  operation  ；  and  that  loss  costs 
more  money.  This  applies  with  equal  force  to  the  ]k>\v<m'  house, 
to  the  machine  shop,  to  transmission  machinery,  nnd  to  tin1  pro- 
ducing machinery. 

The  selection  of  oils  for  the  many  retjuirements  of  a  manufac- 
turing plant  is  a  matter  which  is  worthy  of  many  expert  and 
practical  tests  to  dotormino  what  lubricants  a vv  best  for  high, 
medium,  and  low  speeds,  for  light  ； m(l  heavy  journal  hearings. 
&c.  It  is  generally  conceded  that  such  tests  ； uv  the  only  true 
】n(、a.ns  of  dofinitclv  d('t(i'minhig  wliat  oils  render  the  best  service 
under  different  conditions.  Reliable  oil  manufa,cturcrs  aw 
prepared  to  submit  tlic  results  of  such  tests  and,  for  fixed  ； ind 
definite  service,  to  guarantee  results. 

To  make  the  saving  and  low  costs  of  oils  otfoctivc  to  the  highest 
(leo'ivr,  it  is  necessary,  uliw  tlu*  selection  of  oils  h;ts  hvvn  mndc.  to 
provide  suitable  means  for  properl)'  storing  and  issuing  tli('m. 
The  common  plan  of  keeping  oil  in  barrels  is  especially  wasteful. 
It  lias  been  well  said  that  barrels  ； ire  for  transportation,  not  for 
storage  purposes.  The  loss  by  seepage,  evaporation,  absorption, 
non-drainage  of  barrels,  and  from  faucets  would  be  uppallin«>  if 
realised  by  the  men  who  pay  the  bills.  Practical  tests  in  manufat  - 
turing  plants  by  engineers  who  are  constantly  studying  this 
subject  show  actual  losses  in  lubricating  oils  of  from  ~>  to  25  per 
cent.,  or  2  to  12  gallons  per  bunvl  of  an  iivora^c  ca])aci( y  of  50 
gallons. 

An  important  pliase  in  oil  and  niiinufacturin^  ccoiioin v,  when 
the  character  of  macliincrv  rend(M*s  possible  the  necessary  ("piij)- 
ment,  is  the  re-use  of  oil.  To  ro-uso  oil  it  must  iicccssitrily  li;iv'' 
all  impurities  that  will  cause  damage  removed.  In  many  plants 
tlio  oil  used  is  caught  and  again  used  on  rough  work,  wIhmc  the 
impurities  will  do  no  appreciable  damage.  It  may  seem  that  in 
such  cases  the  loss  has  been  well  guarded  against,  and  that  any 
further  saving  would  be  too  small  to  justify  an  investment  or  the 
spending  of  much  time  in  its  consideration  ；  but  lubrication 
economy  means  vastly  more  than  the  first  cost,  for  the  lubricant 
supplied  may  be  entirely  used  up  in  service  with  virtually  no 
waste  or  "  drips,"  but  this  is  not  economical  lubrication.  Practice 
has  demonstrated  that  there  is  always  another  item  of  expense 
besides  the  oil  cost,  and  that  is  the  cost  of  repairs  or  renewals  due 
to  injury  arising  from  too  scant  lubrication,  and  this  practice  has 
coined  the  expression.  "  sufficient  lubrication/'  This  term  is 
wholly  inadequate  and  misleading,  for  as  commonly  used  it  moans 
only  enough  lubrication  to  prevent  injury  to  the  journal.  It  in  no 
way  measures  the  economy  of  lubrication,  but  rather  defines  the 
limit  of  loss  that  is  endurable  without  destroying'  the  journal. 

In  modern  practice  the  so-called  "  sufficient  "  lubrication  is  no 
longer  considered  adequate  ；  flooded  journals  are  demanded  and 
the  highest  economy  requires  the  re-use  of  oil.  No  half-way 
provision  is  tenable,  and  if  oil  is  to  be  re-used,  there  is  no  object 
whatever  in  restricting  its  use.  Oil  losses  are  due  to  destructive 
distillation  at  the  journal.  A  greater  quantity  of  oil  produces  less 
friction,  therefore  less  heat  and  less  distillation  loss.  The  friction 
losses  arc  governed  to  a  very  large  extent  by  the  quantity  fed. 

To  secure  satisfactory  service  in  re-using  oil  it  must  be  thor- 
oughly cleansed.  Old  oil  is  not  different  from  new  if  the  impuri- 
ti(ks  be  removed.  Petroleum  oils  never  wear  out,  any  more  than 
\v;itcr,  but  the  lighter  j)rop(M'ti(\s  en n  be  lost  by  distillation,  which 
may  occur  at  the  temperature  of  an  improperly  lubricated  journal, 
and  to  avoid  this,  it  is  necessary  to  keep  journal  temperatures 
low,  or  in  otlici'  wmds,  to  reduce  friction  by  the  use  of  laruv 
(jiianl  itics  of  oil.  Tho  rc-us(*  of  oil  is  now  common  in  nearly  ('、'("■、' 
factory,  by  means  of  rin^-oilcd  hearings.    Nobody  looks  upon 
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this  as  much  of  a  hazard,  but  if  tlio  dirty  oil  were  taken  out  of  the 
ring-oiled  bearing  and  put  into  an  oil  cup  on  some  other  machine 
it  would  be  looked  upon  as  unwise  and  dangerous.  As  a  matter  of 
fact  it  would  be  both. 

In  the  case  of  ring-oiled  bearings,  "s  tho  impurities  incmisc  in 
quantity  tlioy  retard  the  flow  of  oil  ；  and  if  the  oil  is  not  drawn 
off  and  the  bearings  cleansed  out  it  will  cause  serious  c-iitt-in<r 
of  the  journals.  This  cutting  may  not  be  wry  plainly  manifested, 
in  fact  the  operator  is  more  than  likely  to  tliink  that  he  has  no 
trouble  with  his  ring-oiled  bearings.  Furthermore,  he  may  look 
upon  the  excessive  wear  ； is  natural  wear,  while  in  fact  it  is  duo 
entirely  to  dirty  oil,  and  consc(|ucnt  inability  to  keep  the  jotnnal 
faces  the  necessary  distance  away  from  each  other  to  permit 
the  impurities  to  freely  pass  between.  The  highest  lubricitii)^ 
efficiency,  therefore,  (j(、man(Ls  chvin  oil  as  w、ell  as  the  large 
((uantitv. 

Tlic  Inssrs  duo  to  fault v  lubriciition  arc  far  »reatcr  than  i»rc 
gcnenilly  recognised.  In  the  pmv("'  plant  tho  friction  (and 
consequent  fuel)  loss  is  a  conspicuous  itom.  To  roducc  this 
loss  mucli  oil  must  be  used,  and  tlio  amount  of  oil  used  will  (】（、t('r- 
mine  the  saving  (jos.sible  in  fuel.  The  .saving  possible  in-  tho 
engine  room  is  frequently  of  such  mugnitudc  f  lint  an  invcstnirnt 
(Mjual  to  11"、  yearly  coal  cost  would  \w  justified,  hut  ； is  ； i  nuittcr 
of  fact,  only  about  one-tenth  this  amount  is  necessary  U>  g'  t 
the  host  possible  results. 

( )rdinarily,  200  times  as  much  oil  can  be  fed  uj)on 
tho  journals  of  an  online  as  would  bo  tho  minimum  amount 
possible.    Tho  chart  (Fi< ；.  1 )  shows  the  difTorcnt  savings  when 


feeding  different  quantities,  and  when  the  total  maximum  saving 
is  ~>  per  cent.  For  instance,  if  five  gallons  per  hour  be  circulated, 
the  saving  would  be  2\  per  cent.  ；  if  20  gallons  an  hour  be 
circulated  it  would  effect  a  saving  of  5  per  cent.,  an  amount  which 
is  invariably  possible.  The  amount  of  oil  shown  in  the  chart 
would  be  that  required  for  a  750  h.p.  engine.  The  use  of  stream- 
fed,  well-filtered  oil  is  always  possible  and  profitable  in  any  engine 
room,  paying  ordinarily  from  ."30  to  100  per  cent,  yearly  return  on 
the  investment.  • 

William  L.  Morris,  in  an  article  in  the  "Engineeiing  Magazine," 
April,  1912,  entitled,  "  Oiling  Systems  that  Pay  100  per  cent. 
Dividends,"  says  :  "  An  oiling  system  that  will  reduce  friction 
5  per  cent.,  will  effect  savings  in  one  year's  time  sufficient  to 
pay  the  entire  cost  of  installation,  and  if  run.  24  hours 
a  day  it  will  effect  even  more.  To  secure  the  ultimate  savings 
possible,  it  is  necessary  that  the  system  be  exceedingly  large  in 
all  its  provisions,  and  that  it  can  be  easily  kept  clean.  It  should 
be  possible  to  clean  all  parts  of  the  system  while  it  is  in  service  ； 
men  will  not  work  overtime  if  they  can  avoid  it,  the  result  being 
that  cleaning  would  be  neglected.  A  100  per  cent,  system  cannot 
be  obtained  with  less  than  2  sq.  ft.  of  filtering  surface 
for  each  gallon  of  oil  filtered  per  hour,  and  the  capacity  should 
be  not  less  than  200  times  what  would  be  possible  with 
a  minimum  hand  feed.  The  percentage  value  of  a  system  closely 
approximates  the  amount  of  surface  furnished  and,  in  common 
with  all  machinery,  the  price  does  not  increase  as  much  as 
indicated  by  the  quantity.  If  ； in  engine  room  be  supplied  with 
a  small  system  having  10  sq.  ft.  of  surface  wlien  it  should  have 
100  sq.  ft.  1  hero  will  bo  a  constant  yoarlv  loss  of  ninc-tentlis  the 
value  of  tlic  larger  100  per  cent,  system. " 
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Oiling  systems  and  ring-oiled  bearings  have  come  into  use 
during  the  life  of  the  present  operators  and  have  met  with  opposi- 
tion from  the  start.  The  first  obstacle  was  the  general  prejudice 
against  re-using  oil  ；  and  following  this  was  the  reluctance  of 
manufacturers  to  make  up  new  patterns  suitable  for  the  re-use 
of  oil.  Bearings  for  line  shafts  were  first  arranged  for  grease, 
then  for  wick  or  capillary  oiling,  and  now  the  use  of  ring,  chain, 
or  collar  oiling  is  quite  general  throughout  the  factory.  Tlx1 
jreneral  tendency  in  the  matter  of  oiling  shafting  is  correct,  as  all 
general  tendencies  are  bound  to  be.  Light  oils  in  abundance  ar。 
the  friction  savers  and  savers  of  machinery,  and  to  make  this 
svstem  a  perfect  success  it  is  necessary  to  eliminate  as  far  a,s 
possible  the  re-use  of  dirty  oil.  The  continuous  circulation  of 
a  very  large  quantity  of  clean  light  oil  is  the  last  word  in  lubrica- 
tion ； it  assures  the  greatest  benefits  possible  and  at  a  cost  not 
irreater,  and  in  most  cases  much  less,  than  the  poorest  lubrication 
that  will  barely  keep  the  journals  from  destruction.  These  facts 
being  fully  appreciated,  it  is  then  wholly  a  matter  of  application. 

It  may  occur  to  the  power  user  that  since  his  machinery 
has  not  been  equipped  for  stream-fed  lubrication,  it  would  not 
pay  in  his  case  to  arrange  for  such.  It  is  doubtful  if  there  are 
anv  such  hopeless  cases.  If  the  best  practice  is  not  obtainable, 
at  least  a  far  more  efficient  system  may  be  employed  than  the 
existing  scant  or  drop-feed  oiling,  or  the  re-use  of  dirty  oil.  The 
physical  conditions  of  the  plant  must  determine  just  how  perfect 
a  system  can  be  employed.  The  bearing  shown  in  Fig.  2  is  one 
especially  suited  for  stream  feed  and  drips  drained  away,  this 
permitting  the  】iighest  possible  grade  of  lubrication.  The  oil 
runs  off  the  bearing  and  cannot  be  returned  to  it  until  it  has 
passed  through  a  filter,  and  such  impurities  as  、vould  injure  the 
journal  removed.  The  collars  on  the  end  of  the  journal  prevent 
the  oil  creeping  along  the  shaft.  This  form  is  as  safe  against 
shut  down  as  any  system  that  can  be  devised. 

Another  method  of  increasing  the  efficiency  of  ring,  collar, 
or  chain-oiled  bearings  is  to  occasionally  wash  out  the  bearings 
and  supply  them  with  clean  oil.  This  is  more  troublesome  and 
not  so  efficient  as  the  piped  system  shown  in  Fig.  2，  but  it  is 
probably  the  most  efficient  arrangement  used  at  present  for 
shafting,  motors  and  the  like.  The  great  objection  to  this  method 
is  that  little  attention  i.s  givf'ii  to  a  journal  after  it  】ias  been  filled 
with  oil.  Possibly  once  a  month  a  little  more  oil  is  poured  into 
the  oil  receptacle,  and  nobody  ever  thinks  of  cleaning  it  out. 
This  is  the  use  of  dirty  oil  in  its  worst  form.  There  is  enough 
oil  in  the  journal  to  keep  it  from  melting  out  tlic  babbitt,  and 
that  is  about  all  that  can  be  said. 

By  observation  and  comparison  of  the  power  recjuired  to 
drive  a  line  of  shafting  and  the  idle  running  machines,  first  with 
clean  and  then  with  dirty  oil,  and  knowing  the  length  of  time 
this  loss  was  endured,  it  can  be  readily  determined  whether  it 
pays  to  change  oil  every  month,  or  oftener.  If  the  saving  in 
power  alone  is  equal  to  the  labour  cost  it  would  be  justified,  a's 
all  other  savings  would  be  clear  gain.  But  for  heavily  loaded, 
troublesome  bearings,  flooded  】uferication  should  be  provided. 
If  they  cannot  be  connected  to  a  central  oiling  system,  then 
provide  an  individual  system  with  possibly  a  rotary  pump  run 
by  the  machine.  The  re-use  of  a  large  quantity  of  oil  is  imperative 
wherever  friction  is  at  all  noticeable,  and  it  is  safe  to  assume 
that  some  satisfactory  arrangement  can  be  provided.  Hot  or 
troublesome  bearings  are  positive  indications  of  careless  of  in- 
different regard  to  operation  economy.  The  application  of 
grease,  graphite  and  the  like  may  aid,  but  it  cannot  eliminate  the 
lubrication  loss.  Wlierever  grease  is  essential  for  operation 
look  closely  for  something  wrong.  Flooded  journals  will  stand 
virtually  any  setvice  to  be  met  in  ordinary  factory  service,  and 
to  provide  flooded  journals  we  must  use  the  same  oil  over  and 
over  ；  there  is  no  alternative. 

But  little  has  bf^n  said  in  regard  to  the  machines  in  tlie 
fi^  tory.  If  tlx-  boaiings  be  small,  requiring  but  little  oil,  and 
1",  provisif>n  lias  been  made  for  flooded  lubrication,  it  is  safe 
；〃" ic'allv  to  assume  that  the  economies  to  be  derived  will  not 
juntify  tho  ('Xf)ons('  und  complications  which  would  be  met,  but 
in  securing  new  ('(juipniont  an  effort  should  be  made  to  have 
Btream-fed  oi*  ring-oiled  bearings.  In  many  cases  the  hand 
oiler  must  continue,  and  it  must,  in  fact,  be  conceded  that  in 
th#»  tfxtih'  mill  t  lie  ronditions  are  such  as  to  make  t  his  met  hod 
neccHfjary,  but  many  special  devices  for  safely  storing  and  handling 


have  been  designed  a«  the  basis  for  con.sorviiiir  the  oils,  to  mininiiso 
the  cost  and  assuro  ease  and  accuracy  in  liaiidlin^,  to  preserve 
the  quality,  to  keep  the  oil  free  from  dust  and  lint  and  to  reduce 
the  fire  hazard  to  the  minimum. 

The  common  method  of  distribution  in  mills  is  by  m*vin8  of 
tanks  of  10  to  60  uallons  capacity  in  the  fliffcrcnt  (Imparl niciitH, 
the  sizes  depeiuling  uj>on  flic  ju<l^ni<'nt  of  tlic  muuinnwui . 
Some  pieiev  few  large  tanks,  wiiilc  oi  hers  prefer  .small  I  auks 
placed  at  moie  fm|i"'nt  intervals.  The  \niivr  plan  is  salisfarf ory 
as  the  small  tanks  can  \iv  ivmwl  from  tlic  mill  for  filling  at 
the  storage  house  outside,  and  in  tli(、  mill  arc  more  conveiiifiitly 
located  for  the  opejativrs. 

When  small  tanks  are  used,  sevcial  of  thvm  (four  or  six)  can 
be  transported  on  a  truck  to  the  storage-room  and  returned  in 
the  same  manner  after  filling.  A  lank  of  1  his  kind  should  prefer- 
ably be  equipped  with  a  non-overflow  discharge,  so  that  the 
oil  cups  can  be  quickly  filled  without  spillage  and  withouf  tli'' 
usual  accompaniment  of  waste,  which  becomes  saturated  witli 
oil,  is  thrown  away,  and  becomes  a  fire  menace.  Anothor 
method  of  distributing  to  tank's  in  the  mill  is  by  means  of  portal))*1 
tanks,  which  are  filled  at  the  storage  room,  wheeled  into  th*' 
mill,  and  the  oil  discliar^ed  into  the  permanent  tanks  by  lm'ans 
of  pumps. 

These  methods  aje  decided  improvements  over  the  prcscnl 
common  one  of  taking  barrels  on  elevators  to  tlx.'  dillVrojit  floors, 
rolling  them  tliiough  the  mill  to  the  stationary  tanks,  and  usin^ 
transfer  pumps  or  .similar  methods  for  traiisferrinu  the  oils  frum 
barrels  to  tanks.  Leaky,  and  sojnotimcs  broken,  hanels  leave 
traces  behind,  and  tliis  eu.st om  is  dirty  and  dangerous. 

A  third  method,  and  one  which  is  bcin^'  largely  a4。pk'(l  ">i* 
certain  factory  uses  and  does  away  with  transportation  about 
tlie  plant,  is  by  means  of  lon*»'-distancc  pumps  operated  by  haud 
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or  power,  located  at  convenient  points  about  the  factory  and 
drawing  tlie  oils  from  one  central  storage  point.  Tlie  advanta^ros 
of  this  system  are  manifest,  especially  where  large  quantities  of 
oils  are  used  in  manufacturing  operations,  and  measuiements 
of  the  quantity  delivered  is  desired.  In  utilising  any  of  the 
plans  suggested,  to  get  the  full  value  of  the  system  the  amounts 
issued  to  each  department  should  be  charged  against  that  depart- 
ment, and  to  this  the  measuring  features  of  the  supply  pumps  are 
of  great  assistance. 

Still  another  method  of  delivering  and  measuring  oils  and 
other  liquids  is  by  means  of  an  electrical  remote-control  .system 
of  pumps  and  measuring  devices,  used  in  manufacturing  opera- 
tions where  considerable  quantities  are  required  in  mixing,  com- 
pounding, &c.  The  measures  are  automatic  in  delivering  any 
desired  or  predetermined  quantity 

The  whole  subject  of  oil  luuidling  and  lubrication  efficiency 
is  now  recognised  as  one  of  great  importance,  as  is  shown  by  the 
consideration  and  study  which  has  brought  about  the  develop- 
ment of  special  apparatus  and  the  investment  of  capital  in  its 
manufacture  to  meet  tlie  needs  and  demands.  It  is  a  subject 
large  enough  to  warrant  tlie  attention  of  every  manufactuivr 
and  the  advice  of  experts,  for  it  is  directly  and  indirectly  a  con- 
siderable factor  in  the  cost  of  operation  and  production,  aud 
upon  efficiency  depends  dividends. 

The  El^ar  Scholarship. ― The  Post-graduate  scholarsliip  in 
Naval  Architecture,  which  is  known  as  the  Elgar  Scholarship, 
and  which  is  offered  for  competition  by  the  Council  of  the 
Institution  of  Naval  Architects,  has  for  next  year  been 
raised  in  annual  value  from  £50  to  £100.  It  is  open  to 
students  of  the  Institution  of  British  nationality,  and  is. 
subject  to  certain  conditions,  tenable  for  three  years. 
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THE  SELECTION  OF  LOCOMOTIVES.* 

By  0.  S.  Beyer,  Jun, 
The  problem  of  locomotive  design  is  comparatively  simple  when 
it  is  clearly  known  what  is  desired.  The  possibility  of  effecting 
operating  results  by  the  introduction  of  improved  locomotives 
alone,  or  by  their  use  in  connection  with  such  changes  ns  gnulo 
ie vision,  is  not  as  fully  appreciated  as  it  ought  to  be.  To  make 
an  intelligent  selection  of  motive  power  for  a  railroad,  it  is  n('('(、s- 
sary  to  study  the  effect  which  various  types  and  sizes  of  loco- 
motives will  have  on  operating  expenses  and  fixed  cliar^vs. 
Statistics  published  by  the  Interstate  Commerco  (Vjmmission 
covering  tho  entire  railroad  field  of  the  United  States  sliow  tlint 
55  per  cent,  of  the  operating  expenses  are  nfFectod  more  or  less 
directly  by  tho  motive  power.  The  wide  range  of  motive  power 
now  available  will  have  to  be  considered  in  future  double  track 
and  relocation  work,  grade  reduction,  elimination  of  rise  and 
fall,  and  curvature  and  distance,  in  order  to  effect  the  gi-calrst 
economy  possible  for  the  capital  expended.  It  should  no  longer 
bo  necessary  when  relocating  a  division  to  increase  its  capacity 
and  reduce  operating  expenses,  to  go  to  extremely  heavy  capital 
expenditures  to  reduce  grades  to  the  minimum  of  0*2  or 
per  cent.,  as  it  is  usually  much  cheaper  to  provide  locomotives 
of  greater  power. 

The  main  steps  in  the  careful  selection  of  motive  power  may 
be  divided  into  the  consideration  and  study  of  :  (a)  The  service  ； 
(b)  The  nature  of  the  business  ；  (c)  The  topography  of  the  road, 
train  speed  and  train  resistances  ；  (d)  The  types  and  sizes  of 
locomotives  available  ；  (e)  Improvements  to  the  permanent 
plant  ；  (/)  Effect  of  various  types  and  sizes  of  locomotives  on 
operating  expenses  ；  and  (g)  final  selection  of  most  economical 
type  and  size  of  locomotive. 

The  Service. ― Motive  power  is  used  in  three  general  classes 
of  service,  namely,  passenger,  freight,  and  switching.  Passenger 
service  may  be  further  subdivided  into  the  following  classes  : 
High  speed  or.  through  service,  and  suburban  or  local  service. 
Freight  service  may  be  subdivided  into  slow  or  drag  service, 
fast  freight  service,  and  pusher  service.  Consideration  of  the 
service  will  determine  whether  the  engines  are  to  be  built  suitable 
for  just  one  class  or  for  a  combination  of  classes,  such,  for  instance, 
as  switch  and  helper  service,  slow  and  fast  freight  service,  freight 
and  helper  service,  or  passenger  and  freight  service.  This  goes 
hand  in  hand  with  the  consideration  of  some  of  the  other  features, 
notably  the  amount  of  and  the  different  kinds  of  business,  the 
size  and  types  of  engines  available,  and  the  effect  of  the  engines 
under  consideration  on  operating  expenses. 

Nature  of  the  Business. ― The  special  nature  of  the  business, 
while  intimately  related  to  the  general  service  for  which  the 
engines  are  intended,  deserves  some  particular  consideration. 
Through  passenger  service,  for  instance,  may  vary  between  long 
distance  high-speed  hauls,  and  slow  speed  frequent  stop  hauls. 
Freight  service,  especially,  may  vary  between  hauling  almost 
exclusively  trains  of  low  class  bulk  commodities,  such  as  coal 
and  iron  ore,  which  generally  move  in  well  built  high  capacity 
steel  cars  at  slow  speeds,  and  hauling  trains,  of  a  decidedly  mixed 
nature,  loads  and  empties,  box,  furniture,  flat,  automobile,  gon- 
dola and  stock  cars,  which  are  not  of  high  carrying  capacity 
and  are  seldom  fully  loaded,  resulting  in  trains  of  great  length 
when  any  large  amounts  of  tonnage  are  hauled. 

Due  to  the  generally  inferior  construction  of  cars  which 
compose  a  mixed  train,  the  weakness  of  the  draught  rigging  of  the 
older  cars,  the  limitations  of  the  older  types  of  air-brake  equip- 
ment, and  the  tendency  to  long  trains  when  heavy  tonnage  is 
handled  on  railroads  where  this  class  of  business  is  general,  the 
motive  power  problem  assumes  an  aspect  entirely  different  from 
that  on  roads  where  the  business  is  of  the  nature  first  mentioned. 
In  switching  service  the  demand  may  vary  between  straight 
yard  work  and  hump  work,  and  in  pusher  service  it  may  vary 
Ix'twccn  passenger  pusher  and  freight  pusher  work. 

Topography,  Train  Speed,  and  Train  Resistance. ― The  con- 
sideration of  the  topography,  train  speed,  and  train  resistance 
of  the  territory  in  which  the  new  engines  are  to  operate  will  at 
this  time  only  take  recognition  of  hauling  capacities  and  train 
lengths.    The  (jx1ci).si ve  research  work  recently  conducted  by 
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nianv  cminoiit  investigators,  railroads,  and  locomotive  Imildcrs, 
furnishes  reliable  information  and  data  from  which  to  detciniinc 
very  exactly  what  the  hauling  capacities  of  different  types  and 
sizes  of  locomotives  are  and  the  spocds  ； md  resistances  of  tlio 
trains  which  can  be  hauled  by  them.  The  hauling  <:!|mut  v 
at  different  speeds  depends  on  the  sustained  tractive  effort,  which 
in  turn  depends  upon  tho  boilci'  rapacity  and  the  onuinc  cllicicucy. 
Locomotives  intciul^d  for  high-sf)('r<l  service  should  have  liigh 
siist.'iinrd   tiiictive  efforts.    Locomotives  for  1km vv  ； ukI 

switching  service  should  lutve  higli  tnicf  i  vr  o (Torts  ； it  hIow  sjummIs, 
and  may  sacriiicc  higli  sustaiiKnl  t'nu't,iv('  effort's  ； it  lii^li  sprrds 
in  ordov  to  a,tt;iin.  t his  ('"(1.  Whou  sclecti/i^  locomoti v<is  to 
meet  ccrtiiin  conditions  in  n*o;ud  to  tmin  weights,  t  rain  spoods, 
and  opposiii"  gnuh's,  it  is  necessary  to  nrxMly.so  the  si(  u;t1  ion 
from  this  si  and  point. 

<ira,(lcs,  spcrds,  and  train  rcsistiuiccs  must  1"'  v。iy  1  liorou^Iily 
(onsidcrcd  when  new  piisscn^cr  on^incs  arc  to  he  purclui.scd. 
Passen^xM- (、― 訓 ;iro  intended  for  high-speed  work.  ModtMii 
operating  conditions  frequently  prosont  cusos  of  lieavy  trains 
composed  of  all  steel  cars.  Tlic  weight  of  passenger  cars,  duo 
to  the  desirability  of  greater  passenger  ("nymg  ('； ijjacitv  and 
heavier  construction,  is  rapidly  increasing.  Honcc,  tho  most 
essential  quality  to  be  provided  in  a  passenger  engine  is  the 
ability  to  maintain  large  sustained  tractive  efforts  at  lii^li  sp('。<ls, 
as  well  as  high  starting  efforts  at  low  speeds.  This  ability  of  a 
passenger  engine  is  secured  by  providing  ample  boiler  capacity 
and  good  steam  engine  efficiency.  The  ability  of  a  passcfi^cr 
engine  to  accelerate  rapidly  is  another  quality  which  must  be 
considered,  particularly  if  the  online  is  to  be  engaged  in  service 
in  which  stops  are  frequent.  The  power  required  for  high  rates 
of  acceleration,  especially  on  grades,  with  heavy  passenger  trains 
is  enormous.  Since  the  locomotive  power  available  is  limited 
principally  by  the  steaming  capacity  of  the  boiler,  the  larger 
this  steaming  capacity  the  sooner  will  the  engine  be  enabled  to 
reach  its  maximum  speed. 

Freight  and  pusher  engines  are  engaged  in  a  service  which 
requires  at  the  critical  time  very  high  tractive  efforts  at  slow 
speeds.  This  depends  to  a  large  extent  upon  the  weight  placed 
on  the  drivers  and  the  total  weight  of  such  engines  must  thus 
be  so  distributed  that  a  relatively  large  weight  falls  on  the  drivers. 
With  the  cylinder  and  driver  dimensions  and  the  boiler  pressure 
so  arranged  that  the  maximum  tractive  effort  at  the  rim  of  the 
drivers  equals  22  to  25  per  cent,  of  the  weight  on  the  drivers, 
a  satisfactory  combination  for  an  engine,  for  ordinary  freight 
service  is  secured. 

Modern  conditions  demand  an  increase  in  fast  freight  service 
and  relatively  large  sustained  tractive  efforts  at  high  speeds 
over  heavy  grades  are  becoming  more  necessary  than  ever.  Loco- 
motives for  fast  freight  service  only,  may  afford  to  sacrifice  some 
initial  tractive  effort  for  the  sake  of  having  recourse  to  a  pro- 
portionately larger  heating  surface  when  great  quantities  of 
steam  are  necessary  at  high  speeds.  Pusher  engines  and  road 
engines  on  the  other  hand,  intended  exclusively  for  slow  service 
may  be  permitted  to  have  a  large  tractive  effort  capacity  at 
slow  speeds  with  a  sacrifice  in  high  sustained  tractive  efforts  at 
high  speeds. 

The  large  majority  of  freight  engines  purchased  are  intended 
for  a  class  of  service  which  is  a  combination  of  fast  freight  and 
drag  or  slow  freight  service.  Under  these  circumstances  it  is 
usually  desirable  to  get  as  large  a  steaming  capacity  as  possible 
consistent  with  a  high  tractive  effort  at  low  speeds.  Incidentally, 
engines  with  good  steaming  capacities  when  operated  with  heavy 
tonnage  trains  are  proportionately  more  economical  in  fuel  and 
water  consumption,  as  well  as  capable  of  maintaining  a  higher 
average  speed  over  the  entire  division.  . 

Consideration  of  the  topography  of  the  railroad  and  the 
hauling  capacity  of  freight  locomotives  presents  the  problem  of 
permissible  train  lengths.  If  the  territory  over  whicli  the  loco- 
motives are  to  operate  is,  to  a  large  extent,  a  succession  of  many 
sags  and  pitches  and  contains  several  momentum  grades,  the 
continual  running  in  and  out  of  the  slack  between  the  oai's  is  a 
serious  matter  and  tends  to  limit  the  length  of  the  train  and 
the  amount  of  tonnage  per  train  which  can  be  hauled.  The 
nature  of  the  business,  whether  it  is  ore,  coal,  or  pig  iron  moving 
in  high  capacity  modern  stoe]  cars,  or  genrntl  merchandise  moving 
in  box  fiH's,  refri^M'ators,  small  ca|)acity  gondol;i's.  or  other  similar 
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cars  has  a  further  bearing  on  this  feature.  The  lower  the  average 
total  car  weighs  of  trains  the  longer  the  trains  when  large  amounts 
of  tonnage  per  train  are  hauled. 

The  introduction  of  high  capacity  friction  drauglit  gears,  stool 
underframes,  and  improved  air  brakes  is  tending  steadily  to 
minimise  the  difficulty  of  operating  very  long  trains.  The 
perfection  of  the  variable  load  brake  may  help  further  in  this 
direction.  Cases  are  on  record  where  trains  of  90  and  even  more 
loaded  cars,  each  car  weighing  70  tons,  have  been  hauled  with 
success.  Trains  of  125  empty  cars  are  not  unusual  in  daily 
operation.  Most  of  these  extremely  long  trains  are  running 
over  territories  whose  grades  are  low,  or  which  have  no  broken 
profile.  Furthermore  the  nature  of  the  lading  hauled  in  these 
oxceediugly  long  heavy  trains,  is  such  that,  should  any  lieavy 
shocks  occur,  the  lading  cannot  be  damaged.  Cars  filled  with, 
automobiles,  furniture,  or  general  merhandise,  or  flat  cars  loaded 
with  agricultural  machinery,  are  different  and  must  be  handled 
with  greater  care  in  shorter  trains.  Every  district  for  which 
motive  power  is  intended  presents  certain  little  peculiarities 
when  advisable  train  lengths  are  considered.  Experience  in  the 
operation  of  trains  hauled  by  the  older  types  of  locomotives 
must  assist  in  determining  the  final  answer  to  this  question.  As 
a  rule  there  are  a  great  many  circumstances,  such  as  the  capacity 
of  the  side  tracks  and  other  conditions  of  the  permanent  way, 
which  are  apt  to  limit  the  length  of  trains  before  the  profile 
conditions  establish  limitations. 

Sizes  and  Types  of  Locomotives. ― The  principal  types  of  loco- 
motives available  for  passenger  service  are  the  Atlantic  (4 ― 4 ― 2) 
type  and  the  Pacific  (4 ~ 6 ~ -2)  type.  The  American  (4 ― 4 ~~ 0)  type, 
the  Ten-wheel  (4 — 6 ~ 0)  type,  and  the  Prairie  (2 — 6 ~~ -2)  type  have 
been  employed  to  some  extent,  but  except  in  unusual  cases  are 
not  of  special  advantage.  The  latest  development  in  passenger 
engines  for  severe  mountain  service  is  the  Mountain  (4 ― 8 ― 2)  type. 
In  some  special  cases,  such  as  exceedingly  heavy  mountain  service, 
the  Mallet  engine  has  been  used. 

The  Atlantic  (4 ― 4 ― 2)  type  locomotive  is  usually  best  adapted 
to  a  service  in  which  the  trains  weigh  about  300  to  350  tons 
behind  the  tender  and  the  grades  encountered  are  relatively 
light.  Owing  to  its  wheel  arrangement  it  permits  of  a  boiler  of 
ample  capacity  in  proportion  to  the  cylinders.  It  has  a  short 
rigid  wheel  base  and  a  short  total  wheel  base.  To  get  very  high 
initial  tractive  efforts  with  locomotives  of  this  type  means  excep- 
tionally high  axle  loads,  which  are  undesirable.  Hence,  when 
high  initial  and  sustained  tractive  efforts  are  required  for  heav)r 
trains  weighing  over  350  tons  behind  the  tender  and  operating 
over  heavy  grades,  the  Pacific  (4 ― 6 ― 2)  type  is  usually  found  to 
be  better.  The  wheel  arrangement  of  this  type  permits  a  still 
larger  boiler,  greater  total  weight  on  drivers  with  lower  average 
axle  loads,  and  large  cylinders.  In  general,  the  full  utilisation 
of  these  features  results  in  both  higher  initial  and  higher  sustained 
tractive  efforts,  combined  with  better  accelerative  qualities. 

For  exceptionally  lieavy  mountain  service  the  Mountain 
type  permits  of  still  larger  boiler  capacities  and  greater  total 
weights  on  drivers,  and  hence  still  higher  tractive  efforts.  Several 
engines  of  this  kind  are  in  service  hauling  trains  weighing  600 
to  050  tons  over  grades  of  70ft.  per  mile  at  25  to  26  miles  per 
lioui-.  Mallet  engines  have  been  introduced  to  a  limited  extent 
in  passenger  service. 

The  Atlantic  and  Pacific  type  engines,  under  modern  operating 
conditions,  are,  for  high-speed  and  high-capacity  passenger 
service,  the  most  desirable  types.  Under  certain  special  circum- 
stiiiK-es,  long  continuous  opposing  grades  may  justify  com- 
pounding in  connection  with  these  engines.  The  introduction 
of  the  hi^h  temperature  superheater  and  the  sectional  brick 
airli  have  helped  materially  to  increase  the  capacity,  fuel  economy 
and  efficiency  of  passenger  engines.  The  limitations  of  Atlantic 
and  Pncifir-  type  pawif  engines  are  principally  controlled 
\>v  pcrmissihlo  wliocl  loads.  When  (i(),()001bs.  to  0:),00()lbs. 
per  pair  of  drivers  is  oncv  rear- lied,  it  is  questionable,  from  many 
points  of  view,  w]i*jther  it  is  wise  to  go  still  higher.  Hence,  when 
greater  tractive  efforts  arc  necessary  than  can.  be  secured  from 
an  on^ino  with  J80，()00lhs.  to  19(),0<)0]bH.  on  drivers  it  becomes  n 
'jii-'stion  of  eitlior  reducing  schedules,  double  heading,  or  intro- 
^liuing  locomotives  with  an  additional  pair  of  drivers.  • 

Recent  developments  have  made  available  an  exceptional 
fiekl  from  which  to  select  locomotives  for  freight  service.  It 
H^mn  limited  not,  so  much  by  the  extent  to  which  it  is  possible 


to  build  freight  engines  as  it  is  by  the  physical  restrictions  of  tl"' 
permanent  way,  the  nature  of  the  freight  business  hauled,  lon^Ii 
of  trains,  and  topography  of  the  road.  These  limitatioriH  un*. 
of  course,  mostly  very  serious  and,  as  far  as  track  gauge  is  con- 
cerned, insurmountable,  except  perhaps  in  some  special  cases. 
Many  Moguls  (2—6—0),  Ten-wliooi  (4—0-  ());u.(l  Pntirio(2— ri— 2) 
type  locomotives  are  in  freight  service  to-day.  Their  ('； s. 
especially  the  Mogul  and  Ten-wheel  types,  arc  hardly  "山' （|ii"h. 
for  modern  service  corulitions.  Tli"  Pruirir  tyj>c,  due  to  tlie 
possibility  of  equipping  it  with  a  Hbend  boiler  juxI  liberal  山' 
area,  has  a  few  advantages  over  tlio  otliers. 

The  type  of  locomotive  which  lins  l>('('n  the  staruhud  on  inun  v 
of  the  Americnn  mi  I  roads  in  the  pust  ten  yoais  is  the  ('o 賺山 (la- 
tion,  or  2 ― 8 一 0  type.  It  has  been  cailt'd  upon  to  perform  insorvic(\s 
ranging  from  emergency  pnsscn^vr  to  slow  heavy  puslior  and 
switching  service.  Engines  of  this  type  an'  hcin^  built  for  lioa  vy 
and  exacting  freight  service  and  their  possibilities  lia  vc  not  hrm 
exhausted.  They  utilise  nearly  the  total  weight  of  the  engino 
for  adhesive  purposes.  A  leading  truck  of  two  wheels  only  is 
provided  permitting  of  a  slightly  extended  boiler  and  taking 
from  the  drivers  only  weight  enough  to  secure  good  guiding 
qualities.  The  steaming  capacity,  firebox  size  and  grate  area 
are  necessarily  limited,  since  the  entire  boiler  and  firebox  must 
be  carried  over  the  drivers.  The  handicap  imposed  by  the 
boiler  limitations  has  not,  until  recently,  been  very  serious. 
Engines  of  the  Consolidation  type,  having  a  maximum  tractive 
power  of  60,9001bs.  are  in  service  to-day.  The  diameter  of 
their  drivers  is  small,  54in.，  and  their  total  heating  surface  com- 
pared with  the  equivalent  heating  surface  of  a  Mikado  engine 
having  the  same  tractive  effort,  is  but  70  per  cent,  as  great.  The 
piston  speeds  of  these  large  Consolidation  engines,  compared 
with  the  Mikado  engine,  are  considerably  higher. 

The  perfection  of  the  high  teimperature  superheater,  the 
brick  arch,  and  the  Gaines  combustion  chamber  opens  up 
further  opportunities  for  the  Consolidation  engine.  The 
application  of  the  superheater  results  in  increased  capacity 
which  corresponds,  roughly,  to  a  25  per  cent,  larger  boiler 
capacity  than  it  was  possible  to  provide  in  connection  with 
saturated  steam  engines.  The  brick  arches  permit  increased 
amounts  of  heat  to  he  utilised  from  the  fuel  burned  on 
restricted  grate  areas.  It  should  be  possible  to  build  Con- 
solidation engines  with  good  steaming  capacities  and  econo- 
mical fuel  requirements  that  can  develop  as  high  as  54,0001bs. 
maximum  tractive  effort. 

An  offshoot  from  the  successful  Consolidation  freight 
engine  is  the  12-wheel  or  4 ― 8 ― 0  typo.  This  type  has  not 
been  widely  introduced.  It  has  an  undesirable  ratio  between 
total  weight  and  adhesive  weight.  The  increase  in  the  length 
of  boiler  made  possible  by  th©  four-wheel  truck  in  place  of 
the  two-wheel  truck  of  the  Consolidation  engine  nets  but  little 
in  the  direction  of  increased  boiler  capacity.  The'  increase  in 
the  heating  surface  of  the  boiler  is  at  the  wrong  end.  To 
improve  the  steaming  capacity  of  the  Consolidation  engine  it 
is  necessary  to  introduce  modifications  at  th©  firebox  end. 

The  introduction  of  such  modifications  has  resulted  in  the 
Mikado  (2 —— 8 —— 2)  typei  emgin©.  By  placing  a  trailing  truck 
underneath  the  firebox  hotter  boiler  construction  becomes 
possible  ；  also  a  decided  increase  in  effective  heating  surface,  a 
deeper  throat  sheet  and  wider  water  legs  are  secured .  How- 
ever, as  large1  a  proportion  of  the  total  weight  of  th©  engine  is 
not  utilised  for  adhesive  purposes  as  with  the  Consolidation 
type.  By  moving  the  firebox  behind  the  drivers,  it  also 
becomes  possible  to  enlarge  the  boiler  diameter,  and  to 
increase  the  relative  diameter  of  drivers,  thereby  permitting  of 
lower  piston  speeds.  The  general  construction  of  the  Mikado 
locomotive  is  such  that  it  permits  of  very  ample  steaming 
capacity  and  thus  of  high  sustained  tractive  efforts.  The 
application  of  the  superheater  and  brick  arch  has  further 
increased  its  capacity  in  ihis  direction.  It  is  most  admirably 
suited  to  haul  slow  maximum  tonnage  freight  trains  one  day 
and  fast  trains  the  】iext，  a  condition  frequently  met  in 
railroad  operation. 

The  size  of  Mikado  locomotives  for  most  roads  is  principally 
limited  by  the  allowable  weights  on  drivers.  It  seems  to  be 
generally  considered  that  an  individual  axle  load  of  60，0001bs. 
for  the  better  conditions  of  roadbed,  as  they  are  met  with 
to-day,  is  very  nearly  tlie  largest  permissible.  If  so,  the 
Mikado  engine,  as  far  as  size  is  ooncerued,  has  very  nearly 
reached  its  limit,  and  t'He'  demand  for  still  larger  engines  will 
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have  to  b©  met  either  by  introducing  another  pair  of  drivers, 
making  five  pairs  in  all,  or  by  resorting  to  the  Mallet  type. 
With  their  weight  on  drivers  limited  to  about  60，0001bs.  per 
pair,  it  is  possible  to  build  Mikados  which  have  a  maximum 
tractive  effort  of  60，8001bs.  with  very  favourable  sustaining 
qualities  at  liigh  speeds.  The  utilisation  of  the  superheater 
and  brick  arch  in  connection  with  the  well  proportioned  boiler 
and  efficiently  designed  engine  make  it  possible  for  this  size  of 
locomotive  to  be  operated  without  requiring  excessive  amounts 
of  fuel  so  that  on©  fireman  can  handlei  all  thai  is  needed. 

To  get  still  larger  capacities  than  are  provided  by  the  Con- 
solidation and  Mikado  types,  the  Decapod  (2 ― 10 ― 0)  and  the 
Santa  Fe  (2 ― 10 ― 2)  types  are  available.  The  Decapod 
(2 一 10 ― 0)  type,  like  the  Consolidation  and  12-wheel  types, 
has  limitations  as  regards  boiler  capacity,  in  consequence  of 
which  it  is  practically  adapted  to  slow  service  only.  Its  high 
proportion  of  weight  on  drivers,  giving  it  a  high  ratio  of 
adhesion  is  of  advantage  for  this  kind  of  service.  Thei  Santa 
Fe  type  permits  of  better  boiler  proportions  than  those  of  the 
Decapod  type,  just  as  the  Mikado  is  better  than  the  Con- 
solidation .  Tli©  additional  pair  of  drivers  enables  a 
tractive  effort  about  20  to  25  per  cent,  greater  than  can  be 
secured  from  the  Mikado  engine.  Allowing  60,0001bs.  per 
pair,  tlie  maximum  tractive  effort  possible  should  be  about 
73,0001bs.  to  75，0001bs.，  barring  cylinder  limitations. 
Several  engines  of  this  type  now  in  service  deliver  a  maximum 
tractive  effort  of  71, 0001 bs.  It  is  reported  that  they  can  be 
handled  by  one  fireman  without  undue  effort. 

Locomotives  with  five  pairs  of  coupled  wheels  have  an 
exceedingly  long  rigid  wheelbase.  This  would  introduce 
many  complications  should  they  be  placed  on  territories  where 
brack  curvature  is  frequent  or  severe.  Furthermore,  the 
exceptionally  li&avy  pressures  on  the  main  pins  and  the  heavy 
reciprocating  parts  justify  expectation  of  maintenance  diffi- 
culties. The  long  wheelbasei  and  the  large  number  of  heavy 
wheel  loads  in  rigid  order  may  be  proportionately  harder  on 
the  track  than  is  thei  case  with  large  Mikado  engines. 

Another  type  of  engine  which  deserves  consideration  for 
freight  service  is  the  Mountain  (4 ― 8 ― 2)  type,  which  is  similar 
to  the  Mikado  in  all  its  characteristics.  Where  fast  freight 
service  is  abundant  and  high  speed  is  frequent  the  additional 
advantages  in  guiding  qualities  secured  by  the  four-wheel 
leading  truck  and  the  slightly  increased  boiler  capacity  are 
important. 

The  Pacific  type  engine  for  exclusive  fast  freight  service, 
where  grades  are  not  severe  and  where  this  kind  of  service  is 
heavy,  is  a  very  desirable  type.  A  large  number  of  these 
engines  have  been  built  for  this  service  and  are  giving  an 
excellent  account  of  themselves. 

The  Mallet  type  offers  quite  as  wide  a  field  to  choose  from 
as  the  Pacific,  Consolidation,  Mikado,  and  Santa  Fe  types  com- 
bined. Mallet  locomotives  have  been  built  on  both  the  com- 
pound and  the  simple  principle.  The  wheel  arrangement  per- 
mits of  a  great  nuilber  of  practical  combinations.  The  appli- 
cation of  the  superheater  and  brick  arch,  feed-water  heater  and 
reheater,  together  wiih  well  proportioned  boilers  and  the  com- 
pound feature  has  made  possible  units  of  large  size  and  of 
good  drawbar  pull  characteristics  at  different  speeds.  At 
the  same  time  Mallets  are  economical  in  fuel  consumption. 
The  arrangement  of  the  drivers  in  two  independent  sets,  and 
the  division  of  the  total  engine  weight  over  these  two  sets 
permits  readily  of  meeting  track  and  axle  load  limitations. 
Hence  these'  engines  offer  a  large  field  from  which  to  make 
selection  when  th©  restrictions  of  the  permanent  plant  are 
such  that  they  cannot  be  overcome  except  by  heavy  expen- 
ditures. 

Mallet  engines  can  be  built  to  deliver  a  maximum  tractive 
effort  of  140,0001bs.  This  would  mean  engines  with  10  pairs 
of  drivers,  each  having  an  average  load  of  about  60,0001bs. 
As  long  as  60，0'001bs.  remains  the  maximum  average  practical 
wheel  Load,  while  track  curvature  remains  a  consideration, 
and  the  gauge  of  the  track  remains  at  4ft.  8^in.,  thereby 
limiting  the  height  of  the  centre  of  gravity  of  engines,  it  is 
questionable  whether  an  engine  much  larger  than  this  can 
be  built.  It  is  not  a  size  which  has  been  reached  to-day, 
although  there  are  Mallet  engines  in  service'  which  have 
10  pairs  of  drivers. 

A  large  number  of  Mallet  locomotiv6S  are  in  road  and 
pusher  service  whose  irax:tive  effort  working  compound  range 
from  73，0001bs.  to  105，500】bs.    They  are  meeting  with  suc- 


:('ss  from  the  fuel,  operating,  and  maintenance  standpoints. 
Tl，  largest  number  of  drivers  under  the  engines  referred 
to  is  eight  pairs,  the  average  weight  per  pair  under  the 
largest  one  being  58,5601bs.  Henoe,  105，500lk.  tractive 
effort  is  not  far  from  the  maximum  possible  with  eiglit  ]>airs 
of  drivers  allowing  6Q,0001bs.  per  pair. 

The  typos  of  switching  locomotives  available  range  from 
the  6-wheel  coupled  to  the  10- wheel  coupled.  Switching 
locomotives  of  five  pairs  of  drivers  have  a  rather  long  rigi-1 
wheelbase,  perhaps  too  long  for  the  average  yard  ooiulitions 
as  they  exist  on  many  roads  to-day.  Locomotives  with  four 
pairs  of  wheels  have  a  more  suitable  wheelbase,  and  are 
capable  of  delivering  comparatively  high  tractive  powers. 
Locomotives  of  thre'e'  pairs  of  drivers  are  the  most  universal 
in  service  to-day. 

The  Permanent  Plant  and  its  Relation  to  Motive  Power  Selection. 

― The  permanent  plant  of  a  railway  as  related  to  the  motive 
power  is  the  track,  bridges,  passing  sidings,  t:'rmiiial  yards, 
engine  terminals,  including  the  roundhouses,  turn-tables, 
coaling  stations,  watering  cranes,  ash  plant,  and  ssbndin"' 
facilities,  and  the  locomotive  repair  shops.  It  has  been 
shown  what  a  wide  range  of  motive  power  is  available  from 
which  selections  may  b©  mad©  for  any  class  of  service.  In 
ordor  that  the  possibilities  of  this  large  field  may  be  fully 
realised,  it  becomes  necessary  to  study  carefully  the  various 
changes  in  the  permanent  jDlant  to  be  considered  in  connec- 
tion with  the  introduction  of  different  types  and  sizes  of 
engines.  Such  a  study  will  oftentimes  show  that  improve- 
ments made  to  the  permanent  plant  at  limited  costs  will 
permit  of  utilising  motive  power  whicli  will  effect  a  consider- 
able saving  in  operating  expenses,  thereby  fully  justifying 
the  expenditure. 

The  improvement  of  the  track  with  a  view  of  making  pos- 
sible Righer  train  speeds  and  heavier  axle  loads  is  a  con;- 
plicated  problem.  Track  improvements  such  as  laying 
heavier  rails,  respacing,  of  ties,  increasing  the  carrying  power 
of  the  sub-grade  by  drainage,  deepening  and  improving  tlie 
nature  of  the  ballast,  are  continually  under  way.  The  ten- 
dency is  to  strengthen  and  improve  track  as  rapidly  as 
earnings  will  permit,  so  that  full  advantage  may  be  taken  of 
all  that  is  offered  in  the  way  of  possibilities  to  increase  engine 
capacities  and  train  tonnage.  Tlie  state  of  good  track 
to-day,  laid  with  901bs.  and  lOOlbs.  rail,  is  such  that  it 
readily  allows  60,0001bs.  axle  loads,  which  is  about  as  high, 
on  the  average,  as  it  is  advisable  to  go.  While  the  track 
may  be  such  that,  should  heavy  wheel  loads  be  imposed,  it 
would  result  in  increasing  the  maintenance  costs,  the  ten- 
dency may  nevertheless  be  to  improve  this  lighter  track  in 
the  near  future  by  introducing  ballast  and  relaying  tlie 
lighter  rail  with  heavier.  In  such  cases,  and  they  are  very 
prevalent,  the  present  track  conditions  should  not  be  per- 
mitted to  limit  the  motive  power  sizes  too  greatly  because  of 
the  economical  advantages  of  increased  train  loads. 

Bridges  not  only  restrict  the  individual  axle  load,  but 
also  the  total  weight.  Moderate  expenditures  in  the  direc- 
tion of  bridge  improvement,  plus  th©  regular  programme  of 
bridge  renewals  and  improvements,  may  permit  of  taking 
advantage  of  a  type  of  locomotive  which  would  eflFect  econo- 
mies in  operating  expenses  that  would  more  than  pay  for 
the  unusual  improvement  exp&n&es  incurred. 

Unless  the  yards  and  passing  sidings  are  adequate  to  take 
care  of  longer  trains,  the  improvements  expected  by  the 
introduction  of  larger  locomotives  will  not  materialise  and 
the  operating  expenses  will  show  but  little  decrease .  The 
long  trains  are  apt  to  be  tied  up,  and  blockades  will  occur 
which  are  expensive  as  well  as  demoralising. 

Except  for  side  and  overhead  clearances,  the  coal  chutes, 
watering  cranes,  sanding  and  asli-handling  facilities,  will 
have  but  little  effect  on  the  choice  of  new  locomotives.  Ash- 
pit construction  may  need  a  little  modification  to  permit  of 
hi&avier  wheel  loads.  Th©  roundhouse  may  be  inadequate 
to  permit  of  housing  th©  larger  engines  suit-ably.  The  turn- 
table may  be  too  short  or  too  light  to  turn  the  heavier 
engines.  Limited  or  inadequate  locomotive'  terminals,  in 
part  or  in  whole,  should  noi  be  permitted  to  stand  in  the 
way  of  introducing  the  most  economical  locomotive  available. 
It  i&  becoming  more  generally  recognised  that  as  motive 
power  increases  in  size  it'  becomes  relatively  more  important 
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and  economical  to  provide  means  at  locomotive  ierminals 
whereby  the  turning  of  power  is  expedited. 

It  would  be  manifestly  impractical  for  a  railway  to  under- 
take to  rebuild  its  entire  shops  for  the  sake  of  handling  a 
very  large  engine  of  the  Mallet  type.  As  a  rule,  however, 
especially  on  the  larger  roads,  the  present  shopping  facilities 
are  sucli  that  a  railway,  from  this  point  of  view,  should  find 
but  few  limitations  to  the  size  of  locomotives  it  may  fiii'l 
desirable  to  operate.  Then  again  the  adopted  programme  of 
shop  facility  renewals  and  modifications,  continually  neces- 
sary as  business  keeps  growing  and  old  parts  of  the  shops 
depreciate,  tends  to  take  away  from  the  seriousness  of  this 
consideration .  Clearances  through  cuts,  of  "water  cranes, 
buildings,  and  other  fixed  structures  along  the  right  of  way 
have  some  effect  in  determining  the  size  of  tlie  engine  to  be 
li  an  died  in  the  yards. 

The  Relation  of  Operating  Expenses  to  the  Selection  of  Motive 

Power.  —  The  effect  of  the  selection  of  locomotives  for  pas- 
senger and  switching  service  on  operating  expenses  does  not 
play  as  important  a  role  as  it  does  in  the  selection  of  engines 
for  freight  service.  The  choice'  of  passenger  and.  switch 
engines  is  determined  very  largely  by  imposed  conditions 
resulting  from  circumstances  peculiar  to  th©  nature  of  these- 
two  kinds  of  service.  Larger  and  heavier  switch  engines 
are  usually  made  necessary  by  heavier  trains  handled  in  the 
yards.  The  demand  for  larger  and  improved  passenger 
engines  results  from  the  necessity  of  maintaining  high  speeds 
with  trains  which  are  growing  in  weight  due  to  the  intro- 
duction of  steel  equipment  and  more  cars.  It  should  be 
observed,  however,  that  tli©  economy  of  the  various  types  of 
engines  available,  from  the  fuel,  lubricating,  and  main- 
tenance points  of  view,  has  an  important  bearing  on  the 
ultimate  selection.  That  type  and  size  of  engine  should  be 
cliosen  which  will  operate  with  the  least  expense  for  fue】， 
water,  and  repairs,  and  wliich  will  keep  as  low  as  possible, 
consistent  with  the  size  of  the  engine  in  regard  to  the  service 
requirements  for  the  present  and  the  future,  the  expenditures 
for  improvement  to  the  permanent  plant. 

In  the  selection  of  power  for  freight  service,  the  effect  of 
the  various  types  and  sizes  on  the  operating  costs  should  go 
a  long  way  towards  determining  the  most  economical  engine 
to  choose.  The  largest  part  of  the  gross  revenue  of  railways 
results  from  freight  transportation,  and  the  greatest  pro- 
portion of  their  operating  expenses  are  consumed  in  conduct- 
ing this  transportation.  The  nature  of  freight  service 
psrmits  a  much  greater  flexibility  as  far  as  choice  of  the 
motive  power  is  concerned.  A  study  should  be  made  to 
determine  which  type  and  siz&  will  effect  the  greatest  net 
saving1  in  operating  expenses  aftar  deducting"  all  overhead 
and  additional  maintenance  charges  resulting  from  the  im- 
provements necessitated  by  the  introduction  of  the  engine. 
Only  by  such  a  study  as  this  in  conjunction  with  considering 
tlia  service  conditions  and  the  tendency  of  future  develop- 
ment can  the  ultimate  selection  be  mad©  with  any  degree  of 
correctness. 

The  items  of  operating  costs  and  overhead  charges 
which  should  be  considered  in  such  a  study  are  the 
following  :  (a)  Transportation  expenses,  fuel,  water,  lubri- 
cants for  locomotives,  other  supplies  for  locomotives,  engine- 
house  expenses,  train  supplies  and  expenses,  enginemen's 
wages,  and  trainmen's  wages.  (/>)  Maintenance  of  equipment  , 
locomotive  repairs,  and  freight  train  car  repairs,  (c)  Main- 
tenance of  way  and  structures,  ballast,  ties,  rail,  other  track 
material,  roadway  and  track  labour,  bridges,  trestles  and 
culverts,  and  buildings,  fixtures,  and  grounds,  (d)  Overhead 
charges,  interest  on  locomotives  and  improvements  to  perma- 
nent plant,  depreciation  of  locomotives  and  improvements  to 
permanent  plant,  and  taxes  and  insurance  on  locomotives  and 
improvements  to  permanent  plant. 

To  attempt  to  discuss  within  tlie  limits  of  this  paper  the 
effect  of  locomotive  types  and  sizes  on  each  on©  of  the  it&ms  of 
railway  expenses  concerned  would  be  impossible.  Wellington, 
Webb,  and  Henderson  liave  formulaiecl  many  of  the  principles 
involved,  and  reference  to  the  works  of  tlies©  men  will  reveal 
considerable  valuable  data  and  information  on  this  subject. 
Tlie  statistics  kept  by  the  individual  railways  will  furnish 
additional  information  necessary  for  the  analysis.  Tlie  appli- 
cation of  logical  reasoning  and  tlie  use  of  recent  data  estab- 


lished by  both  laboratory  and  service  teste  will  further  aid  in 
making  correct  comparisons.  The  suggestions  regarding  tlie 
various  iienis  of  expenses  and  1  hei r  relation  to  motive  power 
selection  will  tlierefai-e  be  general  and  seek  rather  to  point  out 
the  inherent  tendencies  of  these  expenses  and  their 
importance. 

Fuel  is  the  largest  single  item  of  locomotive  operating 
expenses  and  thereforei  the  most  important.  The  fuel  coi 卜 
surtiption  may  be  divided  into  the  following  classes  :  (/')  fuel 
used  while  actually  working  on  the  road  ；  (h)  fuel  used  while 
drifting  and  waiting  ；  and  (c)  fuel  used  at  terminals  for  firing 
up.  As  locomotives  grow  larger  their  fuel  consumption  j>ei' 
unit  increases,  but  not  nearly  in  proportion  to  the  increase  in 
their  size.  It  does  not  take  very  much  more  coal  to  fire  a 
large  locomotive  than  a  small  one.  The  fuel  los&es  of  a  large 
locomotive  due  to  radiation  while  waiting  or  drifting  are  but 
slightly  larger  than  those  of  a  smaller  locomotive.  The 
increase  of  fuel  consumption  of  large  saturated  simple  steam 
engines  when  working  at  their  full  capacity  is  more  nearly  in 
proportion  to  the  increase  in  their  size.  The  introduction  of 
the  superheater,  feed-water  heater,  and  reheater,  the  increase 
in  heating  surface  of  the  boiler,  th&  brick  aroh,  the  utilisation 
of  compounding  in  large'  engines  of  the  Mallet  type,  applica- 
tion of  improved  valve  gear  and  compound  air  puuij>s,  and 
more  careful  attention  to  the  design  of  steam  passages  and 
steam  engine  efficiency  havei  accomplished  remarkable  results 
in  keeping  th©  fuel  consumption  of  large'  locomotives  down  so 
that  their  consumption  per  train-mile  is  increased  but  slightly 
over  that  of  the  recent  types  of  smaller  saturated  steam 
locomotives. 

Numerous  tests  and  service  records  have  revealed  that 
large  superh'eate'r  Mikado  looamotives  which  have  been  placed 
in  service  recently  haul  trains  of  45  ami  50  per  cent,  greater 
tonnage  with  the  same  amount  of  coal  that  was  formerly  con- 
sumed by  the'  Consolidation  Looomotives  they  replaced.  Even 
tlie'  coal  consumption  of  Mallet  engines  with  grabe  areas  up  to 
100  sq.  ft.  has  not  grown  in  any  way  proportionate  to  tho 
increase  in  their  hauling  capacity.  Modern  engines  when 
running  at  shortened  cut-offs  over  those  portions  of  the  road 
other  than  Ui.e'  ruling  grades  exhibited  a  still  greater  economy 
than  when  working  on  the  heaviest  grades.  Some  service 
tests  of  recently  built  Mikado  engines  on  the  Delaware,  Lack- 
wanna,  and  .Western  Railroad  clearly  demonstrated  these 
facts.  Their  economy  in  fuel  consumption  as  compared  with 
that  of  tho  old  Consolidation  typo,  both  operating  over  heavy 
grades  at  full  load,  was  20  per  cent'.  .Tlie  economy  effected 
over  easy  grades  while  running  at'  shortened  cut-oflfs  was  39*3 
per  cent.,  almost  twice  as  much .  The  average'  was  291  per 
cent. 

The  conclusions  to  b©  reached  in  regard  to  the  fuel  con- 
suni])tion  of  larger  locomotives  equipped  with  those  fuel-saving 
devices  which  have  proved  their  merit  is  that  it  increases  but 
slightly  as  their  hauling  capacities  increase.  It  depends  of 
course  largely  upon  the  size  of  locomotives  in  s&rvioe;  as  to  what 
the  actual  increase  will  be  on  tlie  train-mile  basis  over  the  con- 
sumption of  th-ei  old  emgines,  and  this  must  be'  taken  into  con- 
sideration. 

The  same  things  that  are  true  of  fuel  consumption  are 
tiue  of  water  consumption,  only  perhaps  more  so,  especially 
with  superheater  engines.  Water  economy  increases  but 
slightly  with  the  increase  in  locomotive  sizes. 

It  is  safe  to  conclude  that  the  cost  of  locomotive  lubrication 
increases  more  or  less  directly  in  proportion  to  the  increase  in 
the  size  of  the  locomotive  as  reflected  by  the  wheel  and 
cylinder  arrangements.  Other  supplies  for  locomotives  are 
affected  slightly,  if  any,  by  an  increase  in  locomotive  capa- 
cities. 

As  the  size  of  engines  increases  the  cost  of  engine-house 
expenses  per  engine  handled  increases.  However,  as  the  size 
of  engines  increases  th©  number  handled  at  the  terminals 
decreases.  This  decrease  should  approximately  counterbalance 
the  increase  in  cost  per  engine  handled.  The  item  of  train 
supplies  and  expenses  per  train-mil©  is  affected  but  slightly  by 
a  decrease  in  train  mileage. 

The  cost  of  locomotive  repairs  does  not  increase  in  direct 
proportion  to  the  increase  in  hauling  capacity.  Under  modern 
conditions  it  will  perhaps  be  safe  to  assume  that  about  60  per 
cent,  of  the  total  cost  of  locomotive  repairs  varies  directly  as 
the  weights  of  locomotives  increase, 
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The  item  of  freight  train  car  repairs  per  train-mile  in- 
creases slightly  more  than  in  direct  proportion  to  the  increase 
in  the  number  of  cars  hauled  in  the  longer  trains  by  the  larger 
locomotives.  Improvements  in  car  construction,  however,  are 
rapidly  counteracting  this  tendency . 

General  observations  seem  to  indicate  that  about  40  to  50 
per  cent,  of  the  cost  of  maintaining  track  per  train-mile  varies 
directly  with  the  average  increase  of  weight  on  drivers.  The 
many  improvements  in.  track  construction  continually  under 
way,  the  introduction  of  treated  ties,  heavier  rails  of  improved 
steel,  and  better  drainage  facilities  all  help  to  reduce  to  a 
minimum  the'  effect  of  heavier  power  on  the  road  bed.  The 
iir»provements  to  bridges,  buildings,  and  structures,  such  as 
roundhouses,  turntables,  and  shops,  the  lengthening  of  pass- 
ing sidings,  and  the  extension  of  yard  facilities  have  a  further 
effect  on  the  cost  of  maintenance  of  way  and  structures  as 
related  to  the  increase  of  motive  power  sizes.  The  overhead 
charges  include  interest,  depreciation,  taxes,  and  insurance, 
and  should  be  carefully  estimated. 

Final  Determination  of  Most  Economical  Locomotive  to  Adopt.— 

Taking  each  one  of  the  items  into  consideration,  estimating 
tlie  reduction  in  train  mileage  effected  by  each  type,  the  gross 
savings  effected,  based  on  tlie  amounts  of  business  on  hand  or 
in  sight,  and  deducting  therefrom  all  overhead  charges  arising- 
from  the  additional  improvements  necessary  to  make  tlie 
operation  of  the  different  types  of  locomotive  under  com- 
parison practical,  will  reveal  which  particular  locomotive  is 
th©  most  economical  in  size  and  type. 

As  far  as  a  standard  engine  of  any  kind  for  an  entire  road 
is  concerned  tlie  general  conditions  obtaining  will  have  some 
bearing.  A  road  may,  for  instance,  be  composed  partly  of 
divisions  whose  grades  are  moderate  and  partly  of  divisions 
whose  grades  are  severe.  If  the  variations  are  not  great  a 
compromise  standard  might  be  adopted.  If,  on  the  other 
hand,  there  is  a  large  difference,  it  may  be  wiser  to  seek  to 
establish  two  or  tliree  standards  and  confine  them  to  tliei  r 
particular  territory,  with  a  view  to  getting  th©  maximurn 
efficiency  from  every  portion  of  the  property.  Then  again 
there  are-  many  shorter  territories,  such  as  pusher  grades  an d 
divisions  through  mountainous  country,  the  motive  power 
selection  for  which  is  a  distinctly  local  problem.  In  every 
case,  whether  it  is  the  broad  problem  of  establishing  stan- 
dards for  the  entire  system,  or  selecting  an  engine  for  a  local 
territory,  the  problem. might  well  be  reduced  to  an  economic 
study,  comparing  several  available  types  and  sizes,  tlie  extent 
of  the  improvements  necessary  to  make  their  operation  prac- 
tical, and  the  net  savings  which  it  is  estimated  will  be  effected 
by  their  introduction. 

Summary.  ―  In  designing  new  locomotives  all  of  the  con- 
ditions must  first  be  analysed  and  then  the  design  made  to 
suit  them .  Th©  actual  design  of  the  engine  finally  chosen 
may  be  approached  with  confidence  because  of  accumulated 
knowledge  and  experience.  Due  to  the  great  possibilities  of 
favourably  effecting  operating  results  by  building  locomotives 
which  are  exactly  suited  to  their  work,  a  study  of  the  con- 
ditions becomes  vitally  important.  To  show  what  these  con- 
ditions are  has  been  the  object  of  this  paper.  Th©  fact  that 
the  most  powerful  locomotives  of  most  approved  design  are 
also  the  most  economical  should  be  more  generally  appre- 
ciated .  It  is  to  be  hoped  that  the  future  will  se&  more 
advantage  taken  of  the  modern  locomotive  in  accordance  with 
its  possibilities  in  relation  to  grade  revision  and  its  ability  to 
reduce  operating  expenses  to  a  minimum.  The  ultimate 
benefits  which  will  result  will  certainly  be  justified  to  the 
fullest  extent. 


MODERN  METHODS  OF  INDIRECT  LIGHTING. 

An  interesting  paper  on  this  subject  by  Mr.  F.  W.  Willcox  and 
Mr.  H.  C.  Wheat  was  read  at  a  recent  meeting  of  the  Illuminating 
Engineering  Society.  At  the  outset  the  authors  remarked  that 
i  lit'  artificial  production  of  light  was  perhaps  the  most  inefficient 
and  wasteful  process  to  }>e  found  in  any  branch  of  engineering 
or  science.  This  fact  was  the  sti'ongest  argument  for  the  necessity 
for  "  <itii(*icnt  '，  lighting,  i.e"  for  using  suoli  iirrjinoonients  of 


artificial  light  sources  as  would  most  economically  meet  the 
demand  for  properly  distributed  light.  In  the  case  of  lighting 
Hie  term  "  efficiency  ，，  must  be  used  in  a  broader  sense  of  general 
visual  efficiency,  by  which  was  meant  the  effectiveness  of  tlie 
illumination  seemed  in  enabling  things  to  be  seen  easily  and 
in  comfort.  The  success  of  indirect  lighting  awaited  the  develop- 
ment of  new  and  improved  appliances.  This  result  was  secured 
by  the  introduction  of  the  .system  known  in  America  as  "eye- 
comfort,"  and  in  England  as  the  "  eye  rest  "  system  of  illumina- 
tion. In  tliis  system  there  was  employed  a  fixture  in  the  form 
of  an  inverted  bowl  suspended  from  the  ceiling  of  the  room,  and 
containing  highly  efficient  and  powerful  reflectors  of  special 
mirror  glass  construction.  The  】'efl('('fors  wvw  known  as  "  X- 
riiy，，，  ami  consisting  of  blown -^last-  blanks  of  correct  form，  which 
、、'(>r<'  in  one  piece  and  lirc-^luzed.  Tlicso  blanks  、、、'iv  bucked 
with  pure  silver,  put  on  by  a  special  process,  and  this  in  turn 
was  covered  with  an  elastic  enamel  to  protect  and  preserve  it. 
The  blanks  were  given  a  number  of  flutes  and  corrugations  in 
order  to  prevent  striations.  Of  734  lumen?  generated  by  tl"、 
lamp,  612  were  yielded  from  the  reflector,  which  equalled  an 
efficiency  of  over  83  per  cent. 一 a  much  higher  efficiency  than 
was  given  by  any  otlin'  rofloctor  with  which  the  authors  were 
conversant.  It  would  be  appreciated  from  tlie  foregoing  descrip- 
tion that  tlie  reflectors  wcic  。p;"|ii",  s"  that  opaque  cotitaiuers 
\v('r('  also  used.  The  latter  usually  took  the  form  of  howls,  which 
jni^ht  be  of  metal,  wood,  *;lasK,  oartlK^nware,  plaster,  &c.，  so 
that  not  only  was  tlioro  the  j>ossihility  of  nn  enormous  number  of 
different  designs,  but  also  a  large  selection  of  material  from  which 
to  executo  tlioin. 

The  vaiious  systems  of  artificial  lighting  in  use  were  next 
compared  by  the  authors,  including  (a)  direct  lighting  systems 
in  which  the  greater  part  of  the  illumination  was  received  directly 
from  the  light  units  or  sets  of  lamps  and  reflectors  ；  (b)  direct 
lighting,  in  which  the  greater  part  of  the  illumination  was  received 
directly  from  a  light  source  enclosed  in  diffusing  globes  ；  as,  for 
example,  Holopliane  spheres,  Holopliane  bowls,  and  Alba  spheres  ； 
(c)  semi-indirect  lighting,  in  wlticli  the  li^lit  was  partly  trans- 
mit hnl  directly  from  the  li*>htin^  units  through  a  diffusing  medium 
and  partly  indiroctly  l»y  n'fl(、('tion  from  the  ceiling  or  other 
surfaco  ；  and  (d)  indirect  lighting,  in  which  no  light  was  received 
(liivctly  on  the  illuminating  plane,  hut  only  indirectly  through 
j'ofloctors  from  a  second  surfar-e  or  body.  In  the  forr^i  of  indirect 
lighting  considorod  undoi-  tliis  heading  the  light  was  directed 
away  from  the  objects  to  bo  illuminated  and  thrown  upon  the 
ceiling,  from  which  it  was  reflected  upon  the  working  plane. 
Wliile  on  the  score  of  pure  physical  efficiency  in  lumens  per  watt, 
tlie  last  system  miglit  stand  below  the  others,  yet  in  point  of 
^•cnt'ial  visual  efficiency  its  general  results  were  comparable,  and 
in  many  cases  superior,  to  the  other  systems. 

Even  the  physical  efficiency  of  indirect  lighting  systems  was 
often  considerably  aliead  of  that  of  installations  which  it  replaced, 
so  tliat  tlie  adoption  of  tlie  indirect  lighting  system  in  numbers 
of  cases  actually  reducunl  the  energy  consumed.  Glare  was 
undoubtedly  reduced  to  the  minimum.  The  lamps  themselves 
were  entirely  】iidden,  and  the  greatest  surface  brightness,  that 
on  the  ceiling,  was  very  muck  lower  than  with  any  other  form 
of  lighting.  The  very  large  surface  of  the  ceiling  acted  as  a 
virtual  source  of  lighting,  giving  almost  perfect  diffusion  with 
an  entire  absence  of  the  uncomfortable  effects  associated  with 
glare.  As  regards  shadow  effect,  the  indirect  lighting  system 
stood  pre-eminent.  Shadows  were  less  dense,  and  their  edges 
softer.  It  would  be  a  mistake,  however,  to  assume  that  this 
lighting  was  shadowless,  as  that  would  make  it  objectionable. 
It  cast  shadows  of  a  character  which  avoided  their  disadvantages, 
and  secured  the  advantages  by  preventing  any  flat  effect  that 
might  occur  under  other  systems  of  indirect  lighting  such  as 
cove-lighting.  In  evenness  of  illumination  the  indirect  system 
surpassed  all  other  systems,  and  properly  installed  gave  the  bept 
results  from  the  fewest  number  of  points.  It  was  one  of  it's 
important  advantages  that  it  required  mucli  fewer  outlets  tlian 
the  direct  system.  The  difference  was  that  with  the  indirect 
system  of  illumination  the  illumination  of  a  room  was  treated 
as  a  whole,  while  with  direct  lighting  it  might  have  to  be  treated 
in  parts  or  sections.  As  regards  comfort  and  agreeahleness  of 
ligliting,  the  host  results  of  all  wore  ohtainod  by  tho  iiuliroct 
system. 
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COMBINED  INTERNAL  FLUE  AND  WATER-TUBE  BOILER. 

The  accompanying  sectional  views  show  a  construction  of 
combined  internal  flue  and  water-tube  boiler,  the  invention  of 
Mr.  L.  Haubentaller,  of  Ujszasz,  Hungary.  The  boiler  is  pro- 
vided with  an  internal  flue  in  which  is  arranged  at  the  front 
end  the  furnace  grate  and  at  the  rear  end  a  tubular  extension 
N,  inwardly  and  downwardly  directed  and  connected  by 
means  of  a  flange  with  the  water  chamber  O.  A  number  of 
inclined  water  tubes  P  open  out  in  the  water  chamber  0，  and 
are  connected  to  a  second  water  chamber  S.  This  chamber  is 
secured  to  the  front  wall  of  the  boiler,  and  is  in  communica- 
tion, by  means  of  a  bent  pipe  T，  with  the  upper  portion  of 
the  water  space  of  the  boiler.  The  water  tubes  P  are 
supported  in  their  middle  by  means  of  a  suspended  support- 
ing member.  The  cleaning  of  the  rear  water  chamber  O  and 
of  the  water  tubes  is  effected  through  openings  which  are 
closed  in  the  usual  manner  by  means  of  caps. 


COBALT  ALLOYED  WITH  CHROMIUM  AND  OTHER  METALS.* 

BY  ELWOOD  HAYNES. 

For  a  number  of  years  I  have  made  experiments  with  a  view 
of  finding  certain  metallic  combinations  or  alloys  which 
would  not  only  resist  oxidation  and  other  harmful  influenoes, 
but  would  also  possess  valuable  physical  properties  which 
would  render  them  fit  for  special  service.  The  first  decisive 
step  made  in  this  direction  was  the  discovery  of  an  alloy  of 
nickel  and  chromium  in  1898.  Immediately  following  the 
discovery  of  the  nickel-i.-hromium  alloy,  I  produced  an  alloy 
of  cobalt  and  chromium. 

As  early  as  1907  I  made  alloys  or  combinations  of  cobalt, 
chromium,  and  tungsten  ；  cobalt,  chromium,  and  molyb- 
denum ； and  cobalt,  chromium,  tungsten,  and  molybdenum. 


COMUINEI)  INTF.UNAL  FlVIL  AND  \\'ATi;U-Tl  BK 

1  liave  made  alloys  of  cobalt  and  chromium  containing  zir- 
conium, tantalum,  thorium,  titanium,  vanadium,  &c.  I 
have  also  added  to  the  cobalt-chromium  alloys  the  non- 
metallic  elements,  carbon,  silicon,  and  boron.  Some  exceed- 
ingly interesting  results  have  been  obtained  from  these 
various  combinations,  and  while  further  investigation  is 
necessary  in  order  fully  to  determine  their  chemical  and 
physical  properties,  a  number  of  them  have  shown  interesting 
economic  possibilities. 

The  preliminary  fusions  were  made  in  graphite  crucibles 
by  means  of  a  furnace  operated  by  natural  gas.  I  was  later 
obliged  to  use  crucibles  of  a  special  composition,  not  only  tx' 
avoid  the  contamination  of  the  metal  by  carbon  from  the 
crucible,  but  also  because  they  proved  more  reliable  under 
long-oontinued  heating  than  those  made  of  graph it-e. 

Tungsten  alloys  readily  with  chromium  and  cobalt  in  all 
j>roj>ortions.  When  added  in  small  quantities  to  the  cobalt- 
cliromium  alloy,  it  seems  to  have  little  influence  on  the 
properties  of  the  combination,  but  if  the  proportion  rises  to 

2  or  3  per  cent,  a  notable  effect  is  produced.  Generally 
speaking,  the  cobalt-chromium  alloy  becomes  harder  and 
more  elastic,  especially  if  it  contains  a  small  amount  of  car- 
bon, boron,  or  silicon. 

The  following  experiment  shows  the  effect  of  melting  the 
alloy  in  a  graphite  crucible :    Ninety  grams  of  cobalt,  6' 3 

*  Pai>er  prchcnWd  at  tliu  Cleveland  uicebing  of  the  American  Institute  of 


grains  of  tungsten,  18  grams  of  chromium,  together  with  a 
small  quantity  of  calcium  silicide,  were  introduced  into  a 
graphite  crucible.  The  resulting  alloy  was  very  hard,  and 
the  crucible  much  eroded  on  the  inside.  The  bar  cou】d  bo 
slightly  flattened  at  one  end,  and  after  being  made  into  a 
cold  chisel,  showed  remarkable  qualities.  It  would  not  only 
scratch  glass,  but  also  quartz  crystal.  It  was  quite  tou^h 
at  ordinary  temperatures,  and  would  cut  small  chips  or 
shavings  from  a  piece  of  stelliie.  At  a  bright  yellow  heat  it 
showed  signs  of  fusion,  and  became  covered  with  a  skin  of 
oxide. 

An  alloy  was  made  by  inelting  the  following  in  a  special 
crucible  ：  Cobalt  rondelles,  80  grams  ；  chromium,  20  grams  ； 
tungsten,  7  grams  ；  calcium  silicide,  10  grams  ；  and  calcium 
carbide,  5  grams.  As  soon  as  the  above  were  melted,  the 
crucible  cover  was  removed  and  15  grams  of  an  alloy  of 
cobalt  and  boron  was  introduced.  The  crucible  lid  was  then 
replaced  and  the  lieating  continued.  A  heavy,  thick  slag 
formed,  which  was  removed  before  pouring  the  metal.  The 
resulting  bar  was  very  hard  and  elastic,  but  only  drew 
slightly  under  the  hammer  and  then  broke.  A  cold  chisel 
made  from  the  cast  metal  cut  iron  readily.  The  bar  was 
broken  and  remelted  with  about  one-third  of  its  weight  of 
an  alloy  of  cobalt,  chromium,  tungsten,  and  carbon.  The 
result  was  a  fine-grain  alloy  which  was  very  elastic,  and 
would  draw  out  to  a  considerable  degree  under  the  hammer 
without  checking.  Its  elastic  limit  must  have  been  very 
liigh,  since  when  it  broke  the  pieces  were  thrown  violently. 

Taking  the  alloy  of  chromium  and  cobalt  as  a  basis,  and 
holding  the  proportion  of  chromium  at  15  per  cent,  of  the 
entire  mixture,  it  was  found  that  the  alloy  gradually 
increased  in  hardness  with  the  percentage  of  tungsten.  When 
the  quantity  of  tungsten  rises  to  5  per  cent,  the  alloy 
becomes  distinctly  harder,  particularly  when  forged  under 
the  hammer.    When  the  tungsten  reaches  10  per  cent,  the 

metal  still  forges  readily,  and 
a  tool  formed  from  the  alloy 
takes  a  fine  cuting  edge.  This 
alloy  is  suitable  for  both  cold 
chisels  and  woodworking  tools. 
When  the  tungsten  rises  to 
1 5  per  cent,  the  metal  can 
still  be  forged,  but  great  care 
is  necessary  in  order  to  avoid 
checking.  This  alloy  is  con- 
siderably harder  than  that 
cont-aining  10  per  cent,  of 
tungsten,  and  is  excellent  for 
cold  cliisels.  When  the  tung- 
sten rises  to  20  per  ceut.  the 
lioiLKu.  alloy  is  still  harder,  and  can 

be  forged  to  a  small  extent.  It  makes  good  lathe  tools  for 
cutting  steel  and  other  metals  at  moderate  speeds.  When 
the  tungsten  rises  to  25  per  cent,  a  very  hard  alloy  results, 
which  cannot  be  forged  to  any  extent,  but  casts  readily  into 
bars  which  may  be  ground  to  a  suitable  form  for  lathe  tools. 

These  tools  have  shown  great  capabilities,  particularly 
for  the  turning  of  steel,  since  they  are  very  strong,  and 
retain  their  hardness  at  speeds  which  almost  instantly  destroy 
the  cutting  edge  of  a  steel  tool.  The  tungsten  may  be  still 
further  increased  to  40  per  cent,  and  the  alloy  will  retain 
its  cutting  qualities,  and  for  turning  cast  iron  tliis  alloy 
answers  even  better  than  that  containing  25  per  cent.  When 
the  tungsten  reaches  40  per  cent,  or  more  the  alloy  becomes 
so  hard  that  it  will  not  only  scratch  glass,  but  will  readily 
scratch  quartz  crystal.  A  small  drill  made  of  this  material 
drilled  a  hole  through  the  wall  of  a  glass  bottle  without  the 
addition  of  any  liquid  or  other  lubricant. 

A  |in.  square  cast  bar,  when  ground  to  a  suitable  edge, 
was  set  in  a  toolholder  attached  to  a  lathe.  The  workman 
who  had  operated  the  lathe  had  been  able  to  turn  to  form 
26  cast-iron  wheels  in  10  hours  with  a  steel  tool  of  the  same 
size.  The  stellite  tool  turned  49  of  these  wheels  to  form  in 
the  same  time.  The  steel  tool  was  ground  50  times  during 
the  operation .  wliile  the  edge  of  the  stellite  tool  was  dressed 
slightly  by  a  carborundum  whetstone,  after  its  clay's  work 
was  completed.  A  set  of  steel  cutters,  placed  iu  the  boring 
head  of  a  cylinder  boring  machiue,  was  able  to  bore  from 
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27  to  28  holes  in  10  hours.  The©©  cutters  were  replaced  by 
others  mad©  of  stellite,  whicli  performed  th©  work  in  3  hours 
and  20  minutes,  or  a  little'  more  than  one-third  the  time'. 
Not  only  was  the  speed  of  tho  mill  doubled,  but  the  feed 
also,  and  notwithstanding  this  se>ver©  ordeal,  the  stt'lliti' 
cuiiers  were  only  sliglitly  worn,  while  it  would  have  "  i  'i 
necessary  to  regrind  the  steel  cutters  at  least  two  or  three 
times  for  the  same  service  at  slower  sj>eed.  Some  remark"  1)1" 
results  were  obtained  in  the  turning  of  steel  on  the  lat  he. 
For  example,  a  cylindrical  bar  of  annealed  nickel-chrome 
steel ,  about  2*5in.  diaim  ，  was  placed  in  a  latlie  and  turned 
with  a  steel  tool  at  about  as  higli  a  speed  as  the  steel  would 
permit  without  burning.  The  steel  tool  was  then  replaced 
by  one  of  stellibe,  and  the  speed  at  tho  same  time  increased 
to  2|  its  former  speed.  The  stellite  tool  retained  its  edge 
under  these  severe  conditions,  and  produced  a  shaving  weigh- 
ing l'21bs.  in  30  sees.  Just  what  the  effect  of  the  alloy  will 
be  in  machine  shop  practice  is  at  pre&ent  somewhat  difficult 
to  determine.  In  my  opinion,  however,  it  will  not  fully 
supersede  liigh-speed  steel  in  the  machine  sliop,  but  in  cases 
where  rapid  work  is  the  main  consideration  it  will  doubtless 
replace  high-speed  steel. 

When  molybdenum  is  added  to  a  15  per  cent,  cobali- 
cliromium  alloy  tli&  alloy  rapidly  liaidcns  as  th©  molybdenum 
content  increase's,  until  the  content  of  the  latter  metal 
reaches  40  p&r  cent"  when  the  alloy  becomes  exceedingly 
hard  and  brittle.  It  cuts  keenly  and  deeply  into  glass,  and 
scratches  quartz  crystal  with  ease.  It  takes  a  magnificent.' 
polish,  wliich  it  retains  under  all  conditions,  and  on  account 
of  its  extreme  liardness  its  surface  is  not  readily  scratched . 
When  25  per  cent,  of  molybdenum  is  added  to  a  15  per  oent. 
chromium  alloy,  a  fine-grained  metal  results,  which  scratches 
glass  somewhat  readily  and  takes  a  strong,  keen  edge.  Its 
colour  and  lustre  are  magnificent,  and  it  will  doubtless  find 
a  wide'  application  for  fine,  hard  cutlery.  It  cannot  be 
forged,  but  casts  readily,  and  its  melting  point  is  not  abnor- 
mally high. 

If  carbon,  boron,  or  silicon  are  added  to  any  of  the  above 
alloys,  they  are  rendered  much  harder,  though  tlieir  effect  is 
not-  always  desirable,  since  they  tend  to  render  the  alloys  more 
brittle.  If  either  tungsten  or  molybdenum  is  added  to  a 
cobalt-chromium  alloy  containing  25  per  cent,  of  the  latter 
ni.etal,  the  hardness  of  the  alloy  is  rapiclly  increased.  When 
the  percentage  of  tungsten,  for  example,  reaches  5  per  cent" 
the  alloy  can  be  readily  forged,  and  forms  an  excellent  com- 
bination for  wood-cutting  tools,  such  as  chisels,  pocket  knives, 
&c.  When  molybdenum  is  added  to  the  same  mixture  of 
chromium  and  cobalt,  much  the  same  effect  is  produced, 
though,  generally  speaking,  a  smaller  quantity  of  molybdenum 
is  required  to  produce  a  given  increase  in  hardness.  In  some 
instances  I  have  found  it  advisable  to  add  both  molybdenum 
and  tungsten  to  the  cobalt-chromium  alloys.  Generally  the 
colour  and  lustre  of  these  alloys,  after  polishing,  are  magni- 
ficent, and  they  seem  to  resist  atmospheric  influences  equally 
as  well  as  the  binary  alloy  of  cobalt  and  chromium. 

The  Society  of  Engineers. ― The  third  annual  general  meet- 
ing of  this  society  was  held  at  tlie'  society's  offices,  West- 
minster, on  Monday,  Deoeniber  9th,  Mr.  Jolm  Kennedy, 
President,  being  in  the  chair.  Th©  report  of  tho  scrutine&rs 
of  the  postal  ballot  for  th©  election  of  Council  and  officers  for 
1912  showed  that  the  following  had  been  duly  elected :  Pre- 
sident, Arthur  Valon  ；  vice^presideotits,  H.  C.  H.  Shenton, 
Norman  Scorgie,  T.  E.  Bower  ；  members  of  Council,  Henry 
Adams,  C.  T.  Walrond,  Percy  Griffith,  H.  C.  Adams,  J.  R. 
Bell,  S.  Cowper-Cole®,  H.  P.  Maybury,  B.  H.  M.  Hewett;  F. 
H.  Hummel 3  G.  A.  Becks ；  associate  member  of  Council,  R. 
J.  Simpson ；  hon.  secretary  and  treasurer,  D.  B.  Butler.  It 
was  announced  that  premiums  for  papers  read  ai  meetings 
and  published  in  the  "Journal"  during  1912  had  been 
awarded  as  follows :  The  President's  Gold  Medal  to  Mr.  W. 
P.  Durtnall,  for  his  paper  on  "  Tlie  Generation  and  Electrical 
Transmission  of  Power  for  Marine  Transportation/5  The 
Bessemer  Premium,  valve  £5.  5s. ，  to  Prof.  Herbert  Chatley, 
for  his  paper  on  "  Resistance  to  Rolling."  Tho  Clarke 
premium,  value  £5.  5s"  to  Mr.  Gerald  O.  Case,  for  his  paper 
on  u  Ligno-Concrete."  The  Bern  ays'  Premium,  value  £2. 
2s. ，  to  Mr.  J.  P.  Harris,  for  his  paper  on  "  The  Construction 
of  a  London  County  Council  Low  Level  Sewer  from  Batter se-a 
to  Deptford."  A  Society's  Premium,  value  £2.  2s.,  to  Mr. 
P.  J.  Waldram,  for  his' paper,  entitled,  u  Test  Deflections  in 
Reinforced  Concrete." 


THE  BEST  SPEEDS  OF  WOODWORKING  MACHINES. 

The  speed  at  which  machines  should  run  to  give  the  best 
results  is  a  problem  ihfit  operators  sliould  uiideu-sl and .  To 
prove  that  it  is  an  int/ricabe,  or  at  l-east  an  uiidetermiiiod 
nial  tcr,  we  iie'ed  only  refer  to  the  diversity  of  opinion  ； mmiig 
iiKM'lianics,  and  the  want  of  any  opinion  at  all  witli  a  great 
liiany. 

If  the  speed  of  a  macliino  could  be  calculated  from  ill  at 
required  for  the  cutting  edges  alone,  we  should  have  a  general 
rule  to  apply,  but  th©  limit  of  speed  is  more  frequently  taken 
t  r()m  the  condition  of  the  spindles  and  bearings  than  from  the 
cutting  action.  Cutberlieads  more  than  4in .  diam .  can 
generally  b©  moved  as  fast  as  the  edges  require,  to  run  to  give 
a  good  result,  say,  within  5,000  revs,  per  minute  o'r  5,000ft.  of 
movement  with  tho  edges.  But  whem  th©  cutterhead  is 
smaller,  tlie  spindles  are  not  dimniished  in  the  same  ratio,  and 
the  speed  must  be  slower. 

The  cutting  uiovcnient  should,  as  far  as  possible,  be'  a  basis 
for  estimating  speed,  instead  of  tho  number  of  revolutions 
made  by  a  spindle.  A  cutter  on  a  3in.  Jiead,  making  4,000 
revs,  per  minute,  is  only  moving  as  fast  as  one  on  a  6in.  head 
at  2,000  revs,  per  minute,  and  still  it  is  quite  common  and  a 
habit  hard  to  avoid  to  consider  all  spindles  wanting  a  common 
speed  from  3,000  to  5,000  revs,  per  minute  without  consider- 
ing t  he  movement  of  edges. 

Perhaps  as  good  a  rule  as  can  b©  used  is  to  assume  a  4in. 
cutterhead  to  make  4,000  revs,  per  minute  as  a  base  or  unit  of 
speed.  This  makes  approximately  4,000ft.  a  minute  of 
cutting  movement;  then  increase  500ft.  a  minute  for  each 
inch  of  diameter  added  to  the  cutterhead .  This  makes,  at 
lOin.  diam.,  a  speed  of  7,000ft.  a  minute,  and  for  16in.  diam. 
10,000ft.  a  minute,  which  could  then  became  a  constant  for  all 
larger  diameters.  This,  it  must  be  remembered,  is  assumed 
for  strong  cutterlieads  of  forged  or  malleable  iron,  steel,  or 
brass,  and  not  cast  iron,  which  should  not  be  used  for  liigh 
speeds. 

Reversing  this  rule,  from  4in.  diam.，  with  4,000ft.  of 
t'ui ting  movement,  deduct  750ft.  of  the  movement  for  ©aoh 
inch  of  diameter  the  heads  are  reduced .  This,  at  lin.  brings 
the  cutting  speed  to  1,750ft.  a  minute^  with  7,000  revolutions 
of  the  spindle,  a  practical  limit. 

Boring  machines,  to  operate  screw-bits,  should  run  from 
1,000  to  2;000  revs,  per  minute,  according  to  the  kind  of  wood 
or  tlie  size  of  bits  used.  For  all  reciprocating  machines  there 
is  a  general  rule  that  applies,  which  is  to  run  them  as  fast  as 
tliey  will  stand.  In  other  words,  th-eir  work  always  demands 
more  speed  than  it  is  possible^  to  have.  This  is  certainly  not 
a  very  comprehensive  rule,  but  another  one,  infinitely  better, 
is  to  use  them  only  when  they  cannot  be  avoided,  no  matter 
to  what  purpose  they  are  directed.  For  ordinary  reciprocat- 
ing machines  the  following  list  of  speeds  is  given  ： ― 


Revolutions, 
per  minute. 

Resawing  machines   250  to  300 

Scroll- saw  machines    300  to  400 

Jig-saws  with  spring  tension    500  to  800 

Jig-saws  with  unstrained  saw    800  to  1,500 

Mortising  machines  with  movable'  table    300  to  450 

Mortising  machines  with  chisel  feed  table    250  to  350 

Mortising  machines,  heavy,  for  car  work    200  to  300 


Circular  saws  can  be'  driven  at  a  speed  of  7,000ft.  to 
10,000ft.  a  minute.  The  manner  in  which  they  are  hammered 
has  much  to  do  with  the  speed  at  which  they  may  run,  and 
often  when  a  saw  becomes  limber  and  deviates  it  is  a  fault  of 
the  hammering  instead  of  the  speed.  When  slack  on  th© 
periphery  they  will  nob  stand  speed,  and  become  weaker  and 
bend  more  readily  when  in  motion  than  when  still . 

On  the  contrary,  if  properly  hammered,  a  little  "tight," 
as  it  is  iermed,  on  the  periphery,  they  become  more  rigid  when 
in  motion  up  to  a  certain  limit.  Tlio  cause  of  this  is  that  steel 
is  elastic,  and  is  stretched  by  tlie  centrifugal  strain  in  propor- 
tion to  the  speed ,  which  is  greatest  at  the  t&eth  and  diminishes 
to  tlie  centre.  If  saws  have  a  tendency  to  spring,  also  want  of 
rigidity,  it  can  be  remedied  in  most  cases  by  hammering. 

Cutting  wood  is  like  cutting  iron  ；  hardwood  cannot  be  cut 
at  as  high  a  speed  as  softwood .  Anyone  who  has  had  experi- 
ence in  working  boxwood,  ooooa  ro&ewood3  or  lignum-vitse,  will 
have  noticed  that  a  high  speed  soon  destroys  edges  by  over- 
heating, especially  with  baring  or  turning  tools  that  act  con- 
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tiuuously.  The  use  of  these  hard  varieties  of  wood  is,  how- 
ever, so  exceptional  that  the  matter  need  not  be  discussed  here 
further  than  bo  say  that  a  moulding  or  planing  machine  that 
is  to  run  mainly  upon  walnut,  ash,  oak,  or  other  hardwood 
will  give  better  results  if  run  a  fourth  slower  than  for  soft- 
wood. 

Approximate  Speeds,  etc.,  of  Cutter  Heads. 


Diamuttr  of 
L'uttcr-hc<wl 
ill  inches. 

Fcwl  of  cut- 
ting move- 
ment per 
minute. 

Approximate 

number  of 
revolutions  a 
minute. 

Average  speed 
of  bearing 
surface  in 
feet. 

■Ratio  of 
movement 
in  the 
bearings. 

1 

1  750 

7,000 

875 

g 

2 

2:500 

5,000 

937 

9 

3 

3  250 

4,333 

1,083 

10 

4 

4,000 

4,000 

1:125 

] l 

5 

4:500 

3,600 

1,125 

11 

(i 

5,000 

3,333 

1,145 

11 

7 

5,500 

3,142 

1,277 

13 

8 

6,000 

3,000 

1,406 

14 

9 

6,500 

2,880 

1,444 

14 

10 

7,000 

2,880 

1,445 

14 

11 

7.500 

1,450 

14 

12 

8,000 

2,666 

1,465 

15 

13 

8,500 

2,615 

1,525 

15 

14 

9,000 

2,576 

1,541 

15 

15 

9,500 

2,533 

1,551 

15 

16 

10,000 

2,500 

1,512 

15 

17 

10,000 

2,352 

1,470 

15 

18 

10,000 

2,222 

1,417 

14 

19 

10,000 

2,105 

1,382 

14 

20 

10,000 

2,000 

1,370 

14 

24 

10,000 

1  666 

1,250 

13 

30 

10,000 

1,333 

1,083 

11 

36 

10,000 

1,111 

987 

10 

40 

10,000 

1,000 

1,000 

10 

The  cylinders  of  planing  machines,  being  strong  and  safe, 
and  the  rate  of  feed  required  as  much  as  possible,  th-ey  can  be 
run  at  a  speed  one-fourth  more  than  that  given  in  the  table. 
Line  shafting  should  in  all  cases  mn  as  fast  as  the  bearings 
will  stand  with  safety  ；  200  revs,  to  250  revs,  per  minute  for 
3in.  shafts  and  250  revs,  to  300  revs,  per  miuut©  for  2 Jin. 
shafts  make  a  good  rule,  to  be  modified,  of  course,  by  the 
kind  of  bearings  that  are  used.  Countershafts  can  run  three 
times  that  fast. — "  Wood  Craft." 


Reducing  Gears  for  Ship  Propulsion. ― According  to  Mr.  Her- 
bert Rowell,  of  Messrs.  R.  &  W.  Hawthorn ,  Leslie,  &  (Jo,， 
his  firm,  so  far  back  as  1897，  constructed  a  number  of  paddle 
steamers  fitted  with  reducing  gear,  for  the  Chinese  Eastern 
Railway  Company  for  service*  on  the  Sungari  River.  As  the 
draught  permissible  was  extremely  limited,  and  a  number 
of  heavy  barges  had  to  be  towed,  the  conditions  could  not  be 
fulfilled  with  ordinary  paddle  machinery.  Mr,  Howell  there- 
fore submitted  in  February  of  that  year  a  proposal,  which 
was  accepted,  for  propelling  the  vessels  by  means  of  triple- 
expansion  machinery  of  tb©  torpedo-boat  type,  placed 
athwartships,  working  at  150  revs.,  and  driving  the  paddle 
wheels,  15ft.  in  diam.,  at  28  revs,  per  minute,  by  means  of 
helical  gearing  working  in  enclosed  oil-baths.  Fifteen  of 
these  vessels  were  built  at  that  time，  and  gave  excellent 
results  on  service. 

Accidents  in  Mines.  —  Part  two  of  the  general  report  on 
mines  and  quarries  in  the  United  Kingdom  for  the  year  ended 
December  31st,  1911，  has  just  been  issued  as  a  Blue  Book. 
It  states  that  the  total  number  of  persous  employed  was 
1,179,101  (1,096,238  at  mines  and  82,863  at  quarries)  or  a  net 
increase  of  15，  181  persons,  as  compared  with  the  preceding 
year.  There  were  1,349  separate  fatal  accidents,  causing  the 
】oss  of  1,407  lives,  a  decrease  of  495  fatalities  on  the  year 
preceding.  Commenting  on  the  gain  in  safety  over  a  long 
]>eriod  of  years,  the  report  says,  "  the  death-rat^  per  million 
tons  of  minerals  raised  at  mines  under  the  Coal  Mines  Regu- 
lation Act  during  1911  was  4'42,  as  compared  with  19  for  the 
year  1851.  The  death-rafce  per  million  tons  of  coal  only  for 
1911  was  4'47.  The  total  number  of  persons  injured  by 
ac<-i(lerits  disabling  tliem  for  more  than  seven  days  at  all  mines 
and  (juarrios  was  173,549，  compared  with  1  G5,813  for  1910, 
an  iucrcawe  of  7,736. 
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ELECTRIC  LIGHTING  DATA. 

In  the  course  of  a  paper  road  before  the  National  Electric  Li^lit 
Association,  Mr.  Ralph  Beman  presented  the  following  tables  of 
data  relating  to  electric  illumination  of  offices,  works,  factories, 
&c.  Table  I.  gives  the  foot-candle  intensities  for  various  classes 
of  service,  and  Table  II.  utilisation  factors,  a  diagram  also  being 
included  for  approximate  field  work  in  the  selection  and  plucin^ 
of  equipment.  Having  decided  the  a, vcra^c  intensity,  which  in 
turn  determines  the  total  light  flux  on  the  plane  considcn^l,  flu* 
next  step  is  to  find  what  the  total  flux  generated  by  tli('  lamps 
must  be.  This  depends  upon  the  efficiency  of  the  syste^ui  or  th<' 
ratio  of  lumens  effective  to  lumens  generated.  Utilisation 
efficiencies  for  different  systems  of  light  may  be  consi(l''r'fl 
approximately  as  given  in  Tabic  II.    These  tables  liavc  Ijccn 


Height  I  Focusing     .   ^  ,    M      ^       30      35       40       45       5(?       5.f>  GO 
above  <  Intensive  8'   1:0    12  [  U    16    18  »    ^  ： 芈 ■  «  32'    ji  t  36  '  38 
Floor  (  Extensive  6*8*   10       12       H       16        IS       20       22  '  '  24 


60504540  35  30    25  6  8        12        16       20  -     24       28       32       36       40  44 


UtilUatlon  Efficiency  Average  Spacing  in  Feet 

Percent 

Chakt  foii  Apphoximate  Calculations  of  Illuminating  Equipment. 

compiled  with  the  idea  of  being  representative  of  results  which 
may  be  obtained  with  new  reflectors  and  lamps  operating  at  rated 
efficiencies. 

Tablk  I. ― Foot-Candle    Intensities    recommended   jor  Yartoias 
Classes  of  Service. 


Art  Gallery  (wtdls)   5  0 

Automobile, 

Showrooms    5*0 

Billboard    8*0 

Card  Room  (tables)    *  3'0 

Courts. 

Tennis    7'0 

Draughting  Room   8*0 

Factory. 


General  lighting  (where  individual  drop  lights  are 

provided)  

General  lighting  (where  no  individual  lights  are  provided) 
Local  bench  illumination  

Gymnasium  

Hotels. 

Bedroom   

Corridor  

Dining  room   

Lobby   

Writing  room  

Library. 

Stock  room  

Reading  room  (with  no  local  illumination  supplied) .... 

Reading  room  (with  local  illumination  supplied)  

Office. 

Desk   

General  (no  drop  lights)  

General  (with  drop  lights) .  ■  

Show  Window. 

Dark  goods  20*0 

Light  goods   12  0 
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Store. 

Clothing   6-0 

Furniture    3  •  5 

Grocery    4-0 

Hardware    3"5 

Shoes  •  •   4-0 

W arehouse    l'O 

Tablk  II. —  Utilisation  Factors. 


PROGRESS  OF  WORK  ON  BORONISED  COPPER.- 


BY  DK.  E,  WEINTRAUB. 


Unit. 


Prismatic  glass  

Opal  or  milk  glaws  . 
Decorative  or  art  gla 

Scmi-iiidirect  

Indirect   


Steel* 


Walls. 


Light. 

Medium. 

Dark. 

60 

50 

40 

50 

42 

33 

30 

25 

20 

40 

35 

:w 

Avt'i'w  value 

Wide 

Narrow 

Angle 

Angle 

58 

50 

♦Values  for  steel  will  vary  10  per  cent,  either  、、； ly,  depending  upon  condi- 
tions. They  hold  only  when  ratio  of  mounting  height  to  smallest  diinonsion 
of  room  is  not  greater  than  1  :  2. 

The  use  of  the  chart  may  be  illustrated  by  an  example.  Assume 
a,  store  requiring  an  illumination  of  three  foot-candles  and  that 
prismatic  glass  reflectors  are  to  be  used.  With  medium  walls  take 
the  utilisation  efficiency  as  50  per  cent.  Using  the  left-hand 
portion  of  the  diagram,  find  the  vertical  line  corresponding  to 
50  per  cent,  efficiency  and  follow  it  upward  till  it  intersects  the 
oblique  line  marked  3  foot-candles.  If  one  follows  the  horizontal 
line  passing  through  this  intersection  over  to  the  other  portion 
of  the  diagram,  it  will  be  found  that  it  intersects  the  curves 
representing  the  several  units  in  as  many  points.  The  abscissas 
of  each  of  these  points  give  the  spacing  necessary  to  obtain  the 
given  intensity  with  each  unit.  In  the  case  in  hand  40-watt  lamps 
should  be  spaced  at  intervals  of  7^ft.,  100-watt  units  at  12ft., 
500-watt  units  at  28ft.  The  size  of  unit  will  be  determined  by 
the  size  of  room  and  diffusion  desired.  The  proper  height  above 
working  plane  can  be  read  from  the  upper  scales.  Types  of  distri- 
bution will  be  chosen  according  to  the  ceiling  height.  The  use  of 
the  two  tables  and  the  chart  enables  one  to  specify  size, 
spacing,  height  of  suspension,  and  light  distribution  from  the  unit, 
wliich  in  cases  of  uniform  illumination  is  usually  sufficient. 


Mining  of  Tin  Ores. ~ At  a  meeting  of  the  Iustitutiou  of 
Mining  and  Metallurgy  held  in  London  on  the  19th  iust.， 
three  papers  were  contributed  in  counectioii  with  the  mining 
of  tin  ores.  The  first  of  the&e'  was  by  Mr.  W.  F.  Wilkinson, 
tlie  principal  of  the  School  of  Mines,  and  dealt  with  the 
" Dressing  of  Tin  Ores  in  Cornwall."  Many  of  the  miues 
still  working  tin  ores  seem  to  have  been  working  under 
unsatisfactory  conditions,  and  no  very  close  check  has  been 
kept  upon  their  methods  of  concentrating  tlx©  "black  tin" 
from  the  ore.  This  washed  residue  is  of  very  indefinite  value 
as  regards  actual  tin  content,  which  is  usually  determined  by 
tlie  miner's  method  of  vanning  on  a  shovel,  and  this  is  liable 
to  great  variation  according  to  the  class  of  ore  treated .  In 
this  way  the  present  great  loss  entailed  in  the  defective  treat- 
ment by  ancient  machinery  is  to  a  large  extent  obscured,  so 
that  the  reported  recovery  of  90  per  cent,  of  values  resolves 
itself  into  as  low  a  figure  as  60  per  cent,  when  tested  by 
modern  assay  means.  The!  author  described  some  tests  made 
at  tlie  School  of  Mines  with  modern  plant  which  is  expected 
to  make  a  considerable*  improvement  in  the  amount  of  metal 
recovered  as  tin  oonoentrate.  The  second  paper  by  Mr.  H. 
B.  Rawlings.  described  the  "  Direct  Volumetric  Determina- 
tion of  Tin，，，  by  a  method  worked  out  in  Cornwall  to  give 
rapid  and  accurate  results  on  all  grades  of  tin  ore.  Mr.  R. 
T.  Hancock  contributed  "  Notes  on  the  Valuation  of  Nigerian 
Tin  Concentrate',"  which  as  collected  in  the  Willoughby  tin 
ore  dresser  varies  in  actual  metal  content  from  40  to>  74  per 
cent.  Ho  described  a  method  of  easily  determining  tliie  pro- 
portion of  worth lesa  black  sand  present  in  the  "black  tin/' 
and  which  is  used  as  an  equitable  basis  of  purchase  from  the 
tributors  who  wash  the  ore  free  from  quartz  in  sluices. 


The  process  of  boronising  copper  was  merely  the  result  of  n 
lucky  idea  which  forced  itself  upon  mo  through  experimenta- 
tion in  a  totally  different  line,  viz.,  that  of  preparing  the 
element  boron  in  a  pure  state,  a  line  of  work  which  was  begun 
primarily  for  tlie  purpose  of  testing  whether  boron  would  be 
an  appropriate  substance  for  incandescent  lamps. 

The  story  is  very  short.  After  having  isolated  the  element 
boron  I  was  struck  by  the  great  affinity  displayed  by  it  toward 
practically  every  known  element,  whether  metalloid  or  metal, 
but  I  was  no'  less  iir>])ressed  by  the  apparent  lack  of  affinity 
between  boron  and  copper,  even  at  the  melting  point  of  the 
latter.  I  was  carrying  out  the  deposition  of  boron  from  boron 
chloride  and  hydrogen  between  water-cooled  copper  electrodes. 
Boron  would  deposit  and  grow  on  copper  electrodes,  but  the 
latter  would  not  combine  with  the  boron,  and  any  copper 
mechanically  adhering  to  the  boron  oould  be  easily  washed 
ofT  with  dilute  acids. 

I  had  often  heard  that  it  was  difficult  to  produce  cast 
copper  mechanically  sound  and  of  high  electrical  conductivity, 
and  how  the  accomplishing  of  this  would  be  desirable  for  elec- 
trical and  other  work.  I  said  to  myself  that  since  boron  has 
such  a  high  affinity  for  oxygen,  nitrogen,  and  oxygen-con- 
taining gases,  which  were  probably,  in  one  way  or  another, 
the  cause  of  the  difficulties  in  copper  casting,  and  as  boron,  on 
the  other  hand,  apparently  had  no  affinity  for  copper,  it  was 
very  probable  that  boron  would  be  the  natural  deoxidiser  for 
copper.  I  thought  it  might  bei  worth  while  trying  this  out, 
but  so  many  things  look  good  in  theory,  and  yet  do  not  work 
out  in  practice,  and  it  is  so  hard  to  tell  beforehand  which  one 
of  a  number  of  good  ideas  will  work  and  which  will  be  a  sore 
disappointment,  that,  under  the  pressure  of  other  work,  I 
let  this  idea  linger  in  my  mind  a  number  of  months  before 
I  actually  tried  it,  and  then  one  day,  when  there  was,  luckily, 
a  lull  in  other  work,  I  asked  my  assistant,  Mr.  Kroner,  to 
try  to  add  a  small  percentage  of  amorphous  boron  (boron 
suboxide)  to  copper,  and  see  what  luck  he  would  have.  He 
added  about  0'1  per  cent.,  and  after  a  short  time  brought  me 
a  sample  bar,  which  looked  good.  The  same  measured  up  to 
94  per  cent,  conductivity  of  Mathiessen  standard. 

The  first  simplification  consisted  in  the  substitution  of 
boron  suboxide  flux  for  boron  suboxide.  Boron  suboxide  is 
made  by  reducing  boric  anhydride  with  】nagnesiuTri，  aluini- 
uium,  or  an  alkali  metal,  and  chenucal  treatment  of  the 
reaction  product.  For  copper  casting  it  is,  however,  unneces- 
sary to  treat  the  product  as  the  ingredients  of  it  (excess  of 
boric  anhydride  and  of  borate)  outside  of  boron  suboxide  are 
harmless  or  even  useful  in  diluting  the  active  agent.  Of  this 
boron  suboxide  flux  0*75  to  1  per  cent,  has  to  be  added  (equi- 
valent to  0*08  to  0*1  per  cent,  of  boron  suboxide). 

This  is  the  flux  at  present  used.  However,  any  material 
which  contains  boron  in  a  state  of  oxidation  below  that  of  boric 
anhydride  is  a  flux  for  copper  casting.  Amoug  other  con  - 
pounds  of  boron  which  satisfy  this  condition  I  mention  boron 
carbide  or  any  alloy  of  carbon  and  boron. 

In  order  to  better  make  the  boron  react  on  the  copper  or 
rather  on  the  gases  in  the  copper,  I  thought  it  would  be  best 
to  superheat  the  copper,  and  I  did  that,  although.  I  was  told 
that  this  is  equivalent  to  ruining  the  metal .  The  copper,  I 
was  told,  would  "  burn."    The  result  was  as  I  expected. 

After  the  process  had  been  made  to  work  many  directions 
presented  themselves  for  further  investigation.  First  and 
perhaps  the  most  important  from  the  point  of  view  of  pure 
investigation  was  the  question  of  what  the  boron  flux  actually 
does.  We  have  no  reason  to  doubt  that  the  boron  reduces 
some  gas  in  the  copper,  which  is  either  oxygen  itself  or  con- 
tains oxygen  ；  it  would  be  of  great  interest  to  ascertain  the 
exact  nature  of  the  gas  and  the  quantitative  relations  in  the 
action  of  boron.  We  have  nob  don©  this.  Another  line 
was  to  study  the  deoxidation  of  copper  alloys  by  boron.  We 
have  done  a  little  on  that,  and  have  ascertained  that  all  the 
copper  alloys  containing  the  elements,  zinc,  tin,  lead,  greatly 
benefit  by  being  deoxidised  by  boron,  but  we  have  not  done 

" Abstract  of  paper  read  before  tihe  American  Institute  of  Mebals. 
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as  much  in  this  direction  as  we  would  like  and  as  we  even- 
tually will. 

There  remains  for  me  to  give  you  some  details  of  how  the 
proc&ss  of  boronising  copper  is  carried  out,  and  what  pre- 
cautions are  to  be  taken  in  order  to  secure  a  good  casting. 
The  boron  suboxide  flux  can  be  added  to  the  copper  in  diffe- 
rent ways,  which  are  equally  good.  In  the  Lynn  Foundry 
our  pots  contain  about  125lbs.  of  metal,  and  up  to  the  present 
coal  furnaces  have  been  used .  The  method  used  in  the  Lynn 
Foundry  consists  in  mixing  half  of  the  boron  flux  to  be  added 
with  charcoal,  putting  it  on  the  bottom  of  the  pot  and  melt- 
ing the  copper  down  -  When  the  copper  has  reached  the  neces- 
sary temperature  (the  copper  can  be  heated  too  low  but  not 
too  high),  the  pot  is  taken  out,  the  slag  skimmed  off,  and  the 
second  half  of  the  boron  flux  added  and  thoroughly  stirred 
in.  After  a  miuute  or  so  the  slag  comes  up  to  the  surface  in 
the  form  of  fused  lumps,  and  is  skimmed  off,  and  the  melt 
is  cooled  down  by  adding  gates  or  risers  until  the  proper 
pouring  temperature  is  obtained. 

In  case  a  reverberator)'  furnace  is  used,  as  in  Schenectady, 
the  procedure  usually  followed  is  to  put  the  flux  in  the  ladle 
pot  on  the  bottom,  pour  the  copper  over  it,  and  stir 
thoroughly.  The  skimmer  and  stirrer  are  preferably  not  of 
iron,  since  it  is  difficult  to  avoid  a  solution  of  a  slight  amount 
of  iron  in  the  copper  and  a  resulting  lowering  of  conductivity. 
If  done  very  carefully  the  amount  of  iron  would  probably  be 
very  small,  but  w©  did  not  find  it  practicable  to  trust  the 
foundry  men  with  an  iron  skimmer  or  stirrer .  Heavy 
graphite  stirrers  and  skimmers,  made  of  Acheson  graphite, 
have  proved  sufficiently  rugged  for  use,  and  are  being  con- 
stantly used  in  the  foundry. 

The  boronising  process  delivers  a  good  metal,  and  the  pro- 
duction of  a  good  casting  depends  now  on  the  same  factors  as 
ia  other  metals.  The  copper  shrinks  rather  considerably, 
about  ^in.  to  the  foot,  and  this  must  be  taken  into  considera- 
tion. The  casting  must  be  well  fed  and  the  sand  mould  must 
be  rammed  only  very  slightly.  In  case  of  iron  moulds  the 
iron  must,  of  course,  be  covered  with  soot,  and  in  some  cases 
it  was  found  desirable  to  use  a  graphite  plate  where  the  hot 
metal  first  strikes.  In  the  case  of  induction  rotors  it  was 
necessary  to  overcome  difficulties  due  to  the  shrinking  and 
cracking  of  the  different  parts  of  the  copper  casting.  When 
tliese  precautions  are  taken  no  more  difficulty  is  experienced 
in  casting  copper  than  in  casting  ordinary  brass.  The  elec- 
trical conductivity  obtained  can  be  as  high  as  97  per  cent,  of 
tlie  Matliiessen  standard,  but  in  the  foundry,  using  scrap, 
winch  is  not-  always  as  clean  as  could  be  desired,  we  find  it 
not  feasible  to  guarantee  more  than  90  per  cent,  conductivity. 
The  mechanical  properties  are  as  follows  ：  Tensile  strength, 
24,3501bs.  ；  elongation,  48  5  per  cent.  ；  elastic  limit, 
1  l,4501bs.  ；  reduction  of  area,  74"49  per  cent. 


Proposed  Bridge  Across  the  Mersey. ― A  paper  was  recently 
read  before  the  Liverpool  Engineering  Society  by  Mr.  L.  H. 
Chase,  M.Inst.C.E.,  on  "  A  Propcsed  Bridge  Across  the 
Mersey."  The  author  suggested  a  suspension  bridge  200ft. 
above  high-water  to  clear  tlie  shipping,  and  a  new  kind  of 
approach  consisting  of  a  reinforo&d  concrete  building  looking 
rather  like  the  Roman  Coliseum  and  part  of  Trajan's  Column. 
It  is  provided  witli  a  helical  roadway  for  all  kinds  of  traffic 
making  4^  turns.  The  external  diameter  of  the  roadway  is 
300ft.,  and  the  internal  diameter  200ft.  The  space  200ft. 
diameter  inside  the  helix  is  suggested  to  be  used  for  office 
buildings  lighted  from  the  roadways  and  with  access  from  a 
central  well.  The  following  are  the  chief  dimensions  of  the 
proposed  bridge :  Main  span,  2,700ft.  ；  towers,  500ft.  high, 
height  of  bridge  above  high  water,  2"00ft.  ；  depth  of  girders, 
50ft.  ；  weight  of  girders,  2,100  tons;  width  between  girders, 
50ft.  ；  width  between  towers  300ft.  ；  cables  (410  sq.in.  each) ； 
weight,  6,400  tons  ；  total  cost,  exclusive  of  land  and  legal 
expenses,  not  exceeding  £825,000.  The  author  suggests  a 
system  of  making  the  space  between  the  towers  wider  than  the 
girders,  and  making  eacli  cable  hang  in  a  plane  inclined  io  the 
vertical  at  such  an  angle  that  the  planes  intersect  in  a  line 
which  ih  20ft.  vertically  above  the  centre  line  of  the  floor  of 
the  bridge,  and  which  is  approximately  the  vertical  centre  of 
the  wind  pressure.  By  this  method  of  construction  the 
author  claims  that  the  hanging  structure  cannot  b©  moved 
laterally  as  a  whole.  It  is,  however,  subjected  to  some  slight 
tornion  due  to  an  excess  of  ordinary  load  on  one  side. 


STEEL  CASTINGS. 

At  a  meeting  of  the  Shcfiiold  hram'li  of  the  British  KoundrynKMi's 
Association,  held  on  the  17th  inst"  a  lecture  on  "St('<'l  Castiii^s  '， 
was  delivered  by  Mr.  H.  Brcailey,  wlio  dealt  with  the  sul)j''('t  in 
three  sections  :  (1)  The  properties  of  unannealed  castings  ；  (2)  the 
micro  structural  changes  which  steel  undergoes  during  the  anneal- 
ing operation  ；  and  (3)  the  niochatiical  properties  of  unncalcd 
castings. 

The  lecturer  showed  by  means  of  lantern  slides  and  act  u;il 
specimens  that  no  distinction  between  castings  ； nul  for^in^s 
could  be  based  on  the  appearance  of  a  fractured  surface.  Koi^in^s 
were  not  always  heat-treated  as  well  as  they  mi^lit  1)('，  and  cast- 
ings after  suitable  lieat  treatment,  possessed  a  lracturc  very 
closely  akin  to  that  of  well  rolled  or  forged  steel.  He  also  descrilx-d 
a  number  of  simple  means  which  enabled  one  to  decide  wli('tli('r 
a  casting  had  been  annealed  or  not,  and  in  tlie  former  case  to 
determine  approximately  the  temperature  at  which  the  casting 
had  been  annealed.  The  use  of  the  polished  and  etched  surfaces 
for  examination,  either  with  a  simple  liand  lens  or  the  more 
elaborate  outfit  of  technical  laboratories,  was  liiglily  commended. 

The  erratic  behaviour  of  unannealed  castings  under  shock 
stresses  was  shown  to  be  due  not  merely  to  irregular  cooling, 
which  was  unavoidable,  but  also  to  the  size  and  arrangement  of 
tlie  crystals  which  made  up  the  mass  of  the  material,  and  as 
these  were  mainly  dependent  on  the  method  or  process  by  whicli 
steel  was  made,  there  were  no  means,  nor  could  any  be  devised, 
wliereby  steel  castings  could  be  produced  whicli  were  not  better 
for  being  annealed.  Tlie  annealing  of  steel  used  invariably  to 
mean,  and  was  even  sometimes  now  taken  to  mean,  re-heating  to 
a  uniform  low  red  heat  and  slow  cooling  to  eliminate  shi'iukw 
stresses.  The  insufficiency  of  such  treatment  could  be  seen  in 
almost  any  casting  made  twenty  years  ago.  But  modern 
research  had  shown  that  the  structure  of  a  steel  casting  as  taken 
from  the  sand  could  be  almost  entirely  obliterated  and  replaced 
by  a  structure  which  was  a  thousand  times  finer  and  both  stronger 
and  more  reliable.  A  series  of  lantern  slides  were  shown  to 
illustrate  the  scientific  principles  on  which  these  transformations 
were  based.  Tlie  improved  condition  of  a  steel  casting  induced 
by  annealing  was  not  indicated  by  the  usual  form  of  inspection 
test  provided  for  in  an  engineer's  specification,  and  the  lecturer 
advocated  an  impact  test,  which  lie  claimed  would  be  an  all-round 
advantage  to  include  in  industrial  'specifications,  because  it 
covered  tlie  deficiencies  of  the  present  tensile  and  bending  tests 
and  supplied  information  of  great  value  quite  outside  their  scope. 


BOOK  REVIEWS. 
Common  Battery  Telephony.     Simplified  by  Walter  Atkins. 
Engineering     Department,     G.P.O.    London :  "Tlie 
Electrician  "  Publishing  Company.    7  A  in.  by  5in.,  164pp. 
Price,  3s.  net. 

This  little  book  is  designed  to  meet  the  wants  of  prac- 
tical men  and  students  who  s&ek  plain  instructions  and 
descriptions  respecting  the  working  of  modern  telephonic 
systems.  The  book  does  not  go  into  minute  details  of  the 
apparatus  employed,  though  the  essential  principles  under- 
lying the  action  of  all  such  apparatus  are  clearly  indicated 
and  illustrated  by  the  copious  use  of  simple  and  clearly-drawn 
diagrams.  The  book,  in  short,  is  terse-  and  practical,  and 
no  doubt  will  be  welcomed  by  a  large  and  growing  class  of 
technical  men  interested  in  this  branch  of  applied  electricity. 

Notes  on  the  Materials  of  Motor-car  Construction,  hy  Algernon  E. 
Berriman,  M.I.A.E.,  Technical  Editor  of  the  "  Auto," 
London  :  Published  at  the  offices  of  "  Auto.''  Price,  5s. 
net. 

The  contents  of  this  book  consist  practically  of  a  descrip- 
tion of  the  methods  of  manufacture  adopted  at  the  Daimler 
Company's  works  at  Coventry,  but  though  it  constitutes  to 
a  large  extent  a  "  writ©  up"  of  the  merits  of  a  particular 
firm,  the  matter  possesses  considerable  intrinsic  value,  apart 
from  this.  It  shows  what  great  care  and  organising  skill  is 
exercised  in  up-to-date  works  devoted  to  this  field  of  mechani- 
cal engineering,  and  hew  little  British  engineering  firms  have 
to  learn  in  regard  to  scientific  methods  and  equipment  from 
Continental  or  American  competitors. 
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NEW  PATENTS. 

Specifications  of  the  following  are  now  published,  and  wa  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  10d.  Address 
tl  Mccha nirat  Eikjiii rcr,11  53,  New  Bailey  S(r<'cty  Manchester. 

MECHANICAL,  I9U. 

Wot  curhoiiisitig  of  poat.    Rigli.v  &  Trstriip. 

Joints  for  flexible  tubing.    Hansford  &  Hansford.  21642. 

Prooess  of  coating  iron  or  stool  with  copper  or  nllovs  of  copper. 

Hookey  <fe  Eldridge.  21GGL 
Mon.ns  lor  su]>i)orting  the  niiis  o!'  railroads  juhI  for  socin  ino-  tlu'in 

to  metal  sleepers.    Trnkii.  217i)3. 
Tl"'  purififation  of  illuminating  and  (ok(>  ovt'M  g:»s.  Dnvidson. 

23()9(>. 

Atomisation  of  liquid         and  other  liquids.    Da  hi.  2471(i. 
Jiearin^  Ixislics.     Lov<、  and  Ku^otio  lii*o\vn.    2">91  1 . 
Oonstniction  of  liirnncos.  人' Kroudo,   Ltd.,  :、"（l  Lonsk. 

26G77. 

Screw  pi'opelk"s.     1"、  DjuitiH*.  2(i7^2. 
Packing  for  piston  rods.    Mortimer.  2f>827. 
Aeroplanes.    Alathene.  27030. 

IiHlia-ruhher  diaph  i-a^tns  tor  prossnro  cotiti-ollin^;  v;ilvcs.  An  Id. 
270G0. 

Menus  lor  rontrol  and  suj)i>Iy   ol'  ^'a.ses  :ui(l   carlm netted  air  to 

('•'ginos.    Parkoi'  i、'  (Maudol.  27(K>5. 
rhuretters  for  interna l-comhustion  enp;iiu»s.    Alhiou  Motor c;n- 

Company  and  Murray.  27073. 
Miner's  safety  lump.    Givauoff.  2708.5. 

Alloy  for  use  iu  the  manufacturo  of  iron  articles  uiiioh  will  with- 
stand the  action  of  acids  :u"l  St^'ton-Jonos.  271'、]. 
(！ omposito  driving  holt.     Wliipp.  27184. 

Menus  lor  fotui iii,^  shui ts  ol'  macliiiie  tools.  H<mIkmL  A'  Vt'iiuni. 
27193. 

Wntor  meters  or  motors.    卜: vans-Cross.  27223. 

Railway  signalling  systems.  Wostin^hoiisc  l"  :il"、  ( 'oinpjmy  ;uul 
Peter.  2727(5. 

Processes  for  extracting  niotnls  i'roni  ores.  Mackay.  27343  ;uul 
27344.  ― 

Devices  for  measuring  steam,  gtus,  or  liquid.    Hartung.  27357. 

Rotary  pumps  and  engines.  Jlotoplunp;o  Pump  C'oinpany  and 
Vincent.  27381. 

Cnrltu  rotters  for  internal-conihiistion  engines.  Ed  win  &  Small- 
！) ao;o.  27398. 

Clutoli^s  and  a  combined  loose  pulley  and  flutch.  McAdams. 
27501. 

Automobile  vehicles.    Wilson.  27578. 
Production  of  gaseous  fuel.    Smitht'.v.  27612. 

Prime  power  generators  known  as  a  hydrodyiutmo.  HowliUid- 

Shearman.  27G23. 
Manufacture  of  tapered  metal  tubes  or  pipes.    Gayloi-  A'  "Rankin. 

27646. 

Manufacture  of  sleeves  used  in  roller  or  ball  boar  in  gs  for  axles 

and  shafts.    Cooper.  27705. 
Holder-up  for  riveting.    Ram  age.  27750. 
Flying  machines.    Clements.  27811. 
Steam  superheaters.    Bolton.  27899. 
Flying  machines.    Marks.  27907. 

Hermetically-sealed  steam  tubes  for  feed- \v;i tor  hoators.  Sidoy 

nnd  Adams.  29240. 
Powei'  transmission  moans.    Waud.  29382. 

1912. 

Apparatus  for  pumping  water.    Stevens.  274. 
Mixing  fans  for  liquid-fuel  burners.    Crosbie.  498. 
Valves  of  internal-combustion  engines.    Drake.  565. 
Variable-speed  transmission  mechanism.    Soc.  Anon,  des  Anciens 

Ktablissements  Panharcl  &  Levassor.  983. 
Means  for  casting  footstep  bushes  or  bearings  for  shafts.  Hanna 

and  Walker-Hanna  Improved  Bearings  (1910)，  Ltd.  1041. 
Rotary  pumpSj  compressors,  and  engines  of  the  fixed  abutment 

type.    Lacy-Hulbert  &  Co.  and  London.  1327. 
I,ir, 小; us  for  boiler  f ni'iiaces.    Holehouse.  1689. 
( 'ondensing  of  steam  on  steamships  when  in  port.    Weir.  2166. 
AtMopUnx's.    Ponche  &  Primard.  2316. 
Plant  for  the  sampling  of  ores.    Clift.  2416. 
Foundry  moulding  machines.    Smith.  2801. 
Conveyers  for  coal-mining.    Hui-d.    4095 . 
Nut-locks.    Thompson .    4391 . 

Motivo-power  plant  supplying  steam  to  auxiliary  plant  such  as 
heating  systems.    Warwick  Machinery  Company  (1908).  4528. 
Air  ])innps.    Fleuss.  5122. 

K(、ed  mechanism  for  tuibe-rolling  mills.    Stuting.  5209. 
Vnlvcs.    Kvans,  l{(>b.s(>n，  &  T'mvis.  5233. 


Welded  joint  for  iron  and  steel  pij>es  and  tubes.    Stewarts  and 

Lloyds,  Ltd.,  and  Stewart.  (3172. 
Positive  engagement  clutches.    Genosc  and  Peto  <fe  Radford,  Ltd. 

7155. 

Fitting  tho  blades  of  steam  turhinos.    Pay  no  &  Durdle.  8014. 
Water-heating  apparatus.    Roth.    8587 . 

Ilolling-mills  witJi  pilger  or  st (卞 i>('<l  rolis.    Soc  Metal]ur^iqihk  <1,> 

Monthiird-Auliioyo.  8887. 
liotary  st<'am  engine,     lit'imsso.  9175. 
Blast  pipes  of  strain  locomotives.    Schloy(l<M*.  9498. 
Piifkmgs  for  rods  and  shn fts.     j\I ("<'(lith .  i^Jlii). 
JN)t;n  v  t-MKinc.     iMadoro.  10702. 

Aiitomiitically  closing    valves    tor     watfM"    gi，,ug(、s.  Rheinl)ax'h. 


lii(jui(l  spi-a>'inji;  nozzles.     IIoIkmIsod.     1 101)0. 
h'('d  watrr  lit'; 山' is.     Elliott.     131  L">. 

Wokknl  joints  lor  stoel  ； Hid  iron  pipe's  and  tubes.    Stinvarts  nnd 

Lloyds,  Ltd.,  and  Stewart.  KU70. 
A ppju'iitus  for  generating  ooniprt'sswl  air  or  gas  for  lighting 

and  heati»ig  pm'posrs.     "  Olso  "  Lif4it-(«*'s*illsf'haft  iiallmms  r 

and  (V).  Ur>U\. 
liailu  ;i>'  irnck  rails.     Hoclcni;H)ii .     147o  I . 
I  i)UM  iial-coinl)iistioM  engines.    Stolt/.  ]1829. 
Anti-i'riction  hearings.    J?re\ver.  】fi349. 
(Centrifugal  clutches.    Robertson.  17293. 
Spanners.    Wetzel.  18505. 
Turhiiif  pumps.    Killinrn.    1 0230. 

( 'oil  tinlx*  \vat(M-  licatfMs  or  steam  ^onoraiors.     Hood.  20100. 

Adjustable  limit  gauges.    Moiitz.    201  (>5. 

A(«rn])];uH'S.     IVlt(M'ie.  21(^)1. 

Tm'l,im、  pumps.     Kilhuin.  r.VMA). 

Holl(M-  bearings.     Brvwcr.  2:V.m. 

Valveloss  luhiic;itin<i  pump.    Al ullor.    2~>lfi I . 

ELECTRICAL,  1911. 

M  incr's  safety  lnmp  electric  light  fitting.    Morrison.  28420. 
S(HoM(l;i ry  oi-  storage  l>atiorios.    ( 'lai  k.  29318. 

1912. 

Klootr  ic  liand  lam]>s.    Lucas  A*  Kd、v;u'(ls.  3011. 
Maftiietio  chucks.    Humphreys.  0139. 

Apparatus  for  producing  electric  contacts  at  adjustahlc  poriodif 

intervals.    Soc.  A.  Graiionx  et  Cie.  8i)8i). 
Timing  devices  \'ov  tho  electric  ignition  (>t，  internal-oomljiistion 

olivines.    Robert  Bosch.  12379. 
Toleplione  repeaters.    "Western  Klectric  Conijianv.  12(j()4. 
Kloftric  boat  hoists.    Sir  W.  G.  Armstrong,  "Whitwortb,  &  Co., 

and  Wright,  12761. 
Electric  motor.    Znhriskie.  13487. 
Eloftrif  turiiiUM's.    Stassano.    21281 . 


METAL  QUOTATIONS. 

TUESDAY,  DECEMBER  24th. 

Aluminium  ingot   95/-  per  cwt. 

，,         wire,  according  to  sizes,  &c  from  】 12/-  ,, 

，，        sheets        ，，  ，，   ，  120/-  ，， 

Antimony  £39/-/ 一  to  £40/-/-  per  ton . 

Brass,  rolled   9d.  per  lb. 

，，    tubes  (brazed)   ll|d. 

,，       ，，     (solid  drawn)   9Jd. 

，，       „     wire   9d. 

Copper,  Standard   £75/12/6  per  ton. 

Iron,  Cleveland   66/9  ,, 

，， Scotch   72/9  ,, 

Lead,  English    £18/12/6  ，， 

，， Foreign  (soft)    £18/2/6  ，， 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb 

,，  ，，  ，,       medium   3/6  to  6/-  ,, 

，，  ，，  ，，       large   7/6  to  11/- ,， 

Quicksilver   £7/8/6  per  bottle 

Silver   29jd.  per  oz. 

Spelter    £26/5/-  per  ton. 

Tin,  block   £226/15/- ，， 

Tin  plates   15/1J  ,, 

Zinc  sheets  (Silesian)   £29/17/6  y> 

,，  (Stettin  ；  Vieille  Montagne)   £30/5/—  ，， 


Fatal  Winch  Accident.— A  serious  accident  occurred  at  the 
Vickers  gun  rang©  at  Eskmeals,  Cumberland,  on  the  18th 
inst.  Whilst  lifting  an  armour-plate,  an  electric  winch  is 
stated  to  have  given  way,  and  the  plate  fell  on  several  men, 
one  of  whom  was  killed  and  four  others  injured. 
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A  Nice  New  Year's  Gift 


、 


The  Watch  with  a  Record 


See  Testimonials  below. 


Non^  Magnetic. 

Chronograph  Action. 

Full  Jewelled. 
Super  Finished. 


In  Steel  Oxydised  Case. 


In  Solid  Silver  Case. 


In  solid  18-ct.  Gold  Case. 

Fitted  with  Railway  Speed  Dial,  3/'  extra. 
Delivered  free  and  packed  in  neat  velvet-lined 
case. 


The  Works  are  the  same  in  all 
our  Watches. 

We  only  supply  one  quality ― 

The  Best. 


The  •'  Mechanical  Engineer  "  Non-magnetic  Keyless  Lever  Chronograph. 


USERS  ARE  UNANIMOUS  IN  THEIR  VERDICT 


Mr.  A.  P.  Chattock,  University  College,  Bristol, 
says ― 

In  enclosing  order  for  two  more  of  yonr  50/- 
chronographs  for  use  in  my  laboratory.  I  have 
pleasure  in  informing  you  that  the  one  you 
supplied  me  with  a  few  years  ago  has  gone 
ever  since. 


Mb.  G.  H.  Beresfobd,  East  London  Water  Works 
Co.,  says ― 

We  purchased,  some  time  back,  two  of  your  50/- 
watehes.   I  enclose  cheque  for  50/-  tor  another. 


Mb.  R.  Moberly,  Carlisle,  says- 
En  closed  lind  cheque,  50/-,  for  the  watch  sent  me. 
This  is  the  fifth  watch  of  youx*  type  sold  on 
my  recommendation,  so  you  may  judge  if 
the  same  has  proved  satisfactory. 


Mr.  F.  Melhuish,  of  the  Southwark  Water  Co.. 
London, says  - 
In  order  to  test  the  non-magnetic  qualities  of  your 
50/-  watch,  T  placed  it  upon  the  pole  of  a  dynamo 
which  was  running  and  giving  out  130  amps,  at 
100  volts,  with  the  result  that  it  did  not  interfere 
with  the  going  of  the  watch  or  altering  its  time- 
keeping qualities,  which  is  without  doubt 
very  satisfactory* 


Mr.  C.  Manuel,  London,  says— 

I  received  the  watch  which  is  a  marvel.  I  have 
timed  it  against  a  very  expensive  chronograph,  and 
find  it  dead  accurate,  so  I  shall  have  no  fear 
of  relying  on  it  for  tests. 


Mr.  J.  P.  Hooper,  London,  says- 
Some  Uuie  back  I  bought  one  of  your  50/-  watches. 
This  has  kept  good  lime  and  I  now  wish  to 
buy  TWO  MORE  like  it. 


Mr.  E.  Walker,  Sparkbrook,  Birmingham,  says— 

Tne  50/-  watch  I  had  from  you  will  stand  against 
any  cui*rent.  The  other  watch  I  obtained  from  you 
for  a  friend  also  goes  splendidly,  and  he  is  delighted 
with  it.  I  shall  always  recommend  it.  A  better 
timekeeper  I  never  had.  I  constantly  wear 
yours,  at  50/-，  before  my  English  lever 
which  cost  £8  1Cs.，  and  which  is  no 
good  to  a  man  in  electrical  work. 


Scores  of  others  can  be  inspected  at  our  offices. 


The  Scientific  Publishing  Co"  Sn=teBrtyg^ 
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PERMANENT  PROTECTII 

for  all  valuable 

IRON  and  STEEL 

STRUCTURES 

By  applying 
Two  Coats  of 


THE 

WORLD'S 


ANTI-CORROSIVE. 


Sole  M an uf act u rers : 

WAILES,  DOVE  &  CO" LT0 

N  EWCASTLE-ON-TYNE. 


ESTABLISHED  1851 


TKLEGUAMS  ：    "  BlTUMAHTlC." 


THE 


"PROCTOR"  STOKER 


13,000  FURNACES  FITTED. 
66%  of  orders  received  are  REPEAT  ORDERS. 
3,000,000  I.H.P.  being  driven  with  this  Stoker. 


There  are  FOUR  IMPORTANT  REASONS  for  the  remark- 
able success  achieved  by  this  stoker:— 

1st.— Increased  Boiler  Efficiency. 

2nd.— Increased  Steam  Production. 

3rd— Smoke  Abatement. 

4th.— It  has  less  wear  and  tear  and  costs  50%  less  in 
upkeep  than  any  other  mechanical  stoker. 

JAS.  PROCTOR,  Ltd.,  :EC 


STANDARD 

AND 

SECTIONAL 

(Protected  by  12  Patents) 

For  all  Types  of  Boilers. 


Wrought  Steel  Throughout. 
Thousands  in  Use. 


Main  Advantages : 

SIMPLICITY  OF  DESIGN 

and 

READY  ACCESSIBILITY 


TO  ALL  PARTS. 


Standard  Superheater  as  applied  to  a  Lancashire  Boiler. 


T.  Sugden,  Ltd" 

180c,  Fleet  St"  LONDON,  EX. 

Telegrams :  (t  TUBULARITY,"  London.         Telephone :   No.  186,  Holborn. 
Representatives  in  all  Principal  Towns. 
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Schaffer  &  Budenberg,  Ltd. 


HEAD    OFFICE    AND    WORKS:     WHITWORTH  STREET, 


Telegraphic  Addresses : 

"Manometer,"  Manchester. 
"Pyrometer,"  London. 
"Injector,"  Glasgow. 


MANCHESTER. 


J 


(No.  2) 


77a,  Queen  Victoria  St., 
LONDON,  E.C. 


5，  Wellington  Street, 
GLASGOW. 


Telephone  Numbers : 
Manchester  -1897  Central  (3  Lines) 
London    -    -  5672  Central. 
Glasgow  -    -  148  Corporation  Tel. 
do.      •    -  119  Argyle,  Nat.  Tel. 


Makers  of  Pressure  Gauges, 
Tachometers,  Recorders  f or 
Pressure,  Temperature  and 
Speed.  AH  types  of  high-class 
Engine  and  Boiler  Fittings. 


Nickel-seated  Iron  and  Steel 
Stop  Valves,  Safety  Valves, 
Injectors,  Steam  Traps,  £tc. 
Total  production  of  Pressure 
Gauges  exceeds  4,000,000, 


Fig.  11.  Tachometer. 


Re-starts  promptly  without  loss  of  water  through  overflow. 
Extreme  Simplicity  of  Manipulation. 
High  Suction  Power  and  Suitable  for  High  Lifis. 
Will  take  the  Highest  Feed-water  Temperatures. 


\2J 


with  figures  on  porcelain 
wheels. 

or  rotary  motion. 


WE  DO  NOT  MAKE  EXAGGERATED  CLAIMS 


FOR 


CAMEL  HAIR 


ITS  REPUTATION  IS  BASED  UPON 
ITS  CONTINUOUS  SUCCESSES  OF  THE  LAST 

40  YEARS. 


SOLE  MAKERS: 


F.  REDDAWAY  &  C(X  LTD 

PENDLETON,  MANCHESTER. 
LONDON— 50/51,  LIME  STREET,  E.C. 
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IX. 


.&GO"Ltd: 

= H a rtfo rd  Wo rks= 
OLDHAM,  ENGLAND, 


Makers  of  Machinery  in  great  variety,  for 

GINNING  COTTON,  OPENING,  CARDING,  COMBING, 
PREPARING,  SPINNING,  DOUBLING  AND  WEAVING 
COTTON,  WOOL,  WORSTED,  ASBESTOS,  &c. . . . 


HARTFORD  NEW  WORKS 


HIGHEST    AWARDS   OF    MERIT   AT   ALL    EXHIBITIONS  FOR 

TEXTI LE    MACH INERY. 

Telephonei  No.  26.  Telegrams:  "  PLATTS,"  OLDHAM 
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Rate. ― 6d.  per  liaie  of  eight  words. 


Advertisements  should  reach  us  not  later  than 
first  post  on  ]\'<  f/i/r.sdii//  iHortiimj.  ]U  w  ilhuircs 
by  postal  order  or  halfpenny  stamps.  All  com- 
ti)  anient  Ions  .should  be  Addressed  Advertise- 
ment Dept.,  "Mechanical  Engineer"  Office, 
JJ,  New  Bailey  Street,  Manchester, 


SITUATIONS  VACANT 


WANTED  number  of  lirsl-class  Mechanics,  used  to 
maintenance  work  with  hifih-class  maohiiie  tools, 
those  with  experience  in  overlmiilint;  universal  macliines 
prefoi'i'ed.  Apply,  HolTnian  iNlMiiufacturing  Comi)any, 
Ltd..  Clielnist'ord,  Essex. 


XNUAXTGHTSMAN  (yount:,  niecbanic-al)  \\  anted,  witli 
XJ  sliop  experience  ；  used  to  small  mju'liine  tool  work 
or  motor-car  work  jn*ef erred.  Htal-e  a^i»,  experience,  and 
salary-   Joseph  Sankoy  ^  Sous,  Ltd.,  Had  ley,  Sal。". 


ELECTRICIAN  W tinted  to  take  charge  of  about  50 
motors,  3  >  b.p.  and  less  ；  also  liglitin^  and  wiring 
for  same,  mostly  A.C,  no  ^onevatovs.  Address,  statin" 
age,  experience,  and  hourly  wage  rc<iiurod.  The 
Coventry  Chain  Company,  Ltd.,  Coventry. 


MECHANICAL  ENGINEER  Wanted  to  undertaKo 
the  more  immediate  supervision  of  the  repairs 
and  maintenance  of  electricity  works  plant  (capacity 
25,000  i.h.p.)  and  constructional  work.  Applicants  must 
be  in  possession  of  1st  class  Board  of  Trade  Certificate, 
have  had  experience  with  water-tube  boilers  and  snpev- 
heaters,  and  with  machine  tools.  Experience  in  the 
running  and  repairs  of  steam  turbines  will  be  a  l-ecoiu- 
mendation.  Wages  £3  per  week.  Apply,  giving  full 
details  of  career,  stating  age,  and  enclosing  copies  of 
testimonials  to  City  Electrical  Kngineer  and  Manager, 
Town  Hall,  Bradford.  None  but  experienced  engineers 
of  not  less  than  30  years  of  a^e  need  apply. 


COMMERCIAL  MANAGEMENT 

OF  ENGINEERING  WORKS. 

By  Francis  G.  Burton. 
Will  show  you  how  to  run  a  shop  successfully. 
Price  12/10,  pont  frcc« 
The  Scientific  Publishing  Co.,  53,  New  Bailey  St.,  Manchester 


BOOKS  FOR  ENGINEERS. 


WORKING  OF  STEAM  BOILERS,  being  instruc- 
tions respecting  the  working,  treatment,  and 
attendance  of  steam  boilers.  For  the  use  of 
boiler  attendants  and  those  in  charge  of  and 
responsible  for  Bteam  boilers.  By  EDWAED  G. 
HILLEE,  B.Sc.,  M.Inst.C.E.,  &c.t  Chief  Engineer 
National  Boiler  and  General  Insurance  Co.,  Ltd. 
Price  is.  2d.  post  free  (paper  covers),  is,  8d.  post 
free  (cloth). 

NOTES  ON  MATERIAL,  CONSTRUCTION,  AND 
DESIGN  OF  LAND  BOILERS.  By  EDWARD  G. 
HiLLEE,  B.Sc.,  M.Inst.C.E.,  &c.  Price  is.  2d.  post 
free  (paper  covers),  1s.  8d.  post  free  (cloth). 

DISTINGTON  MULTIPLE  BOILER  EXPLO- 
SION and  other  Multiple  Boiler  Explosions.  By 
EDWAKD  G.  HiLLEE,  B.Sc,  M.Inst.C.E.,  &c.  Price 
is.  2d,  post  free  (paper  covers). 

STEAM  ENGINEERING •— A  treatise  on  boilers, 
steam,  gas,  and  oil  engines  and  supplementary 
machinery,  with  instructions  for  carrying  out 
numerous  simple  experiments.  By  Prof.  W.  W.  F. 
Pullen,  Wh.Sc.,  A.M.Inst.C.E.  Price  4s.  5d.  post 
free. 

LATHES,  SCREW  MACHINES,  BORING  AND 
TURNING  MILLS.— A  practical  treatise  on  the 
design  and  construction  of  turning  machines, 
including  lathes,  automatic  screw  machines,  bor- 
ing and  turning1  mills,  and  their  accessories.  By 
TH08.  R.  Shaw.   Price  16s.  6d.  post  free. 

COMMERCIAL  MANAGEMENT  OF  ENGINEER- 
ING WORKS. ― A  comprehensive  work  dealing 
with  the  best  methods  of  conducting  the  commer- 
cial side  of  an  engineering  establishment.  By 
F.  G.  BUETON.    Price  12s.  lod.  post  free. 

TESTING  AND  STRENGTH  OF  MATERIALS  OF 
CONSTRUCTION.^ A  treatise  on  the  methods, 
machines,  and  instruments  used  in  the  testing 
of  materials  of  construction.  By  W.  C.  POPPLE- 
WELL,  M.So.   Price  ios.  iod.  post  free. 

THE  SLIDE  RULE  AND  WATCH  CALCULATOR. 
― A  work  dealing  with  the  capacity  and  method 
of  using  the  slide  rule  or  its  later  development, 
the  pocket  or  watch  form  of  calculator.  Price 
is.  id.  post  free. 


The  Scientific  Publishing  Co., 

53,  New  Bailey  St"  Manchester. 


PATENTS. 

J.  OWDEN   O'BRIEN,  M.I.M.E. 

Charicrod  Patont  Agent 
lat«  of  ano       w   p  THOMPSON  &  CO. 

SUCCKSSOR  TO  國^»， 層 r  «*wb«  «w 

Of  Manohester 

Agmt$  for  procuring  Patents  cmd  BegUUrtng  Trad* 

Marks  and  Design t 
6,  BANK  STREET  (EXCHANGE),  MANCHESTER. 


KIRBY  BANKS  SCREW  Co.  Ld. 

Albert  Screw  Works, 
MEADOW   LANE,  LEEDS. 


Manufacturers  of  all  dsscrlptlont  of 
REPETITION  WORK 

Black  or  Bright. 

Modern  Locomotive  Practice. 

A  Treatise  on  the  Design  of  Steam  Locomotives. 

By  C.  E.  WOLFF,  B.Sc,  A.M.Inst.C.E. 

With  150  Illustba.tionb  and 
Eight  Folding  Plates.  •  • 


PRICE   lOs.  lOd.  POST  FREE. 


THE  SCIENTIFIC  PUBLISHING  CO., 
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